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Namami Hororaa Nypssanobora Apsm-Aeatla

3 Hosibpsa 2012 roga ywen wu3
-~ "\\ XKNU3HU 3ameyvaTerbHbI YeroBekx,
\

KPYMHbIMA YYeHbI B 0651acTv on3n4eckom
XUMUKM,  OOKTOP  XMMWYECKUX  HaykK

\ > - npodeccop  Hukonanm  JlykesstHOBMY
Apbim-Araes.

H.J1. Apbim-Araes poanncs

1Q9umona 1923 roga B  ropoje

MwuHepanbHble Boabl (Poccus,

CtaBporonbCcknuin  Kpan) B  CeMbe
Xene3HO4OPOXHOro UHXeHepa 1 Bpava.
Ero peTctBO npuwnocb Ha TPYAHbLIN
nepuog B uctopumn ctpansl. B 1937 roagy
ero oTeu, 3aHMMaBLLUK Torga
OOSDKHOCTb  3aMeCTUTENsa  HavaribHUKa
CeBepo—KaBkasckon »xenesHon pgoporn, 6bi1  penpeccupoBaH. Yxe B
monogoctn H.J1. ApbiM-AraeB nposBnsn 60nbllylo LeneyCcTpeMIIeHHOCTb,
HaACTOMYMBOCTb N Tpyaontoodue. MNMpsiMo B KaHYH BOWHbLI OH C 30510TOW Meaarnbto
OKOHYMI LUKOJSY N NMOCTYNWI Ha XMMUYeCcKnn pakynbtetT PocTtoBckoro-Ha-[oHy
rocyfapCTBEHHOrO  yHMBepcuTeTa. HecmoTps Ha nepepbIBbI B
PYHKUMOHMPOBAHUN yHMBEPCUTETA, OH 3akaH4YMBaeT ero C OTfMYMeM B
TeYyeHne nATU neT, OAHOBPEMEHHO Yy4acb Ha BTOPOM W TpeTbeM Kypce.
MapannenbsHo BO BpeMA BOWHbI OH OKaHYMBaeT Takke  (JU3MKO-
MaTemaTnyeckoe otaerieHme POCTOBCKOIO yYMTENbCKOro MHCTUTYTA.

C 1946 no 1949 roabl H.J1. Apbim-Araes obyyaeTca B acnnpaHType Ha
kadbeape unamyeckom xmumum PocToBCKOro yHuBepcuteTa, rge no cyuecrsy
CaMOCTOATENbHO TFOTOBUT KaHOMAATCKYO OuccepTauuio, KOTOPYHK YCMeLwHOo
sawmwaet B 1950 rogy B MOHX um. KypuatoBa AH CCCP B r. Mockse. Cpasy
nocrnie 3Toro OH HanpasnsieTca Ha paboty B [OHeUuKun wnHOYyCTpuarbHbIN
WHCTUTYT, rae paboTaeT BHavane crapwmm npenogasartenem, a ¢ 1951 roga —
AoueHTOM Kadheapbl PU3NYECKON XUMUN.

B 1969 rogy Hukonan JlykbaHOBMY 3alumLLaeT JOKTOPCKYO AnccepTauuio
B KneBCKOM MONMUTEXHUYECKOM MHCTUTYTE. B 3TOM e rogy ero yTeepxaatoT B
y4YeHOM 3BaHuM npodpeccopa no kadenpe pusanyeckon 1 KosnmnonaHon XumMmu.
[o 1980 roga oH Bo3srnaenseT kadpenpy dovsndeckon xmmum JoHHTY, a ¢ 1980
no 2000 rog siBnseTcs npodeccopom aTon Kadeapsbl.

lMpenogaBaTenbCKOM U HAy4YHOU OEATEeNIbHOCTU B HalleM yHUBepcuTeTe
H.J1. Apbim-Araee otaan 50 net csoen xu3Hn. C 2000 roga oH cTan
3acrnyxeHHblM npodgeccopom JoHHTY.

H.J1. ApbiM-AraeB saBnsancs npu3HaHHbLIM aBTOPUTETOM B obnactu
XUMUYECKON TepMOAUHAMUKM U Bbln M3BECTEH Kak B Hallen cTpaHe, Tak 1 3a
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ee npegenamu. Vim BbINONTHEHO MHOMO Hay4HbIX paboT B 0611aCTU XMMMUYECKOM
TepMoaMHaMMKM  Pa30BbIX pPaBHOBECUN XuakocTb - nap (6onee 230
nyénukaumn B «>KypHane umnsndeckon xumMmny, «XKypHane HeopraHm4eckou
xumumn»,  «KypHane npuknagHon xumumy, «Tennoduanke  BbICOKUX
Temnepatyp», «[oknagax Akagemun Hayk CCCP», «[doknagax Akagemuu
Hayk YCCPy).

OcHoBHble pe3ynbTaTbl Hay4YHO-UCCREeAoBaTENbCKON OeATEeNbHOCTMU:
obwme npuHuMnbl mMeTpukn guarpamm (1953-1959), paspaboTtka meToga U
nccnefoBaHue NHTErpanbHbIX TENSOT UCNAPEHUsa U pacyeTbl OpTobapuyecKmx
Tennot (metoamdeckume pesynbTaTbl) (1949-1963), napameTpbl (a30BbIX
paBHOBECUIN XUOKOCTb — nap (pe3yrnbTaTbl 3KCMEPUMEHTA, HOBble METOOUKM
pacyeta) (1956-1997), OCHOBHbleé  COOTHOLUEHUA  TEPMOOUHAMUKU
HACbILEHHOro napa C XUMUYECKM pearvpylowmumMi B nape KOMMOHEHTaMu
(Teopuss ©n npaktuka pacyetoB) (1956-1971), HoBbLIE noaxodbl K
MCNOSb30BaHMIO MOHHO-MOSEKYNSPHbIX Moaenen ans onucaHus
paBHOBeCHOro  napa  (1964-1972), TeopeTudeckoe  npenckasaHue
n3oMepusaumm WNOHHbIX  Monekyn (1965), oTkpbiTMEe (TeopeTunyeckoe
npenckasaHMe W 9KCNepuMeHTanbHOe MOATBEPXKAEHNE) AncCoLMaTUBHON
3MEKTPONPOBOAHOCTUN HACbILLEHHOro napa Hafg MOHHbIMU pacnnasamu (1972).

PesynbTaTbl uccnefosaHunM oOCyXganucb Ha pecnybnukaHCKux U
MeXayHapoaHbIX KoHpepeHumax (bonee 70), npudem Hukonam JlykessHOBMY
Ha MHOMMX W3 HWUX BbICTyNan Kak YreH OpraHn3auuoHHOro KoMuTeTa.
Mpodeccop H.JI. Apbim-AraeB Obil YneHOM ABYX CneunanmM3avpoBaHHbIX
COBETOB MO 3aWuTe KaHOuMOaTCKMX W OOKTOPCKMX AuccepTaumn. Ha
NPOTSHXKEHUN MHOrMX neT OH Obin npefcefareneMm CcekuuMm TeH3MMeTpun
Hay4Horo coBeTa no xumunyeckon tepmogmHammke npu AH CCCP. 3ameTHbIn
BKMNag OH BHEC B Aeno CTaH4apTM3aunm OCHOBHbIX TEPMMHOB XMMWYECKOW
TEPMOONHAMUKMN.

Hukonan JlykbssHOBMY Obin Kak KpYMHbIM YY4EHbIM, TaK 1 3aMeyaTesbHbIM
negarorom. MIm paspabotaHa meToguKka YTEHUS NeKuMi no duandeckomn
XUMUKM, KOTOPYK UCMonb3yT Bce npenogasaTtenu kadeapbl. OH nepsbiM B
HoHHTY Havan npenogaBaHne MHOMMX HOBbLIX pa3genoB Kypca husmyeckomn
XUMUUK, B YaCTHOCTWU, pasgena «CrtatucTnyeckass TepMmogmHaMmnka», CrioXXHble
BOMNPOCHLI KOTOPOro CyMesi B MPOCTOM M OCTPOYMHOM dhopmMe OOHECTU [0
cTyaeHToB. lNMpHUMNmManbLHO HOBLIM NOLAXO0A OH UCMOMb30Ban Npu U3NoXeHUn
pasgena «[uarpamMmbl COCTOSIHUS KOHAEHCUMPOBAHHbLIX [BYXKOMMOHEHTHbIX
cuctemy». lNpodeccop H.J1. Apbim-AraeB paspaboTan opurmHanbHble BONPOCHI
OS5 CAMOKOHTPONS, HeCTaHAapTHbIE 3aayM No BCceM pasgeniam pusnyeckom
XUMUK, NOAFOTOBUN psi  METOAMYECKUX yKasaHun K nabopaTtopHomy
MNPaKTUKYMy, MporpammMumpyemMble KOHTpOsibHble paboTbl M MHOroe Jpyroe.
YyebHyto paboTy npoBOAMI WMHTEPECHO, C BbIQYMKOW, MNbiTasCb nepeaaTb
CTyQeHTaM He TOMbKO CBOM MOWUCTUHE 3JHUMKIONeanYyeckne 3HaHusA, Ho,
npexae BCero, MpPMBUTb BKYC CaMOCTOATENbHOW TBOpYeckon paboTbl,
Hay4yHOro MblwneHus. Ocobo Hago OTMETUTb ero bnecTsawee nekTopckoe
MacTepCTBO, YMEHue aHanuaupoBaTb W [enaTtb MPOCTbIMUM U MOHATHBIMW
CNOXHble PU3MKO-XMMuyeckne sasneHus. Hukonam JlykesiHOBMY npenogasarn
13nyecKkyo XMMnio B Hawlem By3e Gonee nonyseka. 3a 3To BpeMsa UM Oblin
npoBefeH rnybokMin MeToaUYECKUMN aHanu3 OCHOBHbIX pas3denoB Kypca. JTO
NO3BOMNIIO MO-HOBOMY, Ha BbICOKOM TEOPETUYECKOM YPOBHE U, BMECTE C TEM,
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AOCTYMHO M nocnegoBaTesibHO YNTaTb JIEKUMN, KOTOPbIE MOSTYYUNN BbICOKYHO
oueHKy cnywaTtenen. YTtobbl uMMmeTb npeactaBrneHne 006  ypoBHe
negarorm4eckon u  metoauyeckonm pgeartenoHoctn  HJL Apbim-Araesa,
AOCTaTOMHO cocnaTbCA Ha TEKCTbl HAMUCaHHbLIX UM JEeKUMA U pasfinyHble
mMeToanyeckme nocobusa (BOMpoCbl ANS CaMOKOHTPOMs, nporpaMmMmupyemble
KOHTPOMbHble  paboTbl, WHAMBMAYyalnbHble 3adaHus, CBSI3aHHble  CO
cneumanusaumen ctygeHToB). bonbwas 4yactb 3TMX paspaboTok 6Hbina
AoBefleHa [0 CBedeHUs LUMPOKOW ayauTOpuM Ha CoBellaHUsIX-CeMUHapax
3aBefyoLnx Kaegpamn orUsn4eCcKon XMMUK BbICLLUNX TEXHUYECKUX YYEBHbIX
3aBegeHun. MHoro net npodecop H.Jl. Apbim-AraeB 6bis1  YNeHOM
MEeTOONYECKON KOMMUCCUWN MO U3YyYeHU0 (PU3MYECKON XUMUU B TEXHUYECKUX
By3ax MuHucTepcTBa o6pa3oBaHus YKpauHbl.

Hukonan JlykbAHOBUY MHOrO BHUMAaHUSA yaensasi BOCMUTAHUIO Hay4YHbIX
kagpoB. Ha kadenpe ocHoBaHa M cywectByeT 6ornee wectungecatu net
Hay4yHasa LWKora, KOTopy OH cdopmuposan. 3awmweHo 10 kaHanOaTCKUX
auccepTtauun, BbINOSIHEHHbLIX No4  ero  pykoBoAcTBOM. OH  MOCTOAHHO
3aHMMancs HaydHo-uccriegoBaTtenbCckon paboTon Cco  cTyaeHTamu (B
COaBTOPCTBE C HUMM onybnimkoBaHo 12 ctaTten).

Mpodbeccop H.J1. ApbiM-AraeB ABMSNCA YNEHOM crneunanmu3npoBaHHbIX
COBETOB NO 3aluTe KaHAMOATCKUX U OOKTOPCKUX AuccepTaumin, Bbin YrneHoMm
Hay4yHoro coBeta MwuHo6pasoBaHus YCCP no pacnnasreHHbIM COnsM W
TBEPAbIM AnekTponutam, u4neHom aByx coeetoB AH YCCP - no
HEeopraHN4eckon XMMUNU N XUMUYEeCcKon TepmoamHamuke. OH yvacTBoBan B
00LLEeCTBEHHOMN XU3HU YHMBEpcUTeTa W pakynbTeTa - MHOro et Obin
npegcenarenem  MexkadegpanbHoro M (OUNOCOPCKOro  CeMUHapOB,
npegceparenem 6ubnuotevHoro coseTta yHuBepcuteta. CO OHA OCHOBaHWUSA
cbopHuka «HaykoBi npaui [JoHeUbKOro  HauiOHaNbHOrO  TEXHIYHOro
yHiBepcuteTy. Cepia: Ximia i ximiyHa TexHonoria» H.JI. ApbiM-AraeB 6bin
aKTMBHbIM YN1EHOM peaKLuNOHHOW KONnernu.

H.J1. Apbim-Araes nonb3oBarcs 3acnyXeHHbIM yBaXXeHuem
npenogasaTenen n CTy4eHTOB He TOMbKO 3a rnybokue cneunanbHble 3HaHUA K
oOLy0 3pyauumio, YMEHMe Ha BbICOKOM YPOBHE MPOBOAUTL 3aHATUSA,
MCKYCCTBO  OMpefensaTb  HanpasfieHMe  TeopeTudecknx  paspaboTok,
OpraHM3oBbIBaTb MpoOBeAeHME IKCMepUMeEHTarbHbIX UCCegoBaHWn, HO U 3a
CBOM 3amevaTtenbHble 4yeroBeyeckue kKadectBa — rnyboKyt0 NopsgoOYHOCTD,
NPUHLMNNANBbHOCTb, YECTHOCTb, YyBCTBO CNpaBeasiIMBOCTH.

Hukonan JlykbaHOBMY  Obin  TanaHTAMBbBIM U Pa3HOCTOPOHHUM
YyenoBeKkOM. YBrekancsa nutepaTtypod u obnagjan [dapom nucaTenbCTBa,
XOpoLwo pasbuvpancs B XMBOMUCW, 3HamN M U3yyan WHOCTPaAHHbIE SA3bIKW.
HecmoTps Ha 3penbii BO3pacT OH Ha BbICOKOM YpOBHe ocBowi paboTy Ha
nossmsLllemca B 80-e roabl nepcoHanbHOM KoMmbioTepe. Kaszanocb, 4To HeT
Takoh CTOPOHbI YErlOBEYECKOM AEATEeNbHOCTU, C KOTOPOM OH He Obin Obl
3HakoM. [lopaxano ero ymeHve paspellaTb He TOMbKO CIIOXHble Hay4Hble
npobsiembl, HO MU MHOrMe Apyrve BOMPOCbI HA OCHOBE CTPOro Hay4yHoro
nogxopaa.

CeeTtnaga namsate 0 Hukonae JlykbsiHoBMYe ApbiM-AraeBe 6yaet BeYHO
XWUTb B cepauax ero 6nmakunx, Konner n y4eHMKoB.

Pepgkonneruns
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ABSTRACTS
PART 1: INORGANIC CHEMISTRY

UDC 546.64°65°43°56°21+538.945

V.V.Prisedsky, S.V.Vasiliev, N.V.Markova, LV.Mysnik, M.M.Ermolov,
V.V.Chabanenko THE JOINT INFLUENCE OF CATION AND OXYGEN
NONSTOICHIOMETRY ON SUPERCONDUCTING PROPERTIES IN 123 CUPRATE

As shown earlier, there is a “slow” constituent (y) into oxygen nonstoichiometry
in superconducting 123-cuprates doped with rear-earth elements. The aim of this
paper is to study possible effect of changing “slow” oxygen content on electrophysical
properties of HTSC cuprates. Magnetization of Sm-doped samples
YBa1.90Smy.10CusOx was measured in a vibrating sample magnetometer in scanning
magnetic field and temperature. Two series of samples YBa1.90Smp.10Cu3Oe+5+, Were
prepared for measurements from the same batch of material: with maxim (Ymax =
0.10) and minimum (ymin = 0.00) values of “slow” oxygen content and corresponding
to formulas YBa1.90Smo.10Cu307,07 and YBaq.90Smo 10Cu30s 97 respectfully. Both types
of samples were obtained from the same batch of sintered material. Samples (I) were
brought to equilibrium at 720°C (lower than Tp¢) to maximize the “slow” oxygen
content: ymax = 0.10. Then they were cooled to 400°C and kept at this temperature for
1 h to maximize “quick” oxygen content. The final total oxygen content in the samples
of this series was established at x (I) = 7.07 (YBa1.90Smo.10Cu30707).

Samples (II) were brought to equilibrium at 900°C (above Tp) to minimize the
“slow” oxygen content: ymin = 0.00 and then they were rapidly (in less then 10 min)
cooled to and kept at 400°C for 1 h. The final total oxygen content in the samples of
this series was equal to x (Il) = 6.97 (YBa1.90Smo.10Cu30s.97).

The study of magnetic hysteresis in these samples shows that additional
oxidation with respect to “slow” component produces HTSC with higher both the
critical temperature T, and intragrain critical current density Jcg in ceramic specimens.
The maximum value of Jog = 3:10° A/cm® in untextured ceramic specimens was
observed.

UDC 546. 87°42°56

E.G. Zenkovich, S.A. Nedilko, V.V. Trachevsky, A.A. Ashuyev FLUORIDE
Bi-HTSC COMPOUNDS

The aim of the work was the synthesis of fluorinated ceramics based on Bi-
2212 with cations that occupy different crystallographic positions in the structure of
Bi,Sr,CaCu,0g, namely PbF,, EuFs;, BiOF, NH4F, CaF, and SrF,, ie obtaining
samples of Biz-bexsrzcaCUQOg-szzx, Big-XEuXSrzCaCuzO&g,ngx, BizSFzCBCUzOs-XFX,
Bi,Sr,CaCu,0sg.4F2y, studying the phase composition and unit cell parameters of the
samples and determination of fluorine in the samples by the method of NMR
spectroscopy of solids.

All the samples of ceramics were studied by X-ray diffraction analysis.
According to the X-ray studies of crystal lattice parameters of the sampleswere
calculated.

Conventional analytical methods of determination of fluoride were
uncomfortable and ineffective to confirm the replacement of oxygen atoms by fluorine
in Bi-2212 due to small amount of fluoride ions in the samples. Therefore the NMR
19F method was used in this work.

The existence of chemical shift (8) from 0 ppm shows that the solid-phase
synthesis of samples of BixxPbxSroCaCuz0s52, BixxEuxSroCaCu,0g 3xF 3y,
Bi,Sr,CaCuy0s.4F«, BixSroCaCu,0g.4F2x leads to entering of fluorine atoms to the
structure of Bi-2212 with the replacing of oxygen atoms by fluorine taking place.
Width of lines in the spectra of samples obtained with PbF,, EuF;, NHsF and CaF;
used as fluorinating agents may indicate a superposition of at least two signals which
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are not separated due to the influence of the local magnetic field of paramagnetic
copper (ll)-containing fragments. In the case of systems containing BiOF and SrF, we
obtained the other picture of character spectra - clearly separated signals with
different chemical shifts, corresponding to fluorine atoms in different chemical
environments.

Value of integrated intensities signal gives a reason to expect that in case of
strontium fluoride, in which the Sr-F bond is more ionic than in case of other
fluorinating agents, fluoride ion is a part of copper based structure fragments. The
fact of chemical shift to the strong field in the spectra of samples indicates the
increasing shielding of the 19F nuclei, accompanied by the occurrence of fluoride
ions in the extended fragments in the structure as possible bridges between copper
atoms and increase symmetry close to them.

Chemical shift at 140 ppm corresponds to fluorine atoms that are associated
with atoms of copper. This fact shows that, the fluorine atoms are situated in chains
CuO,, and the substitution may significantly affect the electrophysical parameters of
the Bi-containing ceramics.

UDC 539.192

E. S. Fomina ON THE CALCULATION OF THE TILT ANGLE OF
SUBSTITUTED ALKANES WITH RESPECT TO THE AIR/WATER INTERFACE IN
FRAMEWORK OF PM3 APPROXIMATION

In the framework of quantum chemical semiempiric PM3 method the procedure
for estimation of the geometric parameters of 2D unit cells of substituted alkane
monolayers at the air/water interface is proposed. It includes formation of the small
clusters (dimers and tetramers) on the basis of the most energetically preferred
monomer conformation of regarded surfactant. Construction of dimers allows
obtaining the tilt angles ® and ¢ of the molecular chains of the surfactant with respect
to the normals to the directions of the monolayer propagation using dimerization
Gibbs’ energy as a criterion. While construction of the tetramers enables one to get
the value of the angle 6 between the directions monolayer spread and the unit cell
dimensions. Using mentioned parameters it is possible to obtain the general tilt angle
of the surfactant chains with respect to the normal to the interface.

Implementation of described procedure shows, that the structural parameters
of the unit cell of the 2D clusters of different surfactant classes are determined by the
‘a’ type of the CH---HC interactions, whereas the tilt angle of the molecules in
monolayer with respect to the interface depends on the volume and the structure of
the functional groups involved in the hydrophilic part of the molecule. The more
voluminous ‘head’ part is the larger inclination of the molecular chains with respect to
the normal to the interface is.

UDC 539.19+536.722-13+541.66

A.O. Vasylyev, E.A. Belyaeva, Yu.B. Vysotsky CALCULATIONS OF THE
ELECTRIC POLARIZATION OF THE HYDROCABONES IN THE FRAMEWORK OF
THE SUPERPOSITION-ADDITIVE APPROACH

Superposition-additive approach which was proposed earlier has shown a high
accuracy in description of the thermodynamic parameters of formation and
atomisation of conjugate systems, their dipole polarisability, molecular diamagnetic
susceptibility, 1-electronic ring currents, structural and physic-chemical parameters
of the saturated and unsaturated systems.

The superposition-additive approach is based on the transferability of atomic
properties and the additivity of molecular properties; the essence of the procedure is
the assumption that when two molecular graphs are virtually superimposed, the
properties of the constituent atoms remain unchanged. If the same superposition can
be constructed in two different ways, each one involving two entities (ions, radicals,
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clusters etc.), it becomes possible to calculate the structure and properties of one of
these entities, the structure and properties of the remaining three entities being known.

In this paper this approach was probed in the calculations of the tensor of
electric polarization of the substituted hydrocarbons. There are three superposition-
additive schemes, which are differ with the level of mutual overlapping of the
molecular graphs. The values which were gotten in the framework of the each
scheme reproduce present experimental data with high level of accuracy.

UDC (543.422.3-74 + 543.429.23) : 544.18

T.Tiurina SPECTRAL CHARACTERISTICS AND CALCULATED
PARAMETERS OF THE MULTIPLE BOND OF THE MONOMERS FOR RADICAL
POLYMERIZATION

There was found a linear relationship (R = 0.986) between the C'=C? bond
order and bond length (method AM1) in molecules of vinyl (styrene, acrylonitrile,
methyl methacrylate, N-vinylpyrrolidone) and aIIyI (dlaIIyI phthalate, dlethylene glycol
bis-allylcarbonate) monomers of the formula C'H,=C?R4R,, where R' = H or CH3, R?
— substituent with different nature. Data combining of the C=C bond length and order
for the considered vinyl and allyl monomers within a single equation suggest that
bonds have the S|m|Iar type, and its propertles are affected by the nature of
substituent at the C? atom. Increasing polarity of R? in the series CH,OC(=0) < Ph =
C=N < C(=0)OR < N(cycle) leads to greater delocalization or reducing of the order
bond and its elongation. There is observed a separation of linear relations between
the order and length of the C=0 by type of the carbonyl group - ester, carbonate or
conjugated through a heteroatom.

Stretching vibration frequency vgc-c in the IR spectra shiftes to lower
wavelengths with increasing C=C bond length, and for the "ether" monomers - methyl
methacrylate, N-vinylpyrrolidone and allyls there is a linear relationship between their
values with R ~ 0.9. The value of the stretching vibration frequency vc-o for vinyl
monomers and diallylphthalate is linearly dependent on the length of the C=0 or its
order (R = 0.994) and the charge on the oxygen atom (R = 0.998). The total
correlation does not include data for the diethylene glycol bis-allylcarbonate, due to
the lack of conjugation in the molecule.

There was found that for oxygen-containing vinyl and allyl monomers a greater
shielding (Iower value Oc1) is associated with a greater magnitude of the negative
charge on C', and the reason for changes in the activity of the monomer may be a
change of the charge on the atoms of the vinyl gro up, whereas close type of the
relationship between the charge and the shift atom C° was revealed. These results
allow us to interpret the concentration dependence of the chemical shift in the '*C
NMR spectra of the studied compounds as a result of changes in the electron density
distribution on them molecules at the binding in the self-associates.

UDC 543.422

N.D. Shchepina PALLADIUM(II) COMPLEXES WITH THIOUREA AS A
CHEMICAL MODIFIER IN ELECTROTHERMAL ATOMIC ABSORPTION
SPECTROSCOPY OF VOLATILE NON CARBIDE-FORMING ELEMENTS

The new chemical modifier palladium(ll) complexes with thiourea for
temperature stabilization of volatile non carbide-forming elements compounds in
electrothermal atomic absorption determination in complex composition objects was
proposed.

High-temperature processes of proposed modifier transformation during
atomization and the factors determining its effectiveness were studied on model
systems.

The proposed modifier has a low own nonselective absorption, provides a low-
temperature thermal stabilization of analytes compounds during the early pyrolysis
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stages by step decomposition of the complex and recovery of palladium(ll) to the
metal, shifts the analytical signal of analytes to a higher temperatures range, leads to
increasing of the maximum pyrolysisn temperature for cadmium and antimony on 600
and 350 ° C, respectively. The high efficiency of the proposed modifier while
eliminating the depressing effect of 0.1 M nitric acid and hydrochloric acid solutions,
sodium chloride and sulfate in ETAAS determination of cadmium and antimony in
industrial solutions has been shown.

UDC 546.56:54-386

D.A. Kutoley, S.A.Bezborod’ko, A.V.Shtemenko FORMATION OF COPPER(II)
MIXED-LIGAND COMPLEXES ON THE BASIS OF MEDIUM DENTATE
COMPLEXONES

The complex formation of cupric ions Cu®** with 1 — hydroxyethylydene
diphosphonic acid and N-(2-hydroxyethyl) iminodiacetic acid in the presence of such
additional low dentate ligands as 2 — amino ethanol and ethylene diamine in aqueous
solutions was researched by spectrophotometric and ionometric methods. Formation
of mixed ligand complex compounds was shown and their stability constants were
calculated.

There are some poly-metal complex compounds with the central metal ion
which maximum coordination capacity is not achieved and such complexes are
unsaturated by ligands, so they have high reaction ability. It makes possible to
provide the purposeful synthesis of complex compounds with specified parameters,
namely coordination sphere content, stability, ratio of different ligands.

The complex formation of cupric ions Cu?* with 1 — hydroxyethylydene
diphosphonic acid (HEDPH) and N-(2-hydroxyethyl) iminodiacetic acid (HEIDA) in the
presence of such additional low dentate ligands as 2 — amino ethanol and ethylene
diamine in aqueous solutions was researched by spectrophotometric and ionometric
methods.

Formation of binuclear different-ligand hydroxyethylydene diphosphonates was
investigated by spectrophotometric method of “permanent molar series”. The location
of absorption maximum of copper(ll) complex with 1 — hydroxyethylydene
diphosphonic acid essentially depends on the second ligand presence.

The complexes containing copper(ll) : HEDPH : low-dentate ligand and their
stability constants were determined by potentiometric titration method followed by
computer modelling.

Formation of mixed-ligand complexes consisting of copper(ll) : HEIDA : low-
dentate ligand was examined by spectrophotometric method. The complex particles
accumulation occurs at pH 7.0-8.0 in water solutions containing two different ligands.

The constants of ligand adjunction and general stability constants of mixed-
ligand complexes of 1 — hydroxyethylydene diphosphonic acid and N-(2-
hydroxyethyl) iminodiacetic acid with additional ligands 2 — amino ethanol and
ethylene diamine were calculated.

The ethylene diamine complexes possess larger stability constants then the
similar complexes of 2 — amino ethanol both for HEDPH and HEIDA. The complex
particles [Cuheidamea] and [Cuhedpamea]® have close value of adjunction
constants so it could be an evidence of their similar structure. The constants of
additional ligands adjunction for [Cuhedpaen]® and [Cuheidaen] complexes differ
considerably because of supposedly bidentate effect of ethylene diamine in such
different-ligand complexes unlike 2 — amino ethanol.

The binuclear complexonates of N-(2-hydroxyethyl) iminodiacetic acid both
homo- and hetero-ligand were not detected under experimental conditions. It could
be explained by steric difficulties for this ligand to form binuclear different - ligand
complexes.
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UDC 38.95+945

V.F. Rusakov SIZE EFFECTS IN MERCURIC CERAMICS AND NIOBIUM
ALLOYS

Review of results related to size effects arising in superconducting alloys
referred to hard type Il superconductors in alternating external magnetic fields is
presented in the paper. Magnetization and radio-frequency absorption in a plate of
mercuric ceramics Hg:«PbsBa,Ca,CusOy is analyzed. Measuring of magnetization
allows estimation of temperature dependence of the critical current at varied
magnetic field. The results of study of radio-frequency absorption bear evidences that
the observed absorption peaks are related to size effects associated with plate
thickness and granules. Heterogeneous nature of high-temperature superconducting
ceramics affects their magnetic and electric properties, being manifested as
irreversible and non-linear phenomena. Such objects are treated as matrices of
superconducting granules with Josephson bonds where grain boundaries play the
role of Josephson junctions. Anomalous hysteresis is analyzed as well as increase in
absorption as magnetic field decreases. It is demonstrated that anomalous
irreversible phenomena in the course of absorption by granular mercuric ceramics
can be explained by the presence of Abrikosov’s vortices in Josephson’s junctions
and their effect on the critical current of a loosely coupled medium. The response of
the critical current of Josephson’s junctions to magnetic field H, is not determined by
the very magnitude of the magnetic field between the boundaries of superconducting
granules, as it usually suggested, but it is controlled by surface current Js induced
within granules. According to Maxwell equation, surface current is related to the

derivative of the field H with respect to the normal to the sample surface J5f='d%y.

If Abrikosov’s vortices have still not penetrated the edges of a loosely coupled
junction, surface current in granules Jg coincides with Meissner screening current
Jsm, Which is exponentially decreasing toward the center of a granule. In this case,
the critical current of Josepson junctions is determined by the standard field
dependence.

When Abrikosov vortices start penetrating the edges of a junction, gradient of
the density of vortices emerges that generates an additional component of the
surface current J.°. At the same time, the magnitude of Meissner component of the
density of surface current Jqn is controlled by the jump of induction at the interface
between the intergranular space and the granule, not by the magnitude of the
magnetic field in the spacing. Thus, the result is, Jsm is determined by the reversible
part of magnetization of granules Mgq, that is Jsm= -Meg/Aq; (49 is the depth of filed
penetration to granules).

The analysis of the results of measurements of impedance of the
superconducting polycrystal NbsAl alloy and superconducting NbTi was carried out.
The first alloy is characterized by high density of the critical current and high value of
the second critical field depending on the temperature and the magnetic field.
Absorption peak in superconducting NbsAl and NbTi appears at certain ratio between
the characteristic size of the sample and the depth of magnetic field penetration. The
obtained results are interpreted within the frameworks of size effect model. The used
model allows calculation of resistance of a superconductor in the mode of magnetic
flux.

UDC 541.135
A. Pravda, A. Radchenkova, V. Larin DISCHARGE-IONIZATION
REGULARITIES IN LOW CONCENTRATION NITRATE SOLUTIONS
Physico-chemical regularities of complexing agents low concentration
influence on copper discharge-ionization process in dilute nitrate solutions have
been established, that permits to evolve copper in compact form. The electrolytic
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deposition of dense copper layers from the nitrate solutions is possible only on the
condition of eliminating parallel cathodic reduction of NO; ions. We found that the

problem can be solved by adding to the nitrate solution of a small amount of
complexmg agents or anions which are absorbed at the interface and substitute for
NO, ions in the double-electric layer and provide more stable Cu?* complexes than

the nitrate ones. The inhibitor effect of the disodium dihydrogen
ethylenediaminetetraacetate and tartratic acid on nitrate ion cathode reduction and
their influence on copper electrolyte precipitate structure and properties have been
shown. As was expected based on modern ideas as to the direct acting of complexes
in cathodic reactions, practically all the additives studied were found to be included in
the electrolytic deposit. Correlation was found between additive inclusions in the
cathodic copper deposit and the stability of complexes formed in the solution, which
due to adsorption substitute for the nitrate ions in the double-electric layer. As a
consequence, cathodic reduction of the nitrate ions is eliminated and normal
conditions are created for copper electrocrystallization and forming of dense, fine-
grained shining deposits of copper from the copper nitrate solution. The obtained
results contribute to our knowledge of the processes in redox nitrate systems, of the
role of coordination and adsorption in the mechanism of electrolytic copper
deposition and the effect of anionic nature on the electrolytic copper structure.

PART 2: ORGANIC CHEMISTRY

UDC 547.57

V. Anishchenko, V. Rybachenko, C. Chotiy, A. Redko STUDY OF THE
REACTION OF THE PHENOL PHOSPHORYLATION UNDER INVERSE PHASE
TRANSFER CATALYSIS

Various organic phosphates were synthesized using inverse phase transfer
catalysis (IPTC). This method was effectively used for phosphorylation of para-
substituted phenols (4-methyl-, 4-methoxy-, 4-chloro-, 4-hydro- and 4-nitro-) by
diphenyl chlorophosphates.

Para- substituted (4-chloro, 4-methyl, 4-methoxy-, 4-morpholino- and 4-
dimethylamino-) pyridine-1-oxides were used as IPT catalysts. The reaction proceeds
via the formation of an ionic intermediate in the organlc phase - 1-
(diphenoxyphosphoryl)oxypyridinium chloride, that confirmed by 'H NMR and IR
spectroscopy. The "H NMR spectrum shows shift of B-pyridine-1-oxide protons to the
weak field. The IR spectrum shows shift to the high-frequency region of strong band
of vp=o (1320 cm™).

Extended reaction scheme of reaction between diphenyl chlorophosphate and
phenols in two-phase system H,O/CH,Cl, was proposed.

Effect of catalyst structure on reaction rate and product yield was investigated
on the phosphorylation of 4-nitrophenol. With increasing basicity of the catalyst a
higher reaction rate and product yield were reached. Initial concentration of catalyst
in the aqueous phase strongly influences the reaction rate but not the yield. Initial
rates of reaction were measured for characterization of reaction kinetic due to the
complexity of process mechanism.

The structure of obtained aryl dlphenyl phosphates were confirmed by IR, 'H
and *'P NMR. The experimental *'P chemical shifts of the synthesized organic
phosphates were compared with calculated and good correlations were achieved.
Lowest energy structures of phosphates were calculated using ORCA 2.9.0 at the
DFT level of theory PBE0/6-31G(2df,p). *'P chemical shifts were predicted using
IGLO method and specifically designed IGLO-Il and IGLO-III basis sets.
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UDC 547.22:541.13:541.8:541.127

V.A. Berezhnoy, O.V. Smirnova, L.V. Efimova, S.L. Khil’ko ANTIRADICAL
ACTIVITY DETERMINATION OF LOW-TEMPERATURE FRACTION OF HUMIC AND
HIMATOMELANIC ACID IN DIMETHYLSULFOXIDE SOLUTION

Humic and himatomelanic acids are natural compounds. They are a complex
organic structure with condensed aromatic rings and have side chains of varying
degrees of branching. The structure of humic and himatomelanic acids are
hydrophilic functional groups: carboxyl, hydroxyl, amino groups. The presence of
these functional groups in the macromolecular structure determines the biological
activity of humic substances and involves their ability to antioxidant action. However,
detailed studies of the properties of humic substances in the literature. The aim was
to study antiradical activity of humic and himatomelanic acids.

One way to assess the anti-radical activity is a colorimetric investigation of free
radicals, based on the reaction of the stable free radical 2,2-diphenyl-1-picrylhydrazyl
(DPPH) with sample antioxidant. Purple-blue colour of solution pales by antioxidant
reduction of DPPH, and the reaction is controlled by the change in optical density of
the conventional methods of spectrophotometry. The literature describes many
methods for determination of the antiradical activity of low molecular weight
antioxidants and their mixtures in various natural extracts, but the precise method to
determine the antiradical activity of macromolecular compounds are not developed.
In this paper, antiradical activity humic and himatomelanic acids in DMSO studied by
analogy with plant extracts.

In this paper we study the interaction of free radical DPPH with low-
temperature fractions of humic and himatomelanic acids in DMSO. Parameter ECRs,
which characterizes the antiradical activity of substances, found for humic and
himatomelanic acids of 5.53 and 16.39 respectively. Shown that humic acids have a
more pronounced antiradical properties than himatomelanic acids. Antiradical activity
of humic substances increases with the keeping of humic and himatomelanic acids in
solution. Set amount of ascorbic acid equivalent concentration of studied humic
substances. Calculated that 1 g of humic acid restores the same amount of stable
radical DPPH on 20 minutes of interaction as 125.44 mg of ascorbic acid and 1 g
himatomelanic acids respectively 34.94 g of ascorbic acid. Kinetic experiments
demonstrated that presented in this paper the method used to analyze the anti-
radical activity of humic substances.

UDC 667.637.4:699.81

N.A.Taran EFFECTS OF METAL OXIDES AND HYDROXIDES AND THEIR
NANO-SIZED ANALOGS ON FIRE PROTECTION EFFICIENCY OF
INTUMESCENT POLYMERIC COMPOSITION

Intumescent systems involving a donor of phosphoric acid, polyol, and gas-
forming agent are considered to be the most promising fire protection compositions.
With decreasing temperature, an interaction of the ingredients results in formation of
flame-proof foam-coke layer thus preventing the ignition and retarding or eliminating
fire propagation at their early stages. Such systems exhibit low toxicity and fume-
forming ability eliminate toxic action of halogen-containing components and increase
the level of human and environmental protection from numerous adverse effects.

Intumescent compositions involving ammonium polyphosphate/pentaerythritol/
melamine/vinyl acetate and ethylene copolymer at variable metal oxides and
hydroxides and their nano-structured analogs were studied to develop new
technologies for decreased combustibility of polymeric materials and fire protection
coatings. Comparison examination of the antipyrene effects on the polymeric coke
layer formation in a temperature range of 200-600 oC was carried out. It was shown
that additives of metal oxides and hydroxides and their nano-sized analogs result in a
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considerable increase in fire protection efficiency of the intumescent composition
ammonium polyphosphate/pentaerythritol/melamine/vinyl acetate and ethylene
copolymer. The mixtures involving titanium oxide and iron oxide nanoparticles were
found to be the most efficient. The most plausible mechanisms of the chemical
transformations in the intumescent system involving metal oxides and hydroxides
were proposed. Practical merit of the study consists in improving the development of
thermally stable polymers and fire protection polymeric coatings.

UDC 547.735’83+547.722°83+547.735’89

A.B. Eresko, V.S. Tolkunov, S.V. Tolkunov ESCHWEILER-CLARKE
REACTION IN THE SYNTHESIS OF TETRAHYDROBENZOTHIENQOJ[2,3-C]JPYRIDINES,
TETRAHYDROBENZOFUROI[2,3-CIPYRIDINES, TETRAHYDROBENZOTHIENOI2,3-
C]PYRIDINES

The Eschweiler-Clarke reaction is commonly used for methylation of primary or
secondary amines by the action of formaldehyde in the presence of formic acid. This
reaction can be used for obtaining of 2-methyltetrahydropyridines as well as
azepines.

The 1-R-1,2,3,4-tetrahydrobenzothieno[2,3-c]pyridines and 7-methyl-1-R-
1,2,3,4-tetrahydrobenzofuro[2,3-c]pyridines obtained by Pictet-Spengler reaction was
used as the starting products for the synthesis of 2-methylderivatives by the
Eschweiler-Clarke reaction. A different behavior of initial 2-(1-hetaryl-3)ethylamine by
Pictet-Spengler reaction was found. The reaction proceeds well in the series of
benzofuranes. Under similar conditions, [2-(1-benzothien-3-yl)ethyllamine reacts with
benzaldehyde to form by-products — aminoacetales. Interaction of [2-(1-benzothien-
3-yl)ethyllmethylamine and benzaldehyde under Pictet-Spengler reaction occurs
exclusively with the formation of aminoacetales, so this method is not applicable for
the preparation of 1-aryl-2-metiltetragidrobenzotieno[2,3-c]pyridine. These pyridines
were synthesized by the methylation with formaldehyde in formic acid by the reaction
of Eschweiler-Clarke. Methylation of 7-methyl-1-R-1,2,3,4-tetrahydrobenzofuro[2,3-
c]pyridines with formic acid and formaldehyde mixture in the Eschweiler—Clarke
reaction conditions does not lead to the 2,7-dimethyl-1-R-1,2,3,4-
tetrahydrobenzofuro[2,3-c]pyridine formation. Corresponding 2,7-dimethyl-1,2,3,4-
tetrahydro[1]benzofuro[2,3-c]pyridine was obtained by this method. This compound is
formed directly from the [2-(6-methyl-1-benzofuran-3-yl)ethyllJamine in the
Eschweiler-Clarke reaction conditions. Eschweiler-Clarke reaction proceeds well in
the series of benzothienyl-3-ethyl(propyl)amine. 2-Methyl-1,2,3,4-benzothieno[2,3-
clpyridines and 2-methyl-2,3,4,5-tetrahydro-1H-benzothieno[2,3-c]azepine were
obtained by heating of 2-(1-benzothienyl-3)ethylamine and benzothienyl-3-
propylamine in a mixture of 90% formic acid - formaldehyde in high vyields.
Benzothienyl-3-propylamine does not react with aromatic aldehydes under any
conditions. We have shown that the Eschweiler—Clarke reaction conditions can be
successfully used for obtaining of N-substituted derivatives of benzothieno[2,3-
c]pyridines and benzothieno[2,3-c]azepine.

UDC 544.72:541.183
S.L. Khil’ko ADSORPTION CHARACTERISTICS OF
CETYLTRIMETHYLAMMONIUM BROMIDE AT THE INTERFACE LIQUID-GAS
Electrolyte additives and pH can control colloid-chemical properties of
solutions of surface-active agents (surfactants) - their behavior in different phase
interfaces and regulatory properties of the surfactant in dispersed systems.
Adsorption characteristics of cetyltrimethylammonium bromide (CTAB) at the
liquid-gas and the effects of additives of strong electrolytes were studied.
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Dynamic surface tension of aqueous solutions of CTAB was measured by Du Nui
method (Tensiometer TE-1, Lauda, Germany) at (20 £ 0.1)°. Received the experimental
dependences of the surface tension of aqueous solutions of CTAB on time.

The experimental dependence of the equilibrium surface tension on the
concentration of CTAB and the mean activity of the ions were treated using a
theoretical model of Frumkin. The experimental dependences of the equilibrium
surface tension of solutions of CTAB on the average activity of the ions are in good
agreement with literature data.

In this connection, the translation of the concentration of CTAB on the average
activity of the ions in the solution takes into account the effect of the addition of
strong electrolytes and achieve comparable with published data for mixtures of
surfactant-electrolyte.

UDC 547.63:547.7:547.8

0.0. Savsunenko, Yu.O. Shirokorodova, Y.A. Karpichev, A.F.Popov,
H. Matondo, I. Rico-Lattes, A.Lattes ALKYLATION OF SELF-ASSEMBLING
COMPLEXES BASED ON PYRIDINE-3-BORONIC ACID

Over the recent decades, designing novel materials became a promising
challenge in chemistry. The covalent-organic frameworks (COF) are one of the most
remarkable new synthetic materials with nanoporous structure that could be used for
gas storage, fuel cells design, in the catalysis, optoelectronics, etc. Most of boron-
containing COF are built by means of N—B bonding which makes boronic acids
among the important precursors of COFs. N-Alkyl derivatives of pyridine-3-boronic
have been recently reported to be functionalized surfactants low aggregation
concentration very low pK,. Pyridine-3-boronic acid contains in its structure both
boron and nitrogen atoms which makes it a prospective building unit for COF. A
novel cage supramolecular structure, pentadecamer of pyridine-3-boronic acid, was
obtained and characterized. Its structure in crystal was investigated using X-ray
crystallography; 'H and "*C NMR spectroscopy was used for study in the solution.
This structure consists of 15 pyridine-3-boronic acid monomers with 10 N—B bonds;
the cage diameter was shown to be 5A. The supramolecular complex was shown to
remain stable with heating up to 95 °C in DMSO-d6 whereas in D,O CD3;0OD the
monomer of pyridine-3-boronic acid appeared. The ability of the pentadecamer to
form N-alkyl derivatives was studied. Its selective alkylation with iodoalkanes leads to
formation of monosubstituted (methanol)) and trisubstituted (chloroform) boroxines of
pyridine-3-boronic acid. These new compounds are expected to be epy amphiphiles
exhibiting a wide variety of unusual aggregation properties. In the case of 1.10-
diiododecane and 1.2-bis(2-iodoethoxy)etnane, the alkylation allows us to obtain
dimeric structures which supposed to be the precursors of 3D covalent-organic
frameworks.

PART 3: CHEMICAL TECHNOLOGY

UDC 541.123 + 544.344.2.032.2

V.G. Matvienko, L.S.Nifantova, E.V. Kukovinets, V.P.Kalinichenko
SOLUBILITY OF HYDROGEN SULFIDE IN NONANE AT ELEVATED PRESSURES

With the help of synthetic method using a constant-volume cell with membrane
transducer solubility of hydrogen sulfide in nonane at temperatures of 273 - 323 K in
the whole composition range of the liquid phase has been determined. With
increasing temperature, the convex solubility isotherms transform into concave ones.
Composition of the equilibrium vapor in the assumption that the vapor phase obeys
the equation of state with the second virial coefficient has been calculated. The data
obtained allowed to calculate thermodynamic characteristics of hydrogen sulfide in
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solution: activity, activity coefficients, excess Gibbs energy, differential molar heat of
solution. Activity coefficients decrease with the increase of temperature and
hydrogen sulfide concentration in the solution. Differential molar heat of solution of
hydrogen sulfide increases with the increase of mole fraction of hydrogen sulfide in
the liquid phase and temperature. For an infinitely dilute solution, the heat of solution
is independent of temperature and is about - 18 kJ / mol.

UDC 661.42:678.7

A.l. Postoronko, O.P. Ledeneva THE USE OF SALTS OF QUATERNARY
AMMONIUM BASES IN THE PRODUCTION TECHNOLOGY OF CALCIUM
CHLORIDE

During receiving of calcium chloride from waste soda ash rate-limiting step of
the process is to separate distiller suspension consisting of calcium chloride, sodium
chloride, calcium sulfate, calcium hydroxide, sand, etc.

The aim of research is to study the precipitation of separation processes
distiller suspension in production of liquid calcium chloride with quaternary
ammonium salts, which are widely used to speed up the separation of different
production processes.

During receiving of liquid calcium chloride to a suspension of distilled process
of separating the solid and liquid phases is distinguished by high complexity and high
cost due to the suspension of fine particles, which are slowly upheld and filtered.
Therefore, intensification of distribution becomes essential.

The results of studies on the use of salts of quaternary ammonium bases in
the separation rate distiller suspension.

Research has shown that the rate of separation of the suspension without
additives at 25 °C is 0.28 m3, and at 90 °C - 0.40 m3. Great value for coagulation
suspension has additive concentration, with the increase which is higher than the
best is a stabilization of the mixture and separation rate slows.

Noted that sedimentation increases with the salt concentration and the
maximum value is reached at a concentration of 0.005 - 0.008%, wt. In this case,
there is a rapid flocculation with a very fast light suspension. Rapid flocculation
phenomenon explained by the formation of large, unrelated units with high rates of
sedimentation. It should be noted the high separating capacity additions in the first
minutes of settling.

The possibility of accelerating the separation distiller suspension when
receiving calcium chloride from waste soda production using salts of quaternary
ammonium salts. The best of the coagulant is tridecylacetatetributilamony chloride,
eliminating the settling velocity exceeds all studied salt.

UDC 541.183

E. Khobotova, I. Grayvoronskaya SURFACE ADSORPTION CENTERS OF
SLAG SORBENTS

The mineralogical composition of metallurgical slag was studied. The
possibility of using of slags with diopside as the main mineral constituent in the role
of sorbents for water purification has been shown. The slag sorption activity is
caused by high content of diopside in amorphous state. The possibility of slag
sorption of organic substances was shown. To increase the degree of decreasing the
surface, increasing the number of compounds in amorphous state and increase of
adsorption capacity of slag, it is necessary to conduct its chemical activation.
Optimum conditions for chemical slag activation were defined. It was shown that acid
and alkaline slag activation can be used in different regimes of organic dyes sorption.
The dependence of quantitative indices from acidity of organic dyes solutions was
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determined. A presence of hydroxylic and silanolic groups on the surface of slags
particles have been shown. The acid activating of slags that increases the amount of
adsorption centers OH and Si—OH have been recommended. The large degree of
hydratation, hydroxylating and concentration of siloksan groups and groups of Al-O—
Si on the surface granular slag of «ArselorMittal» as compared to metallurgical slags
on the basis of diopside has been shown. The presence of admixture of aluminum in
slags gives the surfaces of silicates properties of chemical sorption in relation to the
molecules of electron donors.

UDC 662.741

S.V.Gorbatko MATERIALS FOR RESTORATION REFRACTORY MASONRY
THERMAL AGGREGATES

The problem about resistance of the brickwork for coke-oven batteries arises
during their exploitation. Hence, maximal enlargement of its operation life is of
present interest. Successful solution of this problem defines the main technical and
economic parameters of the whole heat unit.

One of the ways of repairs is the method of the brickwork revitalizing according
the technology of self-propagating high-temperature interaction (SHI).

For the first time this method was applied for the synthesis of infusible
inorganic compounds. SHI method is the combustion action of any chemical nature,
which leads to the formation of the valuable solid materials for practical use. The
environment, which is capable of reacting in the SHI regime, can be different: solid,
gaseous, mixed. The only importance is that the chilled product of combustion should
be in solid state with valuable service property.

The remarkable characteristics for such processes are the next: combustible
components are metals and oxidizing agents are nonmetals. The temperature of the
process can vary in very wide range from 1100-1400°K to 3000-3650°K. After
initiation the process does not have chaotic fire type, but has directed wave nature.

The possibility of application of mentioned method and mixtures is urgent for
repairs of blast-furnace brickwork. They will allow solving quite a number of problems
connected to enlargement of the operation life for working area of coking chamber.

UDC 628.33, 662.74

.G. Krutko, Yu.V.Pulnikova INTENSIFICATION OF GRAVITATIONAL
METHOD OF AMMONIA WATERS PURIFICATION FROM COAL TAR IMPURITIES

Ammoniac waters of coke-chemical production, including ammonia-tar liquor
and condensate of primary gas coolers (PGC), are made up more than 50% of total
effluent of catching chemical products department. Ammoniac waters contain
impurities of aromatic tars and oils (coal tar substances) in the number of 300-2200
mg/l. The presence of tars and oils in ammoniac waters complicates their further
processing, reduces the effectiveness of technological processes, contaminates
equipment with tar deposits.

The gravitational method can not provide effective purification of ammoniac
waters from fine disperse tar particles which radius is smaller than 20 microns.
Therefore, for enlargement of tar phase particles the coalescence was suggested.

In earlier works it was proved that mineral fiber material of diabase group
(MFD) leads to increased sizes of disperse particles of coal tars and oils, and
redistribution of the fraction in the direction of larger particles. The effect of
coalescence is 75-78% depending on the temperature, flow rate, packing density of
mineral fiber material.

It is shown that preliminary processing of ammoniac water by passing it
through a coalescing filter intensifies the gravitational settling of coal tar impurities in
the settling tanks.
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Based on theoretical and experimental studies it is suggested to include a
coalescing filter on coke-chemical plants technological scheme of ammoniac water
purification from coal tar impurities. In the present technological scheme the process
of coalescence is auxiliary. However, due to a coalescing filter high efficiency of
ammoniac water purification can be provided. Coalescence method can be attributed
as a regenerative method, as during the processes tar water emulsion is separated
into two phases, one of which is tar. Recycling of tar can be an additional economic
achievement in implementation of this method.

UDC 669.712

A. Klimenko, V. Shapovalov, T. Kolesnik, T. Shapovalova, A. Osovskaya TO
THE QUESTION ABOUT MECHANISM OF ALUMINUM HYDROXIDE
PRECIPITATION OUT OF SODIUM ALUMINATE SOLUTIONS

Carbonization — one of methods applied in alumina manufacturing practice for
decomposition of aluminate solutions to extract the crystal aluminum hydroxide.
According to publications in literature, important for understanding carbonization
process is the fact that alumocarbonate of alkaline metals may form at the end of the
carbonization process and overviewed as admixtures. But the analysis of the data
from the publications and our own researches of variable factors influence on the
carbonization process of aluminate liquids shows that extracted aluminum hydroxide
always contains more or less amount of sodium alumocarbonate. On the basis of
conceptions of coordination chemistry and taking into consideration that sodium
aluminate is a coordination compound, an alternative scheme of carbonization has
been suggested acting on presumption that the basic product of carbonization is
sodium alumocarbonate which interacts with alkaline and sodium aluminate forming
the aluminum hydroxide:

Nas[Al(OH)g]L) <> Na[Al(OH)4]) + 2 NaOHy, ,

2 NaOH(L) + COQ(G) — N82C03(|_) + H-0,

Na[AI(OH)4] ) + CO2) — Na[AI(OH),CO3] sy + H20,
Na[Al(OH)2COs] (s) + Na[AI(OH)4] 1) — 2 AI(OH)3(s) + Na;COg).

The math model of the process has been developed which can show the
reasons of aluminum hydroxide contamination with the compounds of sodium. Our
suggested scheme of chemical reaction allows to change the organization of
technological process of aluminate solutions carbonization in general.

UDC 661.847:669.53546.05:502.1

Ju.V.Mnuskina NICKEL EXTRACTION FROM GALVANIC PRODUCTION
WASTES BY MEANS OF AMMONIUM SULFATE

The galvanic production wastes processing stages to extract nickel are
presented. First, cadmium is extracted from a prepared source material. The
sufficient purity grade cadmium extraction is carried out through electrolysis of
sulfuric acid solution as a source material. The main components of source material
after electrolysis are cobalt and nickel as well as zinc. One of difficult tasks is
separation of cobalt and nickel since they have much resemblance in their properties.
This task was solved by oxidation of soluble two-valent cobalt compound into
insoluble Co(OH); with pH about 5 by means of chloride lime being added in portions
as a dry material or suspension. The main source material component — nickel — is
proposed to be precipitated by ammonium sulfate resulting in double salt formation.
The influence of ammonium sulfate quantity, temperature, initial nickel ion and
sulfuric acid concentration on nickel precipitation efficiency was studied. It was
ascertained, that the highest nickel extraction rate is ca. 90-95% whereas neither
temperature nor sulfuric acid concentration has any sufficient effect on it. At the same
time these parameters greatly influence the required ammonium sulfate quantity. It
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was ascertained, that using ammonium sulfate results in higher precipitation rate
compared to potassium sulfate. Since the source material after liquification contains
ca. 10% zinc compared to initial content, the zinc extraction process by means of
ammonium sulfate was studied. It was ascertained, that zinc ion precipitation rate
makes up 90-93%. The zinc and nickel coprecipitation from sulfuric acid solution was
studied. The content of zinc in sediment relates to the content of nickel as ~1:3-1:2.
Therefore, the coprecipitation with initial nickel ion concentration of 30 g/l and that of
zinc 10 g/l was studied. The highest metal extraction rate is reached at ammonium
sulfate concentration of 240 g/l and makes up 97% for nickel and 80% for zinc. To
separate double salt mixture, the soft conditions of processing with alkali solution are
required (first, solution in smallest possible water quantity, heating, adding sodium
hydroxide in small portions). After ammonia distillation and centrifugal separation the
sediment contains only nickel in form of nickel hydroxide. Zinc remains in solution
after the processing with alkali solution. Obtaining metallic zinc is possible through
hydrolysis. So, zinc is being removed in two stages: 90% during the first stage
through processing with sodium hydroxide, and the remaining 10% through
coprecipitation with nickel and further separation by means of sodium hydroxide.

UDC 662.74: 66.028

D.V. lichenko, S.P. Veretelnik THE WAYS OF DESIGN MODERNIZATION OF
LEVELING ARMS

The question of upgrading existing constructions of leveling arms to increase
the density of the coal loading in the coking chambers. Comparative characteristics
of existing constructions of leveling arms.

Planning for the coal loading coke ovens is an important operation which
largely depends on the effectiveness of the further process of coke production.

Under the production efficiency of coke oven productivity meant cameras,
improving the quality of coke, reducing the coke cost per ton and improves the
environmental performance of the process.

The planning process consists of the following: in the final stage of the boot
under the boot of coking chamber holes are formed cones of charge while the holes
are named void. It was at this moment and begins planning for and has tried many
variations of alternating loading of the bunkers, and driving modes leveling arm.
Previously the construction boom has been neglected in terms of increasing the
density of loading. The main objective was to ensure strength and durability of the
rod. Therefore, the bar was simple, cooked and made of relatively cheap steel. The
low level of maintenance and reduced durability of the bar did not allow any way to
control the planning process.

Plan for coal blend can have a positive direct impact on the efficiency of the
coke production provided the technology planning process and design leveling
device and in particular leveling arm will meet the necessary requirements. The effect
of increasing the density will intensify substantially when using at boot time in the
furnace chamber of special design leveling devices.

UDC 665.765-404.9:621.892.8

Ju. Veligorskaya, O. Papeikin, L. Zhelezny, N. Borysenko THE
CONSTRUCTION OF THE STRUCTURAL FRAME AND TRIBOLOGICAL
PRORERTIES OLEOGREASES

To create the technology of oils into the composition of thickener which,
besides calcium carbonate are surfactants of natural origin - calcium soaps of fatty
acids. These oils have a common name "oleogreases."

22



PEDEPATH ABSTRACTS

This paper presents the results of researches of the construction of the
structural frame and tribological properties oleogreases made by using calcium
stearate and oleate of calcium as the organic component thickener.

To ascertainment a form of the existence of calcium carbonate in oleogreases
are used methods of X-ray diffraction analysis (XRD), IR spectroscopy and diffraction
pattern are obtained on an automatic diffractometer. The obtained results show that
diffraction reflections corresponding crystalline phases of calcium carbonate (calcite)
and calcium hydroxide. At the same time, XRD indicates the existence of only two
crystalline phases calcite and calcium hydroxide.

Overbased sulfonate greases exhibit high lubricating properties. Index welding
load (Pw) is defined by four-ball machine of friction GOST9490 and has high value
for all greases, indicating their high extreme pressure properties. Antiwear (diameter
spots wear) and antifriction (coefficient of friction) properties of oleogreases are
determined by the method of ASTM D 2266. Index diameter spots wear in
oleogreases is minimal, while both temperature above 120°C, oleogreases for
antifriction characteristics predominate complex sulfonate greases.

In accordance with our established spherical crystal structure of nanoscale
particles such as core-shell can be imagined as a group of tiny balls. These balls can
separate two metal surfaces by existing relative motion between them, easily move
along the surface of friction, ensure its protection and prevent direct contact between
the surfaces, effectively reduce friction and wear, which are demonstrated by the
results of our researches.

PART 4: CHEMICAL EDUCATION
UDC 546

E.l.Volkova, V.V.Prisedsky CARBON NANOTUBES AND THEIR PROPERTIES
IN THE COURSE IN NANOMATERIALS FOR ENGINEERING STUDENTS

The article describes the sequence of presentation of the basic concepts and
achievements of nanotechnology, nanomaterials types, the core technologies of their
formation, methods of investigation of nanostructures, the basic physical and
chemical properties of nanomaterials, the latest advances in the use of
nanomaterials and nanotechnologies in various branches of engineering.

In the lecture course, students are introduced to the basic concepts and ideas
of nanotechnology and nanomaterials, their classification and basic properties,
methods of nanostructures’ forming.

In the theoretical material of the lecture course the latest achievements in the
field of nanomaterials are considered with the focus on graphene, carbon nanotubes
and fullerenes. All of these materials are constructed with carbon atoms. Listeners'
attention is drawn to the fact that certain special arrangement of carbon atoms can
drastically change the properties of the material if created with the specific
arrangement of atoms. A necessary condition for such a review is appropriate
schematic arrangement of atoms.

Lecture material is related to the latest developments in nanotechnology, and
is divided into teaching units in line with some of the brightest main results obtained
in such critical areas as nanotechnology: nanobiology, nanomaterials,
nanochemistry, nano, nanoengineering, nanoelectronics, = nanoenergetika,
nanotechnology safety.
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UDC 546.64°65°43°56°21+538.945

V.V.Prisedsky, Dr. Sci.( Chem.), Prof.; S.V.Vasiliev*, Cand. Sci.( Phys.-Math.),
N.V.Markova, I.V.Mysnik, Cand. Sci.( Chem.), M.M.Ermolov, V.V.Chabanenko*, Dr.
Sci.(Phys.-Math.), (Government Higher Educational Institution «Donets National
Technical University», 83001 Donetsk, Ukraine *A. Galkin Donetsk Institute for Physics
and Engineering, NASU, 83114 Donetsk, Ukraine)

THE JOINT INFLUENCE OF CATION AND OXYGEN NONSTOICHIOMETRY ON
SUPERCONDUCTING PROPERTIES IN 123 CUPRATE

As shown earlier, there is a “slow” constituent (y) into oxygen nonstoichiometry in
superconducting 123-cuprates doped with rear-earth elements. The aim of this paper is to study
possible effect of changing “slow” oxygen content on electrophysical properties of HTSC cuprates.
Magnetization of Sm-doped samples YBajgSmy 10CusOx was measured in a vibrating sample
magnetometer in scanning magnetic field and temperature. Two series of samples
YBa.90Smy,.10Cu30¢.5+, Were prepared for measurements from the same batch of material: with maxim
(Ymax = 0.10) and minimum (ymn, = 0.00) values of “slow” oxygen content and corresponding to
formulas YBa;4,Smy 10Cus07 97 and YBaq9Smy 10Cu30s497 respectfully. Both types of samples were
obtained from the same batch of sintered material. Samples (I) were brought to equilibrium at 720°C
(lower than T,,) to maximize the “slow” oxygen content: y,ax = 0.10. Then they were cooled to 400°C
and kept at this temperature for 1 h to maximize “quick” oxygen content. The final total oxygen content
in the samples of this series was established at x (I) = 7.07 (YBay.90Smy,.10Cu307.07).

Samples (Il) were brought to equilibrium at 900°C (above T,,) to minimize the “slow” oxygen
content: vy, = 0.00 and then they were rapidly (in less then 10 min) cooled to and kept at 400°C for 1
h. The final total oxygen content in the samples of this series was equal to x (ll) = 6.97
(YBa4.96Smy.10Cu30¢.g7).

The study of magnetic hysteresis in these samples shows that additional oxidation with respect
to “slow” component produces HTSC with higher both the critical temperature T% and intragrain critical
current density Jcg in ceramic specimens. The maximum value of Jy,q3 = 3-10 A/em? in untextured
ceramic specimens was observed.

Key words: high-temperature superconductor, cuprate, nonstoichiometry, magnetic hysteresis

Introduction

A characteristic feature of high-temperature superconducting (HTSC) cuprates
is a strong dependence of their structural and electrophysical properties on oxygen
nonstoichiometry. Cuprates exhibit large oxygen nonstoichiometry: depending on
temperature and oxygen partial pressure in the ambient, oxygen index x in barium-
yttrium cuprate YBa,Cu3Oy (YBCO) changes in the interval 6.2 < x < 7.0 at equilibrum
and in metastable state — from 6.0 to 7.0 [1,2]. Oxygen in YBCO exists in two forms:
strongly and weakly bound. The strongly bound oxygen is in the state of oxidation -2
(usual for oxides) and its amount is constant: 6.0 mole O per formula unit. The
weakly bound oxygen is evolved when cuprate is dissolved in acids and its oxidation
number exceeds -2 (which is met, e.g., in peroxides). This form of oxygen is
completely responsible for oxygen nonstoichiometry and its amount & is a variable
part of general oxygen content: x =6 + 0 [1, 2].

Earlier we found that in barium-yttrium cuprate YBa,.,RE,CusOyx doped with a
rear-earth (RE) element a new, additional constituent (y) of oxygen nonstoichiometry
is realized so that x =6 + & + y [3,4]. Contrary to usually observed nonstoichiometric
oxygen (d), this additional part of nonstoichiometry shows a very slow kinetics of
relaxation and also gives the possibility of oxygen content higher than 7 mole per
formula unit: x > 7,0. According to these data, we need to distinguish two unlike
components of weakly bound oxygen in nonstoichiometric cuprates: usual «quick» ©
and additional «slow» y. Slow oxygen appears in cuprates doped with heterovalent
substitutes such as RE at Ba sites.

In air ambient, the highest content of «slow» oxygen may be obtained after keeping
a sample to equilibrium below Ty = 740°C and this extra oxygen content equals to RE
amount: ymax = ¥. This implies the following scheme of Ba substitution for RE: [Smg,’] =
[Op']. Above Ty, =840°C, “slow” oxygen is completely lost from the sample, ymin = 0 [3,4].

© Prisedsky V.V.,Vasiliev S.V., Markova N.V., 2 4
Mysnik I.V., Ermolov M.M., Chabanenko V.V., 2013
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The aim of this paper is to study possible effect of changing «slow» oxygen
content on electrophysical properties of HTSC cuprates. Magnetization of Sm-doped
samples YBai.9oSmy.10CusOx was measured in a vibrating sample magnetometer in
scanning magnetic field and temperature.

Preparation of nonstoichiometric samples

Cuprate samples doped with Sm according to the formula YBa,.,Sm,CuzOy
(y =0 — 0,10 with the step 0,02) were studied. Although the batch formula suggests
itroduction of Sm instead Ba, ionic radii considerations (r(Y) = 1.02 A, (Sm) = 1.079
A, r(Ba) = 1.42 A), show that a change in stoichiometric ratio of large (as compared
to Cu) cations at Y and Ba sites is expected: (Y+Sm)/Ba = (1+y)/(2-y).

The samples were synthesized through a standard ceramic procedure. As
starting reagents Y,03 («ITO-LUM»), CuO («pure for analysis»), BaCOgs («highly pure
9-3»), and Sm,03 («highly pure») were used. We focused on attaining homogeneous
single-phased state of synthesized samples. Weighed portions of starting reagents
were ground and mixed in an agate mortar under layer of ethanol. Mixed and ground
powders were pressed into pellets and fired in air at 880—-930°C for 30—40 hours. To
improve the links between the grains of reacting substances, intermediate grindings
of reaction mixtures were performed after each 6-8 hours during solid-state synthsis.
The pattern of X-ray diffraction in Fig. 1 (a DRON-3 diffractometer, Cu K, radiation)
confirms completion of synthesis, single-phase state and good crystallinity of powder
sample after firing at 920°C for 40 h.
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Fig. 1. X-ray powder diffraction pattern from single-phased YBa; 9ySmg 10Cu30,
after svnthesis at 920°C for 40 h.

Finally, the samples of synthesized powders were formed into plates with
dimensions 15 x 5 x 1 mm and sintered at
930-940°C for 2—-3 hours with the following
slow cooling (<100°C/h) to room
temperature.

The SEM microphotograph (JSM-
35C, JEOL) taken from sintered sample
(Fig.2) shows well formed crystalline
grains, often platelike, with quite clear
surfaces. They are distributed in sizes from
5to 20 pym.

A series of electron probe local
analyses taken from different grains of the

Fig. 2. SEM microphotograph of .
sintered sample YBas sSMo 1,CUs0, White sample (Fig.3) shows the presence of only

seament = 10 um. one phase — 123 cuprate. Assessment of
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the joint data of electron microscopy, X-ray diffraction and local electron probe
analyses comes to unambigious conclusion that the sample presents a single-
phased homogeneous 123 cuprate without any foreign phase inclusions.
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Fig. 3. A typical energy-dispersive spectrum of electron probe local
analysis of sintered sample YBa; goSmg.10Cu3O,

Two series of samples YBaj9Smo10Cu3Oe+s+y Were prepared for
measurements: with maxim () and minimum (IlI) values of «slow» oxygen content:
y(I) = 0.10 and y(ll) = 0.00 respectfully. Both types of samples were obtained from
the same batch of sintered material. Samples (I) were brought to equilibrium at
720°C (lower than Ty1) to maximize the “slow” oxygen content: ymax = 0.10. Then they
were cooled to 400°C and kept at this temperature for 1 h to maximize «quick»
oxygen content. The final total oxygen content in the samples of this series was
established at x (I) = 7.07 (YBa1.90Smo.10Cu30707).

Samples (Il) were brought to equilibrium at 900°C (above Ty) to minimize the
«slow» oxygen content: ymin = 0.00 and then they were rapidly (in less then 10 min)
cooled to and kept at 400°C for 1 h. The final total oxygen content in the samples of
this series was equal to x(ll) = 6.97 (YBa1.90Smo.10Cu30s.97).

Results of magnetic measurements

Magnetic moments of samples were measured by a Foner’s vibrating sample
magnetometer (VSM). The measurements were conducted in scanning magnetic
field (reversal field Hnax = 8 kOe) and temperature (reversal point above T;) modes.

In Fig. 4 temperature dependences of magnetization M of the samples | and II
in heating-cooling cycles are compared.
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Fig. 4. Hysteresis of magnetization at thermocycling samples (I) — (a) and (ll) — (b)
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These measurements were performed in a low external field (H = 2 Oe) and
with the reversal temperature well above the critical temperature T.. A typical time
period taken for measurements in a heating-cooling cycle starting and ending at
about 5 K was half an hour.

Observed hysteresis is typical for type-ll superconductors. Two branches of
the hysteresis curve meet at the point that corresponds to the critical temperature T..
At T. a negative diamagnetic moment of a superconducting sample disappears. In
Fig. 4 these points are indicated with vertical dashed lines.

As obtained from the data in Fig. 4, the critical temperature of sample |
(YBa1.90Smg.10Cu307,07) is T¢(l) = 93.4 K as compared to T,(Il) = 91.7 K for sample Il
(YBa1.90Smg.10Cu306.97). Thus, maximizing «slow» oxygen content (Ymax = 0.10) may
somewhat increase T.

Figure 5 demonstrates magnetic hysteresis loops taken from sample |
(YBa1.90Smg.10Cu30y707) at different temperatures, in this case at 5 and 75 K.

121 Sm3H005 59% a | SM3HO75 b
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e Q... )
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4 H, kod 0 4 H, kOe®

Fig. 5. A loop and a half-loop of magnetic hysteresis in YBaj goSmg 10Cu3O0797 at 5 K
(a) and 75 K (b).

It is well known that type-Il superconductors exhibit magnetic hysteresis. Finite
resistivity and magnetic hysteresis in these superconductors appear because the
motion of flux filaments is pinned by defects such as voids, inclusions, dislocations,
grain boundaries, and compositional variations. This pinning results in an
irreversibility of metastable states, which manifest themselves in hysteresis. In HTSC
ceramics, important factor is the sensitivity of critical current of weak links to local
intergrain fields [5]. When the flux filaments depin by thermal activation, or because a
current density exceeds some critical value, their motion induces an electric field [6].

The difference between the values of magnetization M (specific moment m) on
ascending (Masc) and descending (Myes) branches of the hysteresis loop (AM = Masc —
Mges) at a given strength of magnetic field may serve as a measure of pinning
efficiency in type-Il superconductor and thus assess its practical effectiveness. The
critical current density J. may be estimated in frames of Bean model [7], which
assumes that the critical current density does not depend on magnetic field (J.(H) =
const). The value of J; may be obtained from the following formula:

Jo = 15 (AMIR), Alem?

where AM is the width of the magnetization hysteresis loop (AM = Masc — Mges) in
emu/cm?; R is the radius of the sample, cm.
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In strong magnetic fields this

3:-:‘—3&—«%.5_ . fortr.nulaj:. rr}apr/] ble l;§etd fgr

I e - E—— estimation of the value of intragrain

Ng 6 u__::‘_;:_——h—- _.§=@5K critical current density Jog (the

3 A . D-mhile current flowing inside the grains

B A AT A— 2 [5]) in ceramic samples. In this

=75 g““h—ﬁO— —%——H%__ __335K case R is the radius of a single
o o o 55K  grain.

e © It is interesting to compare

4r | A ?’é‘ﬁ* samples | and Il from this point of

T ' . ' . view. In Fig.6, the calculated

values of J.4 (in logarithmic scale

2 4 6 H. KOe 8 cg (in log )

are plotted against magnetic field
H at different temperatures both for
sample | and |Il. From this
comparison, the advantage of
HTSC samples fully oxidized with
respect to “slow” component of oxygen nonstoichiometry is evident (Fig.6.). Under all
fields and temperatures, the critical current densities in sample | are greater
approximately by factor of 2 or more than those in sample Il. In sample | the density
of critical current at 5 K in lower magnetic fields is Jog = 3-10° A/lcm?.

Fig.6. Intragrain critical current densities Jgq in
samples | (black symbols) and Il (open symbols)
under different fields H and temperatures T.

Conclusion

Excess oxidation found in cuprates with cation nonstoichiometry due to
heterovalent doping may be of practical interest due to somewhat higher both the
critical temperature T. and intragrain critical current density Joq in ceramic specimens.
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B.B.lpucedckuli, C.B.Bacunebes, H.B.Mapkoea, N.B.MbICHUK, M.M.Epmonos,
B.B.HYabaHeHko COBMECTHOE BJINSIHUE HECTEXUOMETPUN 11O KATUOHAM U AHUOHAM
HA CBEPXIPOBO/JSILYNE CBOUCTBA KYIPATA 123

PaHee nokasaHo, 4mo cywecmsyem «melneHHas» cocmasndowas (y) KucriopodHou
HecmexuoMempuu  €8epxrnpoeodsuwux Kynpamos 123, jieaupo8aHHbiIX  pPedKo3eMeslbHbIMU
anemeHmamu. Lenb Hacmosuwel pabombi — U3yHumb 803MOXHOE 8/IUSHUE U3MEHEHUST COOepKaHUs
«MeOneHHo20» Kucrnopoda Ha anekmpocgpusudeckue ceoticmea BTCI1 kynpamos. B mazHemomempe
C eubpupyrowum 06pa3yoM USMEPSANU HaMac2HUYEeHHOCMb Jfle2uposaHHblx Sm  o0bpasuyos
YBa;.90Smy 10CU3sOgs5+y MpU  APAMOM U 0OBpamHOM CKaHUPO8aHUU Ma2HUMHO20 [ond U
memnepamypsi. [ns usmepeHul npueomosunu u3 o0HoU U mol e napmuu CUHMe3Uupo8aHHO20
Kyripama 0se cepuu 06pa3uos YBay goSmy 10CU30e+s+,. € MakcumarnbHOU (Ymax = 0.10) U MUHUMasbHOU
(VYmin = 0.00) eeniuquHOU colepxxaHusi «MedrieHHO20» Kucriopoda omeedarujue coomeemcmeeHHO
gopmynam YBay.90Smy.10CU307.07 U YBaq.9oSmMy 10Cu30s97. M3ydeHue masHUMHOZ20 eucmepesuca 8
amux obpasyax rokasasao, 4mo OOorMofHUMeNbHoe OKUCeHuUe o «MedrneHHol» cocmaernsowel
KUcriopoOHoU Hecmexuomepuu ro3eosnisem rnosnydums obpasusi BTCIT ¢ 6onee 8bicokol
Kpumuyeckol memrnepamypol T, u 8Hympu3epeHHOU /I0MHOCMbI0 KPUMUYeCKo2o moka Jeg; 6
Kepamu4yeckux obpasyax. MakcumanbHasi eefnuduHa 6HYympu3epeHHOU MI0MHOCMU Kpummoka,
docmuaHymasi Ha HemekcmypupoeaHHbIX KepaMu4ecKux obpasyax, cocmasuna Jqg = 3 10° Aler®.

Knroueenle csiosa: 8bicokomemmnepamypHbIl c8epXpPOBOOHUK, Kyrnpam, HeECMexuoMempus,
MagHUMHbIU 2ucmepesuc.

B.B.lpucedcbkuli, C.B.Bacuneses, H.B.Mapkoea, I.B.MucHuk, M.M.€pmorios,
B.B.Ya6anenko CYMICHWA BIJINB HECTEXIOMETPII 3A KATIOHAMMWU | AHIOHAMU HA
HALMNPOBIQHI BIIACTUBOCTI KYTIPATY 123

PaHiwe nokaszaHo, WO IiCHye «nosinbHa» ckKnadosa (y) KucHeeoi Hecmexiomempii
HalnpoegidHux Kynpamie 123, nezoeaHux pidkolemenbHUMU enemeHmamu. Mema uiei pobomu -
eusqyUMU MOXU8UU ernue 3MiHU 8Micmy «MO8INIbHO20» KUCHIO Ha efnieKmpoi3uyHi ernacmusocmi
BTHIT kynpamis. ¥ magHimomempi 3 8ibpyrodum 3paskoM eUMIprogarnu HamazHideHiCmb rie2o8aHux
Sm 3paskis YBa;.g0SMy.10CU306:5+, MPU NPSMOMY | 380POMHLOMY CKaHy8aHHi MagHimHo20 mnorns i
memnepamypu. g eumiprogaHb ripuzomyesasu 3 0OHiel i miei X napmii cuHme3o8aHo20 Kynpamy 08i
cepii 3paskie YBaj9oSmy.10CU306+5+,. 3 MaKCUMaNbHOW (Ymax = 0.10) i MiHiMansHow (Ymin = 0.00)
8EJIUYUHOIO 8MiCMy «r10B8ifIbHO20» KUCHI0, WO eidrnosidae ¢popmynam YBaqgoSmy 10Cu30797 i
YBay.90Smy, 10Cu30s.97. Bus4eHHs Ma2HimHO20 eicmepe3ucy 8 Lux 3paskax rokasasno, wo dodamkoee
OKUCHEHHSI 3a «108ifbHOK» CKadosor KUCHe8oi Hecmexiomepii do3eorise ompumamu 3pasku BTHI
3 biflbW BUCOKOK KPUMUYHOK memrepamyporo T, | 8HYMPI3ePEeHHO WiNbHICMIO KpUMmMU4YyHO20
cmpymy Jeg 6 KepamidHux 3paskax. MakcumarnbHa eefniuduHa 8Hympi3epeHHoI  WinbHocmi
Kpimcmpymy, wo 6yna docseHyma Ha HemeKcmyposaHux KepamidyHux 3paskax, cmaHosuna Jeg =
3-10° Alem?.

Knro4oei cnoea: eucokomemnepamypHul HaOnpoeiOHUK, Kynpam, Hecmexiomempis,
MazHimHul eicmepesuc.
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O.I'. 3eHbKOBMY, KaHAa.XiM.HayK, cT.Hayk.cniBpob.; C.A. Heginbko, O-p.xiM.HayK,
npod.; B.B. TpayeBCbKUM* kaHA.XiM.HayK, CT.Hayk.cniBpob.; A.A. AwyeB, CTyOeHT
(KviBCcbkM  HauioHanbHU  yHiBepcuTeT iMeHi Tapaca LleByeHka, *lHcTuTyT
meTanodisnkm HAHY)

®TOPBMICHI Bi-BTHII CIIOJIYKH

Memodom meepdogha3Hozo cuHme3dy cuHme3oeaHi 3pasku ¢mopemicHoi Bi-2212 BTHI
KepaMiku 3 8UKOPUCMAaHHSIM Pi3HUX ¢bmopyrodux azeHmis. HasigsHicmb ¢pmopy 8 odepkaHuX 3pasKkax
nidmeepdxeHa memodom SAMP-criekmpockonii

Knro4woei cnoea: kynpamu, HalOnpo8iOHUKU, CUHME3, 2emepo8asieHmMHe 3aMilieHHS,
gmopud-ioH, eracmugocmi.

OgHuMm i3 WwnaxiB ogepXaHHs martepianis 3 3agaHUMM BracTUBOCTSMU €
mMoandikauia ximidHoro cknaagy Bigomux BTHI. B uinomy po6otu woano mogudikauii
XiMIYHOrO CKnagy OKCUOHWX BUCOKOTEMMEPATYPHUX HAAMNPOBIOHWUKIB NOAINAIOTLCA Ha
ABi rpynn — moaudikauia kaTioHHOT abo aHIOHHOI nigrpaTku.

HanpukiHuyi 1987 poky SMNOHCBKUM Ta amMepuKaHCbKUMW BYEHUMW Mawnxe
O[JHOYACHO BUKOPUCTOBYIOUM Y BUXIAHIN WnxTi Y-Ba-Cu-O 3amicTb Y** Ginblumin 3a
pagiycom Bi**, Ta, samictuBwm Ba** Ha Ca®* Ta Sr** Bpanocs 3HailTU HOBI
HaanpoBigHi maTepianu B cuctemi Bi-Sr-Ca-Cu-0 i3 T, Buwwe 3a 100 K. MigHiwe [1-4]
6yno igeHtTudikosaHo asn BixSroCan.1Cu,Ozns4 i3 Temnepatypamn T, - 20, 90 Ta
110 K, npu n = 1, 2 Ta 3, BignosigHo. Cnomnykn Ha OCHOBi OicmMyTy —
Bi,SryCan.1CunO442n (BSCCO) maroTb TemnepaTypy nepexogy B HaanpoBigHWUMA CTaH
no 110 K. Hanbinbw BigomMum npefcraBHMKOM uUboro knacy € BipSr,CaCu,0s (Bi-
2212). Ctpyktypn bicmyTtoBMX (a3 € udneHamm TFOMOJIOFYHOro  psagy
Bi,SroCan.1CunOy42n. BigMIHHICTE MK MOAEnsiMn CTPYKTYp i3 PisHUMU N nonsirae
nuwe B TOBLMHI NMEPOBCKITHOrO 6NOKYy Ta XxapakTepi KoopauHauili atomiB Migi.
KpuctaniyHa cumeTpis  opTtopombiyHa um  kybiyHa gna  Bi-2201  [5],
ncesgoTeTparoHanbHa ans Bi-2212 Tta Bi-2223 a3 [6]. [pu noganbLiomy
OOCIIOKEHHI BMSBUNOCH, WO Ui CMONYKNM MakTb psg nepesar Hag iHwumn BTHI
cnonykamu: [OCTaTHbO BUCOKa Temnepatypa nepexody Y HaanpoBiAHWA CTaH,
BigcyTHicTb P3E, 3HayHo 6Ginbwa cTivkicTb 0o Aerpagadis. [o Toro X Bi—BMicHI
BTHI1 maTepianu Bxe 3Hanwnm 3acToCyBaHHS.

Hanbinbwy yBary cepeg pobiT no Moaudpikauii aHiOHHOT nigrpaTtku
NPUBEPHYNN MNOBIAOMMNEHHS LWOOO OAepXaHHSA (OTOPBMICHUX 3paskiB Ha OCHOBI
cnonyku BixSro,CaCuz0s.

OcHOBHMM eTanoMm Big3HayYeHUX [JOChifKeHb € BBeOeHHs dTopy B
KpuctasniyHy rpaTky OKCWMAHOI maTtpuui. AHania nitepaTypHuMX [OaHUX [OO03BOMSE
noginuTn metoan otopyBaHHSA pidHux Tunis BTHIT Ha rpynu:

— [a3odasoBuin  MeTod, SKMM 3BOAUTLCA A0 06pobkum nonepenHbo
CUHTE30BAHOro0 3paska MOTOKOM ra3onodibHoro (TOpPyHYOro areHTy npu PisdHUX
TemnepaTtypax [7]

— MeToa pagiauinHoro oTopyBaHHA NONArae B ONPOMIHEHHI Y — KBaHTamu
CMOJIyKK, NoMmiLLleHol B aTMocdepy enemeHTapHoro dptopy [8].

— TBepgodasHun enekTPoOXiMiYHUW MeTod NoNArae B KySIOHOMETPUYHOMY
TUTPYBaHHI 3pa3Ky ioHamu F~, LWo 30iNCHI0ETLCA B KOMIpLi [9].
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— B meTogi ioHHOI iMnnaHTauii pTopyBaHHA 34INCHIOETLCA LWINAXOM 06po6KM
BuxigHoro BTHIT notokom ioHiB F~ [10].

— MeToa TBEpAOda3HOro CUHTE3Yy odepXaB Hambinblue pPO3nOBCIOIKEHHS
3aBOsiKM NPOCTOTI BUMKOHaHHA. B ubomy meToai neBHa 4acTuMHa OOHOro 3 OKCcuAis
(kapboHaTiB) MeTaniB BUXIOHOI LUMXTU 3aMIHIOETBCA Ha qTopua (okcodTopua)
BignosigHoro metany [11-13].

OpHO3Ha4YHO He BCTaHOBMEHO BNNMB (PTOpyBaHHS Ha BnacTtueocTi Bi-2212.
Tak, aBTopn [11-13] CTBEpOXYlOTb, WO KPUTUYHA TemnepaTtypa OTPUMaHUX
HaZANPOBIAHUX 3pasKiB CYTTEBO HE 3MIHIOETLCH, OCKIfNIbKM aToMWn (PTOpY HE BXOAATb
Ao cknagy nadutoris {CuO2},, wo BignosigaloTb 3a HaANPOBIAHI BNACTUBOCTI, iHLUI
[14], HaBnakn, BKa3ylTb Ha 3Ha4yHe 11 MigBULWEHHSA. Hey3rogkeHiCTb pesynbrarTis
AOCNiAXeHb NOB’si3aHa 3 CYTTEBOK 3aNeXxHIiCT0 BNacTMBOCTEN 3paskiB Big cnocoby
ofepXaHHA (YMOBW CWUHTe3y, (PTOpYyHYMM areHTW, BUXiOHI pevYoBMHWU,Ta iH.) Ta
HEeCUCTEMAaTUYHICTIO AOChiAXKeHb iX BnactuBocTten. [poTte mamxke BCi AOCNIAKEHHSA
CXOOATbCHA Yy TOMYy, WO YacCTKOBE 3aMilleHHS KUCHIO Ha dTOp CYTTEBO NiABULLYE
Taku BaXXNUBUW NapameTp, K KpUTUYHa ryctuHa ctpymy [11-15].

MeToto pobotn OyB CUMHTE3 (OTOPOBAHOI KepaMikm Ha ocHoBi Bi-2212 3
BUKOPUCTaAHHAM KaTIiOHIB , SKi 3aMMatoTb Pi3Hi KpucTanorpadivHi no3uuii B CTPYKTYPI
Bi,Sr,CaCu,0g, a came PbF,, EuFs;, BiOF, NH4F, CaF, ta SrF,, To6TO ooep»xaHHsA
3pa3KiB CKJ'Ia,EI,iB Biz_bexsrzcaCUQOg_szzx, Biz.XEUXSI’zcaCU208_3XF3X, BizSI'zC&CUzOg_XFX,
Bi,Sr,CaCuy0g.4F2x, BUBYEHHA (pa3oBoro cknagy Ta napamMeTpiB efieMeHTapHol
KOMIpKM OTpUMaHWX 3paskiB Ta BU3HaAYeHHA @Topy Yy 3paskax metogom AMP
CrnekTpocKonii TBepaoro Tina.

3paskn oTpumManu MeToAoM [BOCTadiHOro TeBepaodasHoro cuHTesy. Ha
nepLin ctagii BUXigHi pe4yoBUHM — KapboHaTK CTPOHLO, KarbLilo Ta OKcua Migi —
peTeribHO roMOreHi3yBarnm LUMSXOM NnepeTupaHHs B araTtoBin cTynui. PeakuinHy cymiw
npoxaptoBanu 24 roguHu npu Temnepatypi 900°C 3 MeTO [OOCArHEHHA MOBHOIO
po3knagy kapbonatiB. BMmicT kapboHaTiB y Cymili KOHTpontoBanu 3a gonomorowo 14
cnekTpockonii. Ha apyrii ctagii y cymilw gogaBaBCsi OKCUA BICMYTY Ta BignoBigHWM
dpTOpYyoUMN peareHT. bynu cMHTe30BaHi 3pas3ky 3i CTyneHeM 3aMillleHHs (Mo KaTioHy),
BignosigHo, x = 0,05; 0,1 ta 0,2. Cymiw peTenbHO rOMOreHidyBanu Ta npoXxxaprosanu
npn Temnepatypi 820°C 50 roguH 3 NpoOMiXHUMK nepeTupaHHamMn. OTpuMaHi 3pi3ku
nicnsi NepLworo NPOMPKHOIo nepeTupaHHs Bynn cnpecoBaHi y TabneTku.

3paskn kepamikn 6ynn gocnigpKeHi METOAOM peHTreHoda3oBoro aHanisy. Ha
puc.1 npeacrtaeneHi gudpakrorpamu HesamiweHol gasm Bi-2212 Ta 3pasky 3
YaCTKOBMM 3aMilLleHHAM KUCHIO Ha (pTOp, OTPMMAHOro LWNAXOM [JOoAaBaHHA [0
peakuinHol cymiwi SrF, (cTyniHb 3amiweHHa x = 0,2). Byno BCTaHOBMEHO, LLO BCi
OTpMMaHi 3paskM (PTOPOBaHOI KepaMmiku OAHOPIAHI Ta i30CTPYKTYPHI HagnpoBigHIN
gasi Bi-2212 (np.rp. P4/mmm). lNpoTe 3pa3ok He3amilieHol Bi-2212, oTpumaHui 3a
TIEKD CaMOK CXEeMOK CUMHTe3y Ta Npu TOMY X 4aci NpoXapltoBaHHSA, Mae y CBOEMY
cknagi AOMILKK iHWKX a3 (No3HaYeHi YepBOHMM Ha gudpakTorpami). Takum YUHOM
MOXHa 3pOOMTK NPUNYLLEHHA — JOOaBaHHS (PTOPYOYMX areHTiB CNpUsE LWBUALLOMY
dpopMyBaHHIO roMoreHHol gpasu Bi-2212.

3a p[gaHuMMK  peHTreHorpadpiyHMx OOChigKeHb po3paxoBaHi  napameTpu
KpUCTaniyHoi rpatkm ogepxaHumx 3paskiB (Tabn.1). Ak BugHo o6’em enemeHTapHol
KOMIPKM 3MEHLLYETLCA AN4 cepi, OTPUMaHNX 3aMilleHHAM 3 BUKOpUCTaHHAM EuFs; Ta
CaF;, ) un 3anuwaeTbca Mamxke He3MiHHMM, K y Bunagky cepii 3 NHsF. Lli 3miHK
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ob’emy enemeHTapHMX KOMIpOK JoOpe y3rooXylTbCa 3 BENMYMHaMK iOHHUX pagiycis
BUKOPUCTaHUX KaTiOHIB.
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Puc.1. dndpakrorpamu 3paskis cknagy BiSr,CaCu,0g(SrF,) (1) Ta Bi>Sr,CaCu,04 (2)

Tabnuus 1. MNapameTpun KpucTanivyHoi rpaTkm 3paskie cknagy BiaSroCaCu,0g.«Fx

Cknag MapameTpun KpucTaniyHux rpaTok

a,Hm C, HM V, Hm®

Bi,Sr,CaCu,0g 0,3835+(4) 3,082+(3) 0,453+1

Bi1 95 Pbg 05Sr2CaCu,07 oFg 1 0,3832+(4) 3,085+(3) 0,453+1
Bis g Pbg 1Sr,CaCu,07 gFg » 0,3825+(3) 3,081+(3) 0,451+1
Bis g Pbg 2Sr,CaCu,07 6F 4 0,3819+(3) 3,081+(3) 0,450+1
Biy 95 EUg 05Sr2CaCu,07 gsFg 15 0,3825+(4) 3,075+(4) 0,450+2
Bi1 ¢ Eug 1Sr.CaCu,07 7Fg 3 0,3823+(7) 3,068+(6) 0,449+3
Bi,8 EUg 2Sr2CaCuy07 55F ¢ 45 0,3818+(4) 3,023+(3) 0,449+1
Bi,Sr,CaCu,07 gF 05(BiOF) 0,3848+(7) 3,096+(7) 0,458+3
Bi,Sr,CaCu,07 gF 1(BiOF) 0,3841%(6) 3,095+(6) 0,457+2
Bi,Sr,CaCu,0; ;F,» (BiOF 0,3839+(6) 3,088+(6) 0,455+2
Bi,Sr,CaCu,07 oF ¢ 05 (NH4F) 0,3829+(3) 3,086+(3) 0,453+1
Bi,Sr,CaCu,07 gF¢ 1 (NH4F) 0,3829+(2) 3,083+(2) 0,452+1
Bi,Sr,CaCu,07 7F¢ 2 (NH4F) 0,3826+(3) 3,080+(4) 0,451+1
Bi,Sr,CaCu,079F 1 (CaFy) 0,3838+(5) 3,086+(3) 0,455+2
Bi,Sr.CaCu,07gF 2 (CaFy) 0,3823+(4) 3,078+(3) 0,450+1
Bi,Sr,CaCu,07Fo 4 (CaFy,) 0,3809+(4) 3,069+(3) 0,445+1
Bi>Sr.CaCu;07 gF g 1 (SrF») 0,3857+(9) 3,108+(9) 0,462+3
Bi,Sr,CaCu,07 gFo 2 (SrF») 0,3842+(6) 3,093+(6) 0,457+2
Bi,Sr,CaCu,07 gF 4 (SrF>) 0,3840+(7) 3,092+(7) 0,456+3
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[na nigTBepokKeHHs 3aMillleHHs aTOMIB KMCHIO Ha ¢Top B Bi-2212 3BuyaniHi
aHaniTM4yHi  MeToAM  BU3HA4YeHHS  PTOPY  BUSABUIIMCA  HE3PYYHUMM  Ta
ManoemeKTUBHUMIN Yy 3B'A3KY 3 AyXXe He3Ha4yHOK KifbKICTIO (PTOPM-IOHIB Yy cknagi
3paskiB. ToMy B faHin poboTti 6yB BukopuctaHun metog AMP OF (Tabnvug 2).

Ta6nuus 2. MapameTpu cnektpis AMP "°F 3pa3kieBi,SroCaCu,0g.<Fyx

Cknap 3paskiB MapameTpu

0¢(m.4.) 0o(M.4.) Av(kly) | (BigH.04.)

Bi1,8 PbogSl’zCﬁCUzO[eFOA -71 - ~30 100

Bi1,8 EUO,QSQCGCU2O7,55F0,45 -80 - ~30 100
Bi,Sr,CaCu,0; 7F,, (BiOF -58 -141 ~15 55 | 45

BiszzC8CU207y7Foy2 (NH4F) -85 - ~30 100

BigszCﬁCUzOIGFOA (CaFQ) -80 - ~30 100
BiZSrzCaCu207,6Fo,4 (Sng) -65 -137 ~15 15 | 85

dakT BigxuMneHHsa 3HadveHHs O Big O M.4. Bkasye, WO npu TBepgodasHoMy
cuHTe3i  3paskiB  cknagy — BixxPbySroCaCuz0s.ox,  BixxEuxSroCaCuy0s.3xF 3y,
Bi,Sr,CaCu,0sg.«Fx, BixSroCaCu,0sg.«Fox BinbyBaeTbCcst BXOOAXKEHHA OTOPY B CTPYKTYPY
Bi-2212 T1a, BignoBigHO, 3aMmilleHHsa M KucHo. LunpuHa niHin B cnekTpax 3paskis,
ogepxaHux y cuctemax 3 PbF,, EuFs, NH4F Ta CaF; gk dTopytounx areHTiB (puc.2)
MOXe BKadyBaTW Ha Cyneprnosuuito Kk MiHIMyM ABOX CUrHanis, LLO He po3ginivnucs
BHACMIQOK BNSIMBY NOKaNbHOMO MarHiTHOro nons napamarHitHux Mmigb(l1)-BmicHMX
doparmeHTiB. Y BUnagky cuctem, wo mictatb BiIOF Tta SrF,, cnoctepiraetbcs gewlo
IHLUM XapaKTep CMEKTPIB - YiTKO po3AifieHi curHanu 3 pisHUMU XiMIYHHUMW 3CyBamMu,
AKi BiANoBiAaTb aTomaM PTOpY Y Pi3HOMY XiMiYHOMY OTOYEHH.
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Puc.2. Cnektp AMP "°F 3pasky Bi,Sr,CaCu,Os (CaF,)

CniBBigHOLWEHHS iHTerpanbHUX iHTeHcmBHOCTENW (puc. 3) curHanie Agae
nigcTaBy OYiKyBaTW, LLO Y BUNAAKy BUKOPUCTAHHSA pTopmuay CTPOHUIO, e 3B’A30K Sr-
F 6inbw iOHHWIA, HiX Yy BUNALKY iHWKWX (OTOPYHUNX areHTiB, (OTOpUA-iOH BXOAUTb A0
cknagy MigbBMICHUX (pparMeHTiB CTPYKTypu. PakT 3MileHHS curHanis B cnekTpax
AOCNiAKyBaHMX 3paskiB B 00nacTtb CWUMbLHOMO MNOMs CBigYMTb MNPO  3POCTaHHSA
eKpaHyBaHHSA aaep F wo CYNPOBOOXXYETbCA BXOPKEHHAM (PTOPUA-IOHIB OO CKnagy
NPOTSXKHUX OparMeHTIB Yy CTPYKTypax SK MOXIMBUX MICTKIB MDK aTomMamu migi Ta
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XimiyHmn 3cys npu 140 m.4. Bignoeigae atomam TOpy, WO 3B'A3aHi 3
atomamu Migi. Takum YMHOM, aToMmn (PTOpy BCE XX Takm BxoaaTb B naHuwrn CuO,, a
Ue 3aMilleHHa MOXe CyTTEBO BMAMBATUM Ha  enekTpodidanMyHi  napameTpu
BICMYTBMICHOT KepaMiku.
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Puc.3. Cnektpu AMP s 3paskiB Bi,Sr,CaCu,0g(BiOF) (1) Ta Bi,Sr,CaCu,0g(SrF;) (2)

Ctpykrypy BixSr,CaCu20s (Ans ineanbHoro cknagy), Wo € HanbinbLw BigoMum
npeacTaBHUKOM LbOro Knacy Cnonyk, y TepMiHax KaTioHHO-aHIOHHUX KnaZoK MOXHa
onucaTun Takow MOCNIAOBHICTIO WapiB (B HANPSMKY ¢/2):

...(Cu0,) (Ca ) (Cu0,) (SrO) (OBi) (BiO) (OSr) (O,Cu)...

[epockitauii 610k biok mo turmy NaCl

To6To wapu SrO mexytoTb 3 wapamu BiO ta CuO,. Takum YMHOM BUKOPUCTAHHSA
SrF, npu TopyBaHHSA Bi-2212 cnpuynHioe HanbinbLWIWM CTYMNiHb 3aMilLLEHHSI KUCHIO B
nanutorax {CuOg}.
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E.l. 3eHbkosu4, C.A. Hedunsko, B.B. Tpayesckul, A.A. Awyee ®TOPCOLEPXXALUNE
Bi-BTCI1 COE4QUHEHUA

Memodom meepdoghazHoeo cuHmesa cuHme3uposaHbl obpa3subi ghmopcodepxxkauieli Bi-2212
BTCI1 Kepamuku C UCIMO/b308aHUEM Pa3/iuYHbIX OMOPUPYIOWUX a2eHmos. Hanudue ¢mopa 8
rosy4yeHHbIx obpa3syax nodmeepxdeHa memoodom SIMP-criekmpockonuu.

Knroueenie cnoea: Kyripamsbi, C8epXnpo8OOHUKU, CUHME3, 2emepo8asieHmMHoe 3aMeu,eHue,
gmopud-uoH, ceolicmea

E.G. Zenkovich, S.A. Nedilko, V.V. Trachevskyy, A.A. Ashuyev FLUORIDE Bi-HTSC
COMPOUNDS

The aim of the work was the synthesis of fluorinated ceramics based on Bi-2212 with cations
that occupy different crystallographic positions in the structure of Bi,Sr,CaCu,0s, namely PbF,, EuFs;,
BiOF, NH,F, CaF, and SrF,, ie obtaining samples of Bi,Pb,Sr,CaCu,0g.o.F2,, BisEu,Sr,CaCu,0s.
3xF3x, BioSr,CaCu,0g.,F,, Bi,Sr,CaCu,0s.F»,, studying the phase composition and unit cell parameters
of the samples and determination of fluorine in the samples by the method of NMR spectroscopy of
solids.

All the samples of ceramics were studied by X-ray diffraction analysis. According to the X-ray
studies of crystal lattice parameters of the sampleswere calculated.

Conventional analytical methods of determination of fluoride were uncomfortable and
ineffective to confirm the replacement of oxygen atoms by fluorine in Bi-2212 due to small amount of
fluoride ions in the samples. Therefore the NMR 19F method was used in this work.

The existence of chemical shift (5) from 0 ppm shows that the solid-phase synthesis of
samp/es of Big.XPbxsrgcaCUQOg.gx, Big.XEUXSf'QcaCU203.3XF3X, BigngC&CUgOg.XFX, BiergCaCuzog.ngx
leads to entering of fluorine atoms to the structure of Bi-2212 with the replacing of oxygen atoms by
fluorine taking place. Width of lines in the spectra of samples obtained with PbF,, EuFs NH,F and
CaF, used as fluorinating agents may indicate a superposition of at least two signals which are not
separated due to the influence of the local magnetic field of paramagnetic copper (ll)-containing
fragments. In the case of systems containing BIOF and SrF, we obtained the other picture of character
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spectra - clearly separated signals with different chemical shifts, corresponding to fluorine atoms in
different chemical environments.

Value of integrated intensities signal gives a reason to expect that in case of strontium fluoride,
in which the Sr-F bond is more ionic than in case of other fluorinating agents, fluoride ion is a part of
copper based structure fragments. The fact of chemical shift to the strong field in the spectra of
samples indicates the increasing shielding of the 19F nuclei, accompanied by the occurrence of
fluoride ions in the extended fragments in the structure as possible bridges between copper atoms and
increase symmetry close to them.

Chemical shift at 140 ppm corresponds to fluorine atoms that are associated with atoms of
copper. This fact shows that, the fluorine atoms are situated in chains CuO,, and the substitution may
significantly affect the electrophysical parameters of the Bi-containing ceramics.

Key words: cuprates, superconductors, synthesis, heterovalent substitution, fluoride ion, the
properties.
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«Donets National Technical University»)

ON THE CALCULATION OF THE TILT ANGLE OF SUBSTITUTED ALKANES
WITH RESPECT TO THE AIR/WATER INTERFACE IN FRAMEWORK OF PM3
APPROXIMATION

In the framework of quantum chemical semiempiric PM3 method the procedure for estimation
of the geometric parameters of 2D unit cells of substituted alkane monolayers at the air/water interface
is proposed. Its application is illustrated on the examples of four surfactant classes with different size
of their hydrophilic parts. It was shown that inclination of surfactant molecules with respect to the
interface is determined by orientation and volume of the hydrophilic parts of molecules and CH---HC
interactions realized between their hydrophobic chains.

Key words: surfactant, tilt angle, unit cell, CH---HC interactions, Gibbs’ energy of
clusterization, hydrophilic part of molecule, molecular orientation, interface.

Introduction

Development of the modern instrumental research methods enables
investigation the structure of Langmuir monolayers. Structural peculiarities of
surfactant monolayers are determined mainly by conformational flexibility, length,
structure of alkyl chain of the surfactant molecule and type and location of the
functional groups in the molecule as well [1]. Commonly surfactant molecules
orientate almost up-right with respect to the interface. In our previous papers [2-10] in
was shown on the examples of alcohols, thioalcohols, amines, nitriles, and carboxylic
acids that thermodynamic parameters of clusterization for these monolayers with tilt
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angle of molecular chains equal to ~9-10° with respect to the normal to the air/water
interface well agree with experimental data [11-15].

However, it should be noted that other molecular orientations with respect to
the interface, besides up-right, are possible. Thus, GIXD analysis reveals that a-
amino acid molecules orientate with the tilt angle of 36° with respect to the normal to
the air/water interface [16]. Authors [17], who investigated a-amino acid derivatives,
revealed that these surfactants could locate with the different tilt angles in the range
of 18°-40° up to 49° for N-acylsubstituted a-amino acids [18].

Mentioned facts stipulate the necessity to summarize used previously [2-10,
19, 20] stages for determining the orientation of the surfactant molecules with respect
to the interface into the orderly built procedure. This is the aim of the present work.
This procedure enables one to estimate the geometric parameters of 2D unit cells of
surfactant monolayers at the air/water interface and tilt angle of molecular chains with
respect to the interface in particular. The application of this procedure is illustrated on
the example of several surfactant classes with different types of functional groups of
different volume of their ‘heads’.

Description of exploited procedure and calculation method

Estimation of the geometric parameters of the 2D unit cells of substituted
alkanes is based on the calculation of thermodynamic parameters of clusterization for
small surfactant aggregates (dimers and tetramers). It is carried out according to the
next procedure:

1. The conformational analysis that include the plotting of the potentional
energy surface of monomer molecule depending on the values of the dihedral angles
between the functional groups of hydrophilic ‘head’ of molecule and hydrophobic
chain; calculation of the thermodynamic parameters of formation of found
conformers;

2. Constructing of two types of dimers with the ‘@’ CH---HC interactions type
on the base of found conformers. These dimers are the base units of the 2D cluster
in p and q directions at the interface;

3. Determination of the tilt angles & and ¢ of the molecular chains of the
surfactant with respect to the normal to the p and q directions respectively. Applying
the parallel shift to one molecule with respect to the other one in the dimers, the
dependence of the Gibbs’ energy of dimerization on the 6 and ¢ angles should be
tabulated. Then, the values of § and ¢ angles that respond to the minimum of the
Gibbs’ energy of dimerization of corresponding dimers should be used in the further
calculations;

4. Calculation of the general tilt angle t of the molecular chains of the
surfactant with respect to the normal to the interface;

5. Constructing of the 2D unit cell (tetramers or larger clusters) on the base of
the dimer structures in order to estimate necessary geometric parameters.

Calculations of structural and energetical parameters of aggregates for
substituted alkanes at the air/water interface were carried out using quantum
chemical software package MOPAC 2000 in the framework of the semiempirical PM3
approximation [21]. This method is parameterized with respect to the heats of
formation [22, 23]. It should be noted that despite some restrictions of this method
(overestimation of CH---HC interaction force between hydrophobic chains of
amphiphilic molecules) [24], only the PM3 method describes sufficiently the experimental
data concerning the monolayer formation of different classes of surfactants, as shown in
our previous works [2-10, 19, 20].
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Results and discussion

Application of described procedure is illustrated on the example of aliphatic
alcohols. Conformational analysis of the surfactant monomers was carried out
previously [2]. Here we regard the surfactant aggregates built on the base of the
most energetically preferred monomer structures found [2, 19, 20, 25]. Note that the
quantum chemical calculation yields the tilt angles of the molecule with respect to the
axes p and q of the unit cell, rather than the tilt angle of the molecules with respect to
the interface. Figure 1 illustrates schematically the orientation of the alcohol
molecule axis (CO) with respect to the interface plane (pOq). Here the CO3; segment
is perpendicular to the interface pOq, and the CO; and CO, segments are
perpendicular to the axes p and q, respectively. In Figure 1, t denotes the tilt angle of
the molecule with respect to the normal to the interface, 6 and ¢ are the tilt angles of
the molecule with respect to the normal within the O,OC plane and the O,OC plane,
respectively.

Fig. 1. Orientation of alcohol molecule with respect to the air/water interface

It follows from the theorem of the three perpendiculars that O3;0,0 and 0;0,0
are the right angles. Then, according to the right-angle triangles O3;CO, O3CO;q,
03C0O,, 04CO, 0O,CO, 01003 and 0,003 (here the first listed vertex of the triangle
corresponds to the right angle) it is straightforward to show that:

sin @ . sino
=Ssinft,
cosd, cosd,

:sint, 0,+6,=0. (1)

The solution of the set (1) with respect to 64, 6, and t is:

6, = arctg %—ctg@ , 0,=0—6,, t=arcsin sino . (2)
singd -sin @ cos

To determine the tilt angles of surfactant molecules with respect to the p and q
directions of the cluster unit cell the ‘parallel’ and ‘serial’ types of dimers with the ‘a’
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CH---HC interaction type (marked in Fig. 2 with thin arrows) have been constructed of
two monomers. Applying the parallel shift of one molecule with respect to another in
both of p and q directions, the dependencies of the dimerization Gibbs energy on the
0 and ¢ angles were tabulated respectively. The minima of the dimerization Gibbs
energy for these associates correspond to optimum & and ¢ values.

Dependencies of the Gibbs’ energy of alcohol dimerization for the structures of
‘parallel’ and ‘serial’ dimers on the values of the tilt angles of the molecules with
respect to the normals to p- and g-directions of the monolayer spread are listed in
Table 1. These data shows that minimal value of the Gibbs’ energy of alcohol
dimerization correspond to the dimer structures with the next values of ¢ angle: 9.8°,
10.2° and 20.6°. Additional optimization of these dimers reveals the only existence of
one stable structure with ¢=9.8". Other ‘parallel’ dimers with ¢ equal to 36.3° and
52.6° corresponds to the dimers which have less by one and two CH---HC interaction
than in dimer of dodecanol shown in Fig. 2, a respectively. The loss of this CH---HC
interaction causes increase of dimerization Gibbs’ energy and a lower preference of
such structures in comparison with those having the maximal number of CH---HC
interaction.

Table 1. Dependence of the dimerization Gibbs’ energy of substituted alkanes built
on the basis of monomers with 12 carbon atoms in their chain on the & and ¢ values

Mranale, | A | ASW | AGuT | RPSCNET | ALY | ASE | AGH

0, ° kJ/mol J/(mol-K) kJ/mol 5,° kJ/mol J/(mol-K) kJ/mol
Alcohols
52,6 -43,82 -164,22 5,11 52,6 -42,84 -163,75 5,96
36,3 -54,67 -192,76 2,77 38,9 -52,55 -185,70 2,79
20,6 -62,66 -198,18 -3,60 36,3 -52,54 -182,99 1,99
10,2 -61,26 -202,08 -1,04 20,6 -60,06 -191,67 -2,94
9,8 -62,97 -204,38 -2,06 10,4 -60,09 -193,01 -2,57
a-Hydroxy acids
53.7 —41.59 —221.81 24.51 54.3 —43.48 —201.21 16.49
51.1 —43.09 —231.26 25.83 51.1 -50.93 —253.50 24.61
40.9 -50.99 —226.12 16.40 36.6 —53.87 —224.40 13.00
35.7 —54.58 —265.73 24.61 34.0 —61.76 —284.91 23.14
22.0 -57.61 —24597 15.69 21.0 —60.84 —235.28 9.27
11.5 -51.41 —242.15 20.75 10.2 —60.66 —233.64 8.96
9.8 —58.62 —260.34 18.96 9.8 —55.97 —238.86 15.21
N-acylalanine

55,3 -49,93 -213,29 13,63 62,7 -33,20 -186,06 22,25
52,7 -51,70 -223,55 14,92 51,6 -49,97 -238,17 21,01
50,8 -53,36 -280,19 30,14 35,5 -63,55 -269,94 16,89
50,0 -65,95 -290,15 20,52 21,3 -63,45 -295,36 24,56
42,8 -66,54 -261,32 11,33 10,6 -71,17 -296,32 17,13

For alcohol dimers with ‘serial’ orientation of the ‘heads’ minimal values of the
dimerization Gibbs’ energy correspond to the values of & angle equal to 10.4° and
20.6°. After additional optimization of these structures one minimum was observed. It
corresponds to the structure with 8=10.4°. Other dimer structures listed in the Table 1
with 8=38.9° and 52.6°, as in the case of the ‘parallel’ dimers described above, have
less by one and two CH:---HC interaction than the ‘serial’ dimer of dodecanol with
0=10.4" correspondingly (see Fig. 2, b).
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g-direction

-

p-direction

Fig. 2. Determination of the molecular tilt angle with respect to the normal to the monolayer
directions

Using described dimers tetramer was built. On the basis of its optimized
structure it is possible to get the value of the 8 angle realized between p and q
directions of the monolayer unit cell and its dimensions. Then according to the
egs.(2) one can easily obtain the value of the general tilt angle t of the surfactants
with respect to the normal to the interface.

Described procedure was applied also to a-hydroxy acids, homo- and
heterochiral a-amino acids and N-acylsubstituted alanine. Obtained geometrical
parameters for mentioned surfactants of the unit cells are listed in Table 2. Here a
and b are the dimensions of corresponding tetramers as the unit cells, 8 is the angle

between them and t is tilt angle of molecular chain with respect to the normal to the
air/water interface.

Table 2. Geometric parameters of the 2D unit cells of substituted alkanes

Unit cell parameters
Surfactant a, A b, A 9,° t, °
Calc. | Exp. | Calc. | Exp. | Calc. | Exp. | Calc. | Exp.
Alcohol [15] 4.49 5.0 4.29 7.5 94 - 14 9
a-Hydroxy acids [26]
homochiral 4.77 | 4.79* | 423 | 4.89* 89 123* 21 21.5*
a-Amino acids [16]
homochiral 4.71 4.91 5.67 5.25 103 112 31 36
heterochiral 4.62 4.80 | 10.70 | 9.67 90 90 35 36
N-acylalanine [18] 453 | 4.91 6.06 5.64 100 105 54 46

* the GIXD results correspond to the monolayers of 11-hydroxyoctadecanoic acid

From the data listed in the Table 2 one can see the more voluminous ‘head’
surfactant has the less tilt angle with respect to the interface corresponds to the
molecules in regarded monolayer. This statement correlate well with available
experimental data listed in the Table 3. These data reveal that nearly up-right
orientation with respect to air/water interface is typical for alcohols and carboxylic
acids. While surfactants possessing more voluminous hydrophilic part orientate with
larger values of tilt angles. Authors [27], who investigated the structure of chiral
surfactants, claimed that the value of the tilt angle of molecules in the monolayer
depended mainly on the size of functional groups located near the chiral center. It
could vary in the range from 15° to 45°. Some authors [28, 29] consider that inclined
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position with respect to the interface is typical of such surfactants which have
bigger cross-sectional area of the hydrophilic part than the cross-sectional area of
their hydrophobic chain. From our point of view location of surfactant molecules
with respect to the interface is determined by orientation and volume of hydrophilic
parts of molecules and CH---HC interactions realized between their hydrophobic
chains [30].

Table 3. Geometric parameters of the unit cells of surfactant monolayers at the
air/water interface

System T,°C a, A b, A 8" t,
CnH2n+1OH (n=23, 30, 31) [15] 5 5,0 7,5 90 9
C19H390,(CH,),OH (n=9, 10) [15] 5 57 7,5 90 29
CnH2,+1CONH; (n=18) [31] 5-12 4,5 8,5 90 18
CnH2,+1COOH (n=20) [32] 5 5,0 7,5 90 15
S-C,H2n+1CHNH,COOH (n=16) [16] 5 4,9 5,25 112 36
RS-C,H2,+1CHNH,COOH (n=16) [16] 5 4,8 9,67 90 37
N-hexadecylalanine (R) [18] 20 4,9 57 105 46
N-hexadecylalanine (RS) [18] 20 4,9 5,6 105 45
N-hexadecylserine methyl ether (S) [18] 20 4,9 59 105 46
N-hexadecylserine methyl ether (RS) [18] 18 4,9 59 105 47
N-hexadecylasparagine acid (S) [18] 20 50 52 116 31
N-hexadecylasparagine acid (RS) [18] 20 50 52 116 30
Conclusion

In the present work the procedure for estimation of the geometric parameters
of the 2D unit cells of surfactant monolayers at the air/water interface is
summarized and described. It includes formation of the small clusters (dimers and
tetramers) on the basis of the most energetically preferred monomer conformation
of regarded surfactant. Construction of dimers allows obtaining the tilt angles 6 and
¢ of the molecular chains of the surfactant with respect to the normals to the
directions of the monolayer propagation using dimerization Gibbs’ energy as a
criterion. While construction of the tetramers enables one to get the value of the
angle 6 between the directions monolayer spread and the unit cell dimensions.
Using mentioned parameters it is possible to obtain the general tilt angle of the
surfactant chains with respect to the normal to the interface.

Implementation of described procedure shows, that the structural parameters
of the unit cell of the 2D clusters of different surfactant classes are determined by
the ‘@’ type of the CH---HC interactions [2], whereas the tilt angle of the molecules
in monolayer with respect to the interface depends on the volume and the structure
of the functional groups involved in the hydrophilic part of the molecule. The more
voluminous ‘head’ part is the larger inclination of the molecular chains with respect
to the normal to the interface is.
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E.C. ®omuHa K BOIPOCY OB OIPELQEJNIEHUN YTTIA HAKIIOHA 3AMELJEHHbIX
AJIKAHOB OTHOCUTEJZIbHO  MEX®A3HOW [OBEPXHOCTU BOOA/BO34YX B
NPUBJINXXKEHUN METOQA PM3

B pamkax K8aHmMOBO-XUMUYECKO20 MosyaMmrupudeckoeo memoda PM3 npednoxeHa npouedypa
OUEHKU 2eoMempuyeckux napamempos 2D anemeHmapHbix si4eek MoHocrioes [NAB Ha mexcghbasHol
rnosepxHocmu 600a/803dyx. [NpumeHeHue OaHHOU rnpouedypbl MPOUIICMPUPOBAHO Ha npumepe
yembipex Krnacco8 OugburibHbIX COEOUHEHUU C pa3fiuyHbIM pasmepom 2udpochburibHbIX Hacmed.
lNokasaHo, Yymo HakiioH monekyn NAB omHocumernbHo mexghasHol rnosepxHocmu onpedesnsemcs
opueHmauyuel U obbeMom ux audpogburibHbiXx 4Yacmel, a makxe CH---HC-e3aumodelicmeausimu,
peanusyrouumucs Mexaoy ux audpoghobHbIMU Uersmu.

Knroyeenie cnoega: NAB, yzon HaknoHa, anemMeHmapHas sqelika, CH---HC-83aumodelicmausi,
aHepeusi [ubbca knacmepu3sayuu, 2udpogbuibHass Yacmb MOJIEKYrIbl, OPUEHMUPOBAHUE MOJIEKY/Ibl,
Mexgha3Hasi M08EePXHOCMb.

O.C. ®domina LOAO TMMUTAHHSA PO BU3HAYEHHA KYTA HAXWUITY 3AMILEHUX
AJIKAHIB BIJHOCHO MIK®A3HOI MOBEPXHI BOQA/MOBITPS1 Y HABJIM)XXEHHI METOQA PM3
Y pamkax k8aHmMogo-XiMiHHO20 HarieemnipudHo2o memoda PM3 3anpornoHosaHa npoyedypa
OUIHKU 2eoMmempuyHUX napamempige 2D enemeHmapHux Komipok MmoHowapie AP Ha MixghasHil
rnosepxHi eoda/rnosimps. 3acmocysaHHs daHoi npoyedypu rnpoiocmpo8aHo Ha npuKknadi Homupbox
Knacie AucbinibHUX CriofyK 3 pi3HUM po3mMipom 2idpocbinbHUX Yacmed. Noka3aHo, Wo Haxusi MOMeKys
AP 8iOHOCHO Mixgha3HOI oeepxHi eu3Ha4YaembCs opieHmauieto ma ob’emom ix 2idpoghinbHUX
yacmed, a makox CH---HC-e3aemModismu, peanizogaHumMu Mix ix 2idpoghobHUMU fTaHyr02amu.
Knroyoei cnosa: AP, kym Haxumny, enemeHmapHa komipka, CH---HC-83aemodii, eHepeis
li6bca knacmepu3auji, 2idpohbinbHa YacmuHa MOJSIEKYNU, OPIEHMYy8aHHS MOJIEKynu, MixgasHa
[108EPXHS.

domuHa EneHa CepreeBHa - KaHO.XMM.HayK, CT.Hay4d.cOTp. kadpedpbl u3ndeckon u
opraHudeckon xumun [BY3 «[lOHELKUN HaLUMOHAmbHbIN TEXHUYECKU YyHUBEpPCUTET», [OHeLKk,
YkpauHa, e-mail: elenafomina-ne@yandex.ru
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A.O. BacunbeB ([oHeukun HauWOHamNbHbIA YHUBEPCUTET 3KOHOMUKUA W
ToproBnn uMm. Mwuxauna TyraH-bapaHosckoro), E.A. BensieBa, KanA..XnM.Hayk,
10.B. Bbicoukun, a-p xum.Hayk, npodpeccop (MBY3 «[JoHeukuin HaumoHamnbHbIN
TEXHUYECKNUIN YHUBEPCUTET)

PACYET DJIEKTPUUYECKHUX HNOJIIPU3YEMOCTEM YIJIEBOJOPOI0B B
PAMKAX CYIIEPITIO3UIIMOHHO-AJ/IMTUBHOI'O ITIOAXOJA

[pedroxeHHbIl paHee Ccyrnepro3uyUuoHHO-a00umueHbIl Memod, nokasaswul 8bICOKYH
MOYHOCMb 8 OMuUCaHUU CMPYKMYPHbIX U (DUBUKO-XUMUYECKUX Mapamempo8 HacCbIUEeHHbIX U
HeHacbIWeHHbIX cucmeM, 8 0aHHoU pabome anpobuposaH rpu pacyeme meH30pa 3/1eKMpPUYECKUX
nonspusyemocmel  3aMeweHHbIX  yareeodopodos. PaccmompeHbl mpu  Cyneprno3uyUOHHO-
addumueHble cxeMbl, pa3fnuyarouuecss cmerneHbo 83aUMHO20 HaOXEeHUs] MOeKynsapHbIX epaghos.
lNoka3aHo, YmMO 8enuUYUHbI, paccyumaHHble 8 pamKax Kaxool u3 npedrioXXeHHbIX CXeM C 8bICOKOU
CMerneHb0 MOYHOCMU 80CMPOU38005IM UMEULUECS 3KCepUMeHmarbHbIe napamempsi.

Knroyeenie crnoea: cynepno3uyuoHHO-a00umueHbie 00X00, MEeH30p 3reKmpudYeckol
ronsipu3yemMocmu, 3aMeuweHHbIe yar1eeo000p00bI.

BBepneHue. [lpeanoxeHHbln paHee Cynepno3vUMOHHO-aaaUTUBHBLIM NOOX04
nokasan BbICOKYHD CTeneHb TOYHOCTU B OMNUCAHUN 3NIEKTPOHHOW CTPYKTYpbI
COMPSXKEHHbIX CUCTEM W pacyeTe UX U3NKO-XUMUYECKUX CBOWCTB (SHTanbnuu
obpasoBaHna ©n aToMmM3auuu, OUNOJSIbHbLIX JNEKTPUYECKUX MONSPU3yEMOCTEMN,
MOMEKYIAPHbIX AMaMarHUTHbIX BOCMPUMMYMBOCTEN U AIIEKTPOHHbLIX BKNAZAOB B HUX,
TT-3NIEKTPOHHbIX KOSbLEBLIX TOKOB) [1-2], @ Takke B pacyeTax TepMOAMHaMUYECKNX
napameTpoB 06pa3oBaHUA K KNnacTepusaumm 3aMeLLEeHHbIX ankaHoB Ha NOBEPXHOCTH
pasgena a3 Boga/Bo3gyx [3-4]. BBuay BO3MOXHOCTM CTOMb  LUMPOKOrO MU
pas3HOMNSIaHOBOro NPUMEHEHNA Cyneprno3vUMOHHO-aaaMTMBHOIO noaxoga B AaHHOW
paboTe paccMoTpeHa BO3MOXHOCTb ONUCAHNSA B €ro paMKax afeKTpUYEeCKNX CBOUCTB
HaCbILWEHHbIX CUCTEM, B HaCTHOCTWN TEH30pa 3NEKTPUYECKMX NONAPU3YEMOCTEN.

O6cyxaeHue pe3ynbTaToB. TeopeTU4eckonm OCHOBOW Cynepno3vLMOHHO-
afauTUBHOIO MeToda BbICTynaeT nocTynaT O CyLeCcTBOBaHUM aTOMOB B MOJieKynax
[5]. Kaxgbihn atom (Mnu rpynnupoBKa aTOMOB) B MOJSIEKYNE€ COXpaHsieT CBOW
nHaMBMAyanbHOCTb. [puyeM 3Ta MHOUMBMAOYANbHOCTb COXPAHAETCH B PasfUYHbIX
XUMUYECKUX KOMOMHaUMAX, TO €CTb B pPas3fuyHbiX Mosiekynax. OTO FoBOpUT O
nepeHocnmocTun (TpaHcdepabenbHOCTN) aTOMHbIX CBOMCTB. Kpome TOro, aTOMHble
BENMUYUHBI MPU UX CYMMUPOBAHUM NO BCEM aTtoMaM [OaHHOW MOMeKyrnbl AaktT
MONEeKynsipHoe cpeaHee, TO eCTb 06nagatT agauTUBHBIMKU CBOMCTBaMM [5].

OcHoBHaga naesa cynepno3vumMoHHO-aaaMTMBHOIO NOAX04a OCHOBaHa Ha TOM,
YTO CyLLECTBOBaHWE sBMeHUNn TpaHcdepabenbHOCTM U agauTUBHOCTM aTOMHbIX
CBOWCTB MpMBOAUT K TOMY, YTO TMpPUM MbICIIEHHOM B3aVMHOM HanoXeHuu
(cynepno3vumn) OBYX MOMEKYNAPHbIX rpadpoB CBOMCTBA aTOMOB OCTalTCA
HenaMmeHHbiMW. B cnyyae, korga ogHa M Ta Xe cynepno3vums MOXeT ObiTb
AOCTUTHYTa pasHbiMK cnocobamun, MNosBNAETCA BO3MOXHOCTb, 3Has CTPYKTYpy W
CBOMCTBa TPeX MOJSIEKYST U3 YeTbIpeX, U UCNOMb3YSa Ty UM NHYKO Cyneprno3numMOHHO-
afOUTUBHYIO CXEMY, paccumMTaTb COOTBETCTBYIOLLIME CBOMCTBA YETBEPTOM MOJSIEKYIbI.

OtTmeTuM, 4YTO B  KadecTtBe  (PUIMKO-XMMWUYECKMX  XapaKTEPUCTUK,
paccMaTtpvBaeMbiX B pamKax Cyneprno3vuuoHHO-agAUTUBHOIO nogxoga  Arns
OnuCaHnsa CBOWCTB WUCCreayeMon MOMeKyrbl, MOXHO 6paTb Kak pacCYMTaHHble B
paMmkax TOro WuWnAM WHOro noaxoda, TaKk W  9KCNepUMEeHTalbHble [OaHHble.
CyLiecTBeHHbIM (haKTOPOM BIIMSIOLLMM Ha NPOrHOCTUYECKYIO LEHHOCTb MOMyYeHHbIX
pe3ynbTaTtoB ABNAETCA HANU4YMe CaMoCOriacoBaHHOM BbIBOPKM aKCNEPUMEHTASTbHbBIX
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OaHHbIX, T.e. pe3ynbTaToB M3MEpPeHUW MOfyYeHHbIX B OAMHAKOBbIX YCNnoBusx. B
npegnoXeHHoON paboTe Mbl ONMPaeMCHa Ha 3KCNepuUMeHTasbHble aHHble, KOTopble
B3ATbl N3 COOTBETCTBYIOLLMX NUTEPaTYPHbIX NCTOYHWUKOB.

PaHee 6bino nokasaHo [3-4], 4TO ANA NONYYEHUS] KOPPEKTHbIX pe3ynbTaToB
BO3MOXHO MCMOMb30BaHWe pPasfinyHbiX Cyneprno3vLMOHHO-aaOUTUBHBIX CXEM, HO
Haunydwure pesynbTaTtbl [daldT Cxembl, obecneyvBalolme  MakcuMmarnbHoe
HanoXeHne MONeKynsapHblX rpadoB. [losatomy B gaHHonm paboTte 6Gbina
Mcrnonb3oBaHa MpUBEOEHHAs HWXKe CcXxema, OTBevawwas MakcMmarbHOMY
HanoXeHuto yrneesogopoaHbix pagukanos (CnoHon.a):

Cxema 1: A (CnH2n+1X) = A(Cn-1H2n_1X) + A(Cn_1H2n_1Y) - A(Cn_zHQn_e,Y), (1)

rae A — paccuuTbiBaembli napameTp ( aneKkTpuyeckas nonsipusyemMocTb U T.4.);

N - YACNO aTOMOB yrriepoja B YrneBo4OPOAHON Lenu; X nY — cxematmyeckoe
obo3HauveHne dyHkuynoHaneHon rpynnbl (X(Y) = H gna ankanos, X(Y) = Br gns
BGpomankaHoB).

Buaum, 4to Onda BbIMMCIIEHUA NO CyneprnosnuLMOHHO-aaauTMBHOW cxeme 1
SNEeKTPUYECcKon Nonspmu3yemMocTu ankaHa, cogepxallero n aToMoB yrrepoaa B Lenu
HY>KHO MCMONb30BaTb NapameTpbl ABYX ankaHoB € N-1 aToMoOM yrnepoaa u OaHOro —
c n-2 atomamu. Tak, Hanpumep, NpuM BbIYUCMIEHUM TEPMOOUHAMMUYECKNX
XapaKTEPUCTMK OKTaHa CKnagbiBanu 3Ha4YeHus AWMNOSbHOM MNONSApU3yeMoCcTn OBYX
MOJEKY renTaHoB 1 BblUMTanM U3 HUX COOTBETCTBYHOLLEE 3HAYeHUs Ang rekcaHa. B
pacyeTax Afs HOHaHa MCMNonb30BanM COOTBETCTBYHOLME NapameTpbl ABYX MOMEKyn
OKTaHOB M OL4HOW MOMEKYNbl rentaHa u T.4.

OTMeTMM, 4YTO XOTS BblllenpuBeAeHHass cxema BBMOY MaKCMMasibHOro
NnepekpbIBaHMS MOMNEKYNAPHbIX rpadoB, Y4acTBYHOLWMX B HEW CTPYKTYp, ONTUMarbHa,
BO3MOXHO AOCTaTOYHO KOPPEKTHOE NPUMEHEHME N APYrMX CXeM, KOTOPbIM OTBeYaeT
MeHbLUas 06nacTb NepeKpbIBaAHUS.

MpuHas X=Y, npoBegem pacyeTbl no cxeme 1 (X=Y) c ucnonb3oBaHMEM
napameTpoB OAHOro Kracca coeanHeHun. B pacyete ncnonb3oBanvcb nMmerolmnecs
9KCNepUMEHTarnbHble 3HAYeHUs] JNEeKTPUYECKOW MNONApu3yemMocTu YrrneBogopOLOB.
PesynbTathl pacdetoB no cxeme 1 (X=Y) ons ankaHoB npusefdeHsl B 1abn. 1. B
ctonbue Cxemal (exp) — 3Ha4YeHus paccymTaHHblie No cxeme 1 C MCNoSib30BaHUEM
NMEIOLLNXCH IKCNEPUMEHTAsbHbIX 3HayYeHur, JKCNEepPUMEHT — COOTBETCTBYIOLLME
9KCNepUMEHTarnbHble JaHHbIE.

Kpome Toro, B ka4yecTBe CpaBHEHUA, paccMoTpenu ewle gse cxembl, rge X=Y.
Mx oTnnuma 3aknoyvaroTcs B TOM, YTO CXema 2 WUCnofb3yeT B pacyeTax He OBa
OnvKanwmnx 4YneHa romoriormyeckoro psga ¢ AnvHOW YrneBOoO4OPOAHOro paaukana
MEHbLLUEN, YeM Yy pac4eTHOro MOHoMepa, Kak cxema 1, a Tpu. To ecTb, paccunTbiBas
napamMeTpbl HOHaHa, CKIaabiBaldT COOTBETCTBYOLME NapaMeTpbl OKTaHa 1 rentaHa
M BblMUTAKOT nNapameTpbl rekcaHa. B cxeme >xe 3 pacyeTbl NpoBOAATCS C
MCMNOnb30BaHMEM COeMHEHUI C OSIMHOW YrNeBOAOPOAHOro paankana donbLuen, 4yem
Yy pacyeTHOro Ha OoAWH W ABa atoma yrnepoga. Ana Toro, 4Ttobbl paccynTatb
SNeKTpuUyeckme XapakTepucTUKM rentaHa nMNo cxeme 3 HYXHO  CIOXUTb
COOTBETCTBYIOLME NapaMeTpbl OBYX MOSEKYN OKTaHa W Bbl4eCTb MapameTpbl
HOHaHa. CxemMy 2 M cxeMy 3 CXeMaTU4YHO MOXHO MpeacTaBuUTb CredyloLwwmm
obpasowm:

Cxema 2: A(CnHzns1X) = A(Cn1HantX) + A(CnoHansY) - A(CnsHansY),  (2)
Cxema 3: A(CnH2n+1X) = A(Cn+1H2n+3X) + A(Cn+1H2n+3Y) - A(Cn+2H2n+5Y). (3)
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Tabnuua 1. SnekTpnyeckne Nonapu3yemMocTn psaga ankaHos, 10%* cm

3

Monekyna Cxema 1 Cxema 2 Cxema 3 3kcnepunmeHT [5]
CH4 - - 2,57 2,593
C2H6 - - 4,38 4,43
C3H8 6,267 - 6,41 6,29
C4H10 8,15 8,127 8,08 8,2
C5H12 10,11 10,06 10,1 9,99
C6H14 11,78 11,9 11,5 11,9
C7H16 13,81 13,69 14,1 13,7
C8H18 15,5 15,61 16,3 15,9
C9H20 18,1 17,7 17,2 17,7
C10H22 19,5 19,9 19,2 19,1
C11H24 20,5 20,9 - 21
C12H26 229 22,4 - 22,8
C13H28 24,6 247 - -
CpenHe kBagpaTuyHas 0,31 033 0.30
ownbka

Buanm, 4to BCe Tpu npeanoXxeHHble Cynepno3vUMOHHO-aAaNTUBHBbIE CXEMbI B

paBHOW CTENeH KOPPEKTHO OMUCLIBAOT UMEIOLLINE SKCNEePUMEHTarbHbI€ AaHHbIE.

PaccmoTpym BO3MOXHOCTb WCMOMb30BaHUA B pacyeTax 3NeKTpu4eckon
nonsapu3yemMocTm no  CynepnosnuMOHHO-aaAUTUBHBIM ~ CXeMaM  COedUHEHUN,
OTHOCALLUMXCA K ABYM pasHbiM knaccam (T.e. X # Y). Tak, Hanpumep, paccyntbiBas
anekTpuyeckme napamMeTpbl OKTaHa C MCMNOoNb30BaHWEM napameTpoB OpOMOKTaHa,
HY>XHO CMOXWTb COOTBETCTBYIOLLME INEKTPUYECKME XapaKTepPUCTUKN (AUNOMbHYIO
nonsapu3yemMocTb) rentaHa W OpoMmrenTaHa W BblMeCTb COOTBETCTBYHOLLNE
napameTpbl 6pomrekcaHa.

PesynbTaTthl NpoBefeHHbIX MO BblWENEPEYNCIIEHHBIM CXEMaM BbIYUCIIEHWN
npuBeaeHbl B Tabnuue 2.

Tabnuua 2. SnekTpmnyeckne nonsapu3yemMocTn bpomsameLeHHbIX afikaHoB, 10 cm

3

Monekyna Cxema 1 Cxema 2 Cxema 3 OKCNeEPUMEHT [6]
CH3Br - - 5,42 5,87
C2H5Br - - 7,13 7,28
C3H7Br 9,117 - 9,07 9,04
C4H9Br 10,9 10,877 11,19 10,86
C5H11Br 12,77 12,72 12,64 13,1
C6H13Br 14,89 15,01 14,03 14,44
C7H15Br 16,35 16,23 16,22 16,23
C8H17Br 18,03 18,14 18,41 18,02
C9H19Br 20,22 19,82 19,7 19,81
C10H21Br 21,61 22,01 - 21,6
C11H23Br 23 23,4 - -
C12H25Br - - - 25,18
C13H27Br 26,98 27,08 - -
CpenHe kBagpatuyHas 0.31 047 0,27
ownbka

CpefgHekBagpaTmyeckne owmbka pacyeta 3reKTpuYeckux MnonsipusyemMocTei
OpoM3aMeLLeHHbIX ankaHOB MO TPEM YKasaHHbIM CXeMaM HuU3kue, Gnusku gpyr K
APYry U K COOTBETCBYIOLLIMM OLIMOKaM pacyeTa Nonsipu3yemocTen Ansi ankaHoB (CM.

Tabn.1).

TeH30p OUMNOMbHBLIX ANEKTPUYECKMX MONSIPU3yeMocTel paccMaTpuBarncs Ans
psoa ankaHoB. [py 3TOM UCMNofb3oBanucb crieayroliMe 3Ha4yeHUsi KOMMOHEHT
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TEeH30pa ANA MeTaHa Ox=0yy=0,,=2,59 1 aTaHa 0,=4,99, ay,=0,,=4,22. [lony4eHHble
no cxeme 1 pesynbTatbhl AN nponaHa an=7,39, ay,= 0,,=5,85 conocraBnanucb ¢
3HaYeHNsaMU ONia npornaHa Ox=7,66, ay,y= 0,,=5,74 [7]. B nutepaType He A4OCTaTO4HO
npeacTaBneHbl CaMOoCOoriacoBaHHble SKnepuMeHTarbHble AaHHble no
paccmaTpvBaeMbIM Knaccam yrnesoopoaam.

B tabnuue 3 npeacrtaBneHbl pe3ynbTaTbl BblYUCIEHUN ANS PSOOB ankeHOB
nony4YeHHble NO pasHbIM CXeMaM U cpeaHekBagpaTnuyHas owmbka onucaHus.

Ta6nuua 3. dnekTpuyeckue nonsapuayeMocTu psiaa ankexos, 1024 cm®

Monekyna Cxema 1 Cxema 2 Cxema 3 OKcnepumMeHT [7]
C2H4 4,35 4,25
C3H6 6,087 6,18 6,26
C4H8 8,12 8,097 7,74 7,97
C5H10 9,88 9,83 9,9 9,65
C6H12 11,44 11,56 11,3 11,7
C7H14 13,61 13,49 13,5
CpenHe kBagpaTudHas 0,22 0.15 0.27
ownbka

B paHHOM cnydyae BenuuuHbl  CpefHEeKBaapaTUYECKUX  OTKIOHEHWW
COU3MepUMbl C COOTBETCTBYIOLUMMW 3HAYEHUSMU, PACCUUTaAHHBIMU AN ankaHoB U
Bpom3ameLLieHHbIX ankaHoB (cM. Tabn. 1 n Tabn. 2).

BbiBoabl. Takum obpasom, B paboTe nokasaHo, YTO BCe TpU MpeanoXeHHble
paHee Ccynepno3vunoHHO-agaANTUBHbIE CXeMbI [3, 4] NO3BONSAOT C BbICOKOW CTENEHbLIO
TOYHOCTU OLEHUTb TEH30p 3NEeKTPU4Yeckon MNonApu3yemMocT YrneBogopoaoB, YTO
ewe ©Oonee pacwupseTr cdepy MNpUMEHEHUS Cyneprno3vLMOHHO-aaaUuTUBHOIO
MeToga W MO3BONSET  MNpeanosioXuUTb, YTO  Nobble  (PU3MKO-XMMUYECKNE
XapaKTEPUCTMKN KaK HAaCbIWEHHbIX, TaK M HEHaCbIWEHHbIX CUCTEM MOryT ObiTb
KOPPEKTHO paccumTaHbl B pamkax npeasiaraemoro nogxoaa.
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0.0.Bacunvee, O0.0.bensieea, K.b. Bucoubkuii PO3PAXYHOK EJIEKTPUYHNX
NnoJiiPU3YEMOCTEN BYIJIEBOQHIB B PAMKAX CYIMNEPIO3NUYINMHO-AOUTUBHOIO
ngxogaAa

BarnponoHosaHull paHiwe cyneprno3uyitiHo-adumusHul idxid, WO exe rokKka3ae BUCOKY
MOYHICMb MpU OMuUCaHHi CMPYKMyPHUX | Di3UKO-XIMIYHUX rapamempie Hacu4yeHUx i HeHacu4yeHux
cucmem, 8 OaHili pobomi anpobosaHO 8 pO3paxyHKax MEH30py efIeKMPUYHIt Monaspusyemocmi
3amiljeHuUx 8yanegodHie. Po3ansaHymo mpu cyneprno3uyitiHo-adumueHi cxemu, WO Pi3HAMbCS
CmyrneHeM 83aEMH020 HaKraleHHS MOJMEeKynsapHuUx epagis. [loka3aHo, WO 3Ha4YeHHs, ompuMaHi 8
pamKax KOXHOI 3 3arporioHO8aHUX CXeM, 3 8UCOKUM cmyrieHeM MmOYHOCMI 8i0meoproromb HasigHI
eKcriepuMeHmalsibHi OaHi.

Knro4oei  cnoea: cynepnosuyitiHo-adumueHuli nioxio, meH30p ef1IeKmpuUYHil
rosIs3puU3yeMOCMi, 3aMillieHi 8y2/1€800Hi.

A.O. Vasylyev, E.A. Belyaeva, Yu.B. Vysotsky CALCULATIONS OF THE ELECTRIC
POLARIZATION OF THE HYDROCABONES IN THE FRAMEWORK OF THE SUPERPOSITION-
ADDITIVE APPROACH

Superposition-additive approach which was proposed earlier has shown a high accuracy in
description of the thermodynamic parameters of formation and atomisation of conjugate systems, their
dipole polarisability, molecular diamagnetic susceptibility, m-electronic ring currents, structural and
physic-chemical parameters of the saturated and unsaturated systems.

The superposition-additive approach is based on the transferability of atomic properties and
the additivity of molecular properties; the essence of the procedure is the assumption that when two
molecular graphs are virtually superimposed, the properties of the constituent atoms remain
unchanged. If the same superposition can be constructed in two different ways, each one involving
two entities (ions, radicals, clusters etc.), it becomes possible to calculate the structure and properties
of one of these entities, the structure and properties of the remaining three entities being known.

In this paper this approach was probed in the calculations of the tensor of electric polarization
of the substituted hydrocarbons. There are three superposition-additive schemes, which are differ with
the level of mutual overlapping of the molecular graphs. The values which were gotten in the
framework of the each scheme reproduce present experimental data with high level of accuracy.

Key words: superposition-additive approach, tensor of electric polarization, substituted
hydrocarbons.
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CHEKTPAJIbHBIE XAPAKTEPUCTUKHU U PACUETHBIE ITAPAMETPBI
KPATHBIX CBA3EU MOJIEKYJI MOHOMEPOB VIS PAJIMKAJIBHOU
MNOJIMMEPU3ALINU

YcmaHosneHa 3agucumocmb OnuHbl U nopsidka cesizeli C'=C? u C=0 unu 3apsida Ha amomax
yanepoda C' u C? ¢ yacmomoli nonocbl UX BaneHMHbIXx KonebaHuli 8 MK unu eemuyuHol
XuMu4eckozo cdeuza 8 °C SMP criekmpax pa3baeneHHbIX pacmeopos SUHUIOBbIX, aunossbix U
UUKITUYeCKUX Kucropodcodepxxawux MoOHoOMepos 01151 padukarbHOU (Co)rnonumepusayuul.

Knroyeenie crnioea: OriuHa, nopsiOokK, 080LiHas ces3b, 3apsi0 Ha amomax yernepoda, Yyacmoma
gaJsieHMHbIX KonebaHul, xumu4eckul cdgue, CmMpyKmMypHO-CriekmpasibHasi 83aUMOCE53b.
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PaspaboTtka Teopunm M MeTOOOB pacyeTa CBOWCTB BeLeCTB, WUCXOASA W3
CBeJEHUN O CTPOEHUW MOJEKYSl, COCTaBfnsieT OfHY W3 UeHTpanbHbIX npobnem
coBpemMeHHon xumum [1, 2]. Ee peweHne gaet 6onee nonHele n rnybokne ceeaeHus
O CTPOEHUN MOMEKYN U XMMWUYECKOW CBS3WM, BareHTHOCTWU, B3aVMHOM BUSIHUM
HEeCBSA3aHHbIX aTOMOB, pPeakUMOHHOM CrnocOBHOCTU. B 3TOM BaXHyK posnb urpatoT
pacyeTHble MeToAbl, KOTOpble MO3BONSAIT NpeackasbliBaTb  XapaKTepUCTUKK
BellecTBa (npexae, YeM OHO CMHTEe3UPOBaHO, a CBOMCTBO M3MEPEHO) U TEM CaMbIM
BblOpaTb M3 MHOMMX COeANHEHUI Te, KOTopble, COrNacHoO NPOrHO3y, YAOBMNETBOPSAOT
nocTtaBrieHHbIM TpeboBaHUAM. OTO 3aknagbiBaeT HayYHble OCHOBbI CO34aHUS HOBbIX
BELLEeCTB C 3alaHHbIMU CBOMCTBaMW.

KoppensaunoHHble Mogernu «CTpyKTypa — CBOUCTBO» B OCHOBHOM HaueneHbl Ha
KONMMYECTBEHHbLIN pacyeT TEePMOXMMUYECKUX XapaKTEPUCTUK, (PUNKO-XUMUYECKNX
CBOMCTB BELLECTB, Yalwe Bcero TennoTbl obpasoBaHus, TemnepaTypbl KUNEHWS,
nnaBneHns n T.n., UKW nNpeackasaHns GMonorm4yeckorn akTUBHOCTU OPraHUYeCKUX
COEOVHEHUN, UCXOASA U3 CTPYKTYpbl MX MOMEKYSbl B LEenoM unv ee (parMeHTOB,
Hanpumep [3-7]. B TO ke Bpemsa cywlectByeT HEOOGXOAMMOCTb MPOrHO3MPOBAHUSA
aKTMBHOCTU COEAMHEHWI B onpefeneHHbIX peakuMOHHbIX cepusix Nnbo BbIABMEHMUS
NxX KOHPOPMaLMOHHbIX ocobeHHocTen Ha OCHOBaHUK pe3ynbLTaToB
CMEKTPOCKONUYECKNX nccnenosaHmm [8-12].

Llenbto Hactoswen paboTbl sBASETCA YCTAHOBMIEHME 3aKOHOMEPHOCTEWN,
CBA3bIBAKOWMX CrekTpanbHble W pacyeTHble xapaktepuctukm rpynn C=C B
MOSEeKynax BUHWMOBBIX, anfunoBbiX W  UMKIUYECKMX  KUCOpoacoaep)alumx
MOHOMEPOB AJ15 paAuKarbHOW (Co)nonumMmepusaumu.

M3BecTHO, 4TO YeMm Bbille MNOPSAOK CBA3W, TeM MpOYHee CBA3aHbl Mexay
cobon atomMbl U TeM Kopove cama cBa3b. OgHako C MOMOLbID 3TOro obuiero
NONOXEHNA UNMIOCTPUPYIOT OBObIYHO pasnuynst CBOWCTB OA4MHAPHON M KpaTHbix C-C
cBs3ell. Mbl COMOCTaBUIN 3NEKTPOHHYIO 3aCeneHHOCTb, T. €. nopsaok cessm C'=C?
(pc=c) n ee gnuHy (lc=c) no gaHHbIM pacyeta metogom AM1 [13] (Tabn. 1) cTpykTyp
MOJIeKyn BUHUMOBLIX (cTupon; akpunouutpun (AH), metunmetakpunat (MMA),
N-BMHMANMPPONMAOH (BI)) n annunoBbIX (anannundTanar (OAD),
anatunenrnukonsbucannunkapbonar  (Ob)) MoHomepoB  obuwen  hopmynbl
C1H2=C2R1R2, roe Ry = H wnn CHj;, Ry, — 3amectutens pasnudHon npupogbl. [Npu
9TOM HaWnn, 4YTO OHM O0OpasylT eauHY NUHENHYIO 3aBUCUMOCTb CO CTEeNneHbH
koppensauumn R = 0.986:

pe=c = (11.3+0.3) — (7.0£0.3) % lo=c (1)

B otoT pag He BxoauT ManeuwHoBbi aHrmapug (MA) — uuknMyeckun
CUMMETPUYHBIA MOHOMEP, B MOfekyrne Kotoporo ceadb C=C conpskeHa C¢ OBYyMS
rpynnammn C=0. O6begnHeHne gaHHbIX NO BeNMYMHaM AnuHbl 1 nopsagka cesasm C=C
AN pacCMOTPEHHbIX  30€eCb  BUHWMOBBIX W annufoBblX ~ MOHOMEPOB
CBMAETENbCTBYIOT, YTO OHA UMEET B HUX OOHOTUMHBLIN XapakTep, U Ha ee CBOWCTBa
BMMSieT npupoda 3amectutenein npu atome C2  YBenuueHue MONSPHOCTY
3amectutens Ry B pagy CH,OC(=0) < Ph = C=N < C(=O)OR < N(uukr) npuBoguT K
yBENMUYEHNIO CTEMEeHM Aenokanusauun unm yMeHbLUEHUI0 nopsaka CBA3U U ee
yanuHeHuto. Haubonee peakumMoHHocnocobHass B pagukanbHOM NpUcoeavHEHUN
rpynna BUHWNOBOW CBA3M B Morekyne Bl xapakTepn3yeTca HauMeHbLLIMM NOPSAAKOM
(1.875) n Hanbonbliei anvHoi — 1.343 A. Hanpotus, HaumeHee akTuBHas rpynna
C=C B mMonekyne annunosoro moHomepa [b nmeet Hambonblumi nopsgok (1.962-
1.964) 1 HaMMeHbLLYI ONuHY cBsian — 1.33 A,
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Tabnuua 1. PacyeTHble (AM1) napameTpbl KpaTHbIX CBA3EN B MOHOMepax 1
4acTOThl UX BaNeHTHbIX Konebanwii (v, cM™') B UK cnekTpax

MoHoMe MapameTpsl cBa3n C=C Vo MapameTphl cBsA3n C=0 Ve
P OnvHa, A Mopsiaok c=c OnvHa, A Mopsiaok c=0
AH 1.334 1.928 1615 - - -
Ctnpon 1.334 1.925 1630 - - -
mparHc-MMA 1.338 1.899 1.234 1.792
yuc-MMA 1.341 1.894 1640 1.236 1.782 1726
1.330 1.964 1.233 1.802
RAeT 1.330 1.964 1650 1.232 1.805 1733
[AG2 1.330 1.964 1.231 1.814
1.330 1.964 1.234 1.795
51 1.330 1.964 1.225 1.744
1.330 1.962 1660 1.229 1.704 1750
62 1.323 1.964 1.225 1.739
1.330 1.962 1.229 1.705
BN 1.343 1.875 1629 1.238 1.795 1716
MA 1.349 1.909 1590 1.217 1.907 1785
Cn-M 1.331 1.887 1690 - - -
KA 1.340 1.828 1670 - - -
[aHHble [na  UMKNMYecknx MoHomepoB — 8-meTtun-2-metunex-1,4,6,9-

TeTpaokcacnmpo[4,4]JHoHaHa (Cn-M) u  9-meTtun-4-metunen-3,5-anokcabuuukio-
[5,4,0lyHaoekana (KA) c rpynnon O-C(=CHy)— noxaTcss Ha BTOpPYyH MpsaMYto,
nMerowyro 6nms3kMn K 3aBucuMocTu (1) HakMNoH, paBHbIM -6.6, ogHako Ans
000CHOBaHHOIO BbIBOAA O HanMMYMM TaKOW 3aKOHOMEPHOCTM HeobXoammo UMETb
6onbwnn Habop MOHOMEPOB 3TOro TUNa.

lMockonbKy B KMCNOPOACOAEPXALWMX  MOHOMEpax Ha  peakuUOHHYH0
CMNOCOBOHOCTb BUHUMOBOW IPynnbl U aKTUBHOCTb MOHOMEPOB B MEXMOJSIEKYNAPHOM
OOHOPHO-aKUENTOPHOM  B3aumogenuctsum wn H-cBA3biIBaHUM BAUSAKOT CBOWCTBA
COMPSXKEHHON C Hen KapOOHWNBHOW IPynMbl, PACCMOTPENN Takke KOppensauuto
mexgy nopsigkom u anuHonm C=0 cBasun. OtmeTtum, 4to ans MMA yuuTbiBanu
napamMeTpbl 3TOW rpynnbl B yuc- 1 mpaHc-n3omepax, a ansa JA® n [ib - obeunx rpynn
B OBYX CBepHyTbiXx msomepax [14]. Okasanocb, 4YTO NMHEnHas 3aBucuMocTb (R =
0.986) Bupa:

pc=0 = (9.84£0.1) — (6.5£0.1) % [c-0 , (2)

onucbiBaeT gaHHble ana MMA, OA® n MA, B koTtopbix umeetcs rpynna C=C—-C(=0)-
O. Touka, cooTBeTcTBYOWAA gaHHbIM ansa Bl1, Haxoautca xoTa u 6nM3Ko K 3TOM
NpAMON, OAHAKO He BXOAWUT B Hee, BEePOSTHO, U3-3a Hanuuna B MOJSIEeKyne 3Toro
MOHOMEpa p-TT COMpsbkeHna 4epe3 aTtom asoTa B uenn C=C-N-C(=0). U3
HanOeHHOW 3aBMCUMMOCTWU BbiNagalT Takke pesynbTaTbl ANS OBYX KapOOHaTHbIX
rpynn OB, koTopble 06pa3ytoT OTAeNbHY npaMyto. Takum obpasom, HabnogaeTcs
pasgeneHne 3aBUCUMOCTEN «pPc=o0 — Ic=o» MO TNy KapbOHWNBLHOW Trpynnbl —
CNOXHO3UpPHasd, kapboHaTHasa UM C CONPsKEHMEM Yepes reTepoaToM.

Hanuune conpskeHnsa mexay rpynnon C=C u 3amectutenem npwu C?,
rmaBHbiM obpaszom C=0, M ero mM3aMeHeHMe B paccMmaTpuBaeMbiX MOHOMEpax
NpoCnexuBanocb MpU COMOCTABMEHUN WX 3INEKTPOHHbLIX CMNEeKTPOB, TaK Kak
BCNeACTBME COMPSKEHWUs nonoca nornoweHus xpomodgopa C=C casuraetcs B
CTOPOHY 6onblNX AAWH BOMH No cpaBHeHuto ¢ 180-200 HM Ans msonupoBaHHOM
rpynnbl [15]. MNMonoxeHne Ayax (HM) AH (207) < MMA (209) = MA (210) << BI1 (232) B
HEKOTOPOW CTeneHu coBrnagaeT C nosiydeHHbIMU 3aBucumocTtsamu (1) n (2), ogHako
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COMOCTaBrieHe AaHHbIX ANWHbI U Nopsaka CBA3W B Gonbllen CTeneHn no3sonsieT
NOHATb XapakTep conpsikeHunsa caazen C=C B Mosniekynax MOHOMEpPOB.

Ecnun paccmMoTpeTb B3anMOCBA3b YacTOThbl BaneHTHbIX konebanun (ve=c) B UK
cnekTpax ¢ AnvMHom n nopagkom ceasm C=C, To okasblBaeTCs, YTO NpU COXpaHEeHUU
obwen TeHOeHUMM CMEeLLEHUA Vo-c B HM3KOBOSHOBYIO 00MacTb Mpu yBennyeHuu
ONMHBL U yYMeHblleHnn nopsgka cBasm (puc. 1) HabnwogaeTcs 3HaAYUTESNbHbIN
pa3bpoc TOYEK, KOTOpble aHanorm4yHo 3aBucmMmocTsm (1) MOXHO pasgenuTb Ha aBa
paga. JinHenHon 3asmcnumMocTbio ¢ R ~ 0.9 cBsA3aHbl 4aHHble Ans rpynnbl «3UPHBIX»
MoHomepoB — MMA, A®, 16 v Bll. Toykn gna yuknndecknx moHomepoB — KA n
Cn-M pacnosnoxeHbl napansensHo 3TON 3aBUCMMOCTU, a Y He coepaLlimx aToMOB
Kucnopoga B coctaBe Monekyrnbl AH 1 ctupona oHn HaxogsaTtcs Huke. OCoBHAKOM
OTCTOWUT TOYKa, OTHOCALWAAca K moriekyne MA, BO3MOXHO, B cury ocobeHHOCTen
CTPOEHUS, HE UMEIOLLEro aHanoroB cpean apyrux MOHOMEPOB.

Veen, CM
C=C> 9
ﬂ“-
1680 | --..____ 10
|10
F 600 2

1es0l ° 3

70

8o
1600 -

133 | 134 | 135

[nuHa cBsasn C=C, A

Puc. 1. 3aBucMMOCTb 4acToTbl BaneHTHbIX konebaHun rpynnbl C=C (vc=c) OT ANVHbI CBA3M
c'=c? Mornekyn moHomepoB (Tabn. 1). Hymepaunst moHomepoB: 1 — MA; 2 — mpaHc-MMA; 3 — yuc-
MMA; 4 — BI; 5 — 0A®; 6 — 1B; 7 — ctnpon; 8 — AH; 9 — Cn-M; 10 — KA

XapakTepuctmkon genokanmsaumm Tr-anekTpoHoB cBa3nm C=0 MoryT cnyxmtb
yacToTa BaneHTHbIX konebaHum aton rpynnbl B UK cnektpe (vc-o0) [16]. Hamwm
obHapyXeHo, 4TO [ns paccMmaTpvBaeMblX 30eCb MOHOMEPOB 3TU  BENUYUHDI
(pactBopbl 0.1 monb/n B CCls) xopowo koppenupyT ¢ anuHon ceasm C=0, ee
nopsaKkoM 1 BENUYMHON 3apsiga Ha atome kucnopoga (puc. 2a, 0).

Ve-o = (5494+261) — (3206+212) % Ie-0 (R = 0.950) (3)

Vo=o = (1886+4) + (451+13) x qo (R=10.997) (4)

3aBucumocTtb (3) «Vc-o0 — Ilc-o» (puc. 2a) oxBaTbiBaeT BCe AdaHHble Ans
KucnopoacoaepXallimx BUHUIOBBIX M annuioBbiX MOHOMEPOB, XOTA Habnwgaetcs
onpegeneHHbin pasbpoc Toyek. ITO KONMUYECTBEHHO BbIpaXaeTCa B BeNUYMHE
koadpgpuumeHta R (0.950) u, ckopee Bcero, CBsi3aHO C Pa3fN4YHOM CTENEeHbIo
conpskeHns mexgy rpynnamm C=C wn C=0. bonee 4etko 3TN pasnuuns
NPOCMEeXUBaTCA MNpPU COMOCTaBIEHUM Vc-o0 WM BENUYUHBLI 3apsiga qo (puc. 20).
JInHenHasa 3aBUCMMOCTb (4) C BbICOKMM 3Ha4YeHneM R oxBaTbiBaeT TONIbKO MOHOMEPSI
CO CrnoxHoadgumpHon rpynnon u MA. B oOuwyto Koppensuuio, Kak M B criyvyae
ypaBHeHua (2), He yknagbiBaloTcs AaHHble Ans Bl1, B KOTOpOM uenb COonpskeHus
BKMOYaeT aToM a3oTa, a Takke ana b, BO3MOXHO, 13-3a OTCYTCTBUSA COMPSHKEHNSA B
ero Mornekyrne.
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Puc. 2. 3aBncMMOCTb 4YacToTbl BaneHTHbIX konebaHun rpynnbl C=0 (Vc-o) OT pacyeTHbIX
napameTpoB MOMEKyrl MOHOMEpPOB: ANvHbI (a) 1 3apsga Ha kapboHwnbHOM atome kucnopoga (6).
Hymepauusa moHomepoB no puc. 1

lMepenTn OT xapakTepuCcTUKM T[pynn K CBOWCTBAM OTAESIbHbIX aTOMOB
COeANHEHNST MOXHO C npuBriedeHnem gaHHbix AMP, Tak kak xMmudeckne caBuru
spep "°C (B¢) cBA3aHbl C 3NIEKTPOHHON MAOTHOCTBIO HA COOTBETCTBYIOLLIMX aToMax [8-
10]. Moatomy c nomowpblo cnektpockonun AMP  °C moxHO  nonyunTs
OOMNONHUTENBHY MHAOPMaLUMO 00 3NEKTPOHHOM CTPOEHUU N3y4aeMblX MOHOMEPOB
M OUEHUTb  OTHOCUTESIbHYKD  WMHTEHCUMBHOCTb pP-m  COMPSKeHUs B pagy
KucnopogcoaepXxalimx  MOHOMepoB. Hanpumep, paHee OTMevyanocb, 4TO
XUMUYECKNIA COBUM HEHACHILLEHHOW METUIIEHOBOW rpynibl B KeTeHaueTansax 3aBucuT
OT CTeNeHN p-1t KOHborauum AByX KUCNOPOAHbIX aToMoB ¢ aABonHon C=C cBsasbio [11,
12], NpUYEeM MeHblUas BenWuMHa XuMudeckoro casura atoma C'  (CHy=)
cooTBeTCTByeT 0Gornee BbICOKOW pPeakuMOHHOW CnocoBHOCTM KeTeHauetand. Mol
npoaHanManpoBany B3aMMOCBS3b Mexay XuMuyeckum casurom atoma C' unm B-C
(Oc1) OBOWHOM CBA3M U pac4eTHOM NSIOTHOCTK 3apsaa Ha Hem (Qc1) ANA BblbpaHHbIX
MOHOMepoB (puc. 3a). HangeHo, 4To Mexay HUMU UMEETCS 3aBMCUMOCTb, KOTopas
MOXeT OblTb BblpaXkeHa NHerHbIM ypaBHeHnem (R = 0.975):

Sc1 = (1533) + (185213) x ge (5)

[MonyyeHHbIN HaAKMNOH 3aBMCUMOCTU (5) XOPOLIO corfiacyetca C M3BECTHbIMU
AaHHbIMK (160-200 M. a. Ha anekTpoH) [9], ogHako pesynbTaThl 4na monekyn AH, KA
n Cn-M obpasytoT gpyryto npamyto (puc. 3a, Todkm 8-10), TaHreHC yrna HakrnoHa
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KOTOpOW paBeH 625 M. 4. Ha 9NeKkTpoH, T. e. B 3 pas3a bonble. Noka TpygHo AaTb
obObsCHeHWe Takoro pesyrnbTata. Bmecte ¢ Tem obwum Ons BCEX MOHOMEPOB
ABNAETCA TO, YTO Oonbluee 3KpaHMpoBaHWe (MeHbllas BenuumHa Ocqi) CBA3AHO C
Gonbluel BENMYMHON OTpuLaTenbHoro 3apsina Ha C' U M3MeHeHue akTMBHOCTU
MOHOMEpPa MOXHO TPaKToOBaTb C MO3MLMA M3MEHEHUS 3apsfa Ha aToMax BUHUITOBOW
rpynnbl, NOCKOMbKY 6nM3kas no xapakrtepy B3aMMOCBA3b HanAeHa Takke mexay Oce
n qcz2 (puc. 36). CywectBoBaHNEe TakuMX KOPpPeNnsauun nokasbiBaeT, YTO U3MEHEHME
3aps4oB aTOMOB MNPy B3aUMOAENCTBUM MEXAY MOSiekynamMmu, nosiy4eHHoe B pacyerTe,
MOXHO CBSi3blBaTb CO CMeLleHusMU ux Oc B pacteope. bonee Toro, Bce BeNMYmHbI
XUMUYECKNX caBuroB B cnektpax AMP 3C aBnsioTcs B Gonbliel UMM MeHbLLEN
CTeneHn 3aBUCMMbIMW OT KOHLEHTpaumMm moHomepa [17], 4TO MOXXHO TpakToBaTb Kak
cneacTBne U3MEHeHUs pacnpegeneHnsa 9neKTPOHHOW MIOTHOCTM MOMEKYIbl Npu ee
CBA3blBAaHMM B camoaccoLumar.

Oc, M4 Oc, M.A. o
_ 160 _.-"%
a /68 6 _4- - s g
. ,2 1! 2" P 9|_ 7
./,/'© 5'. 53' 7/ d
/7%5/ 3120+ /7 7
’/’ '/ /120 B
T P
- J/
'/
/,/09 80 - 80
10@'
_ol,3 _ol,z -0,1 -0,2 -0,1 0,0 0,1

3apsaa, a.e.

Puc. 3. 3aBMCUMOCTb BEMWUYMHBLI XUMUYECKOTO CABWUra aTOMOB [ABOIHOW CBS3 MOHOMepoB C'
(Oct, @) m c? (Oc2, 6) OT 3apsiga Ha HMX. Hymepaunst MOHOMEpPOB Mo puc. 1

[MpoBeAeHHbIN aHann3 NokasblBaeT, YTO Ha ANEKTPOHHYHO 3aCefieHHOCTb CBSA3N
C=C B n3y4aemblx MOHOMEpPaX CYyLLECTBEHHO BNNAET Npupoaa CONpsXXeHHOro C Hewn
3amectutend. Hanbonbluen akTMBHOCTU B JOHOPHO-aKLENTOPHOM B3anMOAEeNCTBUM
MOXHO OXWgaTb OT MOHOMEPOB, WMEKLWMX HaUMeHblUMe BeNUYUHbI YacToT
BaneHTHbIX konebanun rpynn C=C n C=0. BbissneHne nogobHbIX KOpPensUMOHHbIX
3aBUCUMOCTEN  OTKpPbIBAET  AOMOSMHUTENbHbIE  BO3MOXHOCTM  ONs  aHanusa
9NEKTPOHHbLIX MapamMeTpoB MOHOMEpa W MPOrHO3NPOBAHUA €ro peakuuoHHOM
CMOCOBHOCTH, a TakKe ero y4acTusi B MEXMOSEKYNIAPHOM B3anMOLENCTBUN.
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T.I.TropuHa ClIIEKTPAJIbHBIE XAPAKTEPUCTUKWU U PACYETHbIE T[TAPAMETPbI
KPATHbIX CBSI3EWA MOJIEKYJ]1 MOHOMEPOB [J151 PAOUKAJIbHOW MOJIMMEPU3ALINU

BcmaHoeneHo 3anexHicmb OG08XUHU | MopsidOKy 38'a3Kie C'=C? ma C=0 abo 3apsdy Ha
amomax eyeneuo C’ i C? 3 yacmomoro cMmyau ix eaneHmMHux KosnueaHb 8 |4 abo abo senuyuHor
XIMi4HO20 3Ccy8y 8 B¢ amp criekmpax po3baessieHUX PO34YUHI8 asniflogux, annunosux ma UUKITIYHUX
KUCHe8MiCcHUX MoHomepig 0r1s padukarsbHOI (Ko)rmonimepusauil.

Knrodoei cnoea: doexuHa, rnopsidok, nodeiliHuli 38'a30k, 3apsi0 Ha amomax eyarieyro,
yacmoma easleHMHUX KOJlu8aHb, XiMIYHUU 3Cy8, CMPYKMYypPHO-CIeKmpasbHUl 83aEMO038'S30K,
MoHoMepu 0r1si padukarbHOI (Ko)rnonimepu3sauir.

T.G. Tiurina SPECTRAL CHARACTERISTICS AND CALCULATED PARAMETERS OF THE
MULTIPLE BOND OF THE MONOMERS FOR RADICAL POLYMERIZATION

There was found a linear relationship (R = 0.986) between the C'=C? bond order and bond
length (method AM71) in molecules of vinyl (styrene, acrylonitrile, methyl methacrylate, N-
vinylpyrrolidone) and allyl (diallyl phthalate, diethylene glycol bis-allylcarbonate) monomers of the
formula C1H2=CzR1R2, where R" = H or CHs, R? — substituent with different nature. Data combining of
the C=C bond length and order for the considered vinyl and allyl monomers within a single equation
suggest that bonds have the similar tyfe, and its properties are affected by the nature of substituent at
the C? atom. Increasing polarity of R* in the series CH,OC(=0) < Ph = C=N < C(=0)OR < N(cycle)
leads to greater delocalization or reducing of the order bond and its elongation. There is observed a
separation of linear relations between the order and length of the C=0 by type of the carbonyl group -
ester, carbonate or conjugated through a heteroatom.
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Stretching vibration frequency vc-c in the IR spectra shiftes to lower wavelengths with
increasing C=C bond length, and for the "ether" monomers - methyl methacrylate, N-vinylpyrrolidone
and allyls there is a linear relationship between their values with R ~ 0.9. The value of the stretching
vibration frequency vc-o for vinyl monomers and diallylphthalate is linearly dependent on the length of
the C=0 or its order (R = 0.994) and the charge on the oxygen atom (R = 0.998). The total correlation
does not include data for the diethylene glycol bis-allylcarbonate, due to the lack of conjugation in the
molecule.

There was found that for oxygen-containing vinyl and allyl monomers a greater shielding
(lower value &¢4) is associated with a greater magnitude of the negative charge on C', and the reason
for changes in the activity of the monomer may be a change of the charge on the atoms of the vinyl
group, whereas close type of the relationship between the charge and the shift atom C? was revealed.
These results allow us to interpret the concentration dependence of the chemical shift in the C NMR
spectra of the studied compounds as a result of changes in the electron density distribution on them
molecules at the binding in the self-associates.

Key words: length, order of the double bond, charge on the carbon atoms, frequency of
stretching vibrations, chemical shift, structural and spectral correlation, monomers for radical
(co)polymerization.
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VIIK 543.422
H.A. WenuHa, kang.xuMm.Hayk (JoHeukuin HaunoHanbHbIN YHUBEPCUTET)

KOMILIEKC HNAJIAJIASAIT) C TAOMOYEBUHOMN KAK XUMWYECKHA
MOJHU®UKATOP B DJIEKTPOTEPMHUYECKONH ATOMHO-ABCOPBIIMOHHOMN
CIIEKTPOCKOITUH JIETKOJETYYUX HEKAPBUJIOOBPA3YIOIIUX
3JJEMEHTOB

[na mepmocmabunusayuu coeduHeHUU reakoremydux Hekapbudoobpasyrouux 3remMeHmos
MpuU 371eKMPOMepMuU4eCKOM amomHo-abcopbyuoHHOM onpedenieHUU 8 06beKkmax ClI0XHO020 cocmasa
rpedrioxXeH HOo8bIU XuMu4deckul Mmoougbukamop — kKomrnekc nannadus(ll) ¢ muomoyesuHol. Ha
MOOefIbHbIX — cucmemax  uccriedogaHbl  8bICOKOMEMIepamypHble  MpPoUecchl  rpespawieHus
molOuchukamopa 6 xo00e amomusayuu U ycmaHo8s/eHbl hakmopbl, onpedensowue ezo
aghhekmusHoCcmMpb

Knroyeeble crniosa: anekmpomepmudyeckas amoMHO-abcopOUUOHHas CreKmpOCKOmMus,
onpedenieHue Memarios, Xumu4deckul modughukamop.

BBepeHue

B HacTosLee BpemMs MCNONb30BaHNE XMMUYECKUX MOANMPUKATOPOB ABNAETCS
ooHMM K3 Haumbonee 3(PPEKTUBHBIX CNOCOOOB YCTPAHEHUS XUMUYECKUX U
CheKkTpanbHbIX  MaTPU4HbIX  MOMEX  MNpU  SNEKTPOTEPMUYECKOM  aTOMHO-
abcopbumoHHom cnekTpockonunyeckom (OTAAC) onpegeneHun anemeHtoB [1].
CoegunHenns nannagusa(ll) w3BecTHbl Kak 3dekTuBHblE U YHUBEpCarnbHble
Xummyeckne mogudukatopbl [2], n Hanbonee 4acto pekoMeHaykTca upmamm-
npounssogutenammu obopygoBaHua gns OTAAC. OpgHako OHM  He  JIMLWEHbI
HeJOCTaTKOB — 3HauyuTenbHoe COBCTBEHHOE HeceneKTMBHOE MOornoweHne, Huskas
9P PEKTUBHOCTb B OKUCNIUTENbHBLIX MaTpuLax, NosBrneHne «addekta NnamaTny gaxe
ONa  Nerkonetyymx 9femMeHTOB, BbICOKasi CTOMMOCTb 3fieMeHT-onpeaeneHus.
OPPEKTUBHOCTL YCTPAHEHNA MeLUatlowWero BAUAHUA MaTpuubl C MCNONb30BaHUEM
CoeauHEHUn nannaguna(ll) B nepsyto oyepenb 3aBUCUT oT nx
TepmocTabunuaupytowen cnocobHOCTH, KoTopasi, B CBOKO o4vepenpb, ornpeaensiercs
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NEerkocTbio BOCCTAHOBIIEHMS Nannagus 4o MeTansMyeckoro COCTOSHUA B npolecce
atommsaumm. C uUenblo onNTUMMU3aUUKM MpoLecca BOCCTAHOBMEHUS COeOVMHEHUN
nannagusi, Wcnonb3yemblX B KavyecTBe MoAuUPMKaTOpoB nNpu onpegeneHuu
nerkoneTyymx Hekapobmugoobpasywowux anemeHtoB (Cd, Sb, In, Zn, Se wu gp.),
MCNONb3yT CMeLlaHHble MoaundukaTopbl — HeopraHudeckue conu nannagusa(ll) c
acKOpOUHOBOWM N NMMMOHHOW KUCNOTaMu, rMapoxXrnopuaom rmgpokcmnamMmmHa m gap. [3,
4]. 3TM mMogudukaTopbl UMEKT HEeKoTopble npeumMyliectBa B 3(EKTUBHOCTH,
obnapatoT 6onee WMPOKMM AnanasoHOM OEeNCTBUSA, OOHAKO MpU UX UCNOSb30BaHUK
[00aBnsalTCA Takue HeraTuMBHble PaKTOpbl Kak YCIOXHEHWEe MeTOAUKW aHanusa u
yBENUYEHNE XONIOCTOro onbiTa. MameHaTb Temnepatypy BoccTaHosrnenust Pd(ll)
MOXHO, BEpPOATHO, WUCMOMb3ysd B KayecTBe XUMUYECKUX MoauduMKaTopoB
KOMMMEeKCHble  coeguHeHus  nannaguda(ll) ¢ opraHudeckumn  nuraHgamu,
obnagaroLwmmMm BOCCTaHOBUTENBHLIMKU CcBOMCTBaMU. Hanpumep aBTop [5] npumeHsan
B KayecTBE XWMMUYECKoro Mopucukatopa komnnekc [Pd(C.04).]*, U3 koToporo
nannagun BoccTaHasnueancsa npu Ttemnepatype 100-200°C. OgHako npuMeHeHue
9TOro COeaANHEHNS 3aTPYAHEHO U3-3a ero HEYCTONYMBOCTU MPU XPaHEHUM.

Llenb pgaHHoOm paboTbl — wuccnegoBaHne 3PdEKTUBHOCTM KOMIMMeEKca
nannagusa(ll) ¢ TuomouveBmHHOM  ([PdThiog]Cl,) npu  atomHo-abcopOLMOHHOM
onpegeneHum MOAESbHbIX 3MIEMEHTOB KaaMus U CypbMbl. PaHee TuMOMoO4YeBMHA
(Thio) ycnewHo wucnonb3oBanacb NpU YCTPAHEHUN LOENPECCUPYIOLEro BIUSAHUS
matpuubl npu OTAAC onpegeneHun psga anemeHToB [6]. MNMpumeHeHne NogobHbIX
KOMMSIEKCOB B Ka4yeCcTBe MOANMPMKATOPOB paHee He UccnenoBaHo.

3KCI’IepMMEHTaJ1bHa$I 4acTb

Tetpatnokapbammagnannagnin(ll) xnopug ([PdThios]Cly) cuHTesmpoBanm no
metoamke [7]. CocTaB BblOENEHHOrO COEAWHEHWA noATBepXOanu 3feMEHTHbIM
aHanM3oM U1 CcrnekTpooToMeTpuyeckum MeTodoM. [lokasaHo, YTO BblOENEeHHbIN
koMmnnekc umeet coctaB Pd:Thio = 1:4, 4yTo cOOTBETCTBYET NUTEPATYPHLIM JaHHbLIM [7].

NccnepoBaHue ahdekTMBHOCTU CUHTE3MPOBAHHOIO COEAUHEHUSA B KavecTBe
XUMUYECKOro Moaudukatopa B CpaBHEHUM C TPaguUUMOHHO UCNOMb3yeMbIM
Xnopuaom nannagusa u cMellaHHbIMK nannaguesbiMn moamdukaTopamm NpoBoaNIN
aTOMHO-abCoOpOUMOHHBIM ~ METOOOM  C  3MEeKTPOoTEPMUYECKOM  aToMMU3aumen.
M3mepeHns nposoamnm Ha aToMHo-abcopbumoHHOM cnekTpodoTomeTpe CatypH-3 €
3NEeKTPoTEPMUYECKMM aTOMM3aTopoM cepun «[paput» no ooHONy4eBOW CXeme C
OenTepneBbIM  KOPPEKTOPOM HecernekTUBHOro nornoweHns. Bo Bcex onbiTax
Mcnonb3oBanu rpaduToBble TPYOKN C MUPONUTUYECKUM MOKPbITUEM U rpaduToBbIE
nnatopmbl. Mcnonb3oBann pe3oHaHCHble aHanuTudeckne nuHuM. B kadecTBe
ncTovHuKa mnanydenns cnyxuna namna J1CM-1 (Cd) n BCb-2 (Sb). Ha nnatdopmy
WNN Ha CTEHKy rpaduToBOM MeYn C NUPOSNIMTUYECKMM MOKPbITUEM A03MpoBanu C
ncrnonb3oBaHMeM pyyHoro pfosatopa P200 pactBopbl MoOAEemnbHbIX 3N1EMEHTOB,
cogepxawme 0,001 M xumunyeckne moandumkatopbl. TUnMYHas nporpamMmma Harpesa
rpapuToBOro atomusatopa BkMw4ana crtaguio cywkn npu 105-110°C, craguio
nuponusa, TemnepaTypa Ha KOTOPOW BapbupoBanach B LWMPOKoM AuanasoHe ot 300
o 1400°C npu nnaBHOM nogbeme TemnepaTypbl, M CTaguio aTtoMusauum npwu
TemnepaTtypax 2000-2600°C. Ha ctagun atommusaumm OTKIOYanuM noTok MHEPTHOro
rasa BO BHYTPEHHEeN NnonocTtu nevn. APPeKTUBHOCTL MOAUPpUKaTopa oLeHuBanm no
YBENMUYEHNIO aHanMTUYeCcKoro curHana onpegensemMoro afnemMeHTa B MNpUCYTCTBUM
moaudukatopa AA = (A — Axon)/Ao, TRE A, Ao N Axon, — 3HAYEHME aHANUTUYECKNUX
CUrHanoB onpegensemMblX 3fIEMEHTOB ¢ Moaudukatopom, 6e3 mogmdukaTopa U B
XOSIOCTOM OfbIT€; MO MNOBbLIWEHNID MakKCUMarnbHO [OMyCTUMMOW TemnepaTypbl Ha
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cTagum nuponusa, a TaKkke MO0 CMELLeHVMI0 MakcuMmyma umnynbca abcopbumu.
MakcumanbHO BO3MOXHYK TemnepaTtypy nuMponu3a uccrnegyembiX 3reMeHTOB
onpenenann no KpvMebiM Nuponmnsa cornacHo [8]. Bpemsa nosiBneHuss makcumyma
nMnynbca abcopbumm uccrnegyembiX 3N1EMEHTOB PErncTpupoBanocb C MOMOLLbHO

KOMMbIOTEPHON cucTeMbl 06paboTkM faHHbIX € norpelwHocTblo + 0,02 c.
NcecnepoBaHue U3NKO-XMMUYECKMX NPOLECCOB TEPMUYECKOro npeBpaLleHuns
KOMMNJIEKCOB nannagusi NpoBoauvnn mMetoaomM auddepeHunanbHOro TepMmn4ecKkoro
aHanusa Ha gepuvsaTtorpacde Q — 1500 MOM B nnaTtuHoBOM Turne B aTmocdepe
aproHa. WamepeHnsa npoBoAMNM B YCIOBUSX MOBbLIWEHUA TemnepaTypbl CO
ckopocTbio 5°/MuH ot 20 go 1000°C. Pe3ynbTaTbl UCCrneaoBaHnin NonyvYeHbl B BUAE
KPMBbIX 3aBMCUMOCTU M3MEHEeHUsi Maccbl obpasua OT BpPEMEHW HarpeBaHusa npu
NoCTeneHHO Bo3pacTatollern TemnepaType. [NonyyeHHble KpuBble HOCAT Ha3BaHWe
TepmorpaBumMmeTpuyecknx u obosHavatotca TI (MHTerpanbHas kpuas) wu OTI
(andbdepeHumanbHas kpueasi). NapannenbHo perMcTtpupoBanucb npoucxogsine
TennoBble ahdeKTbl, NpoTekaLwme B obpasue Npu pasfMyHbIX TeMmnepaTypax. JTn
ahekTbl oTOOpaxkeHbl B BUuae anddepeHumanbHOn TEpMOaHannTMYECKon KpuBom
OTA. Ob6pabotka pfepvBatorpamm npousBefeHa MnIaHUMETPUYECKUM MeTOLOM
nytem pa3duekm kpuBor [OTI Ha oOTAENbHble TeMnepaTypHble Yy4acTKu,
XapakTepusyoLmnecst aKCTpeMasibHbIM U3MEHEHNUEM CKOPOCTU NOTEPU MaCChl.
MpoayKTbl TEPMOAECTPYKLNN KOMMIIEKCOB NCCNeaoBanncb peHTreHo(asoBbIM
mMeToaoM. PeHTreHogas3oBbIM aHanu3 nposoaunu Ha AudppaktomeTtpe OPOH-2 ¢
NPUMEHEHNEM MeOHOro OT(UNBbTPOBAHHOIO M3NyyeHnd. CKOpOCTb nepemMeLleHus
cyeTymka coctasnana 1°/muH. NMpn onpegeneHun yrnoB OTpaXKeHUsi NCNosib3oBanu
nonpaBky Ha BHELHWW 3TanoH — MOHOKpUCTann KBapua, WIMgOBaHHbLIA MO
nnockoctn 1011. Nony4eHHble AaHHbIE cpaBHMBaNM ¢ AaHHbIMK kapToTekn JCPDC.

Pe3ynbTaTtbl U nx obcyxaeHue

HeCOMHEHHbIM MpeMMyLLEeCTBOM MNPESSIOKEHHOro NannagMmikoMnIeKkCHOro
MoamndukaTopa SBNSETCA HWU3KOe COOCTBEHHOE HEeCeNekTUBHOEe MOrfoLlweHne B
AnanasoHe 213-325 HM, namepeHHoe Ha Pe30HAHCHbIX JIMHUSX TakuX 31EMEHTOB KakK
Zn (213,9); Sb(217,6); Cd(228,8); Pb(283,3); In(304). 310 npeuMmyLecTBO
WNNIOCTPUPYIOT AaHHble puc. 1, roe npeacTtaBneHbl CheKTpbl HEeCEeneKTUBHOro
nornoweHns nannagunkomMmnnekcHoro moaudukatopa [PdThios]Cl,, nannagui-
MarHmeBoro wmoaudumkatopa u xnopuga nannaguvsa. BuagHo, 4TO BO BCEM
nccneaoBaHHOM JunanasoHe cobcTBEHHOE HecenekTUBHOEe nornoLieHne
_ A nannagnnkoMnsiekCHoro moguduka-
087 3 TOpa 3HAYUTENbHO MEHbLUE, YeM Y
nannagun-marHneBoro  mMoguduka-

0.6 Topa. OcoB6eHHO 3TO NPOSBAETCA Ha
, 2 anvHax BonH Cd wm Sb. TMo-
0.4 BUOMMOMY,  9TO  CBSI3aHO  C
0.2 0COBEHHOCTIMM  BbICOKOTEMMEpa-

1\ \ TYPHbIX MPOLIECCOB  MpeBpaLLeHNs
0 ‘ . ) ~—— . MCCg)eﬂyeMbIX MOﬂM(ﬂbMKaTOpOB B
nr . ' . - W - rpaPuUTOBbIX Me4ax. pun nunponunse
200 220 240 260 280 300 320 MoavdkaTopa  Pd(NO3)p+Mg(NOs)s
b, HM B YyCIoBUAX SﬂeKTPOTepMVI‘-IeCKOVI

Puc. 1. CnekTpbl  HecenekTMBHOrO  aTOMHO-abCOPOLMOHHOM CNEKTPOCKO-
MOTIOLLEHMS XNMUHECKNX MC.),EI,VI(bI/IKaTOpOB.(0,00'I MM OCHOBHLIM NPOAYKTOM MUPONN3a,
gg?ﬁgz)szg_(N[OZiThI04]C|2’ 2 - PdCL 3 = peposTHO, sBRSIETCS a30T UM ero
oKkcuabl, KOTOpble oyayun
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napamMarHUTHbIMWU  COEAUHEHUSMW, MOrnowarT YyNbTpaguoneToBoe U3nydYeHue.
Kpome TOro, HecenekTMBHOE MOrfoOLWEeHNEe CBA3aHO C BO3MOXHbIM MepexogoM B
rasoByto asy atommsaTopa OKCUMAOB, HUTPUAOB Nannaguvst U MarHus u gpyrux
XUMUYECKNX coefuHeHUn. Bbicokoe COBCTBEHHOE HeCeneKkTMBHOe MOornoLleHme
nannagum-marHneBoro moamdukaTopa npuBOAUT K TOMY, YTO 3TOT MogudukaTop
NPaKTU4YEeCKN HEBO3MOXHO MCMonb3oBaTb Npu paboTte Ha npubopax, KOTopble He
OCHalLleHbl 4OPOroCTOAWMMIN CUCTEMaMU KOPPEKUUN HECENEKTUBHOIO MOTfOLLEHUS.
HecenektnBHoe nornowleHMe cBeTa nNpU  UCNONb3OBaHUW Xxnopuaa nannagus
CBSA3aHO, BEPOATHO, C MONeKynsapHbiM nornoweHmem HCI n xnopngos nannagus.

MpeaBapuTenbHO ObINIO YCTAHOBNEHO, YTO ANS UCCNeaOBaHHbIX 3M1EMEHTOB
onTUManbHas  KOHUEHTpauusa  nannagumkoMniekcHoro  moaudumkatopa B
aHanuanpyemom pacteope 6nmska n coctaensiet 0,001-0,002 monb/n. Huxke 0,001
MOMb/N NPUPOCT aHanUTU4eckoro curHana AA B NpUCYTCTBUMM MoamMdukaTopa
cHwxaeTcqa, Bbiwe 0,002 monb/n yBenuumBaetTcsl COOBCTBEHHOE HECENEKTUBHOE
nornowieHre (XonocTtom oneiT) M BenuunHa AA Takke ymeHblaetca. Cnepyet
OTMETUTb, YTO ONTUMarnbHasa KOHLUEHTpaLuMs nannagumkoMniekcHoro mogudukartopa
3HAYNTENIbHO HWXEe, YeM Hanpumep, ANna OAHOro M3 cambiX 3PAEKTUBHBIX
HeopraHunyecknx — nannagun-marHneBoro  mogudpumkaTtopa [8]. Tak, an4
moandukatopa [PdThios]Cl; Ha kaxpoe onpepeneHve pacxogyetcs 2 Mkr Pd, B 10
Bpema kak ana Pd(NO3)>—Mg(NOs3), — 15 mkr Pd. YMeHblleHue konuyecTBa
ncnonb3yemMoro  nannagus  CHWXKaeT  CTOMMOCTb  9rieMeHT-onpeaeneHus.
Mcnonb3oBaHne KoMMnekca ynpowaeT npoueaypy adanusa, cnocobcersyet
YNyYLEHUIO CXOANMOCTN N3MEPEHNS CcuUrHana.

CpaBHuTENbHbIE OaHHbIE MO NPUPOCTY aHaNUTUYECKOro curHana Ha npumepe
aTOMHO-abCcopOUMOHHOrO  onpedeneHns Kagmus, CcCypbMbl B AenpeccupytoLlen
matpuue 0,5 monb/n HCI npeactaBnenHHble B Tabn. 1, nokasbiBalT, 4TO B
NPUCYTCTBMM  MpaKTU4eCKMn BCEX  MoauukaTtopoB  HabnwgaeTcsas  nNpupocT
aHanuTudeckoro curHana AA, KOTOpbI CBA3aH C YyCTpaHEeHWeM Aenpeccupyrollero
BMsHUA matpuubl HCI Ha aHanuTuyeckuim curHan onpefensieMblX 371€MEHTOB.
HckntoyeHre cocTasnsaioT Xropua U HUTpaT nannaavs. BepoatHo, aTo CBA3aHO C TeMm,
4YTO B [aHHbIX YCNoBUSAX obBpasyloTca netydme xnopuabl UccreayemMblX 3rEeMEHTOB,
KOTOpble BMeECTe C NneTyyuM XMOpuMAOM nannagus BbIHOCATCA W3 aTtoMusaTtopa
NMOTOKOM aproHa eLle Ha cTaguu npeaBapuTesibHon TepMmmudeckon obpaboTku.

Tabnuua 1. BnuaHne XmmMmyecknx MoandunkaTtopoB Ha M3MEHEHNE aHANUTUYECKOTO
curHana 4A B pacteope 0,5mone/n HCI

\ AA
e Cd Sb
n/n Moavdpukatop TemnepaTy;‘Ja nuponusa, °C
480 600 480 600

1 Pd(NO3), 0,8 0,9 0,7 0,8
2 PdCl, 0,8 0,9 0,7 0,8
3 PdCl,+ackopbuHoBas kucnota 1,6 1,7 1,2 1,3
4 TUOMOYEBUHA 1,9 0,9 1,3 0,8
5 [PdThio4]Cl, 2,2 2,7 1,5 2,3

Temnepatypa pasnoxenus xnopuga nannagna 500°C, 4yto penaet
HeaP(PEeKTMBHOM TEepMOCTabunmaaumio nerkoneTyydnx coeaguHeHun onpeaensieMblx
3NIEMEHTOB HUXE 3TOM TemnepaTypbl. Kpome Toro, napbl MONEKYNSPHbIX XNOPMAOB
nannagma co3garT  AOOMNOfHUTENbHOE HecenekTUBHOoe nornoweHue. Hwutpar
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nannagusa B AaHHbIX YCNOBUSX Takke ManoaddeKTUBEH, Tak Kak Npu coaepXaHuu B
pacTBope XNnopua - MOHOB BO BpeEMSA CTaguu CYLLKU CONW Nannagusa npesBpallarTcs
B TeTpaxnoponannagart(ll)-aHMoH cHayana B pacTtBope [9], a B ganbHeunwem, B
TBEpaon pase. TeTpaxnoponannagaT HaTpus nnasuTca 6e3 pasnoxeHusa npu
Temnepatype 430°C n NO3TOMYy He MOXeT TepMU4eckn ctabunusanpoBaTb netyyve
COoeaVHEeHUs nccnegyemMblX 3rIeMEHTOB HUXe 3TOW TeMmnepaTypbl.

M3 paHHbix Tabn. 1 BMAHO, 4YTO cCTeneHb YycTpaHeHus BnuaHua HCl y
TUOMOYEBUHBI U COOTBETCTBYIOLLIETO €M KOMMIIEKCHOro coeauHeHus nannagua(ll), a
TaKke CMecu xropuaa nannagms ¢ ackopOuHOBOW KMCNOTOW Mpu TemnepaType
480°C npuMMepHO oOOuHaKkoBa W BbllIEe, YEM Y HEOpPraHWYecknx CoeauHEHUN
nannagusi. OTO BEPOSATHO, CBA3aHO C TEM, YTO MpPU CPaBHUTENBHO HU3KOW
TemnepaTtype MpOAyKTbl TEepPMOAECTPYKLUUM OpraHU4eckoM 4YacTu KoMmrekca u
OpraHMyYecknx MoanuKaTopoB NPEenATCTBYIOT MOTEPSIM COeAMHEHUN UccnenyemblX
9NeMeHTOB 3a c4yeT npoueccoB Xxemocopbumn. CnegyeTr OTMETUTb MOXYH
CXOAMMOCTb pe3ynbTaToB U3MEPEHUN MPU UCMONb30BaHUN B KayecTBEe XMMUYECKUX
moandgukatopos cmecu PdCl, ¢ ackopOMHOBOM KUCITOTOM.

Mpn Temnepatype nuponmsa 600°C addekTMBHOCTE MOAUGUKATOPOB
nameHsieTca. Tak, npu Temnepatype nuponmsa 600°C opraHnyecknin mogugukaTop —
TUOMOYEBMHA CTAHOBUTCH MNPaKTUYECKU HEeIdEKTUBHbIMM B  OTNMYMe OT
[PdThio4]Cl, — komnnekcHoro coeguHeHus nannagmda(ll) ¢ opraHn4eckum nuraHgom.
BepodaTHO, 3TO CBA3aHO C TeM, 4YTO npu Bonee BbLICOKMX TemrnepaTypax MeHseTcs
MeXaHu3M TepmMocTabunmsauumn ncecregyemblx 3NEeMeHTOB.

M3BECTHO, YTO OCHOBHbLIM (PAKTOPOM AEUCTBUS XUMUYECKUX MOAUCUKATOPOB
Ha aHanusMpyemyro npoby aBnseTcs TepMudeckas cTabunusaumsa BbICOKO- U
cpegHeneTydYnx aHanuToB, 4TO MO3BOMSET OTOorHaTb Ha CTaguyM nuMponusa
HexxenaTenbHble COMNyTCTBYHOLWME KOMMOHEHTbl Npobbl 6e3 notepb CoOeAnHEeHUN
onpegensemMblx 3anemMeHToB. IMEHHO NO3TOMY OLEHKa MakcMManbHO LOMyCTUMOWN
TemnepaTypbl Ha CTaguu NMpPonu3a Ansa onpeaensaeMoro afNeMeHTa aBnseTcs ogHUM
N3 BaXHbIX MoKasaTenen adpdekTMBHOCTM MoaudukaTopa. Bce HeopraHudeckue
coeguHenus Pd(ll) sasnsawTca xopowumn TepmocTtabunusatopamu. Cnegosano
YCTaHOBUTb, Kak MOBMMSET Ha TepmocTabunusauuio cBA3blBaHWe nannaguvs B
KOMMIEKC C OpraHN4yeCcKNM nnraHgom.

Ta6bnuua 2. BnuaHne mogndurkaTopoB Ha BENMMYMHY MakCUmMarnbHO AONYCTUMOM
TemnepaTypbl MMponu3a

No MakcumanbsHo gonycTmas
n/r_1 MogudumkaTop Temneparypa nuponusa, °C

Cd Sb

1 be3 mogudmkaTtopa 300 850
2 Pd(NO3), 700 1100
3 PdCl, 600 1000
4 PdCl,+ackopbrHoBas kucnoTa 700 1100
5 TMOMOYEBMHA 500 900
6 [PdThio,]Cl, 900 1200

M3 pgaHHbIX Tabn. 2 BmaHo, 4to 06e3 mogudukaTopa noTepu CoeanHEHUN
KagMusa 1 cypbMbl HabnogarTcs yxe npu Temnepartypax nuponmsa cabiwe 300°C u
850°C COOTBETCTBEHHO, a B MNPUCYTCTBMM OpraHudeckoro mogudukatopa -—
TMomoudeBuHbl cebiwe 500°C u 900°C. MoaudukaTtopbl Ha OCHOBE COeOVHEHUN
nannagua(ll) 6onee adpdekTMBHO nNpedoTBpalaloT noTepu  onpenensieMbix
9NEMEHTOB, MO3BOMAS YBENUUUTb TemnepaTypy NMponu3a COoeAuHEeHUn KagMusa u
cypbMbl. OgHako MakcumanbHaa Temnepatypa nuvponusa Habnwgaetca Ans
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KOMMNIIeKCHoro coeauHeHuss nannagua(ll) ¢ TmomodeBuHHOW. [10 CpaBHEHUO C
6e3amaTpudHbiM pacTBopomM oHa Bo3pactaeT gnd Cd m Sb Ha 600°C mn 350°C
cooTBeTCTBEHHO. bonee addekTnBHaa TepmocTabunusmpyowaa CcnocobHOCTb
KomnnekcHoro coeguHenmn Pd(ll) ¢ TnomoueBuHon cBugetenbctByetr 06
YCINOXHEeHUN npoueccoB moandukaummn. NMMponus opraHn4eckom 4actu KoMmnsiekca
npuBoauT K obpasoBaHUIO TBEPAbIX M ra3oobpasHbiX NPOLYKTOB, CNOCOOCTBYHOLLMX
BOCCTaHOBMNEHMO nannaausa. Teepable NpoayKTbl NMponM3a BCreacTame agcopbunn
n  xemocopbumm npepoTBpawardT  ANPAPY3MOHHbIE  NOTEPU  COEANHEHUN
OnpeaensieMoro afneMeHTa Ha HadanbHbIX cTagusax - Ao Temnepatypbl 400-500°C.
Kpome TOro, npoaykTbl pacnaga OpraHM4ecKom 4acTu KOMMfekca MoryT U3MeHsITb
XMUMUYECKNIA COCTaB NpegaToOMU3aLMOHHbIX COeANHEHUI onpeaensaeMblX 3fIeMEHTOB.
Hanpumep, MoryT nepeBoguTb OKCUAbI U Xropuabl B MeHee neTyyme cyrnbduabl U
crnocobcTBOBaTh AanbHeneMy BOCCTAHOBMEHWUIO oOnpeaensdemblX 3MEeMEHTOB [0
cBobogHbIX MeTannos. Npu Bonee BbICOKUX TemnepaTtypax nannaguin obpasyeT C
onpeaensieMbiMn  3fIEMEHTAMN MHTEpMeTannuyeckue coeamHenns tuna CdizPdo,
PdCd, Pd,Sb, PdsSb, [10, 11], TBepable pacTBOpbl, pasbaBneHHble
KOHAEHCUPOBaHHbIE pacTBOpbl. Taknm ob6pas3om, [OMNOMHUTENbHbIE (PakTopbI
TepmocTtabunusauumn, MMmerLme Mecto B NPUCYTCTBUM KOMMSEKCHOrO COeANHEHUSN
nannagusa(ll) ¢ TnomoyeBnHON, NO3BONSAOT NOSHEE NPeaoTBpaLLaTh NOTEPU NETYUUX
coeauHEeHUN KagMusi U CypbMbl Ha BCeX 3Tanax nMponunaa.

YcTaHOBMEHO, YTO OaHUM U3 hbakTopoB, obycnasnusatowMm 6onee BbICOKYHO
adpdekTmBHOCTb Moaudukatopa [PdThios]Cly, sBnseTcs cmelleHne aHannTUYecknx
CUrHanoB onpegensiemMblX 3arnemMeHToB B obnactb 6onee BbICOKMX Temnepartyp.
3agepxka ucnapeHus cBoboaHbIX aTOMOB aHanuTta go 6ornee BbICOKMX TeMmnepaTtyp
(coBur nmnynbca abcopbumm) cnocobCTBYET YCTPAHEHUIO HEU3OTEPMUYHOCTU NeYn,
4yTO, B CBOK O9vepedb, YyBeNMYMBAET aHanUTUYECKUM CurHan uccnegyemblix
9N1EMEHTOB.

M3 gaHHbIX Tabn. 3 BUOHO, 4YTO HaubonbLUee BNUSHUE Ha BpeMs NosiBNEeHUs
curHana okasbiBaeT moaudukatop [PdThios]Cl,. B cBow o4vepegb, cmelieHue
nMnynbca abcopbumm B BbICOKOTEMMEPATYPHYO 0BnacTb XOPOLLO KoppenupyeT C
yBenuyeHnem aHanutuyeckoro curHana AA Sb n Cd gnsa aTux MmoangukaTopos.

Ta6bnuua 3. BnusHue xmmmyecknx MOANMUKATOPOB Ha BpeMS NOSBIIEHUST UMMNYyrbCca
abcopbunn cypbMbl U KagMns

CwmelleHne makcumyma
Ne nmnynsca abcopbumm no AA
n/n Xnmunyecknin moamndukaTop CpaBHEHWNIO C pacTBOpoM be3
MoaudukaTopa Ar, €
Cd Sb Cd Sb
1 PdCl, 0,1 0,1 0,7 0,8
2 PdCl,+ackopbuHoBasi knucrnota 0,3 0,2 1,7 1,3
3 [PdThio4]Cl, 04 0,3 2,7 2,3

AA= (A-Ayon)/Ao, TOE A — BenuuMHa abcopOLMOHHOIO curHana B MpUCYTCTBUM XMMUYECKOTO
moandumkaTopa, A, — BENMMYMHA CUrHama XoJfiocToro pacrtBopa, A, — BenuumMHa curHana 6es
XuMmn4eckoro moamdumkaropa

MexaHn3m aToro sIBNeHws, rno-BMANMMOMY, TakKOMW Xe, Kak U ANnd XUMUYECKUX
MOANMUKATOPOB OpraHUYeckon npupoabl U onucaH B nutepatype. OH cBA3aH C
NpOTEKAHMEM Ha HayamnbHbIX CTaguax nuponu3a  (PU3NYecKMx MpoLeccoB
(cMauMBaHMe OKCUMOOB onpegensieMbliXx 3fIEMEHTOB pacnsiaBaMy  OpraHn4ecKkmnx
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MoaMduMKaToOpoB M MpoBanMBaHWe YacTUyek COedMHEHUn  onpegensemMblX
3NEMEHTOB B pacnnas Moaudukatopa, YTo BefeT K 3afepXKKe ncnapeHust), a Takke
C npoTekaHuemM XeMOCOPOLMOHHOrO/XMMUYECKOrO B3auMOLEWNCTBUS COeOMHEHUN
onpeaensemMoro arnemMeHTa 1 MenkoancnepcHoOro MeTannmMyeckoro nannagua [2, 12].
[nsa BbISCHEHNS 3aKOHOMEPHOCTEN NOBeAEHUS MPEaANOXEHHOr0 XMMNYECKOro
mMoamdukaTopa B rpacmutoBon neynm Obinn  mnccnegoBaHbl PU3MKO-XMMUYECKUE
npoueccbl TepMUYecKoro npespateHmst komnnekca Pd(ll) ¢ TnomoyeBnHonm metoaom
anddepeHUmansHOro  TepMudeckoro  aHanusa. [lonyydeHHas gepuBatorpaMmma
npeacTaBneHa Ha puc. 2. BugHo, 4yTo gepuBatorpamMmma Xapaktepusyetcs psiaoMm
9HOO- M 3K303h(PEKTOB, Ha Kpueon [ATA, KOTOpble CONPOBOXAANNCb MakCMMarbHON
CKOpPOCTbIO MOTEpUM Macchl (3KcTpemymbl Ha kpusown [ATl). N3BecTHO, 4TO Takue
npouecchl, Kak germapatauusi, BO3rOHKa, MNepexod B Apyroe KpucTannmuyeckoe
COCTOSiHME, paspbiB CBSA3WM, NNaBfneHuWe, KuneHue, OTMedvalrTcda B Buae
9HOO0TEPMUYECKUX MUKOB, TOrAa Kak OKUCNUTENbHO-BOCCTAHOBUTESbHbIE NPOLIECChI U
Toc HeKoTopble nepexobl a3 — B
muur £ BUOE 3K30TEPMUYECKUX MUKOB.
Ha pwuc. 2 BugHO, 4TO
0001 KOMMIeKc [PdThiog]Cl,
pasnaraetca cTyneH4yato. Ha
nepBoOM 3Tane B TemnepaTypHOM
WUHTepBane 140-310°C Ha
AepusaTtorpaMmme  OTMe4aeTcs

800

700 3HOOTEPMUYECKNIA adpoexT,
KOTOPbIN conpoBoOXgaeTcd
60 MakcumarnbHOM CKOPOCTbHO
notepn maccbl. Obwasa norteps
<00 Macchl Ha 3TOM aTane
coctaBnser 52%, 4yTO
dilo CBMAOETENbCTBYET O YaCTUYHOM
pasnoxeHuu KOMMJieKkca.

BeposaTtHo, Ha nepBom aTane
npoucxogut  paspbiB  4acTu
XUMUYECKMUX CBA3EN KOMMekca,
obpasoBaHue cBOOOOHbIX
pagukanos, KOTOpble
CaMOnpoOn3BOSIbHO  CTabunnan-
PYIOTCS 3@ CYET COMPSHKEHUs C
CUCTEMON TI-CBA3EN rpaduTa,
aKTMBMpPOBaHWE NOBEPXHOCTU rpacoMTOBOrO aToMusaTopa MPOAYKTaMn pasroXeHuUs
Cc obpasoBaHMEM aKTUBHbIX LIEHTPOB B BMAE OOOPBAHHBIX XUMUYECKUX CBS3EN.
MopobHble npouecchbl nccnefoBaHbl aBTopom [13] n metogom IlP yctaHoBneHo
nosiBrieHne U1 crabunusauna cBobOOHbLIX paavkanoB Npu  TemnepaTypax,
oTBevawWwmnx 3HAoddpdeKTam Ha cragum nuponusa. ITU npoueccbl BedyT K
nepBUYHOM TepMocTabunuaauumn aHanutTa Npu CpaBHUTENBHO HU3KMUX TeMnepaTtypax
3a cyeT MeTacTaburbHOro KOOPAWHWPOBAHUS  COEOUHEHWA  onpenernsemMoro
9MNeMeHTa Ha 3TUX aKTUBHbIX LeHTpax (xemocopbuun). MNpu 39TOM yMeHblUaeTcs
andpysmsa aHannTa B XonoaHble nepudepuinHble 30Hbl atoMmnsaTtopa. Yem paHbLue
Ha4yMHaeTcsa nepBUYHbIN Nuponu3 komnnekca Pd(ll), Tem addekTnBHee ero
mMoamduumpytoLas cnocobHOCTb, YTO NOATBEPXAAtT AaHHbIE puc.2 1 Tabn.1, 2.

Ha BTOpoMm aTane pasnoxeHus — B uvHTepBane temnepatyp 360-465°C Ha
agepuBatorpaMme  OTMEYaeTCs  BbIPaXEHHbIM  3K30TepMuYecknin  apdekT,

300

200

100

Puc. 2. lepusatorpamma [PdThiog]Cl,
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COMPOBOXOAKLLMACA 3HAYUTENbHOW MNOTepen Macchl, KOTOPbIM COOTBETCTBYET
BOCCTaHOBMEHWO Nannagua [o csobogHoro meTanna. WMccnepoBaHuve cocTaBa
npoaykToB TepmogecTpykuum komnnekca Pd(Il) ¢ tuomoudeBmHHOM npu 1000°C
peHTreHoda3oBbIM METOAOM NoKasario npakTu4eckn nonHoe socctaHosneHne Pd(ll)
Ao ceBobogHoro metanna.

Kak M3BeCTHO, aKTUBHbIMW hOpMaMU MOLANPUKATOPOB Ha OCHOBe Nanfagus
SABMAAIOTCA MeTanIM4YecKknin BOCCTaHOBNEHHbIN Nannaann n/vnu ero okeng, [2].

TemnepaTypHbIi  AnanasoH BOCCTAHOBIIEHUS Nannaguvsa u3 coefuHeHus
MoamndukaTopa OOMMKeH COOTBETCTBOBATb TemnepaType Hadvana B3auMOAenCTBUS
ABYX OUCNeprpoBaHHbIX B3aMMHO PacTBOPUMbIX TBepAblX MEeTansnoB (cnnaBneHune
MOPOLLIKOB), KOTOpOe, corracHo [14] HaunHaeTca npu Temnepartype (0,3 - 0,4) tq,, roe
tin — TemnepaTypa nnasneHus Ooree TyronnasKoro KOMMOHeHTa. [locKkonbky
TemnepaTypbl NnaBfeHns uccnegyemMblx MeTanfioB COCTaBNAT COOTBETCTBEHHO
(°C): Cd-321; Sb — 630; Pd — 1552, ons Bcex 3neMeHTOB 3aTa Temnepatypa
coctaenseT 0,3 thnasn Nannagua, T.e. 466°C. B T1abn. 4 npuBeneHbl 3HA4YeHUS
TemnepaTypbl BOCCTAHOBMEHUS Nannagnsa n3 npeasiokeHHbIX HaMU 1 UCNOoSb3yeMbIX
paHee XMMUYEeCKUX MOANPUKaATOPOB.

Ta6nuua 4. TemnepaTypa BOCCTaHOBMNEHWS Nannaavs U3 CoeauHeHui

:l/gn Moaudukatop Temnepatypa BocctaHosneHus Pd,°C
1 [PdThio,]Cl; 360-460

2 PdCl,* 1000-1500 [2, 9]

3 PdCl, 550 [2]

4 [Pd(C204).I" 100-200 [15]

N3 paHHbIX Tabn. 4 BMOHO, YTO M3 OKcanaTHOro KoMmmnfekca nannagun
BOCCTaHaBNMBaeTCHa CNUWKOM paHo, a u3 PdCl,;, ocobeHHO npu nM3bbiTKe COMSIHON
KMCNOTbl cnuwkom no3gHo. B cnyvae [PdThios]Cl, Temnepatypa nosiBneHus
MeTannuMyeckoro nannagus ontumarnbHa, TO €eCTb MeTannudeckur nannagun
NosIBNSieTCA B aHanUTUYeCKOW 30HEe MMEHHO B TOM TemnepaTypHOM WHTepBarne,
Korga cosfaHbl yCrnoBusa A5t B3aMMHOIO pacTBOPEHUs nannagvs U onpeaernisieMoro
MeTanna. B To e Bpems paHee wucnonb3yemble MoOAUUKATOPbl Ha OCHOBE
npegBapuTenibHO  BOCCTaAHOBIIEHHOro nannagua  [2] nuweHbl  NpenMmyLLecTs
NannagumKoMnIIekCHbIX XUMUYECKUX MOAMAUKATOPOB, KOTOpble OOYCIOBMEHbI
HanM4ynem opraHmyeckon Yactm mogudukartopa. Kpome Toro, npm nx ncrnonb3oBaHun
3Ha4YUTENbHO  yBENUYMBAETCHA  NPOAOIDKUTENBbHOCTL  aTOMHO-abcopOuMOHHOro

onpeaeneHus.

Takum o06pa3oMm, nNpUMEHEeHMEe KOMMSIEKCHOrO COeAMHEeHMs nannagus ¢
TUMOMOYEBUHHOMN MNPU YCTPAHEHUU MeLIALWMX BIUAHUA XNOPUOHOW MaTtpuubl U
TepMmocTabunusaumm  aHanuMta NO  CPaBHEHUIO C  U3BECTHbIMM  paHee
mMoaudukaTopammn SBnseTcs npeanoytTuTenbHbeiM. B yacTHOCTM, ycTaHoBreHa ero
BblCOKad 3pdEeKTUBHOCTb MNpU YyCTpaHeHuu penpeccupytowtero BnunaHna 0,1 M
pacTBOPOB a30THOW M COMSIHOM KUCNOT, xnopuaa u cynbdata Hatpua npu OTAAC
onpeaeneHnm KagmMmus U CypbMbl B MPOMBILLIIEHHBIX pacTBOpax.

Aemop ebipaxaem UCKpeHHw brnazodapHoCmb
0.X.H., npogpeccopy Anemacosou A.C. 3a y4yacmue 8
obcyxdeHuu pe3yrnbmamos.
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H.A. LWenina KOMINTIEKC T[AJIAQIO(I) 3 TIOCEYOBHUHOK SK XIMILIHMI:{_
MOOUNDIKATOP B EJIEKTPOTEPMIYHIN ATOMHO-AGCOPBLINHIN  CIEKTPOCKOIMUII
JIETKOJIETKUX HEKAPBIJOYTBOPKOKOYUX EJIEMEHTIB

Ana mepmocmabinisauii crnonyk rneskonemkux Hekapbidoymeoprooyux eneMeHmis npu
es1ieKmpomepMiYyHOMY amoMHO-abcopbuyiliHOMy 8u3Ha4YeHHi 8 ckrnadHux 06'ckmax 3arnpornoHO8aHO
Hosul XimidHul moducbikamop — komrnekc nanadito(ll) 3 mioceyosuHow. Ha modernbHUX cucmemax
docnidxeHi sucokomemrepamypHi npouecu nepemeopeHHs Modughikamopa 6 xodi amomi3zauii ma
8cmaHoes1eHi hakmopu, Wo eusHavyaromb (1020 eheKmugHicmpb.

Knrovoei cnoea: enekmpomepmiyHa amomHo-abcopbuiltiHa CrieKmpoCKoris, 8U3Ha4YeHHS
memarnie, XiMiyHUl Modugbikamop.

N.D. Shchepina PALLADIUM(ll) COMPLEX WITH THIOUREA AS A CHEMICAL MODIFIER
IN ELECTROTHERMAL ATOMIC ABSORPTION SPECTROSCOPY OF VOLATILE NON CARBIDE-
FORMING ELEMENTS

The new chemical modifier palladium(ll) complex with thiourea for temperature stabilization of
volatile non carbide-forming elements compounds in electrothermal atomic absorption determination in
complex composition objects was proposed.
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High-temperature processes of proposed modifier transformation during atomization and the
factors determining its effectiveness were studied on model systems.

The proposed modifier has a low own nonselective absorption, provides a low-temperature
thermal stabilization of analytes compounds during the early pyrolysis stages by step decomposition of
the complex and recovery of palladium(ll) to the metal, shifts the analytical signal of analytes to a
higher temperatures range, leads to increasing of the maximum pyrolysisn temperature for cadmium
and antimony on 600 and 350 ° C, respectively. The high efficiency of the proposed modifier while
eliminating the depressing effect of 0.1 M nitric acid and hydrochloric acid solutions, sodium chloride
and sulfate in ETAAS determination of cadmium and antimony in industrial solutions has been shown.

Keywords: electrothermal atomic absorption spectroscopy, determination of metals, chemical
modifier.
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rocy4apCTBEHHbIA XUMUKO-TEXHOSTOTMYECKUIN YHUBEPCUTET)

OBPA30BAHUE CMEITAHOJIMT'AHAHBIX KOMIIJIEKCOB Cu(II) HA OCHOBE
KOMILJIEKCOHOB CPEJHEN JTEHTATHOCTH

Memodamu crnekmpoghomomempuu U UOHOMempuu uccrnedoeaHO KOMIIeKcoobpasogaHue
uoHos Cu** ¢ 1-2udpokcusmurnudeHdugocehoHosoll Kucromoli u N-(2-2udpokcusmurn)umuHoduyKcycHol
Kucriomol e npucymcmeuu 08yx OO0MOofHUMESIbHbIX HU3SKOOEHMaHMmMHbIX Ju2aHoog8 — 2-
amuHoamaHona U  amusieHOuamuHa 8 800HbIX pacmeopax. [lokazaHo  obpa3osaHue
CcMelwaHonuaaHOHbIX KOMIM/IEKCHbIX COeOUHEHUU U paccyumaHbl UX KOHCmaHmbl ycmout4yueocmu.

KnioueBble cnosa: CMeLlaHonMraHaHble KOMImeKchl, WNOHbI Meau,
rmgpokcuatunugeHamdocdoHosas kucnota, N-(2-rmgpokcrMaTun)MMMHOONYKCYCHas KMcnoTa.

KoMnnekcoHbl, Kak Knacc NnonMaeHTaTHbIX IraHgos, 06pasytoT KOMMSEKCHbIE
COeINHEHUs1 PasnNYHOro CocTaBa, B KOTOPbIX €ro OeHTAaTHOCTb MOXET U3MEHATbCS
MO OTHOLUEHWIO K KaTMOHY-Komnnekcoobpasosatento [1]. M3BeCTHbI nonusgepHble
KOMMSEKCHble COeAMHEHUs, B KOTOPbIX KOMMMEKCOH Kak nuraHg npossnseT mno
OTHOLWIEHUID K aTtoMaM MeTanna MakCumarbHyl [OeHTaTHOCTb [2,3], oaHako
KOOpAMHAUMOHHas EMKOCTb LEeHTpanbHOro WoHa-koMmmnnekcoobpasoBaTens He
AOCTUraeTca U coeAMHeHne No OTHOLUEHUIO K NiMraHgam SiBfsieTCA HeHacblWeHHbIM,
W, crnegosaTenbHO,  pPeakuuMoHOCNOCOOHbIM.  3TO  MO3BONSeT  NPOBOAMTb
uerneHanpaBfeHHbI CUMHTE3 KOMMMEKCHbIX YacTuy, C 3aJaHHbIMW NapameTpamu —
COCTaBOM KOOPAWHAUMOHHOW cdepbl, YCTOWYMBOCTbIO, COOTHOLUEHWEM pPa3HbIX
nuraHgos [4].

HekoTopble KOMMNEKCOHbl He MOryT peanu3oBaTb CBOK MaKCUMarbHYHO
JEeHTaTHOCTb " B cnyvae MOHOKOMMMJIEKCOHATOB. Tak, 1-
rmgpoknaTunuaeHgugocgoHosaa kucnota (034®P, H4hedpa), noTeHumanbHO
MOXeT 00pa3oBbiBaTb KOMMMEKChl, peanu3yss AeHTaTHOCTb 7, TOMbKO B cry4vae
nonuagepHolx komnnekcos [5]. KomnnekcoH amuHokapbokcunatHoro tuna — N-(2-
rmaopokcnaTun)MMmuHoamnykcycHas kucnorta (FOUMOA, Hgoheida), moxeT ObiTb Kak
TeTpageHTaHTHbIM, TaK U TPUOEHTaHTHbIM, Nerko BCTynad B peakumm LOMOSHEHUs
KOOpAVHAaLUMOHHON cdepbl MOHa-KoMnnekcoobpasoBaTtensa Apyrmmu nuraHgamm [6].

Ha pI/IC.1 NMOKa3aHoO CTpoeHune MOJ1EeKY IATUX KOMMJ1IEKCOHOB.
© Kymonet 4.A., be3bopodbko C.A.,
LImemeHko A.B., 2013 64
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Puc.1. CTtpykTypHble hopMyInbl MOSEKYST KOMMIIEKCOHOB 1-rMapOoKnaTUnMaeHamdocoHOBOM
1 N-(2-rmgpoKCUaTUM)MMUHOONYKCYCHOW KUCAOT

dKcnepuMeHTanbHasa 4YacTb

WccnepoBaHue npoueccoB KoMnnekcoobpasoBaHUs MpoBOAUIIOCH B BOAHbIX
pactBopax Ha crnektpogotomeTpe «CPD-46» B CTeKkNsAHHbIX KioBeTax ¢ 1=0,5cm
NOTEHUMOMETPUYECKME N3MEPEHNA NPOBOAUNUCL Ha pH-MeTpe-MunnuBonbTMeETpe
«150-MA» cO CTeKnaHHbIM KOMOMHMpPOBaHHbIM 3anekTpogoMm «3CK10601/7».
Mcnonb3yemble peakTMBbl COOTBETCTBOBaNM Mapke «4.g.a». PeareHt N-(2-
rMOPOKCUITUN)MMUHOAMNYKCYCHast KucnoTta ©Obin npurotoBneH no metoauke[7]. B
KayecTBe pacTBOpUTENs  UCMonb3oBanacb AUCTUNNUPoOBaHHas Boga. [Ans
KannbpoBKN CTEKNAHHOrO 9neKkTpoda MCNOoMb30BafICh  CBEXENPUrOTOBIIEHHbIE
BydepHble pacTtBopbl. WoHHasa cuna u pH pacTtBopos noaaep>xmeanucb
NOCTOSAHHLIMK € nomMoLwbio pacteopoB NaClO4 n NaOH.

Pe3ynbTaTbl U ux o6¢cyxaeHue

O6pasoBaHune OmsaepHbIX CcMeLLaHOoNMUraHaHbIX
oKkcnaTunaeHandgocodoHaToB  UCCrnedoBann  CNeKTPOCKONUYECKMM  MEeTO4OM
N30MONSAPHbIX cepuin. NMpucyTcTBMEe BTOPOro nuraHda oOKasbiBaeT CyLLECTBEHHOE
3HayeHWe Ha nMorfoXeHne Makcumyma norfnoweHus komnnekca wmeau(ll) c 1-

rMMOPOKCUITUNNAEHANPOCHOHOBOM KNCNOTOU pUC.2
0,3
H 1

0,25
0,2 1
0,15 4
0,1

0,05

A HE

0 T T T T ]
300 G600 700 a0o g00 1000

Puc.2. CnekTpbl NOrMoLeHUs pacTBOPOB, CoAepXallMX WOHbI Cu2+(0,0097 mone/n), O34
(hedpa) u gononHUTEnNbHBIN NUraHg 2-ammnHoaTaHon ( mea) : 1- 0,02 mone/n mea ,2 -0,01 monb/n
hedpa, 3 - 0,01monb/n hedpa 0,02 monb/n mea , pH =8,5, 1=0.2 M KNO;
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KoHCTaHTbl paBHOBECUS peaKkuni
Cuhedpa + CuX = CuzhedpaXy,

XapakTepusyLwmnx YCTONYMBOCTb BUAepHbIX CMeLllaHONMUraH4HbIX KOMMSEKCOB K
pacnagy Ha MoHOsAepHble onpeaensanucb Hamn paHee [8].

Komnnekcbl obGpasytotca npu pH ©Gonee 7,5. KOHCTaHTbl YCTOMYMBOCTU
npuBegeHbl B Tabn. 1.

Ta6bnuua 1. KoHCTaHTbl NpucoegmMHeHnst 1 obLine KOHCTaHTbl YCTOMYMBOCTU
CMeLLaHOoNMraHA4HbIX KOMMNIIEKCOB 1-ruapoKcnaTunMaeHandocqoHOBOM KNCNOTbI C
HEeKOTOPbIMM NUraHgamu

Komnnekc 19Bnpucoeauenns IgK MeTop
[Cuhedpaen]” 4,70 16,5 pH-meTpuy.
[Cuhedpa(en),]* - 19,2 pH-meTpuy.
[Cuhedpamea]” 2,42 14,2 pH-meTpuy.
[Cushedpaen,]* 1,69 33,09 Cd-meTpuuy.
[Cuhedpamea,]* 1,89 20,37 Cd-meTpuuy.
[Cuheidaen] 2.79 13.79 Co-meTpunu.
[Cuheidamea] 2.08 13.08 Co-meTpunu.
CmMmewaHonuraHgHble KOMMNJIIeKChbl cocTaBa

meab(ll) : O34 : HM3KOAEHTAHTHbLIM NuraHg 6binn onucaHbl Hamu B paboTe [9]. Ha
pnc.3 NoKka3aHO M3MEHEHME ANEKTPOHHbIX CNEKTPOB MPU YBENTMYEHUN KOHLEHTpaLnm
nraHaa STUNeHaNamMmHa No OTHOLLEHWMIO K KOHLIEHTpaLum noHoB Cu?* n aHnoHoB 1-

rmapoKkcnaTUNnaeHaAnpocoHoBoOM KMCNoThI Npu pH = 5,5.

0.6
0.5
0.4

< 0.3 -
0.2

0.1 1

0

450 500 550 600 G50 700 Va0 800 850 900 950 1000
HM

Puc.3. Cnektpbl NOrnoweHnss pacTBOpPOB, COAepXallMx WOHbI Cu2+(0,008 Monb/1),
O3[0d (hedpa) (0,005 Monb/n) n AONONHUTENLHBIN NUraHa, aTuneHanamuH (en). 1 —c(en) — 0,08
monb/n, 2 — c(hedpa) — 0,08 monb/n, 3 — c(hedpa) — 0,08 mons/n, c(en) — 0,025 — 0,25 monb/n

O6pa3oBaHne KOMMMEKCOB AAaHHOro coctaBa M UX KOHCTaHTbl YCTONYMBOCTU
onpegeneHbl  MeTOAOM MOTEHLMOMETPUYECKOTO TUTPOBAHWUSA C MNOCHEAYHLWNM
KOMNbIOTEPHLIM MoaenuposaHMeMm no metoamke [10]. KoHCTaHTbl YCTOMYMBOCTU
npuBegeHbl B Tab. 1.

O6pasoBaHne cmellaHonuraHaHbIX komnnekcoB coctaBa meab(ll) : TOUDA:
HW3KOAEHTaHTHbIN Nnurang 66110 nccnegoBaHo CnekTPOOTOMETPUYECKUM METOLOM.
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HakonneHne KoMMneKkcHbIX YacTuy, B BOAHbLIX pacTBOpax, cogepxallme asa nuraHga
HauyMHaeT npoucxoautb npu pH=7,0-8,0 (puc.4). KoOHCTaHTbl YCTOMYMBOCTU
KOMMSeKCOB npuBeaeHbl B Tab. 1.

A 0,35 - 05 1

AHu AHe

=00 &0 o a0 00 1000 500 810 700 200 am 1000

— -l — e — - 0

—i-pHES S-pHY =—G-pHS

Puc.4. CnekTpbl NOTMOLEHUS PacTBOPOB, COAEPXaLUMX MOHbl Cu®*(0,0097 monb/n),
MAUOA (heida) (0,005 monb/n) n gOoNonHUTENbHLIM NUraHg dTuneHavamuH (en) (cneesa Ha puc.)
2-amuHoaTaHon (mea) (0,0097 monb/n) n (cnpasa Ha puc.) (0,0097 mons/n) npu pasnuyHblix pH
BOJHOrO pacTeopa

B peakuuax komnnekcoobpasoBaHMs B BOAHbIX  pactBopax  N-(2-
rMOPOKCUITUN)MMUHOAMYKCYCHaAst  KucnoTa MO  OTHOWEHW K  WOHY-
koMmnnekcoobpasosatento Cu?* nposiBnsieT Ty 3Ke [AEeHTATHOCTb, 4YTo U 1-
rMOpoKNaTUNMAEHANOCHOHOBaA KUCNOoTa B MOHOSLEPHbIX KOMMSeKcax. Takum
obpasom, o06a KomnnekcoHa 06pasylT  KOOpAWHALMOHHO-HEHACHILWEHHbIE
coeguHeHus ans noHos meau(ll) ¢ koopanHaunoHHbIM Yncrom 5-6. Komnnekcosl ¢
3TUNEeHaNnaMMHOM BO BCeX cny4daax obrnagatoT 60MnbMMKM 3HAYEHUSMU KOHCTaHT
YCTOMYMBOCTU, YeM aHarnornyHble KOMMMEKCbl C 2-aMWHO3TaHOMNOM. Komnrekcbl
[Cuheidameal] n [Cuhedpamea]*  obnapaloT  GIU3KUMM KOHCTaHTamu
NPUCOEOUHEHNSA, YTO MOXET roBopuUTb 06 MX MNOXOXEM CTpoeHUn. KoHCTaHTbI
NPUCOEANHEHNS! JOMOSHUTENbHLIX NWFraHAOB ANs komnnekcoB [Cuhedpaen]® w
[Cuheidaen] pasnnyatoTcsa cunbHee B BUAY TOrO YTO 3TUNEHANAMUH B OTNN4YME OT 2-
aMMHO3TaHona B NoAoOHbIX CMeLlaHONUraHOHbIX KOMMEKcax BbIMOMHSAET, ckopee
BCcero, buaeHTaHTHy0 oyHKUuio. Ha Haw B3rnsa, obpasoBaHMe cMellaHoMraHaHbIX
komnnekcos ¢ OJOP v aITUNEeHOMaMMHOM, Kak nuraHgamm C  pasfiMyHbIMK
AoHopHbIMK ueHTpamn (O, N), no3BondeT MakcumanbHO 3PPEKTUBHO peanusoBaTtb
B OHOW KOOpAMHAUMOHHOW cdepe noHa cu? ABa nuraHga pasfivMyHoOM NpUpoabl.
OTOT (PaKT XOpOLWO COOTHOCUTCA C NPUHUUNOM OBpasoBaHUA M YCTOMYMBOCTU
pasHonuraHgHbIx Komnnekcos[11].

buagepHble  komnnekcoHatbl € N-(2-ruapoKcuaTu)MMUHOONYKCYCHOW
KACIOTOM KaK romMosiuraHgHble, Tak U reTeponuraHiHble B YCIOBUSX 3KCNepuMeHTa
He Obinn obHapyxeHbl. JTO MOXeT ObiTb O0ObSACHEHO Tem, 4TO obpasoBaHue
BuagepHbIX PasHONUraHOHbIX KOMMMIEKCOHATOB C 3TUM  NUraHAOM CTEPUYECKM
HEeBO3MOXHO, a [OMOSIHEHWe KOOPAMHALMOHHON cdpepbl MoHOB Cu?*  mMoxeT
NPOUCXOAUTb NOCPeACTBOM 06pa3oBaHMA MOCTUKOBLIX LIeNOYeYHbIX KOMIMMEKCOB C
cooTHoweHnem M : L = 1:1, B KOTOPbIX PYHKLMUIO MOCTUKOBOIO NUraHga BbINONHAET
CcaM KOMIMMEKCOH.
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A.0.Kymoned, C.A.Be360po0dkKo, O.B.llImemeHko OBPA30BAHUE
CMELUAHOJIUrAHOHbLIX KOMIJIEKCOB Cu(ll HA OCHOBE KOMITJIEKCOHOB CPEOHEW
AEHTATHOCTHU

Memodamu cnekmpogomomempii ma ioHoMempii OCiOXKEHO KOMIMIIEKCOYMBOPEHHS iOHI8
cu® 1 -2idpokciemunudeHdughocghoHosorw ma N-(2-2idpokcusamun)imiHodioymosoro Kucromamu 8
npucymHocmi d8ox dodamkosux HU3bKodemamHux rnicaHoie — 2-amiHoemaHoy ma emusieHoiamiHy y
B800HUX po3yuHax. [Noka3aHO ymeopeHHs 3MiluaHorieaHOHUX KOMIMIEKCHUX COMyK ma po3paxoeaHi ix
KOHCmaHmu cmidkocmi.

Knroyoei cnoea: 3miwaHonizaHOHI Komrinekcu, ioHU Midi, 2idpokcuemunudeHoughocghoHosa
kucrioma, N-(2-2idpokciemurn)imiHodioymosa Kucroma.

D.A.Kutoley, S.A.Bezborod’ko, A,V.Shtemenko FORMATION OF COPPER(I]) MIXED-
LIGAND COMPLEXES ON THE BASIS OF MEDIUM DENTATE COMPLEXONES

The complex formation of cupric ions cu®* with 1 — hydroxyethylydene diphosphonic acid and
N-(2-hydroxyethyl) iminodiacetic acid in the presence of such additional low dentate ligands as 2 —
amino ethanol and ethylene diamine in aqueous solutions was researched by spectrophotometric and
ionometric methods. Formation of mixed ligand complex compounds was shown and their stability
constants were calculated.

There are some poly-metal complex compounds with the central metal ion which maximum
coordination capacity is not achieved and such complexes are unsaturated by ligands, so they have
high reaction ability. It makes possible to provide the purposeful synthesis of complex compounds with
specified parameters, namely coordination sphere content, stability, ratio of different ligands.
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The complex formation of cupric ions cu® with 1 — hydroxyethylydene diphosphonic acid
(HEDPH) and N-(2-hydroxyethyl) iminodiacetic acid (HEIDA) in the presence of such additional low
dentate ligands as 2 — amino ethanol and ethylene diamine in aqueous solutions was researched by
spectrophotometric and ionometric methods.

Formation of binuclear different-ligand hydroxyethylydene diphosphonates was investigated by
spectrophotometric method of ‘permanent molar series”. The location of absorption maximum of
copper(ll) complex with 1 — hydroxyethylydene diphosphonic acid essentially depends on the second
ligand presence.

The complexes containing copper(ll) : HEDPH : low-dentate ligand and their stability constants
were determined by potentiometric titration method followed by computer modelling.

Formation of mixed-ligand complexes consisting of copper(ll) : HEIDA : low-dentate ligand was
examined by spectrophotometric method. The complex particles accumulation occurs at pH 7.0-8.0 in
water solutions containing two different ligands.

The constants of ligand adjunction and general stability constants of mixed-ligand complexes
of 1 — hydroxyethylydene diphosphonic acid and N-(2-hydroxyethyl) iminodiacetic acid with additional
ligands 2 — amino ethanol and ethylene diamine were calculated.

The ethylene diamine complexes possess larger stability constants then the similar complexes
of 2 — amino ethanol both for HEDPH and HEIDA. The complex patrticles [Cuheidamea] and
[Cuhedpamea]z' have close value of adjunction constants so it could be an evidence of their similar
structure. The constants of additional ligands adjunction for [Cuhedpaen]z' and [Cuheidaen]
complexes differ considerably because of supposedly bidentate effect of ethylene diamine in such
different-ligand complexes unlike 2 — amino ethanol.

The binuclear complexonates of N-(2-hydroxyethyl) iminodiacetic acid both homo- and hetero-
ligand were not detected under experimental conditions. It could be explained by steric difficulties for
this ligand to form binuclear different - ligand complexes.

Key words: mixed ligand complex compounds, cupric ions, 1 — hydroxyethylydene
diphosphonic acid, N-(2-hydroxyethyl) iminodiacetic acid.
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PA3MEPHBIE D®®EKTHI B PTYTHO KEPAMUKE U HHOBUEBBIX CILIABAX

B pabome nipedcmasneH 0630p pe3ynbmamos, C853aHHbIX C Pa3MepHbIMU 3thghekmamu,
B0O3HUKAKOWUMU 8 C8EepXrpo8o0sUUX Criyiaeax, OMHOCSWUXCS K XECMmKUM C8epXrnpo8oOHUKaM
8mopo20 poda, 8 MEePeMeHHbIX BHEeWHUX MacHUMHbIX nossx. [lokazaHo, 4mMO aHoMarslbHbIe
HeobpamumMble S67eHUS 8 M0o2I0WEeHUU 2paHyIsapHOU pmymHOU KepaMuKu MOXHO ObBbSCHUMb
Hanu4uem suxpel Abpukocosa 8 gpaHyrnax U Ux efusHUeM Ha Kpumu4yeckul mok criabocesizaHHoOU
cpeldsl. lluk noenoweHuss 8 ceepxnposodsauwux Nbz;Al u NbTi eosHukaem rpu ornpedesieHHoM
COOMHOWEHUU MEX0y XapakKmepHbiM pa3mepom obpasua u erybuHoU MPOHUKHOBEHUST MagHUMHO20
rosisi. Modersnb pasmepHo20 aghghekma 10380si9em paccyumameb COMNpPoMuUeieHUe c8epxnpo8odHUKa
8 pexxume medeHus Ma2HUImHo20 Momoka.

Knrodeeble crioea: pa3MmepHbili 3ghghekm, XecmKull C8epXrpo8OOHUK 8mopo20 pooda,
epaHyrnsipHasi ceepxrnpoesodswas Kepamuka, HaMasHU4YeHHOCMb, paduo4yacmomHoe oaaouweHue,
mepMUYeCcKU akmueupo8aHHOe me4YeHUe MagHUMmHo20 Momoka.
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1 UMnepaHc rpaHynapHon nnactuHbl Hg1.x PbyBa;Caz;CusOy n pasmepHbie
3¢ eKkTbl; posfib CUNbLHOrO MarHUTHOIro Nons

B nepBom u4actu paboTbl paccMaTtpuBaeTCAa  HaMarHUYEHHOCTb WU
pagMoYacTOTHOE MOrMOLWEHNe B MnacTMHE PTYTHOM KepaMuWKM C TemnepaTypomn
ceBepxnpoBoasuwero nepexoga T.=135K [1]. O6bscHATCA 0COBEHHOCTU
aHoMarnbHbIX HeobpaTUMbIX SBMEHWA B MNOMMOWEHMN, Ha OCHOBE MOAENM,
yuuTbiBaloLWen BnvsiHue Buxpen ABpukocoBa B OKO3e(PCOHOBCKUX KOHTaAKTax Ha
KPUTUYECKNIN TOK cnabocBs3aHHOM cpeapbl.

leTeporeHHass npupoga BTCI1 kepamuk, BRIMSET Ha WX MarHUTHble U
9NEeKTPUYECKME CBOWCTBA, MPOSBMSAACH 4Yepe3 HeobpaTUMble U HENMHEWHbIE
aBrneHnsi. Takme O0ObeKkTbl NPEeACTaBNATCA Kak Matpuua OXo3edCOHOBCKU
COEOMHEHHbIX CBEPXNPOBOASLLMX FPaHyM, B KOTOPOW rpaHuLbl 3epeH OENCTBYIOT Kak
IXKO3eCOHOBCKNE KOHTaKTbI. [PKO3e(PCOHOBCKMI TOK, NPOXOAALLNN Yepes rpaHuLbl
rpanyrnbl, ABNsSeTca HaMHoro 6onee cnabbiM, YeM UHOYLMPOBAHHbIN 3KPaHUPYHOLLNKA
TOK BHYTPM CaMOW CBepxnpoBoAdllen rpaHynbl. M3mepeHune cTaTtndeckom
HAMarHM4EHHOCTU U JKCNEPUMEHT B MEPEMEHHOM  Nofne  SABMATCA
NHPOPMATUBHBIMU OTHOCUTESNBHO MEX - U BHYTPUIPaHYIbHbIX CBEPXMPOBOAALLMNX
CBOMUCTB. [lpMMEHEeHMEe yKasaHHbIX 3KCNepUMEHTarNbHbIX METOAOB, MNO3BOMUMO
astopam [1] nonyuntb xapakrepuctnkn HgsxPbxBaxCa,CuszOy kepamuiku  BO
BHELWHeM MarHutHom none go 12Tn.

1.1. O6pa3ubl U MeTOAbI U3MEPEHUN

WccneposaHne wmMmnegaHca Z=R+iX 6bino npoBefeHO Ha aBTOLMHHOM
aetekTope. B akcnepumeHTe pernctpmpoBanocb uamMeHeHue norrnoweHns AR~Ay", a
TaKkke U3MeHeHWe pe30HaHCHOW 4acToTbl Af~AX~Ay', roe y' v y" COOTBETCTBEHHO
MHMMas U OEeACTBUTENbHAA 4acTu AMHAMUYECKOW BOCNPUUMYMBOCTU. MarHUTHble
M3MEPEHNA  BbIMNOMHEHbI  HAa  BMOpaumoHHOM  MarHutomeTtpe.  Ob6pasubl
Hgo.sPbo.2Ba>CaxCuszOy Bbinv NpurotoBrneHbl No opuriHanbHONn MeToauke, KoTopas
oTnn4yaeTca OT CTaHOapTHOW CO34aHMEM  YCIMOBUMK  ONA  AOMNOSIHUTENBbHOro
KucrnopogHoro pgonuvposaHus. [na atonm uenu npekypcop BayCaszCuszOy 6bin
CuHTesnpoBaH npu 920K B TeyeHwe 72 4YacoB B KUCNOpoOgHOM aTmocdepe.
3akntounTenbHas gasa CuHTe3a Takke NpoBoAuriacb B aTMocdepe Kucropoga B
TeyeHne 6 4acoB; C UCMOMb30BaHNEM UCXOAHbIX MaTepuanos Ba,CaszCuzOy, HgO un
PbO, koTopble cmewmBanucb B cooTHoweHun 1:0.8:0.2. PeHTreHoBCKMMA aHanus
nokasar, 4Yto B cocTaB obpasuoB BxoguT npubnusmntensHo 30% dasbl Hg-1223 co
cnenywowmmn napameTpamu: a=b=3.856A, n c=15.89(2)A.

OKCnepuMeHTarnbHble UCCeaoBaHUsA NPOBEAEHbI NPU Pa3fnUYHbIX 3HAYEHUSX
TemnepaTyp v BHELIHUX MAarHUTHbIX NOSEN.

1.2. Pe3ynbTathbl

HamarHnyeHHocTb. Ha puc. 1.1 npeactaeneHbl pesynbTaTtbl M3MepeHus
CTaTU4eCcKOn HamarHM4eHHocTn M npu oxnaxaeHun B Hynesom (ZFC) n He Hynesom
(FC) MarHuTHbIX nonsx.

Mo-Bngumomy, UMeT MecTo Tpu asbl CBEPXMNPOBOASALLEro nepexoga cC
COOTBETCTBYHLLUMMU 3HAYEHUAMU KpuTndeckon Temnepatypbl T.: 135K, 124K n 60K.

M
Ha BctaBkax puc. 1.2 (Z:g - cTaTmMyeckasi BOCNPUUMYMBOCTL) BUOHO, YTO MNpwU

T=4.2K kputnyeckoe nosie MexrpaHysibHbIX CBA3EeN COCTaBnseT H ;=5 apcTen, a Ans
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rpaHyn HY%; =70 apcTea. MarHuTHble TMCTepesncHble MNeTnu 3anucbiBanunch B
TemnepaTypHoMm ananasoHe oT 4.2K go 115K Bo BHewwHeM none go 12Tn.

00

o
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o0 FC

s H=200e

©

N 010 7ZFC

o

S

55_01: }tﬁFQMB%CQ£M§%
"0 40 8 120

Tenperature (K)

Puc. 1.1. DC - namepeHuns HamarHudeHHoctTM M npu oxnaxaeHuu B Hynesom (ZFC) n He Hynesom
(FC) marHMTHbIX Nonsx

0 Ha puc. 1.3, npeacrasnex
B TUNWYHBIN  BUA NeTenb rucrepesmca
25,
— S8 HaMarHM4eHHOCTN, Ha OCHOBE KOTOPbIX
g’ z 60 NpoBOANNNCH OLEHKM
E | 00 562 BHYTPUrpaHynbHOM MMNOTHOCTM
Q2 o 164
212 AT i 0 KPUTUYECKOrO TOKa, OLEHKM BbINOSHEHbI
[e) :;L Magnetic field (Oe) B moaenun buna:
© |S-01 _
S T=4,2K
2 |3 H J=30—, (1.1)
% c;é" c a
Ny ) S
=4L 70 10 20 0 3
Magnetic field (Ce) roe AM(erpu/cm ) - LWnprHa
- . - . rMCTEePe3NCHON NeTNN, a — XapakTepHbIN
0,0 0,5 1,0
’ 7 ’ asmep rpanynsbl, (a=10 u m).
Magnetic field (kOe) pasmep rparynel, (a~10 1)
3aBnCMMOCTb Jeo(T)
Puc. 1.2. 3aBucuMoCTb  MpencTaBfeHa Ha puc. 1.4.
HaMarHn4eHHOCT OT MarHMTHOro nNong Hel'lpepblBHble NMUHUN MoryT 6b|Tb

annpoOKCMMUPOBAHbI  3KCMOHEH-UManbHoW  3aBucumocTteto  A(H)exp(-T/T,), roe
A(H=1Tn)=3A/cM?, A(H=0.5Tn)=4A/cM?, To=12K.

PaguoyactotHoe nornoweHue. Ha puc. 1.5 npegcraeneHbsl R n X kak
YHKUMM  TemnepaTypbl NPU  PasfUYHbIX  3HAYEHUAX  MarHUTHOro  Nons.
Habniogatotca ABa nvika MornoLieHns 3N1eKTpoMarHuTHoro nons. B cootseTcTeum ¢
MOZENblo, NPEAnoXeHHOW B [2], nepBblii U3 HUX, Tmax CBSA3LIBAETCHA C pasMepHbIM
apbpekToM Ha TonwMHe nnactuHbl d (Pagnuo4acToTHOE MPOHUKHOBEHME Ha rMyobuHy
O BOOIMb rpaHuL, rpaHyn paeHo d/2).
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Puc. 1.4. 3aBUCMMOCTb KPUTUYECKOTO

TOKa OT Temnepartypbl, MNpn pasimyHbIX
3HaYeHUAX MarHUTHbIX Nonen

Puc. 1.3. TunuyHble netnu
rmcrepesnca HaMmarHM4eHHOCTU Mnpu
pasnuyHbIX TemnepaTypax

Btopoit makcumym TY,.c aBRAeTCA pasmepHbiM 3pdEKTOM Ha rpaHynax.
MuHumym  R(T), npn  Tpin, pPas’gensieT MeXrpaHymnbHbI U BHYTPUrpaHynbHbIN

Bknagbl B RF - nornoweHne. Temnepatypa Tmin NpUbAM3NTENBHO paBHa
TemnepaTtype (pas3oBOM KOrepeHTHOCTM (TeMnepaType MeXrpaHynbHOro TOKOBOIO
cocTosHusa) ana cnadocsasaHHon cpenbl HgPbBaCaCuO. OnpegeneHHas Takum
obpasom H-T guarpamma NPOHUKHOBEHUSA M MOIMOLWEHUS 3NEKTPOMArHUTHOIO Nnons
nokasaHa Ha puc. 1.6.
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Temperature (K) Puc. 1.6. JluHna pasmepHoro addekta Ha
TonwmHe obpasua Tpa(H), NHWUS pasmepHoOro
Puc. 1.5. R n X Kak QyHKUMM apcbekta Ha rpaHynax Tpa(H) v nnHus
TeMmneparypbl npu pasnn4HbIX a3oBoi  KOrePeHTHOCTU  Tpne = Thin(H) 1
3HAYEHMSIX MarHUTHOro nons BTOPOE KPUTUYECKOE Mose
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Ha aTtom pucyHke npeactaBneHbl: NMHUA pasMepHoro adpdekrta Ha TomnnHe
obpasua Tmax(H), nuHua pasmepHoro addbekta Ha rpaHynax T9pa(H), nuHna
hasoBoi korepeHTHOCTU Tpne = Tmin(H) M BTOpOE KpuTMYeckoe Mosie rpaHyn, kak
dyHkumna Temnepatypbl H:»(T). N3mepeHus npoeeaeHsl B FC — pexume Ha yactoTe
80klMu. OgHako nNpwu yMeHbLUEHUN TemnepaTypbl MOXET UMeTb MecTo (Hanpumep, B
COOTBETCTBUM C MOAENbio, npeacraBrieHHon B pabote [3]) nposiBneHue
HENMHEeNHOro OTKIIMKa, COMPOBOXAAloLWero ycraHoBreHne ¢pasoBOW KOrepeHTHOCTH
MeXay rpaHynamu, KOTOpbli MOXeT OblTb ucnonb3oBaH AN 6onee TOYHOro
onpeaeneHust TeMnepaTypbl a3oBON KOrepeHTHOCTU Tpne Kak B 06bEMHbIX BTCI
CO cnabbimu cBaA3aAMU [4], Tak 1 B NNEHKax [5].

paHynupoBaHHbIE  BbICOKOTEMMEPATYPHbIE  CBEPXMPOBOAHUKM  XOPOLUO
N3BECTHbI cBOMMU aHoManbHbIMN HeobpaTUMbIMK SABMNEeHUSMU [6,7],
0OYyCnOBMEHHbIMW B OCHOBHOM  HanuuMem [KO3€(COHOBCKMX KOHTaKTOB U
MMHHMHIOM MarHUTHOrO MOTOKa B HWUX. M3 OaHHbIX, NpeacTaBneHHbIX Ha puc. 1.7,
BMAHO, YTO B PTYTHOM KepaMuKe Takke MPUCYTCTBYET aHOMarsbHbI rMcTepesnc m
yBenMYeHne MornoweHns npu yMeHbLUEHUN MarHUTHoOro nons. Takum obpasom,
rmctepesnc R(H), korpa o >d/2, obycnaBnuBaeTCcsd aHOMasbHbIM [UCTEPE3NUCOM
KpUTn4eckoro Toka Je(H), KOTopbln XapaktepmnayeTca Bo3pacTaHMEM BeNUYUHbI J. B
npoLecce peBepca CKaHUPYOLLEro MarHUTHOMO MOMs.

- 5 |
55; 8| fn = 80 kHz
5 5 I
(@] e |
1) 0w L
L 0 \
L ® 00 02 04 06 08
= = |
v ~ T=60K
i Hg, .PP, 2BaECa:CuaoF
-2 -1 0 1 2 00 02 04 06 0,8
Magnetic field (T) Magnetic field (T)

Puc. 1.7. 3aBncMMocCTb NOrnoLeHns oT MarHUTHOro norssi

B cootBetcTBUM C mMopenamu, MpeasioXeHHbiMn B paboTtax [8,9] npuuuHa
Takoro nosefeHus Jo(H) obbAcHseTca Tem, 4TO 4acTb 3axBa4yeHHOro rpaHynamm
MarHMTHOro MOTOKa, MOXET MEHsSITb HanpaBfieHWEe BO BPEMSI peBepca BHELUHEro
MarHUTHOro Mons, YTo NPUBOAUT K OCNAaBMNEHUIO NOKanbHbIX MEXrpaHyrbHbIX MOSEN.
Takne KOMMNEHCAUMOHHbIE MOAENW, NO KparvHeh Mepe, KaydeCTBEHHO CMOCOOHbI
00BACHUTBL TNCTEPE3NC NITIOTHOCTU KPUTUYECKOro Toka J; B HU3KMX nonsax (H<1003),
T.e. KOrga HaMarHM4yeHHoCTb rpaHyn Mg obycnosrneHHass 3axBaTOM MarHUTHOro
noToka, WMeeT nopPsAoK BeNUYMHbl BHELWHEero MarHutHoro nond. OpgHako
rMCTEepPE3NCHbIE SABMEHUS Takke UMET MecTo 1 B bonbLlumnx nonsax, oo H=10Tn, korga
BbIMOMHAETCA HEPABEHCTBO Lo >> My, 1, cnegosaTernbHO, 3axBayeHHbIV rpaHynamu
MarHuUTHbIA MOTOK, HE MOXET CYLIECTBEHHO BNUATb Ha BENUYMHY MEXIPaHySbHOro
nons. PesynbTaTbl AeTanbHOro MCCreaoBaHUs 3TUX SBMEHWW, NpeacTaBfeHHble B
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[10] nokasbiBalOT, YTO SIBMEHWE rMcTepesnca ANHaMUYeCcKon BOCHPUMMYMBOCTU ONA
KepamuMk cO cnabbiMn  CBA3SIMM W, BEPOSTHO, HeobpaTumble  SBNEHUS,
Habnogawmeca npu MU3ydeHUn Opyrux XapakTepucTuk, MoryT ObiTb OOBACHEHDI
CYLLECTBOBaHMEM TUCTEPE3NCA KPUTUYECKOTO TOKA MEXrPaHYsbHbIX KOHTAKTOB BO
BCEM AnanasoHe M3MeHeHus1 BHelwHero nons H<12Tn. lNpu Takom nogxoge He
TpebyeTca KOMMEHCaUMM MeXrpaHyrnbHbIX nonen. PaccMmoTpeHue CcTpouTcs
cnegytowmm obpasom.

OTKMNK KPUTMYECKOro TOKa )K03e(PCOHOBCKMX CBA3EN Ha MarHuTHoe none H,
onpegensieTcs He caMOW BESIMMMHOM MarHUTHOro nons H mexay rpaHvuamu
CBEPXNPOBOAALMX rpaHyn, kKak oOOblMHO npeanonaraeTcd, a  BenMYMHOM
MHOYLUUPOBAHHOIO B rpaHyriax NoBepXHOCTHOro Toka Js;, KOTOPbIW, B COOTBETCTBUU C
ypaBHeHnem MakcBenna, 3agaéTcs npou3BogHoM nons H no Hopmann K

NnoBepxHOCTU obpasua Jsf='d%y. Ecnu Buxpu AbpukocoBa eule He MPOHUKIN B

OGepera cnabocBA3aHHOrO KOHTaKTa, TO MOBEPXHOCTHbIM TOK B rpaHynax Jer
coBnagaeT C MEWCCHEPOBCKUM SKPAHUPYIOLWMM TOKOM Jsm, 3KCMOHEHUMansHo
ybbiBaowmm  Briybs  rpadynel [10]. B aTOoM cnyyae KpuTUYeckum  TOK
AXO03eCOHOBCKMUX KOHTAKTOB onpefensetcsd CTaHAapTHOW 3aBUCUMOCTbIO  OT
mMarHuTHoro nong [11].

Kak Tonbko abpuKOCOBCKME BUXPU HaA4YMHAKOT NpoHMKaTb B Bepera KOHTakTa,
nosiBNseTca  rpaguMeHT  MNIOTHOCTM  3TUX  BUXPEW, KOTOpbIM  nopoxaaet

[IOMNONHUTENbHYIO COCTaBMSAIOLLYI0 NOBEPXHOCTHOrO Toka J.o. MNpy aToM  amnnutyaa

MENCCHEPOBCKOM  COCTaBndaoWeEN  MAOTHOCTU  MOBEPXHOCTHOrO  Toka  Jsm
onpenenseTcsi CKaykoM UHOYKLMM Ha rpaHuLe pasgena Mexs3eépeHHoe NpoCTPaHCTBO
— rpaHyna, a He BeNnWYMHOM MarHMTHOro nons B 3asope. Takum obpasom,
nony4yaetcs, 4to Jsy, onpegenserca obpaTMMON YacTbld HaMarHUYEHHOCTU rpaHyn
Meq, @ UMEHHO: Jsm= -Meg/Ag; (Ag - TNMyOUHA NPOHUKHOBEHWUS MONA B rpaHynsl). T.e.
nocne TOro Kak BUXPWU YXe BOLWINM B rpaHysbl, NOBEPXHOCTHbIA TOK COCTOWUT U3
obpatnmon "menccHepoBckon" cocTaBnswowen Js, | HanpaefieHWe KOTOpOW
onpefenseTcs OpueHTauMen BHEWHero MarHUTHOro nongd, wu HeobpaTumon
cocTaBnswowein J.Z, onpegensemMoit KpUTUYECKMM TOKOM rpaHyn v oByCrnoBrneHHo
NYHHWHIOM aBPUKOCOBCKMX BMXpel B rpaHynax. B HapacTatowem none H7, korga
BMXPU BXOOAT B CBEPXMPOBOASLLYIO rpaHyny, UxX NNOTHOCTb B NOBEPXHOCTHOM Crloe
BbllLe, YeM B o6beme u, Takum obpasom, J¢ cknagpiBaeTcst ¢ Jsm: Jsi(H N~ Jsm+Jdd,
snecb Js(H7) — cymmapHasi nnoTHOCTb MOBEPXHOCTHOTO TOKAa B BO3pacTaloliem
MarHuTHoM rone. B ybbiBatowem none HY, NnoTHOCTbL BUXpeN B obbeme ybbiBaeT
No mMepe NPUBNKEHNS K MOBEPXHOCTU rpaHynbl, NoaToMy J.7 MeHseT 3Hak, Torga Kak
HanpasneHne Jsn, CBSAI3@aHHOE C HanpaBfeHWEM MeXrpaHynbHOro nons, He
n3meHsieTca. 3TO NPUMBOAUT K YMEHbLLUEHMNIO CYMMapPHOWN NAOTHOCTU NOBEPXHOCTHOMO
Toka, T.e. J(HY)=Jsm-JS. Bo3HMKawoollee pasnuuMe B BeNMYMHE MIOTHOCTU
MOBEPXHOCTHLIX TOKOB rpaHyn B Bo3pacTawowem J(H7) wn ybbisaowem J(HY)
MarHUTHbIX NONAX, NPUBOANT K TMCTEPE3NCY MIOTHOCTM KPUTUYECKOTO TOKa KepamMuKu
Jo. Hanbonee BblpaXeHO, TrUCTEPE3UCHbIE SABMEHUS AOSMKHbl NPOSABMASATLCA B
CBEPXNPOBOAHMKAX, Y KOTOpPbIX MMOTHOCTL oObpatumon  “mernccHepoBckon”
cocTaBnawwein Jsy W NNOTHOCTb KPUTUYECKoro Toka rpanyn J2 — wumetot
OLMHAaKOBbIA MNOPSAAOK BenWYUHbI. [ANna OTAenbHbIX [AX03€(PCOHOBCKMX KOHTaKTOB
KPUTMYECKUMI TOK B HapacTtalolem rnofie MeHblle, YeM B ybbiBaloweM, a MMEHHO:
J(H7) < J(HY). B COOTBETCTBMM C AOMUHVPYIOLMMM KOHUenuusmu, RF —
nornoweHne R npsamo cBsA3aHo ¢ Jo: R~ Joana 6 > d2vw R ~ 1/J, pna 6 < d/2.
CneposaTenbHo: R(H7) < R(HY). Takum o6pa3om, dusnyeckast CyLHOCTb OCHOBHbIX
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XapakTepuUCTUK ructepesmca nornoweHns (puc.1.7) mMoxeT ObiTb 0ObACHEHaA Ha
OCHOBE MOZeNn pasMepHbIX ahdeKkToB, NpeanoxeHHon B padote [10].

2 PasmepHbin achpdekT B coeanHeHunsix Nbs;Al n NbTi

B paHHOM pasgene npencTtaBneHbl pesynbTaTbl U3MEpPeHWa uMmnegaHca
cBepxnpoBogswero nonuvkpuctannuyeckoro cnnasa NbsAl, xapakrepusytowierocs
BbICOKOW MMOTHOCTBIO KPUTUYECKOro TOKa W BGonblMM  3HAYEHMEM BTOPOro
KPUTMYECKOro Mons, Kak YyHKUMM TemnepaTypbl U MarHUTHoro nons [12] wu
ceepxrnpoBogswero cnnasa NbTi. Micnonb3ysa aTn pesynbTatbl U NPpUMEHAS Mogerb
pasamepHoro addgekta, aBTopamm [12] paccunmTaHa nNPOBOAMMOCTb B pexXuMme
TeyeHMs noToka Ana ceepxnpoBogswero cnnasa NbsAl BOGNM3M KpuTudeckom
Temnepartypbl.

OaHum n3 OCHOBHbIX MeToa0B N3yyeHus ANEeKTPOANHAMMKN
CBEpPXMNpPOBOASLLErO COCTOSIHUSA aBnseTcs n3mepeHune KOMMSIEKCHOWM
BOCMPUMMYMBOCTU, X=X "—ix". Pe3ynbTaTbl, NONy4YeHHblE 3TUM METOLOM, MOryT ObiTb
COMOCTaBIIEHbI C pe3ynbTaTaMun rno namMepeHnto umnegaHca, Z=R+iX, (R~x", X~x).
Bnepsble Takon noaxoa 6bin ucnonb3oBaH B pabortax [13, 14]. B atux pabortax
Habnioganca MakcMMym B MOrMOWEHUN B CTaHO4APTHLIX CBEPXMPOBOAHMKaX (0noBo,
ONOBSIHHO-CBMHLIOBbIE CnniaBbl). ABTOpbl paboT, CBA3anM 3TOT MakKCUMyM CO
CTEMNEeHb YUCTOTbI U BOJSIOKHUCTOCTM CTPYKTYpbl uUccrnegyemoro martepvana. B
paboTe [15] 6binn NpoBeaeHbl M3MepeHus ans 6esgedektHoro cnnaea NbTa. [ns
onucaHusa Habnogaemoro makcumyma, Clem n gp. ucnonb3oBanv Moerb cpeHen
NPOBOAMMOCTU B peXMMe TedeHusi notoka. B paboTte [16] ObIo nokasaHo, YTO NUK B
NOrnoLeHUn CBA3aH C BUXPEBLIMU TOKaMn, NogobHO TOMY, Kak 3TO MMeeT MeCcTo B
HOopManbHOM MeTanne. Kpome TOro, C WCNOMb30BaHWEM MoOAENU cpeaHen
NpoBOAMMOCTH, ObINO MOKasaHo, ModYemy MWK MOrnoweHus He Habniopjaetcs B
4ncTbliXx Matepuanax. B pabotax [17,18] wu3yyanocb 4BNeHWE TEPMUYECKM
aKkTuBUpoBaHHOro TedeHus notoka (TAFF). Bbino obHapyxeHo, 4TO 3TO sBreHue
BO3HMKAET Mexay TemnepaTypon HeobpaTUMOCTM U KPUTUYECKOW TemnepaTypow,
T.e. Korga J<<J; 1 nuHHWHr cnab. B paboTe [12] atTa mogenb 6bina mMcnonb3oBaHa
O5Ns U3yYeHus NPOBOOUMOCTU B PeXUMe TeYeHUs MOTOKa B MOSIMKPUCTaNIMY4eCcKoMm
ceepxnposogHuke NbsAl.

ABTopamu [12] npoBedeHbl W3MEpPeHUs pearnbHOM W MHUMOW 4acTewn
uMnegaHca nonukpuctannudeckon nnactuHkn NbsAl,  cnegyowmnx pasmepos
11x7x2MM>. B cBA3M C GOMbLLIMMU 3HAYEHUSIMU TPaHCMNOPTHLIX TOKOB, HEOOXOANMbIX
ana nepesoga obpasua B peXuMM TedeHus MoToka W BblaernsemMbiM MNpyu 3TOM
KONMMYEeCTBOM TENSOThl, KOTOPOE MOXET paspyLUnTb KPUTMYECKOE COCTOsHME, Obin
npegnoxeH 6eCKOHTaKTHbIN MeToad u3MepeHus. Heobxoaumas BenuvymMHa TokKa
cosfgaBanacb 3a cyeT MHAYKUMOHHOM 9.4.C., BO3HMKawLen B camom obpasue, npu
N3MEHEHNN NPOHN3bIBAIOLLLETO €ro MarHUTHOrO NOToKa.

ObpaseL, nomelwlancs B KaTyLKy WMHAYKTUBHOCTW, KoTopasi coctosina u3 50
BUTKOB MeZHOW NpoBoniokn. Hanbonee annHHas rpaHb obpasua 6binia napannenbHa
nepeMeHHOMY 1 MOCTOSAHHOMY BHELLUHUM MarHUTHbIM nonam. NamepeHusa umnegaHca
Obl  BbIMNOMHEHbI C  UCMOMb30BaHMEM BbiCOKOTOYHOro RLC—meTpa (Agilent
Technologies, mogenb 4284A) B pexume ctabunmsauumn HanpskeHus. Ha kaTyLiky
nogasanocb HanpsxeHue Uy,s = 1B. AMnuTyaa nepeMeHHOro MarHMTHOro nons B
KaTyLUlKe He npeBblllana BenuuuHy pohy = 5:10°Tn. Katywka c o6pasuom
nomewianacb B KpuocTaT CBepxnpoBoAdwero MarHuta Ha 12Tn. MsmepeHus
NPOBOAMMANCH MPU PasNUYHbIX MOCTOSIHHBLIX TeMnepaTtypax B uHTepsane oT 4.2K go
15.5K. Yactota nepemeHHoro nons coctasnana 10kly. TemnepaTypa
KOHTpOnupoBanacb TepMOnapon, 3akpensieHHoOW Ha noBepxHocTM obpasua.
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BHelwHee NOCTOSAHHOE MarHUTHOE Mofe M3MEeHANocb OT Hyna go 12Tn, co
CckopocCTbto nopsigka 1Tn/MUH U KOHTPONMPOBANoOCh JaTyMKoM Xornna.
Ha BepxHen 4yactm pucyHka 2.1, npegcraBneHbl 3KCNepuMeHTasbHble
pesynbTaThbl n3mepeHuna
0,12 — T T T T norrnowieHnss B obpasue NDbzAl, B
Nb,A B 3aBUCUMOCTM oT BHELLHero
soul =10k MarHUTHOro  nons. N3mepeHus
' _ npoBeaeHbI npu TemnepaTtype
T=15K T=15K. Ha atom pucyHke XOopoLlo
BWOEH MakCMMyM Ha  KPUBOW
NornoLwieHus. aT1oT MaKkCUMyMm
CBHA3aH C TUMWYHBIM pPa3MeEpPHbIM
adpgektom. OH BO3HMKaAET, Korga
— rnybuHa NPOHMKHOBEHUS
] 9MIEKTPOMArHUTHOrO  nond  pasHa
] NonoBuHe TONWWHbLI obpasua [19].
- Ha HwkHen dactm puc. 2.1,
npeacTaBneHbl n3mepeHuna
o | HaMarHMYeHHOCTM nMpu  TOW  XKe
-0,06 Lo . TemnepaType. N3mepeHus
Co NpPoOBedEHbl C  MCMNONb30BaHMEM
Lo ] BMBpaLMOHHOro MarHuTomeTpa.
e Benuunna HaMarHU4YeHHOCTH
nponopunoHansHa cpenHen
#,H, [T] MNOTHOCTU  KPUTUYECKOTO  TOKa,
Puc. 2.1. Beepxy: gencrButenbHas 4acTb uccneayemoro obpasua. AHanus
umnegaHca nnactuHbl NbsAl, uamepenHas npu 10 PUC. 2.1 nokasbiBaeT, YTo MHTepBan
Ky wn T=15K, BHM3y: dCc HaMarHW4YEHHOCTb, n3ameHeHunsa MarHUTHoro nons
M3MepeHHasa npu ToW Xe Temnepartype. 1- obnacTtb MOXHO pasgenuTb Ha TPU YacTu: 1 -

KPUTUYECKOTO COCTOsIHMSA. 2 — 00nacTtb TeyeHus o6nacTtb KDUTMYECKOTO  COCTOSIHMS
notoka. 3 — 06racTb HOPMarbHOrO COCTOSAHUSA. UoH,y,

0,04
4 {ﬂHr'rr

0,00 —

0,12
= 0,06

50,00
=

0,12 1

n  UoH;, none HeobpaTtumocTM KU  BTOpOE CBEPXNpoBOAHMKa (nnoTHoCTh
KpuTHU4eckoe nore, COOTBETCTBEHHO KPMTUYECKOro Toka He paBHa HyIo);
2 — obnactb npoBOAMMOCTM B
pexnme Te4vyeHnd NOTOKa

(MNOTHOCTb KPUTUYECKOrO TOKa paBHa Hys); 3 — 06nacTb HOPManbHOrO COCTOSIHUS.
B obnactax 2 n 3 moxeT 6bITb MCNOMb30BaHa MOAENb Pa3MepPHOro CknH-adpdpekra. B
obnactn 1, nornoweHne CBEPXMNPOBOAHMKA MOXeT OblTb onpegeneHo M3 moaenuv
KPUTMYECKOTO COCTOSHUS.

2.1. Mogenb

PacyeT umnegaHca kaTywkn co ceepxnpoBogHukom Il popa, Ze.i B pexume
TeYyeHns noToka MoxeT ObITb BbiNnonHeH [17,18] ¢ ucnonb3oBaHMeEM crnefytoLliero
COOTHOLLUEHNA [ONA BOCNPUMMYMBOCTU cBepxnpoBogsdwien nnactuHel B TAFF-
pexnme:

_ 1| sh(u) +sin(u) y_i sh(u) —sin(u)

_ , (2.1)
u| ch(u)+ cos(u) ch(u) + cos(u)
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roe u :Zd/é'j-. , Sy = L G — NPOBOAMMOCTbL B PEXNME TeYeHUs NoToKa,

Ho WO
w — 4actota, 2d — TONWMHA nMNacTWHbl, [ — MarHMTHaa nocTosHHad. B
paccMaTpvBaeMoM crlydae NpPOBOAMMOCTb B peXMMe TeYeHUs noToka 3aBuUCUT OT
MarHMTHOro nons aﬁ:cfﬁ(yOH), roe H=Hp+h. Hyp — Benu4MHa MNOCTOSAHHOro

BHELUHEr0 MarHUTHOro nosns, h — BenMyYMHa BHELUHEro nepemMeHHOro MarHUTHOro
nonsi, h<<Hp. Ana aHanuMsa MOXHO BOCMOMb30BaTbCS COOTHOLWEeHMeM (2.1), ecnu
NOACTaBUTb B HEro MnofieBytd 3aBUCMMOCTb MNPOBOAMMOCTM B pPeEXUME TeyeHus
notoka, o, (uyH) =0 ;(uyH,). CBS3b Mexay UMNeaaHcoM KaTyllkh  co

cBepxnpoBogawmMm 06pasyoM U KOMMSIEKCHOM BOCMPUUMYMBOCTBLIO, ANS criyvas
UMNUHOPUYECKON reoMeTpun, onpeaenaeTcs cnegyowmm cootTHowweHnem [20]:

Zeoi = ydwpoN?[x"+i(1+x)], (2.2)

roe y — napamMmeTp, CBSA3aHHbIN C KOI(MULMEHTOM B3aMMOUHAYKUUW KaTyLUKA W
KOHEeYHbIMM pa3mepamu obpasua, N  — 4ucrno BMTKOB KaTywku. Kcnonb3ys
cooTHoweHus (2.1) n (2.2), B pabote [12] 6bIn nonyvyeH UMNedaHC KaTyLKU CO
CBEepPXNPOBOAHNKOM Zcoii = Reoir + iIXcoir:

, 1 [ sh(2d/8 ;) —sin(2d /8 ;)

Rcoi = 7/N y (23)
1 80y | ch(2d]/S 4) +cos(2d/5 ;)
1 sh(2d/c ;) +sin(2d/c )

Xy =N’ oy /o . (2.4)
8,6, | ch(2d/3 ;) +cos(2d/5 )

B cooTtHoweHnn (2.3) npegnonaraeTcs, YTO MOrMOLEHNE MYyCTOW KaTyLUKU
Mano no CpaBHEHUIO C TMOrMOLWEeHNeM CBEPXNPOBOAHMKA, YTO MO3BOMSET UM
npeHebpeyb.

2.2. Pe3synbTathbl

ConpoTusneHme nnactuHbl M3 NbsAl, B pexume TeyeHus NOTOKa, ObIno
paccunTaHo npu Asyx temnepatypax T=13.4K n T=15K. Pe3ynbTaTbl npeacTasneHsbl
Ha puc. 2.2. Ha BepxHeM 4YacTu pUCYHKA nNpenCTaBneHbl OpUrnHasribHbIe
9KCNepuMeHTanbHble pe3ynbTaTbl, NOfyYeHHble C MOMOLLbIO METOANKN, ONMUCAHHOW B
pasgene 2.1. Ha HWxHen YacTu pucyHka npencraBneHo yaenbHoe ConpoTUBIEHNE B
pexume TedeHna notoka p,. =1/c . ConpoTuBrieHMe paccynTaHO YUCIIEHHO MO

cdopmyne (2.4), nNpu crnepyloWMX 3HayeHusix napameTpo: N=50, w=21-10Tw,
d=0.001m. 3HadveHne napameTpa y=1.315, 6GbINO NOMy4YeHO C MCMNONbL30OBAHWEM
BENMMYMHBI NOMOLLEHNS B MaKCMMyMe JKCTNepUMEHTanbHON KpMBOW Npu 24/5 =2.254

[18]. MNony4yeHHOe 3Ha4yeHue CONPOTUBIIEHUSA B HOPMasibHOM COCTOSIHUN HaxXO4WUTCSA
B XOpOLLEeM corfnacuu ¢ pesyrbtatamu, NoslydeHHbIMKU apyrumu astopamum [20].

[Ons npumMeHeHuss WM3NOXeHHOW B nNyHkTe 2.1 mogenn, Heobxoommo
onpeagenuTb 0651acTb MarHUTHbLIX NONen 1 TemnepaTyp, rae AuccunaTuBHbIE CUSbI B
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0.12 pexvve TeyeHusi noTokKa
IR npeobnagaroT Hag CUNaMU MUHHUHTA.
Nb Al Cunbl MUWHHMHFA © AguccunaTuBHbIE
— 008 3 | CuUnbl onpenendalTca Ccregyrwmmm
E f=10kHz copmynamm [21]:
) =
2 T=15K T=13.4K
g fp:JCB’fd:nvl’ (25)
0,04
rne n=0,BB, — Ko3(pPULMEHT
it BA3KOCTU B peXMME TeyeHUA MnoTokKa
5,0;10., ——————————— (B., — BTOpOE KpuTUYeckoe norne),
40}(10_?; : ' vi=E,/B - cKOPOCTb  BMXpS.
T : AMnnuTyga anekTpuyeckoro nonsa E
E30x10T onpegensnack Mo M3MEPEHUsIM
o i nepemMeHHoro Hanps>XeHust Ha
%2,0x107 katywke, £, =U/NI, roe U -
1.0x10°T HanpsbkeHne Ha KaTywke, | — eé
’ : nepumetp, N — 4uCNO BUTKOB.
: : : : s Ncnonb3ys onpegeneHns cun (2.5),
%56 7 8 9 10 11 12 nonquMY PeA (2.5)
u,H, [T] '
Puc. 2.2. Beepxy: oencTBUTENbHAsA YacTb & — ’]c (T)BNI ) (2.6)
mMmnegaHca nnactuHbl NbzAl, n3amepeHHas npu f oc B U
yactote 10 kly n Temnepatypax T=13.4K wu d /max ne
T=15K. BHM3y: COMNpPOTMBIIEHME B pPEXMME
TeyeHud MOTOKa, nony4yeHHoe n3 B Cnyqae VlCCHe,D,yeMOFO
AKCMEePUMEHTArbHbIX AaHHbIX MO UMMNEeaaHCcy obpasua NbsAl BTOpOoe KpuTU4eckoe

none B, (0K) = 40Tn, 0, = 2.5:10°
(1/Om-m), U=1B, [=0.018m. ch1O5A/M2 ans  T=15K wn puoH,= 6.1Tn,

ch3-10514/]142 ana T=125K un poHp=10.5Tn (NNOTHOCTb KPUTUYECKOro TOKa
onpegenssacb Ha OCHOBe pe3ynbTaTOB MO HamarHudeHHoctn [22]). [lpwu

Temnepatype 15K u poHp=6.1Tn, nony4nm ?:0,055. Mpn Temnepatype 12.5K un

d

HoHo=10.5Tn, / P _().28. B obnactu Temnepatyp, 6rM3K1UX K KpUTUYECKON, NNIOTHOCTb
d
KPUTUYECKOro ToKa obpallaeTcst B Hynb, W, cnefoBaTenbHO fp/fd =(0. Hanpumep

fp/fd =0 npu Temnepatype T=12.5K un poHy>11.05Tn, kak, Brnpoyem, u npu

Temnepatype T=15K u uoHp>6.3Tn [22]. B cooTBeTCTBMM C NpOBeLEHHLIMA
OLEeHKaMK, MOXXHO KOHCTaTUpOBaTb, YTO MUK Ha KPMBOW MOrMOLWEHNA B NEepEMEHHOM
nofne, MoxeT OblTb OOBLACHEH C YYETOM pasMepHOro CKUH-adpdekTa B pexumme
TeYeHus noToka.

AHarnornyHble  M3MepeHusi, C  uenb  onpedeneHus  3aBMCUMOCTH
9(pPeKTUBHOIrO COMPOTUBIIEHUA OT MArHWUTHOrO Morns, OblM NpoBeAeHbl aBTopamu
[23] ona NbTi cBepxnpoBogHuKa, KoTopbin umen d¢opMmy Opycka pasmepamu
31.5x22x3MMm>.  OKkcnepuMeHTanbHble napaMeTpbl HEeCKOMbKO OTAWYanucb OT

78



PO3A111 1 HEOPIAHIYHA XIMIA

npeablayLwero crny4vasi, HanpMMep CKOPOCTb NPOTSXKKM MAarHUTHOrO Nons cocTtaensna
0.3T/MuH.

lMonyyeHa TemnepaTypHas 3aBMCUMOCTb  MOFMOLWEHNS  UCcneayemMoro
obpasua, nNpu pasnunyHbiX 4YacTtotax. B oOkpecTHOCTU KpuTudeckon TemnepaTypbl
T = 9K, Habnogaetcs nuk nornotleHus. MNMuk cmelaeTca B 06nacTtb 6onee BbICOKMX

TemnepaTyp npu yBenuUYeHUn 4acToTbl U McdesaeT npu 4YactoTe nopsagka 80kIu.
Takoe noBefeHWe NMuKa MNOrfoLeHns COOTBETCTBYET MOAENN pa3MepHOro adpdekra
[15]. B cooTBeTCTBUMN C IMHENHON MOAESbIO NPOBOAMMOCTU MaKCMMYM MOrNOLWEeHUs

HabngaeTca npuv  ycrnosum %zz_zs [18] roe 2d — TonMwMHa nMNacTUHBLI,

2
o= |——— — rﬂy6|/|Ha NMPOHNKHOBEHNA MarHMTHOro nosd, 3aBucdllad OT YaCTOTbl
“Omcejf

® ¥ 3(PPEKTUBHON NPOBOANMOCTH G ;. IPPEKTUBHAA NPOBOANMOCTb O, 3aBUCUT

OT CBOWCTB CMELUaHHOINo COCTOSIHUSA CBEPXMNPOBOAHMKA W O4YeHb YyBCTBUTESbHA K
N3MEHEHNI0 TemnepaTypbl U1 MarHUTHOro nons [14]. YunteiBasi, 4TO MUK NOrNoLeHns
ncyesaet npm yactotre 80k, Geps d = 1.5mm, aBTOpbl [23] OUEHUNN yaeNbHOE
CONpPOTMBIIEHNE B HOPMarnbHOM COCTOAHUMU, p, (T =T, ) = 56 uOm - cM. ITO 3HaYeHue

HaxXOAUTCS B XOPOLIEM Corfiacum C pesynbTaTtoM, MorydYeHHbiM B pabote [24].
HekoTopoe pasnuune mexay paccyMTaHHbIM 3Ha4YeHUEM yOenbHOro ConpoTUBNEHUS
W 3HaA4YeHMEeM, TOSMyYEHHbIM W3 SKCMEpPUMEHTalNbHbIX [OaHHbIX, MOXeT OblTb
06BACHEHO UCNONb30BaHMEM NIMHENHOW MOLENN NPOBOANUMOCTMW.

BbiBoAabl

1. NokasaHo, 4TO MoAerb pa3MepHbIX 3APdeKkToB MoXeT BbITb UCNONb30BaHa
ONs  N3ydeHus SABMEHWUA, CBA3aHHbIX C MPOHMKHOBEHWEM MAarHUTHOrO nons B
MnacTuHy rpaHynsapHoro csepxnposogHuka Hgq.xPbyBa,Ca,CusO,. Ha ocHose
mMogenu, obbAacHAoLwen BnnaHne suxpen Abprkocosa B 6eperax axo3edCoOHOBCKMX
KOHTaKTOB Ha KPUTUYECKMM TOK crnabocBs3aHHOW cpefbl, 0O6bsACHEHbl aHOMarlbHble
rMCTEPE3NCHbIE SIBMIEHMS B NOrMOLLEHMM M3y4aeMOoro Matepumana.

2. Teopua pasmepHOro CKuH-adbhbekTa no3BONAeT MnpOBEeCTM aHanus
9KCNEepPUMEHTanbHbIX AaHHbIX NO UMMegaHcy BONU3N KPUTMYECKOW TemnepaTypbl B
nnactnHe mn3 NbsAl. [na onucaHus CBEPXNPOBOAMMOCTW B 3TOM 06Mnactu MoOXeT
ObITb MCNOMb30BaHa MOAENb TEYEHMS NOTOKA.

3. JlvHenHaa wmopenb NpPOBOAUMMOCTM MNO3BOSISET paccyuTaTb MOSEBYHO
3aBUCUMOCTb YAEeNbHOro CONpPOTMBIIEHUA HNOBWUIN — TUTAHOBOTO Crnasa.

ABTOp BblpaxaeT OnarogapHocTe B.B. YabaHeHkO 3a nnogoTBOPHbIE
ANCKyCCUK B npoLiecce NogroToBKU CTaTby.
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B.®.Pycakoe PO3MIPHI EQEKTU Y PTYTHIA KEPAMILI TA HIOBIEBUX CIOJIYKAX

B pobomi npedcmasnieHo 0251510 pes3ynbmamis, Wo noe’s3aHi 3 posmMipHUMU echekmamu, SKi
BUHUKaOmb Yy HalnpoeiOHUX CcroslyKax, Wo 8i0HOCAMbCS 00 XOpCmKux HalrpoesiOHUKie Opy20eo
pody, y 3MIHHUX 308HIWHIX MaeHimHux rosnsx. [Noka3aHo, wo aHomarbHi HeobopomHi sguwa y
roesluHaHHI 2paHyssipHOI pmymHOI KepaMiku MOXHa MOSICHUMU Hasi8HiCmio euxopie Abpukocosa y
epaHynax ma ix enueoM Ha Kpumu4Hul cmpym crabosg’sizaHo2o cepedosuwia. Makcumym
noanuHaHHs y HadnpoeiOHux Nb3Al i NbTi euHuKae ripu NeeHOMy Cri88iOHOWEHHI MiX XapakmepHUM
po3mipoMm 3paska ma e/ubuHOK MPOHUKHEHHST MazgHimHoeo nonsd. Modenb posmipHo2o egekmy
00380715i€ po3paxysamu onip HadnMposiOHUKa 8 PeXXUMI MITUHY MazHimHO20 rOoMmoKy.

Knro4oei crosa: po3mipHuli eghekm, xopcmkul HadrnpoegiOHUK Opy2o20 pody, epaHynspHa
HadnposidHa kKepamika, HamaegHideHicmb, padiodacmomHe Moa/UHaHHs, MepMidyHO akmugeoeaHul
M7UH Maz2HimHoz0o rnomoky.

V.F. Rusakov SIZE EFFECTS IN MERCURIC CERAMICS AND NIOBIUM ALLOYS

Review of results related to size effects arising in superconducting alloys referred to hard type
Il superconductors in alternating external magnetic fields is presented in the paper. Magnetization and
radio-frequency absorption in a plate of mercuric ceramics Hg;..PbBa,Ca,Cuz0, is analyzed.
Measuring of magnetization allows estimation of temperature dependence of the critical current at
varied magnetic field. The results of study of radio-frequency absorption bear evidences that the
observed absorption peaks are related to size effects associated with plate thickness and granules.
Heterogeneous nature of high-temperature superconducting ceramics affects their magnetic and
electric properties, being manifested as irreversible and non-linear phenomena. Such objects are
freated as matrices of superconducting granules with Josephson bonds where grain boundaries play
the role of Josephson junctions. Anomalous hysteresis is analyzed as well as increase in absorption
as magnetic field decreases. It is demonstrated that anomalous irreversible phenomena in the course
of absorption by granular mercuric ceramics can be explained by the presence of Abrikosov’s vortices
in Josephson’s junctions and their effect on the critical current of a loosely coupled medium. The
response of the critical current of Josephson’s junctions to magnetic field H, is not determined by the
very magnitude of the magnetic field between the boundaries of superconducting granules, as it
usually suggested, but it is controlled by surface current Jy induced within granules. According to
Maxwell equation, surface current is related to the derivative of the field H with respect to the normal

to the sample surface JSF—d%y. If Abrikosov’s vortices have still not penetrated the edges of a

loosely coupled junction, surface current in granules Js coincides with Meissner screening current Jsy,
which is exponentially decreasing toward the center of a granule. In this case, the critical current of
Josepson junctions is determined by the standard field dependence.

When Abrikosov vortices start penetrating the edges of a junction, gradient of the density of
vortices emerges that generates an additional component of the surface current J°. At the same time,
the magnitude of Meissner component of the density of surface current Jsy, is controlled by the jump
of induction at the interface between the intergranular space and the granule, not by the magnitude of
the magnetic field in the spacing. Thus, the result is, Jsy is determined by the reversible part of
magnetization of granules Mg, that is Jsm= -Mei/Ag; (A4 is the depth of filed penetration to granules).

The analysis of the results of measurements of impedance of the superconducting polycrystal
Nb3Al alloy and superconducting NbTi was carried out. The first alloy is characterized by high density
of the critical current and high value of the second critical field depending on the temperature and the
magnetic field. Absorption peak in superconducting Nb;Al and NbTi appears at certain ratio between
the characteristic size of the sample and the depth of magnetic field penetration. The obtained results
are interpreted within the frameworks of size effect model. The used model allows calculation of
resistance of a superconductor in the mode of magnetic flux.

Key words: size effect, hard superconductor of type-Il, granular superconductor’s ceramic,
magnetization, radiofrequency absorption, thermally assisted flux flow.
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OnpakTnkn - pusmkn  [loHeuLKoro HaumoHanbHOro YyHusepcuteTa, r. [oHeuk, YkpauHa, e-mail:
nadezhda.rus@gmail.com
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A.A. MNpaBpa, A.ll. PagyeHkoBa, B.WU. JlapuH, a-p xum.Hayk, npodp. (HAU
XUMUKN XapbKOBCKOrO HaLMOHaNbLHOro yHneepcuteTa umern B. H. KapasuHa)

OCOBEHHOCTH PA3PAJJA-UOHU3ALINU MEJIN U3
HHU3KOKOHIEHTPUPOBAHHbBIX HUTPATHBIX PACTBOPOB

YcmaHosneHbl  (hU3UKO-XUMUYECKUE 3aKOHOMEPHOCMU 67IUSIHUSI  MasibiX KOHUeHmpauud
KOMIIieKkcaHmoe Ha rpouecc paspsida-uoHusauuu medu 8 pa3basrieHHbIX HUMpamHbIX pacmeopax,
roseonswWux noyd4ames Medb 8 KomrnakmHol ¢opme. NokazaHO uHaubupyrouwee delicmgue HU3KUX
KoHUeHmpauyuli mpunoHa b u UHHOU KucC/lombl 10 OMHOWEHU K peakuyuu KamoOHO20
80CCMAaHOoB/IeHUsI  HUMpPam-uoHo8, UX 8/lUsHUe Ha cmpykmypy u Opyaue ceolicmea
anekmponumu4yeckux ocadkoe medu. ObHapyxeHo U uccrnedosaHo ekndeHUue dobasok 8 MeOHbIe
MoKpbImusi, 4Ymo sensiemcss MoOmeepXOeHUeM KOHUenuuu O HernocpedcmeeHHOM ydacmuu
KOMIIIeKCo8 8 KamoOHOM rpouUecce.

Knroueeble crnoea: medb, HUMpamHbIl 371eKmposium MeOHEHUS, KOMIIIeKcaHMbl, MpusoH b,
BUHHas Kucsioma.

AKTyanbHOCTb NpobnemMbl 1 NOCTaHOBKa 3apayun. B HacToswee Bpems ons
KaToOOHOro BblAENeHUs MeTansioB U3 BOAHbLIX PACTBOPOB B Ka4yecCTBE 3NEKTPOSIMTOB
NPUMEHSAITCA UMaHUaHbIE KOMMMEKChl, cynbdatbl, bTopocunukatbl, pTopobopaTsl
n gpyrme coeanHeHusa. BoaHble pacTBOpbl HATPATOB OO CUX MOP HE HaWmu CTOosb
LLUMPOKOrO NPaKTUYECKOro NpUMEHeHNs s 9TOM Lenu, Tak Kak npu ux anekrponuse
MeTannbl BblAENAKTCA OObIMHO B BUAE  PbIXMbIX, KPYNHOKPUCTaNINYECKNX
KOHIromMepartoB, NoX0 CBA3aHHbIX Mexay cobon u ¢ NOBEPXHOCTbIO Katoda. Mexay
TeM, Y4YuMTbiBas BbICOKYD pPaCTBOPUMOCTb a30THOKUCHLIX COfier, UX OOCTYMHOCTb,
AeleBU3Hy U pag Opyrux CBOWCTB, NpeacTaBrseTcs 3aMaHuYMBbIM MCMNOMb30BaHNE
UX ONA uernen 3reKTPOOCaXAEHUA MeTansfioB Kak B raribBaHOTEXHUKE, Tak U B
rmgpoanektpometannyprun.  Cnegyet  ocobo  OTMeTUTb, YTO  CKOPOCTb
aNeKTpocaxaeHUss MeTanna B HUTpaTHOM arnekTponute megHeHus (HOM) B 2-5 pas
bonble, Yem B cynbdaTHOM, NPy O4MHAKOBOW KMCITIOTHOCTM U KOHLEHTpauun MOHOB
meam [1]. SToT hbakT aenaeT anekTponut ewé 6onee MHTEPECHbIM ANA U3YYeHUS.

Mpn wnccnepoBaHun anekTpoocaxaeHus wmeaum B pacteBopax Cu(NOs),
YCTaHOBMEHO [2], YTO OQHOBPEMEHHO C BblAeneHnemMm meam

Cu®* + 2e - Cu° (1)

Ha KaTo4e NPoOUCXoaUT BOCCTAHOBMEHNE HATPAT-UOHOB:
NO3 +2H30" +2e - NO3 + 3H50, (2)
NO§+1OH3O++8e—>NHZ+13H20. (3)

[MpoTekaHne aTUX peakuui HapywaeT Xo4 anekTpokpuctannusaumm (1) u

ABNSAETCA OAHOW U3 MPUYUH BbiAENEHNA MeTanna B HEKOMNAKTHOM hopme C Manbim

KaToOHbIM BbIXoAoM Meam no Toky (18-20 %).

M3 Bbllwecka3aHHOro criegyeT, YTO ANeKTpoocaxaeHne NoTHbIX CIOEB Meaun

n3 HOM MOXHO OCyLEeCTBUTb NPU YCNOBUW YCTpaHEHUS peakuun (2-3) nytem
BBegeHMss B pactBop pgobasok [MAB, KOMNnekcaHTOB WM @HMOHOB,

agcopbupylolmxcss Ha MexdasHon rpaHuue u BbiTecHaWMX NO3z - MOHbI K3
OBOWHOIO 3I1IEKTPUYECKOro Crosd U CBA3bIBAKOLLNX MOHbI Ccu®* B Gonee NPOYHbIE

KOMIMJIEKCbl, 4Y€eM HUTPaTHbIE. Uenb paGOTbI 3aKkrn4yarnacb B BbIACHEHUU
SaKOHOMepHOCTeVI BITMAHNA ManbIX KOHLI,eHTpaLI,VIVI KOMIMJIEKCAHTOB Ha TnpoLecc
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paspsiga-MoHn3auum Megu B pasbaBneHHbIX HUTpaTHbIX pacTBOpax M YCIoBUN
NONy4YeHUs1 Mean B KOMMNaKTHOWN dhopme.

3KCI'IepVIMeHTaJ1beIe MeToAabl uccrnegoBaHusA

KoHueHTpaumm wnoHoB Megu (lI), NO,- wn NH,-MOHOB onpegensnu
TUTPUMETPUYECKUM U CNEKTPOOTOMETPMYECKMM MeTogamu. KaToaHbli 1 aHOOHbIV
BbIXOAbl MO TOKY Meau Onpenensny rpaBuMeTpudeckn no BO3pacTaHuio U ybbinm
MaccCbl 3NeKTPOAOB, M3roTOBMNEHHbIX U3 Mean mapkn M-99. KomnnekcoobpasoBaHue
noHoe mean (Il) B pactBope wu3dyyanu CnNekTPoPOTOMETPUYECKMM METOLOM.
BkntoueHns wnccneayembix NUraHgoB B KaToAHble OCadkM Meau uccnegosanm
METOAOM PaAMOaKTUBHBLIX UHAVKATOPOB C UCMOMb3oBaHneM usotonos “C u *Cl Ha
yctaHoBke PI1C-2-03T co cuyetunkom CBT-7. Mopdonorna ocagkoB msydanacb C
nomouwibto mMukpockorna MUM-8M npu yesennyennn B 320 pas. bneck ocagkos
n3mMepsann C nomoublo oTtoanekTpuyeckoro 6bneckomepa ®b-2. OnpeaeneHve
MUKPOLLEPOXOBATOCTM MEeAHbIX MOKPbITUWA MNPOBOAMMAM C NOMOLLBLID NpodunomMmeTpa-
npocounorpadga Abpuc—IIM7. MukpoTBEPAOCTL OCALKOB onpeaensanack Ha npubope
MMT-3.

O6cyxaeHue pe3ynbTaToB

BnusiHne KOHUEeHTpaUuMn KOMNOHEHTOB HUTPATHOro pacTteopa 6e3 o06aBOK Ha
NnpoTeKaHMe KaToAHbIX NpoLeccoB

Mpu npoBefeHUM anekTponuaa B pacteope 0,125 monb/am® Cu(NOs3)2; HNOg

6e3 [obOaBOK KOMMMEKCAHTOB C YBENIMYEHMEM KOHLIEHTpPaLMM a30THOW KUCNOTbl OT

0,05 go 1,0 mons/am® (Ttabnuua 1, n. 1-4) pacTéT KOHUEeHTpauus NHZ n NO3 -noHoB

B pacTBOpe NOcCfe 3NeKkTponusa, npuyemM nocrefHas NpoXoauT Yyepe3 MakCUMyM.

310 0bbsAcHAeTcs Gonee rnybokum BoccTtaHosrieHemM NO3- MOHOB [0 NHj1 c

POCTOM KMCMOTHOCTW pacTBopa.

N3 paHHbIX Tabnuubl BUOHO, YTO YBENUYEHME KOHLIEHTpauUuUW CONMvu Meau B
cucteme Cu(NO3),—HNO3;—NaNOs; Begét K pocTy KaToQHOro BbIXog4a MO TOKY
(BTkCu) ¢ 18% po 33-37%. Huskue BTxCu 1 HannumMe npoayKToB BOCCTAaHOBIEHUS B
pacTBOpe Mnocne 9nekTponuMsa CBUAETENbCTBYIOT O MpPOTEKaHUM MNOBOYHbIX

npoueccoB BoccTaHoBrieHnss NO3-1oHoB. YBenuyeHne koHueHTpaumm NO3-1moHoB

MpU NOCTOSAHHOW KUCNOTHOCTU pacTBopos nosbiwaetr BT, Cu npumepHo Ha 10 %,

KOHLIEHTpaLMM NPOAYKTOB WX BOCCTAHOBSIEHUSI NPU 3TOM He wu3ameHsawTcsa. [pu
yBENUYEHNUN NSIOTHOCTU KaTtogHoro Toka oT 100 go 400 AM? n KOHUEeHTpaumm
KMCNoTbl npoucxogut cHuxkenne BTkCu m NOBbIWEHME KOHUEHTpauun npoaykToB

BoccTaHoBneHnss NO3 -MOHOB, YTO CBUAETENLCTBYET 06 MHTEHCUMUKALIMM NMOBOYHBIX
NPOLIECCOoB.

O6pasytowmecs NO3-MoHbI BoccTaHasmmeatoT Cu?* o Cu™ (peakumm 4 u
5), 4TO MOATBEPXAAETCA KAYECTBEHHbIMU peakuusaMn. AUcnponopLyoHNpOBaHMe

Cu™ -voHOB (peakumsi 6) NPUBOANUT K 0BPaA30BaHMIO NOPOLLIKA MEAW, YTO YXyALlaeT
Ka4yecTBO KaToAHbIX OCaKOB:

NO; + 3H,0 —2 ¢ — NO3 +2 H30", (4)
Cu**+e — Cu", (5)
2Cu*— Cu® + Cu?* (6)
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Ta6bnuua 1. BnusiHue KoHUEHTpaLUN KOMINOHEHTOB pacTBOpa Ha BbIXOAbl Mean Mo
TOKY, KOHLEeHTpauuo NPOAYKTOB BOCCTAHOBIIEHMSI HATPAT-MOHOB U XapakTep
NMOBEPXHOCTY

KoHueHTpauusa
MOHOB,
MMOJ‘Ib/}:l,M3

CocraB pacrteopa, j;c , BTCu,

XapakTtep
Monb/am> Alm? %

NOBEPXHOCTU

Cu(NOz), | HNO; | NaNO; katon | aHop NOz | NH;

MeJKOoKpucTannmyeckas,
11 025 | 025 - 100 | 391 | 1256 | 4,35 | 0,72 | TemHo-pososas,  ABYx-
CI1OnHasA, C TeMHbIMU
nonocamMmu 1 BOpOHKamMum
MeJKOKpucTannunyeckad,
2| 050 | 0,50 - 400 | 10,6 | 1146 | 7,61 | 2,11 | TemHo-kopuuHesas,
OBYXCINnounHasa C
TpewnHamm n
BOPOHKaMun
MeJKOKpucTannunyeckad,
3| 100 | 025 - 400 | 33,8 | 1052 | 587 | 0,77 | TemHo-pososas, co
CBeTJ1IbIMU NATHaAMUM n
BOPOHKaMM
MeJKoKpucTannmyeckas,
4 100 | 1,00 - 400 | 24,5 | 1105 | 6,41 | 2,22 | TemHo-pososas,
HeoaHOopoOHadA: C
NATHAMU 1 BOPOHKaMun
HeoaHOpoAHAs, TEMHO-
5| 025 |025| 025 | 400 | 184 | 107,0 | 560 | 1,48 | Po3osas, c noananMHamm
1 BOPOHKaMu
HeooHOpoAHAs, TEMHO-
6| 025 |025| 050 | 400 | 18,6 | 108,7 | 7,04 | 0,37 |posoeas, AByxcroitHas,
NOKpbITa nATHaMn “n
BOPOHKaMu
MeJTKOKpucTannunyeckad,
7| 050 |025| 025 | 400 | 26,7 | 111,6 | 10,10 | 1,35 | kopuuHesas,  nokpuiTa
NATHAMN N BOPOHKaMu
MeJKoKpucTannmyeckas,
8| 050 |025| 075 | 400 | 37,0 | 1080 | 7,01 | 0,83 |*KopuuHesas,  nokpuiTa
NnATHAMN N BOPOHKaMU
MeJKOKpucTannundeckad,
9| 050 | 050 | 050 | 400 | 200 | 1104 | 7,06 | 1,94 | TemHo-pososas,
OBYXCrouHasd, C
NMOPOLUKOM 1 BOPOHKaMu
po3oBas, AByXcroiHas, ¢
10| 050 | 050 | 050 | 400 | 20,9 | 111,8 | 7,06 | 2,00 | kopudHesbim
nopoLLKoo6pasHbIM
HaﬂéTOM, naATHaMn n
BOPOHKaMu

AHanornyHole nccnegoBaHms Obiny NpoeeaeHbl B 60nee KOHUEHTPUPOBAHHOM
HUTpaTHOM anekTponute megHeHus [3]. KoHueHTpauua Cu(NO;3), BapbMpoBanach B
npegenax 0.5-4.0 monb/am®, KOHLEHTpauus HNO50.1-1.0 Monb/am®. ViamepeHns

BTkCu nokasanu, 4yto B HenogkucneHHolx pactBopax Cu(NOs), oH He gocTturaet
100% npu manbix NNoTHocTsx Toka (oo 1,0-1,5 A/,IJ,MZ). ABTOpbI CBSA3bIBAOT 3TO C

Hanumumem nobo4vHoro npouecca BoccTaHoBneHns HNOjz, NO3 — MOHOB M ux

NpoM3BOAHbIX. YcKopeHne nobovyHOro npouecca C yBENUYEHUEM KOHLUEHTpauum
Cu(NO3), aBTOpbl O6BACHAT cnegywnuMmn NpUYMHaMKn: NOLKUCIIEHMEM PacTBOPOB

B pedynbTate rmgposrnn3a connm mMmenun, yeerimd4eHnemMm KOHUEeHTpauun MOHOB NOg,

KaTanuTuyeckum BrvsHMeM uoHos Cu®. Kak BMaAnMM, 3T [OaHHble XOpOoLwlo
cornacyrTca C nony4YeHHbIMU HaMU pe3yribTaTaMu.
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BnusHue KOMNEKCaHTOB Ha MeXaHU3M pa3paaa-MmoHn3aunmm meam m
noBbIilLeHe KavyecTBa I'aHbBaHOHOKprTVIf"I

B paHHOM paboTe M3y4yeHO BNUSHME HeBONbLUMX KOHUEHTpauui TpurnoHa b
(C10H140gN2Nay) n BuHHOM kmcnotbl (C4HeOs) Ha anekTpoocaxgeHne mean w3
pa3baBneHHOro HUTpaTHoro pacteopa0l,125 monb/am® Cu(NOs),; HNOs; no6aska. B
pes3yrnbTaTte 3KCNEPUMEHTOB YCTAaHOBIIEHO, YTO U3 NOAKUCIIEHHOMO a30THOM KUCNOTON
HATpPATHOro pacTBopa, coaepxalwero [obaBku yKasaHHbIX BeLwecTs, nNpwu
OnpefenéHHbIX  YCNOBUSIX  MOXHO  BblAENWTb Ha  KaTtode  KOMMaKTHbIe
MeriKoKpucTannmyeckue ceetrnble (B criydae BUHHOW KUCMOTbI) UM TEMHO-PO30BbIE
(B cnyyae TpunoHa b) bnecTawmne MegHble NOKPbITUS.

Kak nokasano uadyyeHne mopdonormu, 6necrawme ocagkm xapakTepusyrTcs
Hanuumem TekcTypbl. [na TpunoHa b xapakTepHo obGpasoBaHue oTaenbHbIX Bonee
KPYMHbIX PEe3KO Bblpa)XeHHbIX Ha (POHE LepoXoBaToOM OCHOBbI (POPMbI KanneBuaHbIX
Kpuctannos. KonmyecTBoO 3TUX KpUCTansoB pacTeT C TONWMHOM NOKpbITUSA (06pasey,
3, Tabn. 2). B cnyyae BMHHOM KMCNOTbI C YBENUYEHUEM TOSLLUUHBI NOKPLITUS CTEMNEHD
LuepoxoBaToCcTn yBenuumBaetca (obpasey 5, Tabn. 2). TekcTypa B NOKPbITUAX
BonbLlen TONWMHbLI BbipaxeHa bonee ABHO.

Tabnuua 2. BnusaHne KoMNNeKCcaHTOB Ha KAa4eCTBO MEeOHbIX MOKPbITUI

Ne ,D,oGaBKaé pH Bbneck, % Knacc Teép-
n/n Monb/aAM o nocne 0, MKM yBIon, - LLIEPOXO- nocn:z,
BaTOCTU Kr/MMm
TpunoH b
1 0,0025 0,9 1,0 5,0 100 70-72 8 169.5
TpunoH b
2 0,0025 0,9 1,0 13,2 69-71 48 8 145.8
3 TounoH b | g 10 190 | 6365 | 43 8 1743
0,0025 ' ' ’ :
4 TpunoH B 14 15 12,0 45 32 7.8 134.0
0,0025 ' ' ’ ) :
5 Cg)Hg?ﬁ 1,4 1,5 33,0 >100 80 8 162.4
6 Cz‘)Hg?ﬁ 17 18 22 >100 | 100 8 173.0

B oTtnuume ot TpunoHa B BMHHaA kucnota obecneymBaeT COXpaHeHue
KayecTBa NOKpbITU B Bonee lwmpokom gmanasoHe pH (tabnuua 2) u, kak cnegcreue,
6onee Bbicokne BT Cu 1 TONLWMHY NOKPBLITUN.

O6HapyxeHHOe B AaHHOM WccregoBaHUM CBOWMCTBO TpunoHa B u BUMHHOM
KACNOTbI MPaKTUYEeCKM MOSMHOCTbI0 YCTPaHATb HebrnaronpuATHoOe BIUSIHWE HUTpaT-
MOHOB Ha CTPYKTYPY 3NIEKTPOOCaXOAEHHON Mean o6yCrnoBreHo, O4YeBUAHO, WX
CMOCOBHOCTbIO  CBA3bIBAaTL CU?*-MOHLI B MPOYHble KomMnekcel. Mcxoas 13
COBpPEMEHHbIX MNPeaCTaBNeHUn O MexaHU3Me INEeKTPOAHbIX MNPOLEeCCOB, MOXHO
NpeanonoXuTb, 4yTO obpasytomecs KOMMJEeKChbI mMeau npYHUMatoT
HenocpeAcTBEHHOe Yy4yacTue B KaTogHOM npouecce [4]. MexaHusm pencteus
YKa3aHHbIX COeAWHEHUA W3y4Yanun MeTOAOM pPaavOMETPUYECKOro onpeneneHus
KONMYECTB, BKIIOYEHHBIX B MegHble nokpbiTus. C atonm uenbto B HOM BBOAUNN
COOTBETCTBYIOLIME KUCIOThl, COAepXallne pagnmoakTUBHBIA MN30TOM 4C. PacuéTt
KONuyecTBa BKNHOYEHUW B MeAHble OCaKkM MpPOBOAMUIICA COrfacHO MeToauke,
npuBegeHHon B pabote [5]. B 3aBMCMMOCTM OT YyCNOBWUI 3MEKTPONM3a M cocTaBa
aNeKTponMTa nosiydaemble MOKPbITUS codepaT pasfnyHble KONMuMyecTBa BBOAMMbIX
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aHuoHoB (Tabn. 3-4). TpunoH b BHeapsieTcss ¢ Gonblen ckopocTbio. Konnyectso
BKINIOYEHNN onpefenseTca TONWMHOW MOKpbITUS, BenuyuMHonm pH anektponura,
3aBUCUT OT KOHUeHTpauuu gobasku B HOM n ckopocTu ocaxgeHuns metanna.

Ta6nuua 3. 3aBucmmocTtb konmnyecTBa BktoveHnn C4HgOp OT yCnoBuin anekTponuaa

. 2 KonnyecTtBo BKMIOYEHHOM CropocTb
Ne Jx» AIm BTkCu, % 0, MKM C.HeOs B ocazke, mricm? OCa>KLleHVIFI2,
MI/MWH*CM

1 200 50,8 3,3 0,156 0,17

2 200 47,8 5,8 0,239 0,16

3 200 49,7 8,8 0,307 0,16

4 200 48,6 11,3 0,313 0,16

5 200 84,7 2,6 0,205 0,31

6 200 84,9 52 0,265 0,31

7 200 87,3 8,0 0,335 0,32

8 200 86,6 10,6 0,356 0,32

9 200 85,5 2,6 0,153 0,31
10 200 82,9 5,0 0,245 0,30
11 200 84,8 7,8 0,288 0,31
12 200 87,1 10,6 0,337 0,32
13 400 84,5 52 0,316 0,62
14 400 91,6 16,2 0,458 0,67
15 400 90,9 11,2 0,389 0,67
16 200 86,2 2,6 0,287 0,32
17 200 88,2 5,4 0,456 0,32
18 200 90,3 8,3 0,528 0,33
19 200 88,6 10,9 0,565 0,32
20" 400 36,9 2,2 0,097 0,27

Mpumedanme: Cg, .o, (monb/am’) - 0,5-107 (1-15); 2,0-107 (16-20); Cop_7=0,2 r/am® (8-
15); pH=0,8-0,9 (1-4), pH=1,45-1,6 (5-20), * - 6e3 nepemeLLNBaHNSI.

CkopocTb BHegpeHusi gobaBoK pe3Ko MnagaeT C yBEfIMYEHMEM TOSLMHbI
MNOKPbITUA, XOTa obuee KonNuM4ecTtBO pacTtéTt ¢ TonwmHou. C  yBenuyeHuem
NPOOOIMKNTENTBHOCTU 3MIEKTPONN3a N CHUXKEHMEM CKOPOCTU OCaXAEeHWs meTanna
cogepxaHue TpurnoHa b B ocagke yBenunumsaetcd. VIHTepecHbIM ABNAeTCS TOT (PakT,
4YTO NPU YyBENMYEHUM KaToAHOW nnoTHocTM Toka oT 100 go 300 A/M? KonuuecTBo
BKITIOYEHUN 3TON [06aBKM yMeHbLUaeTcs NpMMepHO B 2 pasa. B cnyyae BUHHOWM
KMCNOTbl HABM4AETCA POCT BKITHOYEHUI KaK NpU yBENTMYEHUMN CKOPOCTU OCaXOeHus,
Tak n pH. lMocnegHum ob6bscHaeTca 6Gonee WMpoKMn npegen BenuyuH pH,
NO3BONSAIOLWMX MNOMNyYaTb MOKPbITUA C COXpPaHEHMEM KavecTBa, WU BO3MOXHOCTb
NpUMeHeHNs1 6onee BbICOKMX MIIOTHOCTEN TOoKa B OoTnnyme ot TpunoHa b. OTmedeHo
bonee paBHOMepHOEe pacrnpegerieHMe BUHHOM KUCAOTbl MeXAy CrosiMM U Ha
NOBEPXHOCTM 0caaka, 0COOeHHO Npu KoHUeHTpauun eé B HOM 0,02 Monb/am®.

MpucytctBue Ol1-7 B M3y4aeMbiX CUCTEMAxX WHTEHCUMUUMPYET BKNHOYEHUE
TpunoHa B B o0cagok M Mano u3MeHsieT codepXaHue BUHHOW KUCHOTbl, YTO
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OOBACHAET MEXaHM3M YBESIMYEHUS 3MEKTPOXMMUYECKON cTabunbHocTn HOIM,
cogepxawmx TpunoH b, npu gobasnenum Ol1-7 [5].

MHTepecHbl onbIThbl, NPpOBeAEHHbIE METOAOM PagUNOoaKTUBHbLIX UHOUKATOPOB C
MCronb3oBaHneM B kavecTse fob6aBok cmecelt (C1gH140gNoNay ) - HClu C4HgOg
- NaCl. BeegeHne B HOM komnoauummn tpunoH b + HCI npuBogut k ¢boHOBOM
aKTUBHOCTU, T.e. K OTCYTCTBUIO BKIOYeHMM TpunoHa b B ocagok (Tabn. 4). 3T10
CBSA3aHO C BbITECHEHWEM TpunoHa B n3 ABOMHOroO 3NEKTPUYECKOro Crosi 3a CYHET
npevMyLLecTBEHHOM aacopbLumm Xnopuna-moHoBs.

Tabnuua 4. 3aBucumocTb Konudectsa BkntoveHnn (C1oH140sN2Naz) ot ycnosun

ANeKTposnunaa
. 2 KonuyecTtBo BKMHOYEHHOTO Cropocte
Ne Jx» Alm BT«Cu, % O, MKM TpunoHa B B ocake, Mr/om ocameHm%
MI/MWH-CM
1 100 45,2 25 0,333 0,07
2 100 46,1 5,1 0,513 0,08
3 100 47,3 7,8 0,676 0,08
4 100 48,1 10,6 0,742 0,08
5* 200 38,6 2,1 0,275 0,13
6* 200 43,7 4,9 0,433 0,15
7* 200 45,6 7,6 0,767 0,15
8* 200 442 9,9 0,746 0,15
9 200 41,7 2,3 0,234 0,14
10 200 42,9 4,8 0,405 0,15
11 200 43,2 7,2 0,531 0,15
12 200 43,8 9,7 0,622 0,15
13 200 95,6 10,0 0,423 0,32
14 200 101,3 4,5 ®oH 0,33
15 200 50,6 2,8 0,404 0,17
16 200 47,9 54 0,598 0,16
17 200 50,2 8,5 0,775 0,17
18 200 50,9 11,0 0,852 0,17
19 300 46,2 2,6 0,154 0,23
20 300 47,4 53 0,273 0,24
21 300 46,5 7,8 0,336 0,22
22 300 46,2 10,3 0,358 0,22

Mpumedae: Cg. n. 0.N,Na, =0,5-107 momb/am® (1-22); Cp=3,0:107 mons/am® (14);
COI‘I—? =0,1 r/gpm° (15-18); pH 0,8-0,9 (1-12;14-22); 1,8 (13), * - onbITbl 6€3 NEpemMeLLNBaHUS.

Bo BTOpoit cepun B pactBop cocTaBa (Monb/am®) 0,125 Cu(NOs)y; HNOs;
0,02 C4HsO0s ¢ pH=1,45 noGasunu 0,003 monb/am® NaCl, meueHbiit *°Cl. MnotHocTb
Toka cooTBeTcTBOBana 200 A/m2. PesynbTaTtbl, NONyYeHHbIE NMPU 3TOM, NOATBEPANNN
npeanonoXeHne o NpeMmyLLecTBEHHON agcopbumnm xnopuna-noHos. Kak nokasbiBatoT
OaHHble Tabnuubl 5, cogep)xaHuMe XNopua-MOHOB B Ocagke MNPUMEPHO Ha [aBa
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nopsgka HwKe MO CPaBHEHWIO C  BUMHHOM kucnoton. B oboux cnyydasx menb

BblOenseTcsa He B Buae onecrsuwlero, a B Buae matooro cnosi ¢ BTxCu =100%.
Ancopbumsi gobaBkM Ha rpaHuue pasgenia afekTpoa-pacTBop - OAHO U3

OCHOBHbIX YCITOBUI MOMYyYEHNSA KA4ECTBEHHbBIX MENKOKPUCTaNIMYEeCKUX OCaaKoB.

Ta6bnuua 5. 3aBucumocTb konmyectsa BktoveHnn NaCl oT ToNLWMHbBI MOKPbLITUS

Ne n/n BT«Cu, % 5, MKM Nac:w?/gﬁ‘é‘”"e’ C"Op‘l’w":/m:?c";%e“”“’
1 100,0 3.2 0,0014 0,35
2 97,1 5.8 0,0019 0,35
3 90,0 8,4 0,0023 0,31
4 91,2 11,2 0,0031 0,33

Apcopbupytowmecs aobaBkum 00pasyldT AOCTAaTOMHO MPOYHbIE CBSA3UM C
0OCaKOM MNpWU HaNoOXeHUW nonapuaylowero Toka. JOTOT BbIBO4 MNOATBEPXOAETCS
He3HaunTENbHbIM W3MEHEHMEM pPaaMOaKTMBHOCTM 3NneKkTpoda npwu  yBenMyYeHun
NPOAOIMKUTENBHOCTN ero npombiBkM 0 30 MUHYT (3-5 % yObinb) n Hanuuum
¢ooHOBOM aKTMBHOCTU B criydae 30-MUHYTHOW BbIOEPXKM MeQHOM NOASTOXKKM N ocajKa
TOMLWMHOM 5 MKM, NOSTYYEHHOTO U3 CEPHOKUCIIONO 3MeKTponuTa, B pagMoakTUBHbIX
pacTBopax 6e3 HanoXxeHus Toka.

Hapsgy ¢ agcopbuMOHHBIMU SBNEHUAMW NPWU SMNEKTPOOCaXaeHUn meaun u3
pasbaBrieHHbIx HOM BaxHyto ponb urpatoT ANPEY3MOHHbIE OrpaHUYEeHna nogayu
nobaBkKn K anekTpoay, 0CoOBeHHO Ans BUHHOM kncnotbl. O6 3TOM cBMOETENbCTBYET
pe3koe nageHue CKOpPOCTU BHegpeHus BMHHOM  KUCMOTbl NPU  CHATUM
NPUHYAUTENbHON KoHBeKuun ( 7, =400 Alom?, Tabn. 3), 0oAHOBPEMEHHO YXyALlaeTcs

Ka4yeCTBO OoCajkKa.

BbiBoAabl. YCTaHOBIEHbl 3aKOHOMEPHOCTW paspsga-uoHusauun Megu B
HU3KOKOHLUEHTPUPOBAHHbLIX ~ HUTpPaTHbIX  pacTBopax ¢  gobaBkamn  Marnbix
KOHLIeHTpaLuuMi KomnnekcaHToB. NMoka3aHo, YToO MexaHn3m obpa3oBaHus BNecTaAwmx
CNoéB Mean CBSA3aH C  BKOYEHMEM  KOMMIIEKCHbIX COeAMHEHUMW Mean B
KpucTanmnumyeckyo peLluéTky, ux agcopbumern Ha NOBEPXHOCTU pacTyLlero ocafka,
4YTO BbI3bIBAET HanpaBfeHHOCTb ero pocrta n obpasoBaHue TeKkcTyp. TapTpart- u
aTUNeHgnamMumHTeTpaaueTaT-MoHbl  cnabo  BAMAIOT  Ha  CKOPOCTb  KaTOAHOro
BOCCTaHOBMNEHNS HUTpaT-UoHa, oKasblBas npu 3TOM appekTnBHOE
Moamnuumpyollee 4elCTBUE Ha Ka4eCTBO NoslydaeMblX MOKPbITUN.
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A. O. paeda, I'. I1. PadueHkoea, B. I. Jlapin OCOBJINBOCTI PO3PSIQY-IOHI3ALII MigI 3
HU3bKOKOHLUEHTPOBAHUX HITPATHUX PO34YUHIB

BcmaHoeneHo hi3uko-xiMidHi 3aKOHOMIpHOCMI 8rniugy Masiux KOHUeHmpauil KoMriekcaHmis
Ha nipouyec po3psdy-ioHi3auyii MiGi 8 po3eedeHuUX HimpamHux po34yuHax, Wo 0038075 00epxxysamu
MiOb 8 KomriakmHit ¢popmi. NokasaHO iHeibyrody Oito HU3bKUX KOHUeHmpauil mpurnoHa b i euHHOI
Kucsiomu o 8iOHOWEHHI0 00 peakuii KamodHO20 8iOHOBMEHHSI HiMpam-ioHis, iX ernue Ha cmpyKkmypy
ma iHwi emacmugocmi ernekmposnimuyYHux ocadie MilGi. BcmaHoerneHo | OOCiOKEeHO BKITHHYEHHS
00basok 8 MIiOHI nokpumms, Wwo € nnidmeepdeHHsIM KOHUenuii npo 6e3rnocepedHo y4Yyacmb
Komrisiekcie y KamoOHOMY MpPOYECi.

Knro4oei criosa: miOb, HimpamHul enekmposnim MIOHEHHS, KOoMriekcaHmu, mpusoH b,
8UHHa Kucroma.

A. Pravda, A. Radchenkova, V. Larin DISCHARGE-IONIZATION REGULARITIES IN LOW
CONCENTRATION NITRATE SOLUTIONS

Physico-chemical regularities of complexing agents low concentration influence on copper
discharge-ionization process in dilute nitrate solutions have been established, that permits to evolve
copper in compact form. The electrolytic deposition of dense copper layers from the nitrate solutions is

possible only on the condition of eliminating parallel cathodic reduction of NO; ions. We found that

the problem can be solved by adding to the nitrate solution of a small amount of complexing agents or
anions which are absorbed at the interface and substitute for NO; ions in the double-electric layer

and provide more stable Cu o complexes than the nitrate ones. The inhibitor effect of the disodium
dihydrogen ethylenediaminetetraacetate and tartratic acid on nitrate ion cathode reduction and their
influence on copper electrolyte precipitate structure and properties have been shown. As was
expected based on modern ideas as to the direct acting of complexes in cathodic reactions, practically
all the additives studied were found to be included in the electrolytic deposit. Correlation was found
between additive inclusions in the cathodic copper deposit and the stability of complexes formed in the
solution, which due to adsorption substitute for the nitrate ions in the double-electric layer. As a
consequence, cathodic reduction of the nitrate ions is eliminated and normal conditions are created
for copper electrocrystallization and forming of dense, fine-grained shining deposits of copper from the
copper nitrate solution. The obtained results contribute to our knowledge of the processes in redox
nitrate systems, of the role of coordination and adsorption in the mechanism of electrolytic copper
deposition and the effect of anionic nature on the electrolytic copper structure.

Key words: copper, the copper nitrate solution, complexing agents, the disodium dihydrogen
ethylenediaminetetraacetate, tartratic acid.
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opraHmyeckon xumun n yrnexmmum um. J1.M. JintsnHeHko HAH YkpauHbl r. [IoHeuK)

N3YYEHUE PEAKIIUU ®OCPOPUIMPOBAHUSA ®EHOJIOB B YCJIOBUAX
NHBEPCHOHHOI'O TPAHC®A3HOI'O KATAJIM3A

Psd apundugpeHungocghamos cuHmMe3upo8aHoO 8 yCrio8USX UHBEPCUOHHO20 mMpaHCcghas3Ho20
kamanusa (UT®K). [IpedrioxeHa cxema peakyuu ¢hpeHono8 ¢ xropdugheHungpocghamom 8
dsyxghasHou cucmeme H,O/CH,Cl,. B kayecmee kamanu3amopog Uucrosib308arnu npou3eodHbie
nupuduH-1-okcuda. Peakuusi npomekaem 4yepe3 cmaduro obpa3oeaHusi UOHHO20 UHMepmeduama
(xnopuda 1-(ugheHokcugbocghopusi)okcunupuduHusi) 8 opa2aHUYeckol hase, 4mo yCmaHO8/1eHO C
nomowpio MK u 'H SIMP crniekmpockonuu. CmpoeHue rosy4YeHHbIX apundugeHurngocghamos
nodmeepxdeHo memodamu UK, "H u *'P SIMP u snemenmHozo aHanusa.

Knrodeenlte cnoega: ¢hocgpopunuposaHue, UTOK, nupuduH-1-okcud, 1H u 31P AMP, UK, DFT,
IGLO.

OpraHnyeckne ocdaTbl LWMPOKO UCNOMb3YTCHA Kak nnactuukaTopsl,
aHTUNMPEHbl, CMasKW, SKCTpareHTbl U rugpasnuyeckne macna [1]. OBblMHO Ansa nx
CUHTE3a WUCMOmMb3YyT peakuun okcuxropuaa gocdopa ¢ deHonamn npu
noBbIWEeHHbIX TemnepaTypax (160-250°C) B opraHM4Yeckux pacTBOpUTENAX U B
npucyTcTBumn kucnot Jlbtonca [2]. 3BecTHO [3-6], 4TO ucnonb3oBaHne MexXgasHoro
katanusa (M®K) nossonset 4OOGUTLCA BbICOKMX BbIXOL4OB OpraHodocdaToB B MATKNX
YCINOBUSIX.

B 1986 Matmac v gp. oTkpbiiv HoBbii TN M®K — WHBEPCUOHHLIN
TpaHcdasHbin  katanua (UTOK) [7]. B peakumax WTOK, BogopacTBOpuMbIii
WHTepMmegunaT obpasyeTca B pesynbTaTte B3auMOAEWCTBMS KaTanu3atopa C
nunounbHbIM peareHToM. MHTepmeamaT 4pesBbl4aniHO pPeakUMOHHOCMOCOOEH W
ObICTPO B3aMMOAENCTBYET C rMapodunbHbBIM peareHTOM, pereHepupys katanuvsaTop
n obpasysa NpoaykKT.

NTOK meToamMka ycnewHo MpuUMeHanacb Ans  CuHTe3a aHrMapuaos
kKapboHoBbIX kMcrnoT [8, 9], a Takke nonudocdartoB n nonudocdoHatoB [10-12].
OpHako cxema npoTekaHuss UTOK peakuumn HagexXHO ycTaHOBMEHa TOSbKO Afis
kapbokcunuposaHus [9].

B naHHoOM paboTe nsyyeHa peakums xnopaundgenundocgata (1) ¢ pasnuyHbiMm
deHonamu (Il) B aByxdasHomn cucteme H,O/CH,Cl, B ycnosusax UTPK (puc. 1).

(0]
- Clr,./=
+ O </ X — + R—O—N\ /) X

H>O
CH,Cl,
- _ Cl Cr +/
0] </ X+IIQTh R—O—N@*X
R = -P(O)(OCgHs)2; X = -Cl, -CH3, -OCHs, -N(CH,CH5),0, -N(CHs),

Puc. 1. Cxema UTOK peakumm docdopunmpoBaHms deHonoB xnopavdenundgocdarom B
cucteme H,O/CH,Cl, kaTanuaupyemon nnpuaunn-1-okcugamm (T = 20°C)
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4-3amelweHHble nupuanH-1-okcuabl (llla — 4-xnopnupunaunH-1-okeng, lllb —
4-metunnupugni-1-okeng, Illle - 4-metokcunupuguu-1-okeng, Hid -  4-
MopdonuHonupugnu-1-okcng, Ille -  4-gumeTunammHonNMpuamH-1-okcua)

MCNOJNb30BaHbl KaK KaTannm3aTophbl.

O6cyxaeHue pe3ynbTaToB

maBHon ocobeHHocTbio UTOK saBnseTtca obpasoBaHMe No xody peakuuu
noHHoro uHtepmeguarta (IV). MNMepxnopat IVe 6b1n1 nonyvyeH B Ka4ecTBe MOAESNBLHOMO
MOHHOrO MHTepMeamata Ans NogTBepXOeHUA CTpoeHuda, Tak kak xnopua IVe He
peructpupyetca B UTOK npouecce m3-3a mManon KOHLEHTpauMm B OpraHUYeckom
tdase (<10 M) u 6BbicTporo pacxoga B BOAHONA. [MonyveHHast Conb
oxapaktepusoBaHa metogamu MK n 'H AMP. B UK cnektpe Habnioganm CUSTbHYIO
MONOCY MOrMOLEHUS Vp=o Mpu 1320 cMm™', 4To Ha 20cm™' Bbile MO CpaBHEHWIO C
aHanornyHon nonocown B cnektpe |. Takon caoBur B BbICOKOYACTOTHYHO obnactb
OOBACHAETCA  CUSTbHLIM  ONIEKTPOHOAKLUENTOPHbIM 3P dEKTOM  3apPSPKEHHOrO
retepouukna [13]. B 'H AMP cnektpe (400MHz, CDsCN, d (m.a.) = 8.36 (a, 2H,
0-(CH3)2NPy), 7.42 (g, 2H, m-(CH3):NPy), 7.36 (g, 4H, m-Ph), 7.24 (g, 4H, o-Ph),
7.19 (m, 2H, p-Ph), 3.33 (c, 6H, CHs3)) Habnoganu cmeweHne curHanoB NpPoOTOHOB
NMPUANHNEBOrO KombLa B cnaboe none no cpaBHEHUIO C aHaNoOrM4yHbIMKU CUrHanamm
B cnekTpe llle, 4To noaTBEPXXAAET 0Opa3oBaHME NOHHOTO MHTEpMeaMaTa.

HeTtanbHas cxema npouecca 6bina ycTaHOBMeHa B pesynbTate Wu3yvyeHus
peakuun rugponuaa | n pocthopunmposaHna 4-HutpoeHona B ycrosusx ATOK.

CKopoCTb peakumn HekaTanumampyemoro rugponusa | B aByxdgasHon cucteme
H,O/CH,Cl;, ypesBblvaiHO Mana, 1 koHueHTpauus | octaeTcs NovTv NOCTOAHHOW Ha
npotskeHun 90 MuHyT. [aHHble P AMP cnekTpockonuMu nokasanu, 4To
opraHunyeckas pasa cogepxut Tonsko | (8=-4.9 m.A4.), a BogHaa — audeHnndocdar
aHuoH (VI) (6=-9.6 m.g.).

B cnyyae katanutunyeckoro rugponusa, | pearnpyer c lll B opraHnyeckon ase
Cc obpa3oBaHMEM MOHHOro MHTepMmeamnaTa. HakonneHne B BogHon dpase aHmoHoB VI
BeaeT K dopmmpoBaHuio TeTpadeHunnmpodgocdarta (VII) B pesynbrarte peakuuu
mexxay VI n IV. B cnektpe °'P AMP opraHuyeckoii asbl perncTpupyloTcst Asa
curHana: 6=-4.9 m.a. n 6=-25.3 m.g.,, ot | n VIl coorBetctBeHHO. VK cnekTpbl
nokasanu, 4to B 3aBUCMMOCTM OT KaTanusatopa, VIl moxeT ObiTb Kak KOHEYHbIM
(katanusaTtopsl llla-llic), Tak n npomexyTodHbiM NpoaykTom peakuun (llid, llle).

BrnivsHue cCTpykTypbl KaTanms3aTopa Ha CKOPOCTb peakuun u Bbixog V
nccnegosanu B peakuum ocdopunupoBanna 4-HutpodpeHona. KoHueHTpauuio
4-HutpodeHnngmnderHmnndgoccara (Va) KOHTpoOnMpoBanun MU3MepPEHUeM OMTUYECKOWN
NAOTHOCTU MOMOCHI MOMOLWEHNs, COOTBETCTBYIOLEN BaneHTHbIM CUMMETPUYHBIM
kone6aHUsM HUTPOrpynnbl Vinoz=1346 cm™. *'P AMP cnekTp opraHuueckon dasbl
cogepxut Tpu curHana: 6=-4.9 m.a. (I), 6=-18.3 m.g. (Va) n 6=-25.3 m.a. (Vil). C
yBenMYeHneM OCHOBHOCTW KaTanu3aTopa pacTeT CKOPOCTb peakuum W BbIXO[,
npoaykrta (puc. 2). HavyanbHas KOHUEeHTpaums Katanusatopa B BOOHOMW (hase CUNbHO
BNUSIET Ha CKOPOCTb peakumm, HO He oKasblBaeT BAUAHWA Ha Bbixog (puc. 3).
PacwupeHHas cxema peakuuu bbina npeanoxeHa Ha OCHOBE AaHHbIX MO U3MEHEHWIO
CoCTaBa opraHuyeckomn pasbl B npouecce peakuum (puc. 4).

B cBS3M CO CNOXHOCTBIO MexaHu3Ma peakuuu, Ons ONUCaHUS KUHETUKU
npouecca UCnonb3oBany HavasnbHble CKOPOCTU peakuumn obpasoBaHus npoaykTa (Vo).
HavanbHas CKOpOCTb peakuun SIMHENHO 3aBUCUT OT KOHLUEHTpauun katanmsaTtopa B
BOAHOW dpa3e (Ciigogn) U HAYarIbHOW KOHLUEHTpaAUUW peareHTa B opraHuyeckon dgpase
(Cr.opr) (1):

K, -k

0 k1 + k2 l,opr 11l,BoaH
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Puc. 2. 3aBucumocTb KOHUeHTpauum Va oT BpeMeHU (B — Ciiagops = 0,0501 M; ¢ — Cupgogn =
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Puc. 3. 3aBucumocTtb KoHUeHTpauun Va oT BpemeHU (B — Cicponn = 0,0026 M; ¢ — Ciicpopn =
0,0059 M; ¥ — Cjiic.sons = 0,0103 M).

YpaBHeHue (1) BbiBeOEHO Ha OCHOBE MPEeASIOKEHHOW pPacCLUMPEHHON CXeMbl
peakuuun (puc. 4) B npnbnmxkeHmn bogeHwTenHa. HeobxoaguMo OTMETUTb, YTO OHO
BbINOMHAETCS TONbKO Ha Ha4yanbHOM y4yacTke peakumm (Cy=cyi=cy=0) n npmn ycnosum
paBEHCTBA HayamnbHbIX KOHLEHTpauun peareHToB (Cjo=Cpno). W3 (1) cneayet, 4to
Habnogaemasi KOHCTaHTa CKOpoCTH (K,q, ) MOXET BbITb Mony4veHa no (2):

kHaGn = L (2)
Cio " Citeoam

KOHCTaHTbI CKOPOCTU peakuui XOpPOLWO KOPPEenupyklT C  KOHCTaHTamu

OCHOBHOCTM NUPUANH-1-0KCMAOB:

lgk,.. =0.764-pK_ —2.64;R =0.998;S, = 0.05 (3)

Habn BH*
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OR

R =-P(0)(0OCgHs),; X = -Cl, -CH3, -OCHj3, -N(CH,CH,),0, -N(CH3).

Puc. 4. PacwupeHHas cxema WTOK peakumn  occopunmpoBaHms  dpeHonos
xnopaudeHundocdartom B cucteme H,O/CH,Cl, katanuanpyemon nupungnH-1-okengamm (T = 20°C)

Huskaa peakunoHHast cnocobHocTb llla-lllc no oTHoweHuto k VII npuBoguT K
HakonneHuto B opraHudeckon ase VII n cHmkenunto Bbixoga V (tabn. 1). C gpyron
CTOPOHBI, UCMOSb30BaHNE 3TOM OCOBEHHOCTM MO3BONSIET CUHTE3MPOBATb Pa3fnnYHbIe
opraHumyeckne nupodocdaTbl, YUTO MOXET NpencTaBndaATb  3HAYUTENbHbIN
NnpaKkTUYeCKNN NHTEpPEC.

Ta6nuua 1. HaGniogaemble KOHCTAHTBLI CKOPOCTU U BbIXOAbl peakuum
docopunmpoBaHus Va ans pasnmyHblX katanMsaTtopos

Ne Katanusatop pPK .. 19K, .6 Bbixon, %
1 Illa 0,33 -2,45 35
2 llib 1,29 -1,62 50
3 llic 2,05 -1,00 60
4 lid 3,25 -0,164 81
5 llle 3,88 0,290 88

4-xnopdgenun- (Vb), dennn- (Ve), 4-metundenunn- (Vd) n 4-metokcndeHun-
(Ve) noudeHundgocdatr cuHTe3npoBanun ¢ wucnonb3oBaHnem llle B kayecTtBe
katanusaTtopa. CTpoeHue nosiydeHHbIX OpraHndecknx docgartoB [gokasaHo C
nomolusto MK, 'H 1 3'P AMP cnektpockonuu. SkcnepuMeHTansHo nonyyeHHble >'P
XUMUYECKNE COBUMM CUHTE3NPOBaHHbIX (hocaToB NnpmBeaeHbl B Tabn. 2.

OTOenbHO M3y4nnm BO3MOXHOCTb MOSTyYeHUS afeKBaTHbIX PacYETHbIX BENNYUH
Xnumuyecknx casuros saep P B Tpuapundocdartax nytem KBaHTOBOXMMUYECKMX
pacyeToB Ha ypoBHe Teopuun DFT. YpaBHeHue (4) onucbiBaeT 3aBUCUMOCTb MeEXAY
paccynTaHHbiM abCOMOTHBIM M3OTPOMHbLIM 3KpaHupoBaHnem (IAS) n xmMmuyeckum
COBUWIOM:

3 =IAS,, +35, —IAS,,, (4)

pacuy.seLy
B (4) IAScr n IASge,, abconioTHoe W30TPONHOE 3SKpaHMpoBaHWE CcTaHgapTta W
cybecTtpaTa, cootBeTcTBEHHO. Kak BMAHO u3 (4), paccuntaB [ASgeu, IASe 1 3Has

O, MOXKHO MOMYYNTb PaCYETHBIA  XUMUYECKUA COBUM (8 ..., )- Hanee, npu
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COMOCTAaBIEHUN C JKCMEPUMEHTAmNbHO MOMYYEHHbIMU WUCMNOMb3YHT PErpecCUOHHbIN
aHanus (5) [14].
6:al(cn.Beu.l =a- 8pac~|.BeUJ. + b (5)
O6bvenuHuB (4) n (5) nonyynm:
8aKcrl.Beu.L =a- (IASCT + SCT)+ b-a- IASBem (6)

Yp. (6) ncnonb3oBanu Ans nonyvYeHnsa 3aBUCUMOCTEN MeXAY dKCnepuMeHTanbHbIMU
XUM. casuramm n paccumtaHHbiMun IASgLo. 1 IAS Lo

5 = 274,06 -0,7731-1AS o ;|R| = 0,998;S, = 0.34 (7)
5 = 259,35 0,7696 - IAS,5, o ;|R| = 0,999;S, = 0.32 (8)

MpumeHenne IGLO-III npegnovtutensHee, No-BMaNMOMYy BCeACTBUE TOrMO YTO
atombl P n Cl TpebyloT LOMNOMHUTENBHOIO y4YyeTa Nonsipu3aunoHHbIX OYHKUMA Ons
yNy4LEeHnsa KOppenaunm mexay pacHeTHbIMU U 3KCNEePUMEHTaNbHbIMU 3HAYEHUSIMIA.

Ta6nuua 2. dkcnepuMeHTanbHbIE U paccunTaHHble xummndeckue casurn (3'P) psaa
opraHudeckmx goocdatoB

Ne | CoeaunHeHune Oskey M.A. IAS cLo.1, M.A. OicLo-, M.4. IASicLo., M.A. OicLo-n, M.4.
1 Vil -25,3 388,0 -25,9 370,5 -25,8
2 Va -18,3 377,9 -18,1 360,6 -18,2
3 Vb -17,5 376,8 -17,2 359,4 -17,2
4 Vc -17,6 376,9 -17,3 359,2 -17,3
5 vd -17,2 376,8 -17,2 359,2 -17 1
6 Ve -16,9 376,0 -16,6 358,8 -16,8
7 | -4,9 3614 -5,3 343,8 -5,2

3KCI’IepMMEHTaJ1bHa$I 4acTb

MK cnekTtpbl opraHudeckon dasbl permctpupoBanu B kioBetax M3 CaF, Ha
cnektpomeTpe «Perkin-Elmer Spectrum BX». Owwnbka wunamepeHuss 4actoTbl He
npesblwana 0,5 cv’. 'H n 3P AMmP CNeKTpbl perncTpupoBann C MNOMOLLbIO
cnektpomeTpa Bruker Avance Il (400 MHz) B CDCl3; n CD3;CN (nepxnopat IV) c
no6askoit TMS ('H) B KkayecTBe BHyTpeHHero craHpapta ¥ TpUdeHUNdochuH
okenga (*'P) kak BHelHero cTaHaapTa. Olumbka N3MepeHnst XMMUYECKUX CABUIOB He
npesbllwana 0,005 m.n. v +0,05 m.g. Ans cnektpoB Ha sapax 'H un *'P,
COOTBETCTBEHHO.

CuHTE3 apunaguceHunndoccaros. Peakuuio dochopunupoBaHmus
nposogunn B peaktope obbemom 100 mMn ¢ TepmocTaTupyemon pybaLlKkon.
OpraHunyecknin M BOAHbIA PacTBOpPbl peareHToB TepmocTaTupoBanu npu 20°C
(£0,2°C) B TeuyeHnme 15 mMuHyT. Peakumio HaunHanu c¢ pobGasneHusa 30 mn
opraHuyeckoro pacteopa | (3 mmonb) k 30 mn BogHoro pacteopa Il (3 mmons), NaOH
(3 mmonb), KoCO3 (3 mmonb) 1 lll. Ha npoTshkeHnn peakumn B onpeaeneHHoe BpeMs
oTOumpanu npobbl opraHmyeckon pasbl (0,1 mn). CoctaB opraHumyeckon asbl
aHanusmposanu ¢ nomotbio MK 1 3'P AMP cnektpockonuu. docdopunmpoBaHme
nposoaunu npu pH 9-10, 4nNa yMmeHbLUEHMS BKaga NOBOYHbLIX peakunn rugponunaa.
lMocne okoHYaHUsA peakumn asbl pasgenanu. [NpoaykT BblAENANN NyTEM OTIOHKK
CHxCl, wn npombiBanu pactsopom NaOH (0,01 M) agna yaganeHus
andgeHundgocgopHon Kucnotel M deHona. [llocne 4ero pgBaxabl NpoOMbIBanu
OUCTUNNMPOBAHHOW BOAOW 1 BbICyLUMBaANu B akcnkatope Hag P20Os.

CuHTe3 nepxnopara 1-[(anbeHokcudochopun)okcu]-4-
(avumeTnnamuHo)nupuaunHus. llle (0,02 monb) n nepxnopat nutusa (0,02 monb)
BbiCywmnBanu B nuctonete duwepa. | neperonsanu npu 150°C (1 mm pT. cT.). llle n
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nepxnopat nutmna pacteopunn B CD3CN (0,25 mn), BbICylUEHHOM MapUAOM
KanbumMs wn MornekynsapHeiMum cutamm (0,3 HM), M cmewanu C pacTBOPOM
cogepxawum | (0,02 monb) B CD3CN (0,25 mn). Yepes 10 MUHYT peakLMOHHYHO
cMecb OTuNbTpoBann OT xnopuaa nutna, a punbTpaTt nomecTunu B cyxyto AMP
amnyny. Bce onepaunn npoBoaunnu B cyxom Bokce.

KBaHTOBOXMMMYECKUNE pacyeTbl. OnTnmmsauuio reomeTpumn
CUHTE3NpPOBaHHbIX apungundgerHundocdaTtos (V) npoBogunu Ha ypoBHE Teopuu
DFT PBEO0/6-31G(2df,p) B rasoBon dase. [Ona pacyeta abconoTHOro
N30TPOMHOro 3KpaHupoBaHusa ucnonb3oBanu metod IGLO n 6asncHble Habopsbl
IGLO-Il, IGLO-IlIl [15]. Bce pacyeTbl NpoBOAUAN C MNOMOLLbI MPOrpamMMHOro
naketa ORCA-2.9.0.

BbiBoAabI

B HacTosiwen paboTe wu3ydyeHa BO3MOXHOCTb MNPOBEAEHUS  peakuun
docopunmposanmss B ycnoBusax  UTOK, ¢  wncnonb3oBaHuem  psga
nMpuauH-1-okcMaoB B KadecTBe Katanu3aTtopos. [lokaszaHo, 4TO Haunydwue
pe3ynbTatbl AaeT NpuUMeHeHve 4-aumeTtunamuHonupuaunH-1-okenga. MNpegnoxeHa
pacwupeHHass cxema WTOK peakumm dochopunupoBaHms ¢eHonaT uoHa B
ABYyxdasHon cucteme.

HanpgeHo, 4TO yBenuyeHue aneKkTpooTpuuaTenibHOCTU 3aMecTUTens B napa-
NONOXEHNN (PeHUNbHOro Konbua apungudeHnngocdaToB NpUBOAUT K CMELLEHWNIO
3P AMP curvana B cunbHoe norne. Haunyyluas koppensiums Mexay paccuuTaHHbIMM
M OKCTIEPUMEHTANbHLIMU  XUMUYECKUMU  caBuramm P gocTuraeTcst  npw
ncnonb3osaHmm metoga IGLO B codeTaHuun ¢ 6a3ncHeim Habopom IGLO-III.
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B.M. AHiweHko, B.l. Pu6aveHko, K.FO. Yomil, A.M. Pedbko BUBYEHHS PEAKUII

®OCPOPUITFOBAHHST ®EHOJIIB B YMOBAX IHBEPCIMHOIO TPAHC®A3HOIO KATAJI3Y

Psad apindigbeHingocghamie cuHme3oeaHo 8 ymosax IHBepCiliHo20 mpaHcgazHo20 Kamarizy
(IT®K). 3anpornoHosaHa cxema peakuii ¢heHornie 3 xnopdigheHinghocchamom 8 dgoxghasHil cucmemi
H,O/CH,Cl,. 5k kamanisamopu eukopucmosysasnu roxiOHi nipuduH-1-okcuda. Peakuis npomikae
yepes cmadito ymeopeHHs1 ioHHo20 iHmepmediamy — xrnopudy 1-(BigheHokcighocgbopin)okcinipuduHusi 8
opaaHiyHiii ¢hasi, wo ecmaHosneHo memodamu 14 ma 'H SIMP crnekmpockonii. Bydosy ompumaHux
apindigheringpocgpamie nidmeepdxeHo memodamu 14, 'H i *' P SIMP ma enemenmrozo aHani3y.

Kntoyoei cnoea: cpocpopuntosarhs, ITOK, nipudun-1-okcud, "H ma 3P SIMP, 14, DFT, IGLO

V. Anishchenko, V. Rybachenko, C. Chotiy, A. Redko STUDY OF THE REACTION OF
THE PHENOL PHOSPHORYLATION UNDER INVERSE PHASE TRANSFER CATALYSIS

Various organic phosphates were synthesized using inverse phase transfer catalysis (IPTC).
This method was effectively used for phosphorylation of para- substituted phenols (4-methyl-, 4-
methoxy-, 4-chloro-, 4-hydro- and 4-nitro-) by diphenyl chlorophosphates.

Para- substituted (4-chloro, 4-methyl, 4-methoxy-, 4-morpholino- and 4-dimethylamino-)
pyridine-1-oxides were used as IPT catalysts. The reaction proceeds via the formation of an ionic
intermediate in the organic phase — 1-(diphenoxyphosphoryl)oxypyridinium chloride, that confirmed by
"H NMR and IR spectroscopy. The "H NMR spectrum shows shift of B-pyridine-1-oxide protons to the
weak field. The IR spectrum shows shift to the high-frequency region of strong band of vp-o (1320 cm").

Extended reaction scheme of reaction between diphenyl chlorophosphate and phenols in two-
phase system H,O/CH,Cl, was proposed.

Effect of catalyst structure on reaction rate and product yield was investigated on the
phosphorylation of 4-nitrophenol. With increasing basicity of the catalyst a higher reaction rate and
product yield were reached. Initial concentration of catalyst in the aqueous phase strongly influences
the reaction rate but not the yield. Initial rates of reaction were measured for characterization of
reaction kinetic due to the complexity of process mechanism.

The structure of obtained aryl diphenyl phosphates were confirmed by IR, "H and *’P NMR.
The experimental 3P chemical shifts of the synthesized organic phosphates were compared with
calculated and good correlations were achieved. Lowest energy structures of phosphates were
calculated using ORCA 2.9.0 at the DFT level of theory PBE0/6-31G(2dfp). *'P chemical shifts were
predicted using IGLO method and specifically designed IGLO-II and IGLO-III basis sets.

AHuweHko Buktop HukonaeBu4 — VIHCTUTYT (PU3MKO-OpraHUYECKOW XMMUU U YrIeXumMum
um. J1.M.JlutBuHeHko HaumoHanbHom Akagemum Hayk YkpawHbl, yn. P.Jlokcembypr 70, 83114,
r.JoHeuk-114, YkpauHa, Ten. (+38062) 311-22-49, E-mail: viktor.anischenko@yandex.ru

Pbi6ayeHko Bnagumup UBaHOBUY — a-p XvM.HayK, Npod., MHCTUTYT pr3nko-opraHnyeckon
xumMumn 1 yrnexumun - uMm.  J1.M.JIntBuHeHko HaumoHanbHon AkagemMun Hayk YKpauHbl,  yn.
P.Jltokcembypr 70, 83114, r.[loHeuk-114, YkpaunHa.

Yotum KoHcTaHTMH KOpbeBMY — KaHO. XWM. HaykK, CT.Hayd.cotp., WHctutyT dwmsnmko-
opraHnyeckon xvmmuun n yrnexvumuun nm. J1.M.JIntBuHeHko HaumoHansHoM AkagemMmumn Hayk YKpauHbl,
yn. P.JltokcemOypr 70, 83114, r.[loHeuk-114, YkpanHa.
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YIK 547.22:541.13:541.8:541.127

B.A.BepexHon, 0.B.CmupHoBa, WU.B.EcpumoBa, kaHO. Xum. Hayk, CT. Hayu.
coTp., C.JI. XunbKo KaHA. XvM. Hayk, CT. Hayd. coTp. (MHCTUTYT (pm3nKO-OpraHnyeckom
XvMuu 1 yrnexummn um. J1.M.JTuteuHeHko HAH YkpauvHbl)

OINPEJIEJIEHUE AHTUPAJIMKAJIBHON AKTUBHOCTH
HU3KOTEMIIEPATYPHBIX ®PAKIIUN T'YMUHOBBIX U
I'MMATOMEJIAHOBBIX KUCJIOT B CPEJE IUMETHJICYJIb®OKCHUIA

U3yyeHbl aHmupadukarbHble ceolicmea Hu3komemrepamypHoU pakyuu 2yMUHO8bIX U
2umMamomesiaHosbix Kuciiom u3 bypoao yensa. OueHka aHmupadukanbHOU akmueHocmu bbina
rnpoesedeHa KornopumMempuyeckum mMemoOoM o peakuyuu ¢ 2,2-0ugbeHurn-1-nukpunaudpasusiom 8
dumemuricynbgokcude. [Mapamemp ECRs5,, xapakmepusytouwul aHmupadukanbHy akmueHOCMb
gewiecms, HaldeH Onsi 2yMUHO8bIX U 2uMamomesiaHo8biXx Kucriom u cocmaensem 5,63 u 16,39
coomeemcmseHHo. [lokasaHo, 4moO 2yMuHo8ble Kucrombl obnadaiom 6ornee 8bIPaXeHHbIMU
aHmupaduKkarnbHbIMU ceolcmeamMmu, 4YeM euMamoMesiaHo8ble KUcrombl U aHmupaldukasibHas
aKmueHOCmMb 2YMUHOBbIX 8eWecms yesesuyueaemcsi ¢ POCMOM UX Kojudecmea 8 pacmeope.
YcmaHoeneHo Koruyecmeo ackopbuHo8oU KUC/I0OMbI, IK8UBANIEHMHOE KOHUeHmpauuu uccriedyembix
2YMUHOBbIX 8eujecme u paccyumaHo, 4mo 3a 20 mMuH 83aumodelicmeusi 12 2yMUHO8bIX KUCIIom
goccmaHaenueaem makoe Xxe Kosudecmeo cmabunbHoeo padukana O kak 125,44 me
ackopbuHogoli  kucriomel, a 12 eumamomenaHosbiXx Kucriom coomeemcmeeHHO 34,94 2
ackopbuHosgoli  kucrombsl.  KuHemudeckue  aKcriepuMeHmb!  nNpodeMoHcmpuposanu,  4mo
npedcmasneHHbili 8 daHHOU pabome wMemod npuMeHuM Ons aHanusa aHmupadukanbHOU
aKmueHoOCmMuU 2yMUHO8bIX 8elecms.

Knroyeeble cnoea: aHmupaldukanbHas akmueHOCMb, eUMamoMesiaHo8ble KUCIoMmbl,
2yMUHO8ble Kucriombl, ackopbuHosasi kucrioma, oIl

'yMMHOBbIE BellecTBa ABMASKOTCA OAHOM M3 Havbonee XUMUYECKU aKTUBHbIX
yacten Oyporo yrns, Topdga, NOYBEHHOro rymyca, CrnaHueB M OOHHbIX OTIOXEHUN
(canponenein), YTO AenaeT UX YHUKanbHbIMU OObEKTaMN AN pelleHnss XMMUYECKNX
3agay pasnuyHoro nnaHa. lNpenapatbl N'YMUHOBBLIX BELLECTB Kak HaTMBHbIX, TaK U
MOAMULMPOBAHHbBIX MNEPCNEKTUBHbI ANA MNPUMEHEHUA B CENbCKOM XO3SINCTBE,
BEeTEpUHApUKN, MeanUnHe U TeXHUYECKNX HanpaeneHuax. B aTon csAsn, nonydeHue
npenapaToB C 3aJaHHbIMW CBOMCTBAMM Ha OCHOBE YMUHOBbLIX BELLECTB SBMSieTCA
aKTyanbHoOW 3agavemn.

Hanbonee peakUMOHHOCNOCOOHBIM KOMMOHEHTOM T[YMUHOBbBIX BELLECTB
ABnATCA rymuHosble kucnotbl ([K), koTopble B 3aBMCUMMOCTU OT MPUPOAHbLIX
MCTOYHMKOB OT/INYAKOTCH 3NIEMEHTHbIM COCTaBOM. [MMaTOMenaHoBble KUCIOThI
(MvK) npeacTaBnaOT cnMpTOpacTBOPUMYHO (bpakumio ryMmHoBbIX Kncnot. 'K n TmK
ABNATCA MPUPOLAHLIMUA COEAMHEHUSIMU, KOTOpble MPeAcTaBnsAlT COBOM CROXHYHO
OpraHMYecKyld CTPYKTYpY C KOHOEHCUPOBAHHbLIMW apoMaTUYeCKUMWU  sapamu,
nmerwmnmm BoKoBble Lienu pasfiMyHOW CTeneHW pa3BeTBfIEHUS, B COCTaB KOTOPbIX
BXOOAT pasnuyHble rmapodunbHble YHKUMOHANbHbIE FPYNMbl: KapOOKCUMbHbIE,
rMMOPOKCUNbHbIE, XUHOUAHbIE, aMUHOrpynnbl [1-3]. Hannune aTnx oyHKUMOHAIbHbIX
rpynn B CTPYKTYpe Makpomonekyn obycnaBnvmBaeT OMONMOrM4ecKytd akTMBHOCTb
YMVHOBbBIX BeLeCcTB W npegnonaraetr WX CAOCOBHOCTb K aHTUOKCUOAHTHOWY
aencteuto. OgHako geTtanbHbIX UCcnegoBaHU 3TUX CBOMCTB NYMUHOBBLIX BELLECTB B
nutepartype Her.

Llenbto paboTbl 6b1n0 nccnegoBaHne aHTupaankansHonm aktnesHocTu 'K n MvK.

Pe3ynbTaTtbl U nx obcyxaeHue

OgHumMm mn3 cnocoboB OLEHKM aHTMpaﬂMKaﬂbHOVI aKTUBHOCTUN ABNAETCA
KONnopnMeTpud cBOB6OHbIX pagukanoB, OCHOBaHHadA Ha peakuuun cTabunbHoro

o7 © bepexHoli B.A., CmupHosa O.B.
Egumosa N.B., Xunbko C.J1., 2013
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ceobogHoro pagukana 2,2-gudenun-1-nukpunrugpasuna (OPMIN) ¢ obpasuyom
aHTMokcnpaHta [4]. B pesynbtate BoccTtaHoBnenuss OO  aHTMOKCMAAHTOM
CHWXaeTca nyprnypHoO-cuHAA okpacka OOIT B pacTBope, a peakumnsa KOHTponmpyeTcs
MO U3MEHEHNIO ONTUYECKON NNOTHOCTM OBbLIYHBIMKM MeTogaMun cnektpodoTomepumn. B
nuTepaType OnuUCaHbl MHOXECTBO MEeTOAUK oOrnpefernieHnss aHTupagunkanbHOm
aKTMBHOCTU HWU3KOMOSEKYNSAPHbIX aHTUOKCUMOAHTOB W UX CMecerd B pPasfnyHbIX
NpUPOAHbIX  3KCTpakTax [5-12], HO 4YeTKMX MeToaMK Mo  onpeneneHuto
aHTUpaguKanbHOM akTUBHOCTU BbICOKOMOJEKYMNSPHbLIX COeQUHEHUN He pa3paboTaHo.
B naHHon paboTe udyyeHa aHTMpaaukanbHasa akTuBHoCTb 'K n MMK no aHanorum ¢
9KCTpaKkTamn n3 pacteHun [8].

beino nccnepgosaHo B3aumopgenctene MK mn K ¢ OO B cpege AMCO.
OctatoyHoe copepxaHve OO (%OPIMT) B peakuynmoHHOW CMeCcWU OLEeHMBanoChb Mo
dopmyne:

D
%IOTIT = —+100%, (1)

0

roe D; - onTuyeckasd nNnOTHOCTb B HEKOTOPbLIN MOMEHT BpemeHun, Dy - onTuyeckas
NNOTHOCTb PacTBOpa B HaYarnbHbI MOMEHT BPEMEHW.

[MonyyeHbl XapakTepHble KMHETU4YEeCKMe KpuBble pacxogoBaHus OO B
peakuun ¢ M'vK (puc. 1a) n 'K (puc. 1b).
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Puc. 1. KuneTtnyeckume kpusble pacxogosanus OO no peakumu ¢ M'mK(a) n MK(b), B3sTbiMK B pasHbix
KOHUeHTpaumsax: 1 - 27,0 mr/n, 2 - 30,9 mr/n, 3 - 54,0 mr/n, 4 - 61,8 mr/n

Ona  xapakTepucTukm  aHTUpaguKanbHOW  aKTUBHOCTU  UCMOSb3YHT
«3ppeKkTMBHOE COOTHOLWEHNE KoHueHTpaumny ECRsy [9] paBHOe OTHOLLEHWMIO
KOHUeHTpauuMn aHTmokcmgaHta u  [AOIl, koTopoe obecnednBaeT CHWXEHWE
KOHLUEeHTpauMmM okucnutens B 2 pasa B TeyeHne S5 MUHYT. [Ona HaxoxgeHus
napametpa ECRsp nonydeHa 3aBUMCMMOCTb oOcTaTouHOro cogepxanua OO ot
maccol MK (a) n 'K (b), npuxogawmxcs Ha 1 r OPTIT.
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Puc. 2. 3aBucrmocTb octatoyHoro cogepxanus OMN Ha 5 MyH B3auMoaencTBus oT Macchl
'vK (a) n TK (b), npuxoaswmxca Ha 1 r 4OTT

MpencraBneHHble Ha puUC. 2 3aBUCMMOCTWU OMUCLIBAKOTCA YPaBHEHUSIMW, MO
KOTOpPbIM MOXHO paccuutaTtb napameTp ECRsp :

ans Mvk: %M = 100,1 - 3,06- r/r(AGM) (2)

%0®M = 100,3 - 9,10- r/r(®Mr) (3)

Yem meHbLUe 3Ha4veHue napameTtpa ECRS0, Tem BelwectBo obnagaet 6onee
BbIpaXEHHON aHTMpaaMKanbHOW aKTUMBHOCTLIO. CpaBHEHME 3Ha4YeHun napameTpa
ECRS50 (tabnuua 1) uccnegyembix ryMUHOBBLIX BeLeCTB yKasbiBaeT Ha To, yTo K
obnapatoT 6onee BblpaXXeHHbIMU aHTUpaguKanbHbiMy1 cBoMCcTBaMun, Yem INmK.

ansa IMK:

Tabnuua 1. 3HaveHns napameTpa ECRs5p, BENUYMHBI OCTAaTOYHOIO CoaepXXaHns
OOMT (%OPIN) B 3aBMCMMOCTM OT KOHLEHTpaumm ryMMHoBbIX BeLLecTs (C),
9KBMBaNeHTHOE JaHHOW KOHLEHTpaumm konmyecTtBo ackopodmHoBom KUCOTbl ([AK]skes)
N KONMYECTBO ryMUHOBbLIX BewecTs (r/r(QPr)), npuxogawmxeca Ha 1 r QI

AKlske,
Mcr;/n r/r(QPMr) ECRso Kad ME(MO]J'Ib/J'I
MK MmK MK MK MK MmK
27,0 1,14 85,42 96,01 13,96 1,19
30,9 1,30 16.39 82,23 94,38 17,80 3,15
54,0 2,28 5,53 ’ 70,02 92,52 32,53 5,40
61,8 2,60 63,75 88,91 40,09 9,75

Mpumeyanue: 3HayeHns % 0PN n [AK].e 4na 20 MuH B3auMOaencTBms.

B tabnuue 1 npegcrtaBrneHbl 3HaYEeHUS BENUYMHBI OCTATOYHOIrO COAEpPXaHUs
O®rr B 3aBucumocTn oOT KoHueHTpauum MK u K B uccnegyemom pactsope.
[MokasaHO, 4TO C pPOCTOM KOHLUEHTpauuMM T[yMUHOBbIX BeLECTB YMeHbLuaeTcs
KONU4ecTBO OCTaToYHOro cogepxanua APl B pactBope, a 3Ha4nUT, yBENUYNBAETCH
aHTUpagukanbHasi akTMBHOCTb.

N3yyeHo B3ammogencteme ackopOMHOBOM  KUCMNOTbl CO  CTabMIbHbIM
pagukanom OO B cpege OMCO wu nonydyeHa 3aBMCUMOCTb OCTaTOYHOrO
copgepxanna OPIMI Ha 20 MUH B3anMOLENCTBUS OT KOHLEHTpaumm ackopbuHOBON
KMCnoTbl B pactBope. [1o nonyyYyeHHOW 3aBUCMMOCTM YCTAHOBWUMM KOJIMYECTBO
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ackop6uHoBon KkucnoTbl ([AK]ss), 9KBMBaANEHTHOE KOHLEHTpaumMmM uccrnenyemblx
rYMMHOBBIX BellecTB (Tabnuua 1).

40- -
b
C -
3 30-
E
(@)
b
< 201
—0 s a
< 101 »
]
| ]
0 T ) T T T T T T T
30 40 50 60
C, mr/n

Puc. 3. 3aBMCUMOCTb 3KBMBANIEHTHON NO aHTUPaLMKanbHOM aKTUBHOCTM KOHLIEHTPaALUK
ackopbuHosoi kncnotbl ([AK]se, MkMonb/n) oT koHueHTpauum (C, mr/n) MmK(a) u TK(b)

HangeHbl 3aBMCMMOCTM  9KBMBAneHTHOM  KOHUEHTpauuuM ackopbuHoBOM
KMCnoTbl OT koHueHTpaumn MK n MK (puc. 3), ncxoast 3 KOTopbIx paccumTany maccy
ackopbMHOBOW KMUCNOTbI, KOTOpasa 3KBMBAIIEHTHA MO aHTUpPaAMKarbHOW aKTMBHOCTU
1r wuccnegyemblx TryMUMHOBBLIX BeuwlectB. CornacHo pacyetam, 3a 20 MuH
B3aumogenctena 1 r K BoccTaHaBnMBaeT Takoe >Xe KONMM4ecTBO CTabUIbHOro
pagukana O®II kak 125,44 mr ackopbuHoBon kncnotbl, a 1 1 M'MK cooTBETCTBEHHO
34,94 r ackopbUHOBOW KMUCNOTHI.

BbiBoAabl

Takum obpasom, nM3y4yeHo B3ammopencTeue cBoboHbix pagukanos OOMT ¢
HU3KOTEMMEPATYPHbIMU  PPaKUMAMN TYMUHOBBIX U TMMATOMENaHOBbLIX KUCIOT B
cpene anmeTuncynbgokcuaa. MapameTp ECRs, XapaKkTepuayoLni
aHTMpaaukanbHy akTUBHOCTb BellecTs, HangeH ana 'K n T'mK un coctaBngeT 5,53 u
16,39 cooTBeTCcTBEHHO. [lokaszaHo, 4yto [K ob6nagawt 6onee BblpaXXeHHbIMU
aHTMpagukanbHbiMM cBoncTtBamn, 4Yem [MK v aHTUMpagukanbHasi akKTMBHOCTb
NYMMHOBBIX BELLECTB yBenuuusaeTcs ¢ poctom konuyectsa K n 'mK B pacTtBope.
YCTaHOBNEHO KONMUYECTBO acKOPOMHOBOM KUCMOTbI, SKBUMBANEHTHOE KOHLUEHTpauun
ncenegyemMblx ryMUHOBBIX BELLECTB U paccymTaHo, 4YTto 3a 20 MUH B3anMOAENCTBUS
1r K BoccTaHaBNMBaAET TaKoe K& KONMMYeCcTBO cTabunbHoro pagukana OO kak
125,44 mr ackopbuHoBon kucnotbl, a 1 r 'MK cootBeTcTBEHHO 34,94 I ackopOMHOBOM
KMCNOTbI. KuHeTuyeckne 3KCNEPUMEHTDI NpoOaAEMOHCTPMpPOBanu, 4yTO
npeacrtaBneHHbin B JaHHOWM  paboTe MeTo4 nNpUMEeHUM  Ans aHanusa
aHTUpaguKanbHOM akTUBHOCTU NYMUHOBbLIX BELLIECTB.

3KCI’IepMMEHTaJ1bHa$I 4acTb

[YyMWHOBbIE M TMMATOMENIAHOBbIE KUCMOTbl MonyYann W3 aHannMTU4eCcKou
npobbl Byporo yrna AnekcaHOpUACKOro MecTopoxaeHus (YkpavHa). ['yMUHOBLIE
KMCNOTbl OgHOKpaTHOM akcTpakumen 0,1 H. pactBopom NaOH, a rumaTtomenaHoBble
KMCNOTbl OQHOKPaTHOW 3KCTpaKLumen aTunoBbIM cnmptomM npu temnepartype 20 °C.
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[na onpepeneHns aHTMpaguKanbHOW akKTUBHOCTUM (PpakumMM FYMUHOBBIX U
rMMaTOMENaHOBbIX KUCMOT WCMNONb30Banu peakuuto co cTaburnbHbiM CBOGOAHBIM
pagukanom  2,2-gudenun-1-nukpunrugpasunom  (OOMr) [4]. WccnepoBaHus
npoBeeHbl Ha cnekTpodoTomeTpe Specord UV VIS B koBeTax wunpuHon 1 cm npu T
= 298 K. Pacteop A (1,010 ~* monb/n) doupmbl “Aldrich” (w = 97%) rotoBunu B
anmetuncynogookenge  (AMCO) B paboTte ncnonb3oBanncb  TOMbKO
CBEXENPUroToBIEHHbIE pacTBopbl. M3 ucxoagHbix pacteopoB K n TmK B AMCO
(1,08 r/n) rotoBunNn ceputo nocregoBaTenbHbIX pasbasneHun; 2,0 Mn Kaxagoro us
NoNyYeHHbIX pacTtBopoB cepumn npunueanu k 3,0 mn pacteopa APII n cpasy xe
nocrie CMeLUMBaHUs perucTpupoBasrnv 3Ha4yeHUs onTUYECKon NIIOTHOCTU npu A = 518
HM. M3-3a HacbiweHHon okpackm pactBopoB K n MK B KayectBe pacTtBopa
cpaBHeHus ncnonb3oBanu pacteopbl K n TMK B IMCO, Ton e KOHUEeHTpauuu, 4to
n B uccriegyemon npobe.
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B.A bBepexHoli, O.B.CmupHoea, I.B.€¢pimosa, C.J. Xunbko BUIHAYEHHA
AHTUPAONKAJIbHOI AKTUBHOCTI HU3bKOTEMIMEPATYPHUX ®PAKLUIA T'YMIHOBUX |
FIMATOMEJIAHOBUX KNUCJIOT B CEPELOBULLI OUMETUIICYJIb®OKCULA

BueueHo aHmupadukanbHi enacmueocmi Hu3bKomemrepamypHOi pakuyii aymiHogux i
eiMamomerniaHosux Kucriom 3 b6ypozo 8yeinna. OuiHka aHmupadukanbHoi akmusHocmi 6yrna
rnposedeHa KoO/IopuUMempu4yHUM MemoOoM 3a peakuiero 3 2,2-0ucbeHin-1-nikpineiopasinom e
oumemuricynbghokcudi. [lNapamemp ECRsy, wo xapakmepu3ye aHmupadukanbHy aKmueHicmb
peyosuH, 3HaulOeHO Oris eyMiHosux i eiMamomesniaHosux Kucriom | cmaHosumb 5,53 | 16,39
gidnoegidHo. [lokasaHO, WO eyMiHosi Kucriomu Mawmb Oinbw eupaxeHi aHmupaduKkasbHi
grracmueocmi, HiXXK eiMamomerniaHogi Kuciomu i aHmupadukasibHa akmueHiCmb 2yMIHO8UX PeY08UH
36inbWyemsCs i3 3pocmaHHsaM iX KilbKocmi 8 po34uHi. BcmaHoerneHo Kinbkicmb ackopbiHogor
Kucromu, wo eksiganeHmHa KoHUeHmpau,ii 0ocnidxysaHux ayMiHO8UX Pe4Y0B8UH i pO3paxoeaHo, Wo 3a
20 xe 83aemo0ii 1 2 2ymiHOBUX KuC/Iom 8iOHOBITE MaKy X KinbKicmb cmabinbHo2o padukana O
Ak 125,44 mz ackopbiHogoi kucromu, a 1 e eimamomernaHogux Kucriom 8i0nogidHo 34,94 e
ackopbiHoeoi kucriomu. KiHemu4Hi ekcriepumeHmu rnpodeMoHecmpyeanu, wo npedcmasneHul  daHil
pobomi memod 3acmocyemo Orisi aHanizy aHmupadukarbHOI akmugHOCMi 2yMiHOBUX PeYO8UH.

Knroyosi cnoea: aHmupaldukasibHa akmusHicmb, 2yMiHO8i Kucriomu, 2iMamomesiaHo8i
Kucsiomu, ackopbiHoea kucrioma, J®r1r.
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V.A. Berezhnoy, O.V. Smirnova, I.V. Efimova, S.L. Khil’ko ANTIRADICAL ACTIVITY
DETERMINATION OF LOW-TEMPERATURE FRACTION OF HUMIC AND HIMATOMELANIC ACID
IN DIMETHYLSULFOXIDE SOLUTION

Humic and himatomelanic acids are natural compounds. They are a complex organic structure
with condensed aromatic rings and have side chains of varying degrees of branching. The structure of
humic and himatomelanic acids are hydrophilic functional groups: carboxyl, hydroxyl, amino groups.
The presence of these functional groups in the macromolecular structure determines the biological
activity of humic substances and involves their ability to antioxidant action. However, detailed studies
of the properties of humic substances in the literature. The aim was to study antiradical activity of
humic and himatomelanic acids.

One way to assess the anti-radical activity is a colorimetric investigation of free radicals, based
on the reaction of the stable free radical 2,2-diphenyl-1-picrylhydrazyl (DPPH) with sample antioxidant.
Purple-blue colour of solution pales by antioxidant reduction of DPPH, and the reaction is controlled by
the change in optical density of the conventional methods of spectrophotometry. The literature
describes many methods for determination of the antiradical activity of low molecular weight
antioxidants and their mixtures in various natural extracts, but the precise method to determine the
antiradical activity of macromolecular compounds are not developed. In this paper, antiradical activity
humic and himatomelanic acids in DMSO studied by analogy with plant extracts.

In this paper we study the interaction of free radical DPPH with low-temperature fractions of
humic and himatomelanic acids in DMSO. Parameter ECRsy, which characterizes the antiradical
activity of substances, found for humic and himatomelanic acids of 5.53 and 16.39 respectively.
Shown that humic acids have a more pronounced antiradical properties than himatomelanic acids.
Antiradical activity of humic substances increases with the keeping of humic and himatomelanic acids
in solution. Set amount of ascorbic acid equivalent concentration of studied humic substances.
Calculated that 1 g of humic acid restores the same amount of stable radical DPPH on 20 minutes of
interaction as 125.44 mg of ascorbic acid and 1 g himatomelanic acids respectively 34.94 g of
ascorbic acid. Kinetic experiments demonstrated that presented in this paper the method used to
analyze the anti-radical activity of humic substances.

Keywords: antiradical activity, humic acids, himatomelanic acids, ascorbic acid, DPPH.
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BJIMSIHUE OKCHJOB Y TUJIPOKCHI0OB METAJIJIOB U NX
HAHOPA3BMEPHBIX AHAJIOT'OB HA OTHE3AIIIUTHYIO Y®P®EKTUBHOCTH
HHTYMECHEHTHOM NOJIMMEPHOM KOMITIO3UITUN

UccnedosaHbl UHMyMecueHmMHble KOMo3uuyuu cocmasea nonugocgpam ammoHusi (MA®) /
neHmaspumpum (13) / menamux (MA) / cononumep suHunayemama u amusneHa (3BA) ¢ wupokum
gapbuposaHuem 006agoKk oKcudo8, 2u0poKcudo8 Memassio8 U UX HaHOPasMepHbIX aHasloeos.
BbinonHeH cpasHUmMesibHbIU aHasiu3 8MUSIHUSI 3MuX aHmMurupeHo8 Ha rpoyecchbl hopMuposaHusi
MONIUMEPHO20 KOKCO8020 Crlosi 8 uHmepsane memnepamyp 200-600°C. lMokazaHo, 4ymo Hauboriee
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agbgbekmuBHbIMU SBMSOMCH CMECU, KOMopbie codep)xam 8 c80eM cocmase HaHo4Yacmuuybl OKCUO08
mumaHa u xenesa. [NpednoxeHbl Haubonee 8epOsSIMHbIE MEXaHU3Mbl XUMUYECKUX rpespaweHull 8
UHMYyMeCUEHMHOU cucmeme ¢ yyacmueM OKcudos U 2uGpoKcudos Memarsios.

Knrodeeble crnioea: uHmMymecueHmHasi KOMIO3Uuusi, OsHe3auwumHas 3ggeKkmusHoCMb,
KOoaghghuyueHm ecryqusaHusi, aHmurnupeHbl, HAaHOPa3MepPHbIe OKCUObLI U 2UGPOKCUObI MEMAJIIOo,.

MHTyMecLEeHTHbIE (BCNyYMBaloLWMECH) KOMMO3MUMW MNPeacTaBnstoT cobon
Krnacc orHe3alnTHbIX CPeaCTB, BKNOYAOLWMX B CBOM COCTaB AOHOP KUCMOTbI, MOMAMON
n rasoobpasosatenb [1-3], KOTOpble MpuM  MOBLIWEHUM  TemnepaTypbl
B3auMoOenCcTBYT Mexay cobor ¢ obpazoBaHMeEM Heropto4ero NeHOKOKCOBOTO CIlOS.
O6pa3oBaHHbIA BCMyYEHHbIN CIIOM 3HAYUTENbHO OTOABUrAeT BO BPEMEHU Kak
MOMEHT BO3rOpaHus, TaK W HarpeB WCMNONb3yEMbIX FOPHYMX KOHCTPYKLUN
(ApeBecuHbl, NnacTtmacec, opraHM4eckux npeccmatepuanos u T.n). MNomumo 3aToro,
OCHOBHblE (PU3NKO-XMMUYECKME NPOLECChl, UMelLlmne MecTO Mpu BO3LENCTBUM
BbICOKMX TemnepaTtyp Ha MHTYMECLIEHTHYK KOMMO3ULUMIO, MPOTEKalT C 6onblimm
aHOoTEPpMUYECKMM adhhekToM, a 0b6pasyowmecs Npyu 3TOM rasbl, TakMe Kak ammuak,
napbl BOAb!, YrIekncnbli ra3, NPoXoas Yepes HarpeTble Crov NeHOKOKCa, oxnaxaarT
ero, OTBOAA TEM CaMblM 3HAYMTENbHYIO A0S0 TENNOBOW 3Hepruu [4].

Llenbto paboTbl ABMNOCb U3yyYeHne BNUSHUA 00OaBOK OKCWMOOB, M'MAPOKCMAOB
MeTannoB W WX HaHOPa3MEpPHbIX aHarioroB Ha OrHe3awmTHYI 3EEKTUBHOCTb
KOMMO3uuMn,  codepallen  cononvmep  BuHMMauetata C  9TUMEHOM ¢
WHTYMECLIEHTHYI0 cuctemy nonudocear aMmMoHUS / NeHTaspuTpuT / MenamuH ans
pa3paboTkM HOBbIX TEXHONOMMYECKMX PELUEHUA CHUXKEHUS rOpHOYEeCTU MONMMEPHbIX
MaTepuanos 1 co3gaHus peuentyp 3PEEKTUBHbIX OrHE3ALLMTHBLIX MOKPLITUNA.

B «kavectBe 6as3oBOro OrHesawMTHOro coctaBa Obila wccrnegoBaHa
WHTymecueHTHas komnosvuma MA® / M3 / MA / 3BA npu COOTHOLEHUN
komnoHeHToB 3,8 : 1,0 : 1,0 : 1.5, B kOTOPYtO nNpubaenanu 0.38 yactn coeguHeHus
MeTansna unm ero HaHocTpykTypHoro adanora ( MeO-n unn Me(OH),-n ).

MeToauka onpegeneHna orHesawuTHOW 3PEEKTUBHOCTU UHTYMECLIEHTHbIX
cucTem onncaHa B [5]. Pasamepbl BbICOKOOMCMNEPCHBIX YacTuL, KOTOpble onpeaensnm
Npyv NOMOLLM CKAHUPYIOLLIErO 3MEKTPOHHOro Mukpockona JSM-6490 LV, coctaBunu
60 —110 HMm.

OrHesawnTHyo 3PEKTUBHOCTL OLUEHMBaNM C WUCMNOSMb30BaHMEM 3HaYeHUM
06beMHoro koadpduumeHTa Benyumsanmst K (cm®/r) n notepu macchl o6pasuos Am
(%) B TOuKax MakcMmanbHOro Bcny4msaHus cuctem. CootHowenue a = K/Am, koto-
poe xapakTepusyeT NPOYHOCTb 06paszoBaHHOroO hocdopkapbOHN30BaAHHOIO Kapkaca,
MCNONb30BanoCb ANA  NPOrHO3NPOBaHUS  3PAEKTUBHOCTM  UHTYMECLEHTHbIX
Komnoauuun [6]: 3Ha4yeHne napameTpa a B npegenax 3 < o < 4 gaeT OCHOBaHWe
OXMAATb BbICOKYH OrHe3alUnTHYH 3(PPEKTUBHOCTb MHTYMECLIEHTHOMN CUCTEMBI, MpU
3Ha4ve-HUAX o < 3 OrHesallnTHbIe CBOMCTBA CMECU YMEHbLUATCA NPONOPLMOHANbsHO
CHWXKEHMIO BenuumHbl o. B 1abn. 1 npuBeneHbl 3HadeHus napametpoB K, Am, o
nccnegyemMblX CUCTEM.

MHTEHCMBHOCTL BCnyyMBaHWs Onsi cucteMm ¢ gobaBkamu OKCMAOB NagjaeT B
pagy TiO—n> Fe;O3—n > TiO, > ZnO-n >Fe,03 > ZnO > CuO >Al,03 > MgO > CaO,
a c pobaskamu rugpokengos - Mg(OH)o—n> Mg(OH), > Ca(OH),. >Al(OH)s.
N3yyeHHble rugpokenabl metannoB (Mg(OH),, AI(OH)s;, Ca(OH)z) nosbiwatoT
BCMy4MBaHMEe MO CPaBHEHUIO C HemMoaMULMPOBaAHHOW 6a30BON WMHTYMECLEHTHOW
komnoauumen (Ne1 B Tabn.1) n cuctemamm ¢ gobaBkaMmm COOTBETCTBYHOLLMX OKCUOOB
(MgO, A|203,CaO).
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Ta6nuua 1. 3HaueHust 06LEMHOro koadduumeHTa Benyunsanms K (cm®/r), notepu
mMaccol obpasuo Am (%) n napameTpa o ANa UHTYMECLLEHTHbLIX KOMMO3ULMI
MA® /13 / MA / OBA B npucyTCTBUM OKCUOO0B U TMAPOKCUA0B METasnsos
N UX HAHOCTPYKTYPHbIX aHaroros Npu pasHblX TeMnepaTtypax

Ne AHTUNMPEH T, °C K, cm®/r Am, % a
350 39 39 1,00
1 - 400 34 44 0,77
500 23 46 0,50
350 47 30 1,58
2 TiO, 400 51 37 1,33
500 45 40 1,36
350 48 21 2,29
3 TiO,-n 400 52 30 1,73
500 48 37 1,32
350 38 32 1,18
4 ZnO 400 39 38 1,03
500 30 42 0,71
350 42 30 1,40
5 ZnO -n 400 44 32 1,38
500 41 37 1,11
350 16 26 0,62
6 Fe,0s 400 44 37 1,19
500 42 41 1,02
350 52 31 1,68
7 Fe;O3 -n 400 40 36 1,11
500 35 38 0,92
350 30 36 0,83
8 MgO 400 25 42 0,60
500 15 44 0,34
350 43 35 1,23
9 Mg(OH), 400 42 40 1,05
500 35 43 0,81
350 44 28 1,54
10 Mg(OH), -n 400 41 35 1,17
500 36 39 0,92
350 32 31 1,03
11 Al,O; 400 29 37 0,78
500 20 45 0,44
350 38 36 1,06
12 Al(OH)3 400 37 41 0,90
500 31 44 0,70
350 17 34 0,50
13 CaOo 400 18 40 0,45
500 15 43 0,35
350 41 35 1,17
14 Ca(OH), 400 39 41 0,95
34 34 45 0,76
350 48 31 1,55
15 CuO 400 36 36 1.00
500 13 45 0,29
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3aBucnmocTn KoadpuumneHtTa BcnyumBaHnsa K oT Temnepatypbl OAHOTUIMHbI
ANs BCeX uccnegyemblX WHTYMECUEHTHbIX KOMNO3UUMI C aHTUnMpeHamu. [JaHHble
puc.1  cBUOETENbCTBYKOT O TOM, YTO OCHOBHbIE XUMWYECKME MPOLECCHI,
OTBETCTBEHHbIE 3a OrHe3allMTHbIe CBOWCTBA CMCTeMbl, HaunHatoTcsa nocne 300°C u
NpoTeKalT B OCHOBHOM B MHTepBane temnepatyp 350°C-550°C HesaBUCUMO OT
npypoabl aHtTunupeHa. Cnegyet OTMETUTb, YTO 3aBUCUMOCTb KO3UUMEHTA
BCMy4MBaHMs OT Temnepatypbl And cuctem C gobaBkamMym  HaHO4YacTuL
Xxapaktepuadyetcsa 6onee npoOormKUTENbHbIM CTabUNM3aLMOHHBIM  Y4acTKOM C
coxpaHeHnem bBoree BbICOKMX 3HavYeHun K (puc. 1) no cpaBHEHUIO C CUCTEMOW, He
coaepallen aHTUNUPEH, a Takke C CUCTeMaMK, KOTopble copepxaT OOblYHbIe
okcuabl meTannoB. HaHodacTuubl, yyacTBys B (POPMUPOBaAHUN HaAMOSIEKYNSIPHON
NONMMMEPHON CTPYKTYPbl, MNO-BUAMMOMY, MOMOXUTENBHO BNUSIOT Ha CBOWCTBA
obpasytoLierocs matepuvana.

50 -
45 -
40 -
35 -

Puc. 1. 3aBucumocTb koapduumeHTa BenyumBanus K (cm/r) ot Temnepatypbl T (°C) B
komno3anumsix MA® / N3 / MA / 3BA ¢ gobaekammn ZnO u ero HaHopaamepHon dopmsbl, rae 1 —Zn0O ;
2 —Zn0O-n ; 3 — 6a3oBbI COCTaB

BBegeHne okcugoB M TMOPOKCMOOB  METanfioB B UHTYMECLEHTHYHO
KOMMNO3MLMIO MOXeT MNPUBOAUTb KaK K MOMOXUTENbHOMY, Tak U OoTpuuaTeribHOMY
BMIUSIHUIO HA OrHe3alUTHYK 3MEMEKTUBHOCTL CUCTEMbl (Hanpumep, CpaBHUTb
AaHHble Ne2 n Ne 13 B Tabn.1). iccnegyemble coeanHEHUA MeTannoB MOryT urpatb
pOSib HE TOSbKO KaTanm3aTopoB MPOLECCOB KOKCOBAaHUS, HO, pacnagasiCb, MEHSTb
XapakTep gecTpykumn matepuana [7].

MonoxutenbHoe paenctene [00aBOK  UccnefyemblX  aHTUNMPEHOB B
komnoauumio NMA® / M3 / MA / 3BA nposiBnseTcs 1 B NOBbILEHUM MacCbl KOKCOBOMO
ocTatka BO BCEM MWHTepBane WCCredoBaHHbIX TemnepaTtyp, 4YTO LAEMOHCTPUPYHOT
AaHHble Tabn.1. MNpun BO34ENCTBMM BbICOKMX TEMMepaTyp 3Ha4YeHUs notepu maccobl
o6pa3uoB B NPUCYTCTBUM OKCMAOB METanfioB M WX BbICOKOAUCNEPCHBLIX OPM
CHWxatTca Ha 5-15% no cpaBHEHMIO C COOTBETCTBYHOLWMMW BeNMYMHAMKU Ons
Ga3oBOro cocrtaBa, 4TO $SBNAETCA CBUOETENbCTBOM MOBbILWWEHUS MPOYHOCTH
N30MMPYIOLLEro Crosi, a CriedoBaTeNlbHO, U CHWXKEHUSI TOpPHYeCcTU uccrnenyemomn
KOMMO3MLINN.
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[MpumeHMMoOCTb nNapameTpa o ANs  NPOrHO3MPOBaHUSA  OrHe3aLMTHOM
9(PPEKTUBHOCTU WMHTYMECLIEHTHBIX KOMMO3ULMKA MNOATBEPXOAeTCad U Koppensuuen
MeXay noTepen Macchbl AepeBsiHHOro Bpycka B NpoLecce UCMbITaHUIM OT 3HAYEHUs qQ,
Kak nokasaHo Ha puc. 2. MUHUMarnbHble 3HAYEeHUSI YMEHbLUEHUss Maccbl 06pas3uoB
(Am no TOCT 16363-98 [8]), KoTOpble SABNANTCA OAHVMW W3 BaKHENLUMX
nokasaTenen CTeneHn OrHesawnTbl [ApeBeCUHbl, MNPUXOAATCA WMEHHO Ha
MaKkcMMarbHble 3Ha4YeHUS COOTHoLeHUs K/IAm.

20
18
16

14 -

A M, %

0 1 | | | | | | |
0,5 0,7 0.9 1.1 1,3 1,5 1,7 1,9

a

Puc. 2. 3aBuUcMMOCTb OTHOCUTEMBHOW MNOTepy Macchl obpasuoB apeBecuHbl (AM, %) ot
3HayeHus napameTpa a Ans komnosuuun MA® /13 / MA / OBA, mogudumumposaHHbix gobaskamu: 1
— Alb,O3, 2 - Fe,03, 3—6as3oBbin coctaB, 4 —Zn0O, 5—-TiO,, 6 — ZnO-n, 7 — Fe;,03-n, 8 — TiOy—n

ObwenpuHato [1, 3], 4YTO MExaHuU3M OrHe3awuTHOro AEencTBuS
WHTYMECLIEHTHOM CUCTEMbI OMUCLIBAETCS CXEMOMW 3HO0TEPMUYECKUX NPEBPALLEHNIA U
B3aMMOOENCTBUA KOMMOHEHTOB CMECW, Cpeau KOTOPbIX B KayeCTBE OCHOBHbIX
BblAENSIOT:

— Tepmuyeckoe pasnoxeHne docdartoB unu nonmgocdartoB aMMOHUS C
BblaeneHnem pocdOopHbIX KUCNOT 1 amMmaka,

— pasnoxeHue rasoobpasoBaTtens (amvmHa) ¢ obpa3oBaHNEM HETOPHYNX ra3os
(NHs, CO,, N2 n gpyrue),

— pgermgpatauma un o atepudukaums nonuornia  POcdOpPHOM  KUCHOTOW C
obpasoBaHMEM NPOCTPAHCTBEHHbLIX CTPYKTYp KOKCOBOrO CNos —  OCHOBbI
TENnoM30nMpYyHoLLLEro Kapkaca.

PaHee O6bino yctaHoBneHo [5], 4TO HambOnbLUyd  OrHEe3aLMTHYHO
9PPEKTMBHOCTL MPOABMAKT CUCTEMbI, A€ BEPOATHA peakuusi HyKneoquibHOro
3amMelleHnsa mexay ocdopHOM KACIIOTON U aMUHOM, CIrieACTBUMEM KOTOPOW MOXET
SABUTbCS MNOCTPOEHME TEePMOCTOMKOro W3ONUPYIOLEro Kapkaca, cogepallero B
coen cTpyktype P—-N — cBasu:
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(") i)
_/
—P— + —P—- /
OH OH

PesynbTatbl, nony4veHHble npu WK-cnekrpockonuyeckux uccrneoBaHmUax
NpoAyKToB TepMonunsa 6a3oBorn 1 moanuumpoBaHHon JobaBKkamMn MHTYMECLEHTHbBIX
CUCTEM, He NPOTMBOPEYaT BO3MOXHOCTU NPOTEKaHUsa peakuuun (1), a Takke MOXHO
KOHCTaTMpOBaTb (PaKT 3amMeaneHusi nNpoueccoB TEPMOOKUCIIUTENBHOW AeCTPYKUUK
WHTYMECLIEHTHOM KOMMNO3ULUKN B NPUCYTCTBUN UCCredyeMblX COeANHEHUIA MeTannos
N UX HaHOpa3MepPHbIX PopM.

YyacTtue okcuaos M rMapoOKCUA0B METansoB B XMMUYECKUX Npeobpa3oBaHNAx
WHTYMECLIEHTHOM KOMMO3ULMM MOXET ObiTb pas3HOOOpasHbIM U MHOrOMNSIAHOBbLIM:
NPOMOTUPOBaHME pPeakuun OKUCIUTENbHOIO OernapupoBaHng, npueogsLwee K
POPMUPOBAHUIO COMNPSPKEHHBLIX ABOMHbBIX CBS3EW; MEXMOEKYNnsipHOe ClUMBaHue,
peanusylolieecs B YCNOBUSAX  CTPYKTYPUPOBAHWUS  MOSIMMEPHOW  MaTpuubl
HeopraHmyeckumn gobaBkamu; Katanum3 nNpoueccoB Aernapartauuu, arepudukaumnmn.
CoegnHeHns mMeTannoB MOryT y4acTBoBaTb B npouecce  kapboHusauum
WHTYMECLIEHTHOM KOMMO3MumMM 3a cdeT ONOKMPOBKM Ha MNOBEPXHOCTM Monvmepa
“aKTUBHbIX” LEHTPOB, OTBETCTBEHHbLIX 3a MpoOTeKkaHWe LeCTPYKTMBHOro mnpolecca.
Mpnyem Takaa ORNOKMPOBKA MOXET OCYLLEeCTBAATbLCA 3a CYeT  3aMeHbl
pPeakUMOHHOCMOCOOHbIX  FPYNnMPOBOK, ferko  obpasylowmx npu  TensaoBoM
BO3AENCTBMN, HA TepMOCTaburnbHble oparMeHTbl C BbICOKMMU 3HAYEHUSIMU SHEPTUN
ceasm [9, 10, 11]. B HeKkoTOpbIX Ccry4asx oOKCcMAbl MeTannoB Moryt ObiTb
MHIMBUTOPaMN NPOLIECCOB, NPMBOAALLMX K 0Opa3oBaHUIO KOKCOBOro criosi. Ha Haw
B3rns4, Havbonblumin BKNag B POCT TEPMUYECKOW YCTOMYMBOCTU CUCTEMbI B
TemnepaTypHom auanasoHe 500°C — 600°C mMoryT NpuBHOCUTL peakLum, CBA3aHHbIe
C BHeZpeHMeM aTOMOB MeTasfioB B CTPYKTYPY NOSIMMEPHOIO KOKCOBOro ocTaTka.

Taknm obpasom, B pesdynbTaTe NpOBEAEHHbIX UCCneaoBaHWi ObINo NokasaHo,
4yTo [OoGaBKM OKCMAOOB, TMOPOKCMOOB METamnfoB M WX HaHopasMepHbIX ¢opM B
KNnacCuU4ecKyto MHTYMECLEHTHYI0 KOMMO3nLMIo nonudocat aMMOHUS/NEHTaapuUTpUT
/menamun/cononumep  3BA  3HaAuUMTENbHO  MNOBBLIWAKT €€ OrHEe3alUUTHYHO
3pbekTUBHOCTb, Hanbonee AENCTBEHHLIMU SABMSAIOTCA CMECU, KOTOpble coaepXaTt B
CBOEM COCTaBe HaHOYacTULbl OKCMOOB TUTaHa U xenesa. [onyyeHHble pe3ynbTaThl
MMEKT NpakTU4eckoe 3HavyeHne B obnactu paspaboTkm TEPMOCTONKNX MONMMEPOB U
OrHe3alUNTHbIX MONMMEPHbIX MOKPbLITUNA.
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H.A. Tapan BI/IMB OKCKHAIB | IQPOKCUAOIB METAJIIB TA IX HAHOPO3MIPHUX
AHAJIOIMB HA BOrHE3AXUCHY E®EKTUBHICTb IHTYMECLIEHTHOI NMOJIIMEPHOI KOMMIO3unLIi

HocnidxeHo iHMymecueHmMHi  Komrnosuuii  cknady  nonigpboccham  amorio  (MA®) /
neHnmaepumpum (F1E) / menamin (MA) / cononimep eiHinauemamy i emuneHy (EBA) 3 wupokum
eapirogaHHsM dobasok okcudig, 2iOpokcudie memariie ma iX HaHOPO3MIPHUX aHasiozie. BUKOHaHO
ropieHsANbHUU aHani3 ennuey Yux aHmurnipeHie Ha rpouecu ¢hopMysaHHs MONIMEPHO20 KOKCOB8020
wapy 8 iHmepsani memnepamyp 200-600 °C. Noka3aHo, wo Halbinbw epekmueHUMU € CyMili, Wo
Micmsampb 'y ceoemy cknali HaHoYacmuHKU okcudie mumaHy | 3anida. 3arnporioHogaHo Haubinbuw
UMOBIpHI MexaHi3Mu XiMIYHUX MepemeopeHb 8 IHmyMecueHmHiti cucmemi 3a ydacmio okcudie i
2idpokcudie memarniis.

Knrodoei croea: iHmymecyeHmHa KOMIO3UUisi, 802He3axucHa egekmusHicmb, KoegiuieHm
Criydy8aHHs, aHmuripeHu, HaHOPO3MIpHIi OKcudu U 2idpokcudu Mmemartis

N.A.Taran EFFECTS OF METAL OXIDES AND HYDROXIDES AND THEIR NANO-SIZED
ANALOGS ON FIRE PROTECTION EFFICIENCY OF INTUMESCENT POLYMERIC COMPOSITION

Intumescent systems involving a donor of phosphoric acid, polyol, and gas-forming agent are
considered to be the most promising fire protection compositions. With decreasing temperature, an
interaction of the ingredients results in formation of flame-proof foam-coke layer thus preventing the
ignition and retarding or eliminating fire propagation at their early stages. Such systems exhibit low
foxicity and fume-forming ability eliminate toxic action of halogen-containing components and increase
the level of human and environmental protection from numerous adverse effects.

Intumescent compositions involving ammonium polyphosphate/pentaerythritol/ melamine/vinyl
acetate and ethylene copolymer at variable metal oxides and hydroxides and their nano-structured
analogs were studied to develop new technologies for decreased combustibility of polymeric materials
and fire protection coatings. Comparison examination of the antipyrene effects on the polymeric coke
layer formation in a temperature range of 200-600 oC was carried out. It was shown that additives of
metal oxides and hydroxides and their nano-sized analogs result in a considerable increase in fire
protection efficiency of the intumescent composition ammonium
polyphosphate/pentaerythritol/melamine/vinyl acetate and ethylene copolymer. The mixtures involving
titanium oxide and iron oxide nanoparticles were found to be the most efficient. The most plausible
mechanisms of the chemical transformations in the intumescent system involving metal oxides and
hydroxides were proposed. Practical merit of the study consists in improving the development of
thermally stable polymers and fire protection polymeric coatings.

Key words: intumescent composition, fire protection efficiency, intumescense coefficient,
antipyrenes, nano-sized metal oxides, nano-sized metal hydroxides.

TapaH Hapexpaa AHaTtonbeBHa — KaHO.XMM.HayK, CT.Hay4.COTp. OTAena uccrnegoBaHWn
HYKNeoMunbHbIX peakumn, HCTUTYT (OU3NKO-OpraHMyeckon XumMmm n yrnexummmn um. J1.M.JInTBuHeHKo
HaumoHanbHom Akagemnn Hayk YKpauvHbl, [JoHeuk, YkpanHa, e-mail: taran5005@mail.ru
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A.B. Epecbko, B.C. TonkyHOB, kaHd.XMM.HayK, CT.Hay4.coTp., C.B. TonkyHoB,
A-p XMM.HayK, CT.Hay4y.coTp. (MIHCTUTYT OU3MKO-OPraHNY4eCcKon XMMUN N YriexXumnum uM.
JIM. JlutBmHeHko HAH YkpauHbl r. [JoHeLK)

PEAKIIVSA DIIBANJIEPA-KJIAPKA B CUHTE3E TETPATHJIPOBEH30-
TUEHO[2,3-CIIIMPUIANHOB, TETPAIT'MIPOBEH30®YPO[2,3-CIITMPUINHOB,
TETPAI'NIPOBEH30THEHO|2,3-C]ASEIITMHOB

CuHme3suposaHa cepusi HeussecmHbiX paHee 1,2,3,4-mempazudpobeHzomueHol2,3-clnupu-
0uHos, 1,2,3,4-mempazudpobeH3oghypof2,3-cinupuduHos, 2,3,4,5-mempaaudpo-1H-[1]6eH3omueHo[2,3-cla3e-
MUHOB C UCosib308aHUeM peakuul Aweatinepa-Knapka u Nukme-LLineHanepa.

Knrodyeeble cnoea: Peakuyus OJwsalinepa-Knapka, peakuyus [Mukme-LUneHanepa,
1,2,3,4-mempazcudpobeH3omueHo(2,3-cJnupuduHsl,  1,2,3,4-mempazudpobeH3oypol2,3-clnupuduHsi,
2,3,4,5-mempazaudpo-1H-[1]6eH30mueH0[2,3-c]azernuHbi

Peakuus Owsannepa-Knapka — mMetunmpoBaHne nepBUYHbLIX UM BTOPUYHbIX
aMWHOB [fencteumemMm opmanbgernga M  MypaBbWMHOW  KUCMOTbl —  LUMPOKO
ncnonb3yeTca ANA CUHTe3a TPeTUMYHbIX aMuHoB [1]. OTa peakums npuMmeHanachb
Takke Ona  metunumpoBanusa  1,2,3,4-TeTparmgponsoxuHonuHos 2], 1,2,3,4-
TeTparngpoasenuHoB [3]. Bbino 3ameveHo, 4TO NPOU3BOAHbLIE (PEHUNITUNAMUNHOB,
Hanpumep, 3,4-aMMeToKcupeHunatTunammH n  3,4,5-TpuMeToKCUPEHNNITUNAMMH

BMECTO NPOOYKTOB METUNNPOBaHUSA obpasytoT 2-metnn-1,2,3,4-
TeTparngpou3oXnHOSHBI [4-6].
MeO MeO
HCOH
—_—
NH N
MeO > HCOOH o0 “CH,
R R
HCOH
HCOOH
MeO
N
MeO H,C™ "CH,
R
R=H, OCHs.
Cxema 1

OTOT (hbakT cBMOETENLCTBYET O CXOXECTU MEXAHU3MOB peakuun JwBannepa-
Knapka u T[ukte-lUneHrnepa [6]. Haw wHTepec K 2-MeTUN3aMeLLEHHbIM
GeH3oTneHonMpuanHam, 6eHs3odyponMpuanHam  CBA3aH C MOMyYEHMEM Ha UX
ocHoBe 6eH30TneHo(dypo)asounHos [7-9].

Llenb  gaHHOro  wuccnegoBaHMss —  CUHTE3  HOBbIX  MPOM3BOOHbIX
2-MeTnn3amMeLLeHHbIX 1,2,3,4-TeTparnapobeH3oTmeHo[2,3-C]nMpuanHoB,
1,2,3,4-TeTparngpobeHsodypo[2,3-clnmpnauHoB,  2,3,4,5-teTparngpo-1H-[1]6eH3o-
TUEHO[2,3-c]a3ennHoB C UCMOMb30BaHMEM peakuui JwBaunepa-Knapka u lNukre-
LLineHrnepa.

Pe3ynbTaTbl U 06CcyxaeHue

Hanbonee pacnpocTpaHeHHbin crnocob nonyyeHus TeTparngpobeHso-
TMeHo[2,3-clnnpnanHoB 1  TeTparmgpobeHsodypo[2,3-clnMpnanHoB OCHOBaH Ha
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dopMUpoBaHUM NMPUOMHOBOrO uUMkna no peakumn MNukte-LUneHrnepa. Beeaernne B
3Ty peakuuio 2-(1-6eH3oTmeHnn-3)atunammua (1a) n 2-(1-6eHsocpypun-3)atnnammHa
(2) n ncnonb3oBaHne copManbaernga kak KapOoHUITbHOW KOMMOHEHTbI NO3BONSET
nofyyatb He3aMeLLEHHble MO MNosioXeHunto-1 TeTparngpobeH3oTneHo[2,3-clnmpnauH
(3) n TeTparnapobeHsodypo[2,3-clnupuamnH (4) (cxema 2).

NH, HCI
NH,
CH; o HCI
2

Cxema 2

Mpun cnHTese 1-apun-1,2,3,4-tetparnapobeHsotmeHo[2,3-clnnpnanHos (6a-B),
ncxogs n3 2-(1-6eHsotneHun-3)atmnammHa (1a) n 6eHsanbaerngoB, BO3HUKIN
TPYAHOCTH, CBA3aHHbIE C 06pa3oBaHneM NOBOYHbLIX MPOAYKTOB — aMmuHoaLleTanen (5)

(cxema 3).
: ~__-NH,
S

R la| R-CH,CHO
HCI

6Ra H; o OCH3; B NOQ_
Cxema 3

AmuHoaueTans (5) nerko naeHtuduumpyetcst B cnektpax AMP "H no nonoce
nornoweHmss B obnactm 58 Mo, Torma kak  1-H-npotoH B 1-
deHnnTeTparngpobeHsoTneHonupmuanHe (6a) pesoHupyet B obnactm 5,6 m.a. Mo
[JaHHbIM XpomaTto-macc-aHanusa [M=443]" copgepxaHne amuHoaueTans gocTturaet
30 %. KonnyectBO amuHoaueTanss MOXHO ymMeHbwunTb Ao 10 %, ecnu
npeAaBapuTenbHO nonyvatbe 6eH3nnnaeHoBble NponssoaHbie (7) n3 6eH3anbaerngos
n 6eH3oTneHun-3-atunammHa (1a), n ganee NpoBOAUTbL UMKNU3aLMIO B CONSIHON
KucnoTte (cxema 4).
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Cxema 4

Baaumopencrteune [2-(1-6eH30TneHnn-3)atun]metunamuH (8) n 6eHsanbaernga
B ycnoBusix peakuum [ukte-lUneHrnepa npoTekaeT  UCKMIOYUTENBbHO C
obpasoBaHnem amuHoauetansa (9), NosToMy 3TO MeTo4 He MNpPUMEHUM NS
nosly4yeHus 1-apun-2-meTunteTparngpobeH3oTmeHo[2,3-clnnpnamHoB (10a-B).
lMocnegHue cnHTE3NpoBanNuM MeTUNMpoBaHMeM nupuanHoB (6a-B) dhopmanbaernaom
B MypaBbMHOM KMCNOTE Mo peakunn JwBannepa-Knapka (cxema 5).

NHCH,
| | || ArCHO .
S HCl
| J

H,G CH,
N N 6a-B
I I
S 9 S

6,10 Ra H, 6 OCHjs, B NO..

Cxema 5

B psay 1-apunbeHsodypol2,3-clnmpnguHo (11a-B8) MeTunupoBaHue no
OwBannepy-Knapky npotekaeT aHoManbHO. B Tpex akcnepumeHTax C pasfinyHbIMn
3Ha4yeHMsaMn 3amecTutensa R 6bin BbigeneH OauH 1 TOT Xe NPOAYKT peakumn — 2,7-
anmetnn-1,2,3,4-tetparngpobensodypo[2,3-clnnpugmH (12). OH xe 6bin1 nonydeH
BCTPEYHbIM CUHTE30M M3 2-(1-6eH30dypun-3)atunammHa (2) B yCnoBuAX peakuuu
Ouweannepa-Knapka. CoeguHeHus (12), nonyveHHble pasHbiIMM  MeTodamu,
NOeHTUYHbI. BepoaTHo, npy HarpeBaHuun 1-apunbeHsodypol2,3-clnpmanHos (11a-B)
B cMmecu dhopManbaerva-mypaBbUHas KucnoTa Npoucxoaut peTpo-peakums lNMukre-
LWneHrnepa, B pesynbtate 4ero BbigenseTca Mornekyna O6eH3anbgervaga, 4To
NOATBEPXKAEHO XpoMaTorpamnyeckm 1 Nosly4eHnemM AMHUTPOEHNNTMAPA3oHa.
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11a-B

HCOOH | -ArCHO

HCOH
HCOOH CH; \ N~cH,

11 RaH, 6 OCHs, B Cl, r NO,.
Cxema 6

HCOH'

Peakumsa OSuwsannepa-Knapka xopolwwo npotekaet B psagy 6eH3oTueHun-3-
aTun(nponun)amuHoB. Tak, npu HarpeBaHun 2-(1-6eH3oTneHnn-3)atunammHoB (1a,0)
n 6enHsotneHun-3-nponunammHa (13) B cmecn 90 % MypaBbuMHasa Kucnota —
dopmanbgerng € BbICOKMMWM  Bbixogamwn  6binn  nonydeHbl  2-metun-1,2,3,4-
6eH30TMeHOo[2,3-c]lNUpUanHBbI (14a,06) n 2-metnn-2,3,4,5-tetparngpo-1H-
6eH30TneHo[2,3-clasenuH (15) (cxema 7). Heobxoammo oTmMeTnTb, YTO aMmuH (13) He
BCTynaeT B peakuuio [NukTe-lLUneHrnepa ¢ apomatnyeckumu anbgervgamu HU npwm
Kakux yCroBusix.

R CH,CH,NH, R
T = T
N
S HCOOH S CH
1a,0

9 143,6

3

CH,CH,CH,NH,
e e
S HCOOH S N\
1,14 RaH, 6 CHs;
Cxema 7
BbiBoabl

B pesynbTaTte npoBedeHHOro uccrnegoBaHuMs  pa3paboTaHHbl  MeToAbl
NOny4YeHnss HOBbIX MPOM3BOAHbLIX 2-meTun-1-R-1,2,3,4-tetparngpobeHsoTneHol2,3-
clnupuanHos n 2-metnn-1,2,3,4-tetparngpoberHsodypol2,3-clnnpngnHa c
ncnonob3oBaHnem peakunn [ukTe-lUneHrnepa n OSwsannepa-Knapka. Bnepsble
ocywectBneH cuHtes  2,3,4,5-tetparnapo-1H-[1]6eH30TneHo[2,3-clazenmHa B
yCcnoBusix peakuumn dwsannepa-Knapka.

112




PO3Ai11 2 OPIAHIYHA XIMIA

3KCI’IepMMEHTaJ1bHa$I 4acTb

Crnektpol AMP 'H 3anucaHbl Ha npu6ope Bruker DRX400 (400 Mrwu),
BHyTpeHHM ctaHgapT TMC. PactBoputens — DMSO-Ds. Cnektpbl 9neKTPOHHON
MOHU3aLMN 3aperncTpmpoBaHbl Ha macc-cnektpometTpe MX1321 npu noHnsunpytoLem
HanpspkeHun 70 B, Temnepatype kamepbl MoHusaumm 220°C, ¢ Mcnonb3oBaHWem
cucTeMbl NpsIMOro BBoga obpasua.

1-Apun-1,2,3,4-TeTparngpobeH3oTneHo[2,3-clnupuamHol (6a-B). Cwmecb
9KBMMOJEKYNAPHbIX KOnuyecTtB 6eH30[b]Tnennn-3-aTmunammHa (1a) n
COOTBETCTBYHOLLEro apomaTudeckoro anbgervga B adupe kunatatr 1 4vac gns
nony4yeHns asvHOB (7) Oump otroHsawT. Octatok cmewwmBaloT ¢ 10-KpaTHbIM
KONMMYECTBOM COMSIHOM KWUCMOThbI M CMechb HarpeBaoTb 4 -5 uyacos npu 70 °C.
OxnaxgatoT, HenTpanuaytoT 10 % pacTBOpOM LLenovm 1 ocagok OT(OUNLTPOBLIBAKOT
NN SKCTParmpyoT XNOPUCTbIM METUMEHOM. [ O4YUCTKM nonyyatoT rmgpoxnopug v
KpUCTannuayoT ero U3 cnupra.

1-®enun-1,2,3,4- TeTparMp,po6eH30T|/|eHo[2 3-c]lnupmnauH (6a). Beixog 60 %.

T. nn. 283-284 °C. Cnektp AMP 'H (5, m.4.): 3.17, 3.36, 3.47, 3.61 (4H, m,
CH,CHy); 5.90 (1H, ¢, CH-1); 7.36 (1H, T, J = 8.0 'y, H-7); 7.43 (1H, T,J=8.0Ty, H-
6); 7.45 (3H, m, H-3'4'5"); 7.61 (2H, m, H—2',6'); 7.76 (1H, o, J = 8.0 'y, H-8); 7.79
(1H, g, J = 8.0 'y, H-5); 10.65 (1H, yw. ¢, NH). BbiuncneHo (%): C 77.38; H 6.13; N
5.01, S 11.48. C4gH17NS. HangeHo (%): C 77.65; H 6.26; N 5.19, S 11.26.

1-(4-MeTokcudpenun)-1,2,3,4- TeTparMp,po6eH30TmeHo[2 3-c]nupnanH (66).

Bbixog 65 %. T. nn. 255 256 °C. Cnektp AMP 'H (3, m.a.): 3.15, 3.36, 3.44,
3.59 (4H, m, CH,CHy); 3.84 (3H, ¢, OCHs); 5.83 (1H, c, CH-1); 6.95 (2H, a, J = 8.0
M, H-3,5"); 7.35 (1H, 7, J=8.0Tu, H-7); 742 (1H, 1, J=8.0 'y, H-6); 7.51 (2H, A, J
= 8.0, H-2'6"); 7.74 (1H, a, J=8.0 'y, H-8); 7.78 (1H, A, J = 8.0 'y, H-5); 10.16 (1H,
ywi. ¢, NH).

BbluncneHo (%): C 73.75; H 6.19; N 4.53, S 10.36. C19H19NOS. HangeHo (%):
C73.67;H6.31; N4.43, S 10.19.

1-(4-Hutpodernn-1,2,3,4- TeTparmnpo6eH30TmeHo[2 3-c]nupnanH (6B).

Bbixog 63 %. T. nn. 234 235 °C. Cnektp AMP 'H (3, m.a.): 3.19, 3.40, 3.52,
3.65 (4H, yetbipe M, CH,CHy); 6.19 (1H, ¢, CH-1); 7.38 (1H, T, J= 8.0 'y, H-7); 7.45
(1H, 1, J=8.0 ', H-6); 7.78 (1H, a, J = 8.0 'y, H-8); 7.81 (1H, A, J=8.0 'y, H-5);
7.95 (2H, o, J = 8.0 I'u, H-2',6"); 8.30 (2H, A, J = 8.0 'y, H-3',5"); 10.63 (1H, yw. c,
NH). BbiumcneHo (%):

C 58.87; H 4.36; N 8.08, S 9.24. C47H15N20,S. HangeHo (%):C 58.94; H 4.51;
N 8.16, S 9.44.

O6wasa metoguka nonyyeHus 2-metun-1,2,3,4-tetparngpobeH3oTmneHo[2,3-
clnupuamHos (10a-B).

Cmecb 2 mmonb rugpoxnopuaos (6a-B), 4 mMn MypaBbWUHOW KUCNOTbl, 4 Mn
37 % dopmanbgernga n 4 mn BoAabl KMNATAT 2 yaca. OxnaxgalT U BbUIMBaAKOT
cmecb B 1M pactBop NaOH (60 mn). Ocagok oTdunbTPOBLIBAKOT, NPOMbIBAKOT
BOAON, BbICYLUMBAOT M NepeBoaaT B ruagpoxnopug agencrtemem cnmptosoro HCI.
KpuctannusyioT u3 cnupTa.

2-Metnn-1-pernn-1,2,3,4- TeTparmnpo6eH30TmeHo[2 3-c]lnnpnauH (10a).

Bbixog 84 %. T. nn. 214 215 °C. Cnektp AMP H (3, m.A.): 2.77 (3H, ¢, CH3-2),
3.42, 3.67, 3.86, (4H, yetbipe m, CH,CHy), 5.92 (1H, ¢, CH-1), 7.36 (1H, T, J =8.0 I'wy,
H-7), 7.44 (1H, 1, J = 8.0 'y, H-6), 7.50 (3H, m, H-3',4’,5’), 7.73 (2H, m, H—2’,6’), 7.76
(1H, o, J = 8.0 T'y, H-8), 7.79 (1H, g, J = 8.0 'y, H-5). BeluncneHo (%): C 68.45; H
5.74; N 4.43, S 10.15. C4gH17NS. HangeHo (%): C 68.45; H 5.74; N 4.43, S 10.15.

2-MeTtun-1-(4-metokcudenun)-1,2,3,4-tetparnapobeH3oTneHo(2,3-clnmpnaunH
(100).

Bbixog 68 %. T. nn. 205-206 °C. Cnektp AMP H (6, m.g.): 2.77 (3H, c, CH3-2),
3.14-3.70 (4H, yeTblpe M, CH,CHy), 3.85 (3H, ¢, OCH3), 5.82 (1H, yw.c, CH-1), 6.98
(2H, o, J=8.0Ty, H-3,5"),7.35 (1H, 1, J=8.0 'y, H-7), 7.42 (1H, T, J = 8.0 'y, H-6),
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7.65 (2H, o, J=8.0 'y, H-2",6’), 7.75 (2H, g, J = 8.0 'y, H-5,8). BbiuncneHo (%): C
65.98; H 5.83; N 4.05, S 9.27. C19H1oNOS. HangeHo (%): C 65.85; H 5.78; N 4.11, S
9.18.

2-Metnn-1-(4-vntpocpenunn)-1,2,3,4-tetparngpobeHsoTneHo[2,3-clnupuamH
(10B).

Bbixog 87 %. T. nn. 191-192 °C. Cnektp AMP H (6, m.a.): 2.78 (3H, c, CH3-2),
3.20, 3.52, 3.67, 3.87 (4H, 4etbipe M, CH,CHy), 6.20 (1H, ¢, CH-1), 7.37 (1H, T, J =
8.0lu, H-7), 744 (1H, 1, J = 8.0 'y, H-6), 7.78 (2H, o, J = 8.0 I'u, H-8,5), 8.07 (2H,
a,J=8.0Tu, H-2,6’), 8.30 (2H, g, J = 8.0 'y, H-3',5’), 8.31 (2H, g, J = 8.0 ', H-
3’,5’). BoiuncneHo (%): C 59.91; H 4.75; N 7.76, S 8.89. C1sH1sN20,S-HCI. HangeHo
(%):C 60.04; H4.70; N 7.82, S 8.81.

1-Apun-7-metnn-1,2,3,4-tetparngpobeH3odypo[2,3-clnmpunanHol (11a-B)
nony4yarT N0 MeTOANKE aHanNoOrMyHoOW NONy4YeHno coeguHeHnn (6a-B).

7-MeTtun-1-cbennn-1,2,3,4-tetparngpobeHsodypo[2,3-clnnpmnauH (11a).

Bbixog 34 %. T. nn. 75-76°C. Cnektp AMP 'H, CDCls (6, m.a.): 2.47 (1H, c,
NH), 2.50 (3H, ¢, CH3-7), 2.76-2.90 (2H, m, CH>-CH>-N), 3.12-3.18 (1H, M, CH2-CHo-
N), 3.27-3.32 (1H, m, CH»-CH»-N), 5.21 (1H, ¢, CH-1), 7.12 (1H, 4, J = 8.0 'y, H-6),
7.25 (1H, c, H-8), 7.28-7.39 (5H, m, Ph), 7.43 (1H, g, J = 8.0 'y, H-5). BeluncneHo
(%): C 82.31; H6.43; N 5.21. C4sH17NO. HangeHo (%): C 82.10; H 6.51; N 5.32.

7-MeTun-1-(4-metokcudgenun)-1,2,3,4-tetparngpobeHsodypo[2,3-clnnpnagmH
(116).

Bbixog 64 %. T. nn. 124-125°C. Cnektp AMP 'H, CDCls (6, m.4.): 1.87 (1H, c,
NH), 2.48 (3H, c, CH3-7), 2.74-2.86 (2H, m, CH>-CH>-N), 3.09-3.16 (1H, M, CH2-CHo-
N), 3.26-3.31 (1H, m, CH2-CH»-N), 3.83 (3H, c, O-CHj3), 5.15 (1H, ¢, CH-1), 6.90 (2H,
a,J=8.0rluy, H-3,5"), 7.10 (1H, g, J = 8.0 'y, H-6), 7.23-7.28 (3H, m, H-8,2',6’), 7.40
(1H, a, J = 8.0 'y, H-5). BeluucneHo (%): C 77.79; H 6.53; N 4.77. C419H1gNO».
HanpgeHo (%): C 77.67; H 6.43; N 4.54.

7-MeTun-1-(4-Hutpodenun)-1,2,3,4-tetparngpobeHsodypo|2,3-clnupmanH
(11B).

Buixoa 48 %. T. nn. 205-207 °C (ruapoxnopua). Cnektp AMP "H, DMSO-Dg
(8, m.4.): 2.45 (3H, c, CH3-7), 3.01-3.06 (1H, m, CH>-CH>-N), 3.20-3.26 (1H, m, CHo-
CH2-N), 3.40-3.53 (2H, m, CH2-CH»-N), 6.10 (1H, c, CH-1), 7.10 (1H, g, J = 8.0 Iy,
H-6), 7.20 (1H, c, H-8), 7.48 (1H, o, J = 8.0 'y, H-5), 7.81 (2H, g, J = 8.0 'y, H-2",6"),
8.27 (2H, g, J = 8.0 'y, H-3,5’), 10.86 (2H, c, NH, HCI). Bblumcnero (%): C 77.79; H
6.53; N 4.77. C19H19NO,. HangeHo (%): C 77.67; H 6.43; N 4.54.

Obwas MeToaunKa Nony4YeHns 2,7-puveTtun-1,2,3,4-
TeTparngpobeHsodypol2,3-clnnpngnHa (12), 2-metnn-1,2,3,4-
TeTparngpobeH30TneHo[2,3-clnupuanHa (14a), 2,6-gumeTunn-1,2,3,4-

TeTparngpobeH3oTneHo[2,3-cjnupmanHa  (146), 2-metun-2,3,4,5-tetparngpo-1H-
6eH30TneHo[2,3-clasenunHa (15) no peakuymm Sweannepa-Knapka.

Cwmecb 0,01 monb coeguHeHun (1a,6, 2, 13), 8 Mn MypaBbMHOW KUCNOThbI U 9
mn 37 % pacTtBopa opmanbAaervga HarpeBarT nNpu nepemelnBaHun 6 4acos.
PeakunoHHyto maccy BbinusatoT B 80 mn Bogn u npubasnsaot 10 mn 5 % pacteopa
NaOH. Cmecb akcTparmpytoT 6eH30n10M. beH30mbHbIM CNon OTAENAT N ynapusatT
B Bakyyme. Octartok pactopsitoT B 10 mn TeTparmgpodypaHa n npubasnsaoT 5 mn
pacTBopa CONSAHOI KMcnotu B wu3onponunoBoMm cnupte. Ocagok rugpoxnopuaa
OT(PMMBbTPOBLIBAIOT, MPOMbLIBAT 3PUPOM UK BbicylumnsatoT. KpuctannusyotT u3
nsonponaHona.

2,7-OnveTtun-1,2,3,4-tetparngpobensodypo[2,3-clnupuanH  (12).  Bbixog
70 %.

T. nn. 262-264 °C (rmgpoxnopug) Cnektp AMP 'H, CDCl, (6, m.a.): 2.47 (3H,
¢, N-CHj3), 2.55 (3H, ¢, CH3-7), 2.77 (4H, c yw., CH,>-CH>-N), 3.62 (2H, c, CH>-N),
7.05 (1H, g, J = 8.0 l'u, H-6), 7.25 (1H, ¢, H-8), 7.32 (1H, g, J = 8.0 Iy, H-5).
BblumcneHo (%): C 77.58;
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H 7.51; N 6.96. C13H1sNO. HangeHo (%): C 77.85; H7.76; N 6.79.

2-Metnn-1,2,3,4-tetparngpobeHsotneHo[2,3-clnmpmanH (14a). Beixog 88 %.

T. nn. 258 - 259 °C (rugpoxnopug). BeluncneHo (%):C 70.89; H 6.45; N 6.89;
S 15.77. C12H43NS. HangeHo (%) : C 70.65; H 6.61; N 6.74; S 15.64.

2,6-OumeTtun-1,2,3,4-tetparngpobeHsotneHol2,3-clnupuamH  (146). Bbixoa
90%.

T. nn. 237-238°C (ruapoxnopua). Cnektp AMP 'H, DMSO-Dg (3, m.4.): 2.47
(3H, ¢, N-CH3), 2.94 (3H, c, CH3-6), 3.15 (2H, ¢ yw., CH»>-CH2-N), 3.57 (2H, ¢ yw.,
CH2-CH»>-N), 4.50 (2H, c yw., CH>-N), 7.17 (1H, g, J = 8.0 'y, H-7), 7.47 (1H, c, H-5),
7.71 (1H, g, J = 8.0 'y, H-8), 12.50 (1H, ¢, HCI). BbluncneHo (%):C 71.84; H 6.96; N
6.44; S 14.75. C13H1sNS. HangeHo (%) : C 71.65; H 6.68; N 6.57; S 14.64.

Mppoxnopua 2-meTtun-2,3,4,5-tetparngpo-1H-6eH3otneHo[2,3-clasennHa
(15). Bbixog 60 %. T. nn. 244-246°C (ruppoxnopua). Cnektp AMP 'H, DMSO-Ds (5,
M.A4.): 2.12 (2H, ¢ yw., CH,-CH>-CH»-N), 2.71 (3H, ¢, N-CHj3), 3.16 (2H, ¢ yw., CHa-
CHQ-C_HQ-N), 3.51 (1H, C yul., C_HZ'CHZ'CHZ'N), 3.76 (1H, C yul., %g-CHz-CHQ-N),
4.51 (1H, c yw., CH>-N), 4.81 (1H, ¢ yw., CH>-N), 7.33-7.41 (2H, m, J = 8.0 'y, H-
7,8), 7.74 (1H, o, J = 8.0 'y, H-9), 7.83 (1H, A, J = 8.0 'y, H-6),12.66 (1H, c, HCI).
BoluncneHo (%) : C 71.84; H 6.96; N 6.44; S 14.75. C43HsNS. HangeHo (%) : C
71.45; H6.56; N 6.61; S 14.46.
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Haditwna do pedkoneeii 10.12.2012.

O.b.€pecbko, B.C.TonkyHoe, C.B. TosnkyHoe PEAKLIA ELLIBAUIIEPA-KIIAPKA B
CUHTES3I TETPArgPOBEH30TIEHO[2,3-C]IMIPULOUHIB, TETPAIQPOBEH30®YPO[2,3-
CJNniPUANHIB, TETPATQPOBEH30TIEHO[2,3-C]JA3EIIHIB

CuHme3soeaHa cepisi Hesidomux paHiwe 1,2,3,4-mempacidopobeHzomieHo[2,3-c]nipuduHis,
1,2,3,4-mempaziopobeH3ogpypo[2,3-clnipuduHis, 2,3,4,5-mempazidpo-1H-[1]6eH30mieHo[2,3-c]a3eniHig
3 8UKopucmaHHsIM peakuiti weatnepa-Knapka ma lNikme-LUneHanepa.

Knrouoei cnoea: Peakuis Ewsalnepa-Knapka, peakulsa [llikme-LUneHanepa, 1,2,3,4-
mempagzidpobeH3omieHo[2,3-c]nipuduru,  1,2,3,4-mempaziopobeH3oqpypo[2,3-clnipuduru,  2,3,4,5-
mempaezidpo-1H-[1]6eH30mieH0[2,3-c]a3eniHu.
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A.B.Eresko, V.S.Tolkunov, S.V. Tolkunov ESCHWEILER-CLARKE REACTION IN

SYNTHESIS OF TETRAHYDROBENZOTHIENO[2,3-C]JPYRIDINES, TETRAHYDROBENZOFURO
[2,3-C]PYRIDINES, TETRAHYDROBENZOTHIENO[2,3-C]PYRIDINES
The Eschweiler-Clarke reaction is commonly used for methylation of primary or secondary amines by
the action of formaldehyde in the presence of formic acid. This reaction can be used for obtaining of 2-
methyltetrahydropyridines as well as azepines.
The 1-R-1,2,3,4-tetrahydrobenzothieno[2,3-c]pyridines and 7-methyl-1-R-1,2,3,4-
tetrahydrobenzofuro[2,3-c]pyridines obtained by Pictet-Spengler reaction was used as the starting
products for the synthesis of 2-methylderivatives by the Eschweiler-Clarke reaction. A different
behavior of initial 2-(1-hetaryl-3)ethylamine by Pictet-Spengler reaction was found. The reaction
proceeds well in the series of benzofuranes. Under similar conditions, [2-(1-benzothien-3-
yl)ethylJamine reacts with benzaldehyde to form by-products — aminoacetales. Interaction of [2-(1-
benzothien-3-yl)ethyllmethylamine and benzaldehyde under Pictet-Spengler reaction occurs
exclusively with the formation of aminoacetales, so this method is not applicable for the preparation of
1-aryl-2-metiltetragidrobenzotieno[2,3-c]pyridine. These pyridines were synthesized by the methylation
with formaldehyde in formic acid by the reaction of Eschweiler-Clarke. Methylation of 7-methyl-1-R-
1,2,3,4-tetrahydrobenzofuro[2,3-c]pyridines with formic acid and formaldehyde mixture in the
Eschweiler-Clarke reaction conditions does not lead to the 2,7-dimethyl-1-R-1,2,3,4-
tetrahydrobenzofuro[2,3-c]pyridine formation. Corresponding 2,7-dimethyl-1,2,3,4-
tetrahydro[1]benzofuro[2,3-c]pyridine was obtained by this method. This compound is formed directly
from the [2-(6-methyl-1-benzofuran-3-yl)ethyllamine in the Eschweiler—Clarke reaction conditions.
Eschweiler-Clarke reaction proceeds well in the series of benzothienyl-3-ethyl(propyl)amine. 2-Methy!-
1,2,3,4-benzothieno[2,3-c]pyridines and 2-methyl-2,3,4,5-tetrahydro-1H-benzothieno[2,3-cJazepine
were obtained by heating of 2-(1-benzothienyl-3)ethylamine and benzothienyl-3-propylamine in a
mixture of 90% formic acid - formaldehyde in high yields. Benzothienyl-3-propylamine does not react
with aromatic aldehydes under any conditions. We have shown that the Eschweiler—Clarke reaction
conditions can be successfully used for obtaining of N-substituted derivatives of benzothieno[2,3-
cJpyridines and benzothieno[2,3-c]azepine.

Key words: Eschweiler—Clarke reaction, Pictet-Spengler  reaction, 1,2,3,4-
tetrahydrobenzothieno[2,3-c]pyridines, 1,2,3,4-tetrahydrobenzofuro[2,3-c]pyridines, 2,3,4,5-tetrahydro-
1H-[1]benzothieno[2,3-c]azepines.
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AJICOPBIIMOHHBIE XAPAKTEPUCTHUKH IETUJITPUMETHJIIAMMOHUM
BPOMUJIA HA 'PAHULE PA3JIEJIA )KUAKOCTb-I'A3

Memodom Konbya Ao Hyu u3yyeHnbl aldcopbyUOHHbIe Xxapakmepucmuku
uemunmpumemurnammoHuti bpomuda (LITAB) Ha epaHuue pa3dena xudKocmb-2a3 U 8/USHUE Ha HUX
006aB80K cusIbHbIX 3JIEKMPOIUMO8. YCmaHo8IeHO, 4Ymo repecyem 8esluduH KoHUeHmpauyuu LITAB Ha
CPEeOHIO aKmu8HOCMb UOHO8 8 pacmeope [0380JIiem y4Yumbieams e/usHUe 006a80K CUJIbHbIX
3/71IEKMPOIUMO8 U MoJjlydame corocmasuMbie C sumepamypHbiMu OaHHble Onsi cmeceld [1AB-
anekmponum.

Knroueeblie csioga: uemunmpumemusiaMMoHuli 6pomud, MOBEPXHOCMHOE HamsKeHue,
adcopbuyus, pH cpedei.

KaTnoHHble  noBepxHOCTHO-akTuBHble  BewectBa (KIMAB) obnagatoT
KOMMMEKCOM TEXHOSOMMYECKMX CBOWCTB, BbIFOAHO OTAMYAKOWMX MX OT OPYrnx
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Knaccos MAB. KIMAB obnapatoT BblpaXX€HHbIMU aHTUCTAaTUYECKMMMU,
AHTUKOPPO3MOHHbIMK,  aHTUBaKTepuanbHbIMKM ~ CBOWCTBAMM W OTAMYAKOTCH
CNOCOOHOCTBbIO MPOSABNATL BbICOKYID aare3vio K pasfnuyHbiM nosepxHocTam [1].
[ob6aBkn anekTponutoB M pH cpeabl NO3BOMAKT perynvpoBaTb  KONMOUOHO-
XumMmnyeckne  csouctea pactsopoB [MAB v nossonsiT  paccmaTpuBaTb
3aKoHOMepHOCTU agcopbunn BO B3anmMocBaan cTpyktypa NAB-cBoncTBo.

B atom paborte paccmotpeHo BnusHue pH cpeabl Ha agcopbuUMOHHbIE
XapakTepucTukn uetuntpumetTunammonmin 6pomuaa (LUTAB) Ha rpaHvue pasgena
XWOKOCTb-ras.

3KcnepumeHTaanaﬂ 4acTb

[ns uccnepoBanna mncnonb3oBanu LITAB co cTteneHbio YncTtoThl Bbiwe 99%
(SigmaUltra, Sigma-Aldrich). [Ona npurotoBneHns pacTBOPOB WUCMOMb30Banu
GuancTunnupoBaHHyo Boay, pH pacrteBopoB perynupoBanu gobtasneHnem NaOH
(«xy»).

[OWHaMnKy CHWXEeHUS NOBEPXHOCTHOrO HaTaXeHus BoAHbIX pactBopoB LITAB
(v, MH/m ) namepsanu metogom konbua o Hyun (tTeHanomeTtp TE-1, Lauda, Germany)
npu Temnepatype (20 = 0.1)°C. Monyyanu aKcnepUMeHTaslbHble 3aBUCUMOCTU
N3MEHEHUS MOBEPXHOCTHOrO HaTSXKEeHWs BOAHbIX PacTBOPOB FymaToB HaTpusa OT
BpemeHu, y = f ().

O6cyxaeHue pe3ynbTaToB

Ha puc.1 npuBegeHa m3otepma paBHOBECHOIO MOBEPXHOCTHOMO HaTSXKEHUs
LUTAB c pobaskon NaOH nipu pH 11.5.

o1
o2
m3

72
67
\
62
57 -

52 -

v» MH/m

47 -

42

37 A

32
0,001 0,01 0,1 1 10
Curas, C*, MMOnb/n

Puc.1. NI3oTepMbl paBHOBECHOIO MOBEPXHOCTHOrO HaTsXeHust pactsopoB LITAB
B npucytcteBum 0.014 M NaOH ot cpegHen aktuBHocTu wmoHoB C* (1, 3) u ot
kKoHueHTpauuun LUTAB (2): 1 — nuTepaTypHble AaHHble [3]; 2, 3 — aKcnepuMeHTanbHble
OaHHble. KpuBble paccuntaHbl C NCMOMb30BaHMEM TeopeTnyeckon mogenn OpymkmHa

SKCnepMMeHTarnbHyo 3aBUCUMOCTb obpabaTbiBanu, ncnonb3ys
TeopeTnyeckyto Mmogene OpymMknHa, C y4ETOM BHYTPEHHEN CXXMMAEMOCTUM MOJIEKYIT
MAB [2]. B oaTtoM wMogenu npuvHUMaETCH, 4YTO MOSsSIpHas MOBEPXHOCTb
apcopbuposaHHon Monekynbl MAB (ws) 3aBUCUT OT MOBEPXHOCTHOrO AaBrieHus
[T=y,—v W CTeneHn 3anonHeHNsi NOBEPXHOCTHOrO Crnos

0 =wsl, Oy :@0(1—8119), (1)
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roe € - KO3gUUMEHT OBYMEPHON CxXuMMaemocTn monekyn MNMAB B MOBEPXHOCTHOM

cnoe, Yo WM Yy — TOBEPXHOCTHOE HaTSXKEeHMe pacTBOpUTENns W pacTBopa

COOTBETCTBEHHO, I' - agcopbuus, wy — monsapHas nosepxHocTb [MAB npu I = 0.
YpaBHEHMs1 COCTOSIHUSA 1 n30TepMbl agcopbunmn cxnmaemoro MNAB [2]:

Hz—g[ln(l—e)wtocez], bc=Lexp[—2oc9], (2)
®, (1—6)

rae R — rasoBas noctosHHada, T — Temnepartypa, ¢ — koHueHTpaums NAB B o6beme

pacTBopa, O — KOHCTaHTa MEXMOMEKYNApHOro B3aMMOAencTBUSA, b — KOHCTaHTa
afacopbUMOHHOro paBHOBECUS.

Mpn ¢ =0 N ws= wp ypaBHeHus (1) 1 (2) NpeBpaLLalOTCsa B KITAaCCUYECKYHO

mMoaens PpymkuHa:
0 =T, = Fo,[l-I16] (3)

TeopeTnyeckass kpuBasi Ha puc. 1 paccumTaHa no ypasHeHusM (1)-(3) npwm
creayoLmMX 3HAYEHUSIX napameTpoB: wy = 3.7-10° mM?/Monb, a = — 0.2, € = 0.0055
M/MH 1 b = 2 m*/monb.

[na cpaBHEHWSI MOMYYEHHbIX 3HAYEeHWA PaBHOBECHOIO MOBEPXHOCTHOIO
HaTaXXeHus BoaHbIX pacTteopos LITAB ¢ nutepaTypHbiMu faHHbIMK [3] ncnonb3oBanu
3aBUCUMOCTb Y OT CpeAdHeN akTMBHOCTU MOHOB (C*), a He OT KoHueHTpauun LITAB,
MOCKONbKY B 3TON paboTe nccnegoBaHus 6oinmn BoiNnonHeHsl B npucytcteum 0.014 M
NaOH:

*

/2
c=fi ((CNaOH “Crrus )t Curas ), (4)

roe fi — cpeaHuin KoatbPULIMEHT aKTUBHOCTU MOHOB B 06beMe pacTBopa.

YpaBHeHvne [ebas-Xiokkensi, yTodHeHHoe B [4] ana Onun3ko4enCTBYHOLMX
B3aMMOOENCTBUN, UMEET BUL:

0.5115/1
log f, = ——‘/_+0.0551
o 1+1.316V1
roe | — noHHasa cuna, MOnb/N; YMUCNEHHbIE KOHCTaHTbI MOMyYeHbl NpU Temneparype

25°C [4].

[MpuBeOeHHbIE Ha PUCYHKE 3KCNepuMeHTasbHble 3aBUCMMOCTU WU3MEHEHUS
PaBHOBECHOrO MOBEPXHOCTHOrO HaTshkeHuss pactBopoB ULTAB oT cpegHen
aKTMBHOCTW MOHOB XOPOLLO COrNacyrTcs ¢ NMTepaTypHbIMN OAaHHBIMMN.

Takmm obpasom, gobaBkM CUMbHBIX 3NEKTPONUTOB (B [aHHOM cryvae —
pobaskn NaOH) cywectBeHHo BnusAlT Ha xop 3asucumoctn Yy = f(Cyras) ©
agcopOunoHHble xapaktepuctukn LUITAB. lMNepecyeT BennumH koHueHTpauun LITAB
Ha CpEedHI aKTMBHOCTb MOHOB B pacTBOpe MO3BONSAET YYMTbIBaTb BIUSHWE
006aBOK pasnNUYHbIX CUSbHbLIX 3MIEKTPOSNIMTOB M MNOJSlyYyaTb COMOCTaBMMblE OAHHble
ans cmecen MNAB-anekTponurT.
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C.J1. Xunsko ALCOPBLINHI XAPAKTEPUCTUKU LETITTPUMETUITAMMOHIA BPOMIZY
HA MEXI po3rioginy PIOUHA-TA3

Memodowm kinbus o Hyi eugueHi adcopbuiliHi xapakmepucmuKku ueminmpumemunammoHit
bpomidy (LUTAB) Ha mexi pos3nodiny piQuHa-ea3 i ernnue Ha Hux 00b6asoK CUMbHUX eriekmpornimis.
BcmaHoeneHo, w0 nepepaxyHoK 8enuquH KoHueHmpauii UTAB Ha cepedHro akmueHicmb iOHi8 8
po34uHi do3eorisie 8paxosysamu ersiug 00basoK CUMbHUX e/1eKmposiimie i ompuMysamu 3icmasHi 3
nimepamypHumu OaHi 0nis cymiwed NAB-enekmpornim.

Knro4oei cnoea: ueminmpimeminammoHiti 6pomid, nosepxHesuli Hamse, adcopbuis, dobasku
enekmpornimis, pH cepedosuuja.

S.L.Khi’ko ADSORPTION CHARACTERISTICS OF CETYLTRIMETHYLAMMONIUM
BROMIDE AT THE INTERFACE LIQUID-GAS

Electrolyte additives and pH can control colloid-chemical properties of solutions of surface-
active agents (surfactants) - their behavior in different phase interfaces and regulatory properties of
the surfactant in dispersed systems.

Were studied adsorption characteristics of cetyltrimethylammonium bromide (CTAB) at the
liquid-gas and the effects of additives of strong electrolytes.

Dynamic surface tension of aqueous solutions of CTAB was measured by Du Nui method
(Tensiometer TE-1, Lauda, Germany) at (20 £ 0.1)°. Received the experimental dependences of the
surface tension of aqueous solutions of CTAB on time.

The experimental dependence of the equilibrium surface tension on the concentration of
CTAB and the mean activity of the ions were treated using a theoretical model of Frumkin. The
experimental dependences of the equilibrium surface tension of solutions of CTAB on the average
activity of the ions are in good agreement with literature data.

In this connection, the translation of the concentration of CTAB on the average activity of the
ions in the solution takes into account the effect of the addition of strong electrolytes and achieve
comparable with published data for mixtures of surfactant-electrolyte.

Keywords: cetyltrimethylammonium bromide, surface tension, adsorption, eelectrolytes
additives, pH.
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AJIKWJINPOBAHUE CAMOOPI'AHN30BAHHBIX KOMIIVIEKCOB HA OCHOBE
MUPUINH-3-BOPOHOBO KUCJIOThI

lMonyyeHa u oxapakmepu3sosaHa CyrnpaMosIeKyIspHas cmpykmypa — rneHmaoexkamep nupuouH-3-
60opoHoeol Kucriombl. M3ydeHO e20 cmpoeHue, ycmou4ueocmb U CriocobHocmb K obpasosaHuro N-
arnkunnpou3eooHbix. V3bupamernbHoe arnkusnuposaHue rneHmadekamepa liodankaHamu npueooum K
obpaszoeaHurd HOB020 muna amgughuioe — MOHO- U mpuasnkundameuweHblx 6HOopPOKCUHO8
nupuduH-3-6opoHosol  Kucriombel, a 6 crydae 1,10-0utioddekaHa u 1,2-6uc(2-tio0amokcu)amaHa
r10380719em rosy4ums OUMEPHbLIE CMPYKMYPbI — NMPEKYPCOPbI KOBANEHMHbLIX Op2aHUYECKUX KapKacos

Knoueeble cnoea: nupuduH-3-60poHogasi  Kucrioma, GOPOKCUH,  arnkuiuposaHue,
KoBasieHMHbIe Op2aHUYeCcKUe KapKachl.
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PaspaboTka M3MKO-XMMUYECKMX OCHOB CO3[4aHWUSI HOBbIX OPraHU4yecKux
MaTepuanos npeacraBnseT cobon oOHy U3 BaxHenwux npobnem, CToAWMX nepes
COBpPEMEHHOM Haykon. B nmocnegHue rogbl MMynbC B CO34aHMKM TaknMx mMatepuarnoB
ObIn 3agaH ycnexamu B CUMHTE3€ U UCCeLOBaHUW KOBAaNEHTHbIX OpraHU4ecKuMx
kapkacoB (oT aHrn. covalent-organic framework, COF). BbicTpbi1 pocT u4ucna
nybrvkauun, NocBSLLEHHbIX 3TOMY TUMy COeAWHEHWW, HENOCPeACTBEHHO CBS3aH C
MOMCKOM HaHOMOPUCTbLIX MaTepuanoB, KOTOpble MOryT HaWTUM NPUMEHEHME B
peLeHnn Lenoro psga HayyYHO-TEXHOMOrMYeckMX npobnem, Takux Kak XpaHeHue wu
pasgeneHue rasoB, co3gaHue cynepruapodobHbIX MaTtepuarnoB, B KaTtanuase,
ONTO3MEKTPOHUKE U CUCTEMAax XpaHeHus 3Heprun. Cnocobbl co3gaHus NOPUCTbIX
mMaTepuanoB W3BECTHbl [AaBHO, OOHAKO MMEHHO B OpraHMYEecKMX Kapkacax,
MOCTPOEHHbIX MO GrIOMHOMY NPUHLMNY (T.H. «OPraHNYeCKMX LeonuTax»), CyLecTsyeT
BO3MOXHOCTb A0CTUYb HAHOPAa3MEPHbIX NOP YHUPOPMHbIX pa3mepos [1].

[MepBbIM ONUCaHHLIM B nUTEpaType KacCoOM KOBaneHTHbIX OpraHuyecKnx
KapkacoB Obinn MeTannopraHunyeckne kapkacbl (MOF), koTopble COCTOSAT U3
NONMATOMHbIX HEOPraHUM4YecKUx MeTansicoAepXallmMx KnacTepoB W OpraHU4ecKux
nuHkepoB [2]. B 2005 rogy Arxuv mn coTpyaHWKM BRepBble MNPOOAEMOHCTPMpOBani
BO3MOXHOCTb MCMONb30BaHMsa Tononormdeckoro audamHa COF npu  nomoum
NCKIMIOYMUTENBHO OpraHudeckux coeguHeHnn [3]. OTa pabota cTana Bexon B
pa3suTum Teopmm COF 1 OoTKpbiNa NepcnekTBbl CO34aHNA NOPUCTLIX MaTepuanos C
HacTpanBaemMoWn CTPYKTYpOW MOp, MUCXOOA W3 HU3KOMOJSEKYNSPHbIX OpraHn4ecKux
coeanHeHnn. COF cocToAT K3 nerkux 3feMEHTOB, CBSA3aHHbIX KOBANEeHTHbIMU
CBA3AMM, MMEKT HU3KYD MMOTHOCTb, BbICOKYD XUMWYECKYHD CTabunbHOCTb WU
NPOrHO3MPYEMOCTb CTPOEHUS, BKMoYasa pasmepbl dopmupyowmxcs nop. Cpeam
KOBAaIIEHTHbIX OpraHMYyeckUX KapkacoB MOXHO BblOenuTb [Ba noJknacca —
aByxmepHble (2D) COF un tpexmepHble (3D) COF. MoHomepbl, BXogsLwmMe B COCTaB
2D «kapkacoB, SBMAKOTCA MNMOCKUMUM U 0BpasyloT Kapkac 3a CYET CTEeKUHroBbIX
B3aMMOAeNCTBUN. DTO NPUBOAUT K NPOSIBNEHNIO HEOObIYHBIX CBOMCTB B npoueccax
nepeHoca 3apsiia BAOOMb MNraHapHOW CTPYKTYpbl, YTO MO3BOMSET cOo3daBaTb Ha WX
OCHOBE HOBble MaTepwuarbl A9 OMTO3NEKTPOHMKM U dpoToBONbTauku. HanpoTtus, 3D
COF xapakTepuaytoTcst 60MbLLOI yaenbHON NOBEPXHOCTLIO (40 4000 M2 r") u HU3KoW
nnoTHocTbio (<0,17 r-em™). OTu ceoiicTea cTassT 3D COF B oguH psa ¢ Hanbonee
NepcrnekTUBHbIMX MaTepuanamMmu Ans XpaHeHUs rasos, B TOM 4yucne Ans cosgaHus
TONJIMBHbIX 31IEMEHTOB.

CywectByeT psg TpeboBaHui npu Bbibope Kapkaca ans co3gaHnsa COF [1]: a)
peakumsi obpasoBaHus COF pomkHa OblTb oOpaTuMOM W He nNpuUBOAUTL K
HeobpaTMMoMy 06pasoBaHUO NOBOYHLIX NPOAYKTOB U 6) reomeTpus bunanHr-é6noka
AO0SMKHA ObITb HeHanpskeHHoW u coxpaHatbcss B COF. OTtn ycnoBua Heobxoammbl
HeobxooMMO ANA TOro, 4YTobbl CMeCb MOHOMEPOB U ONUromMepoB ccopmmpoBana
NpaBUIbHYD CETb B YCMOBUSAX TEPMOLMHAMUYECKOro KOHTpons. OgHUM u3 TMNos
B3aMMOJENCTBUA, COOTBETCTBYIOLLNX 3afaHHbIM KpUTEPUAM, SBnsieTcs obpasoBaHmne
KOBaNEHTHON CBSI3M NO AOHOPHO-aKLENTOPHOMY MEXaHU3My MeXay TPexKoop-
OVNHAUMOHHBIM BOpPOM M a30TOM, COAEepXallMM HenoOernE€HHY napy 9SreKTPOHOB.
OTOT NPUHUMN B HACTosLLiee BpeMSI UCMNONb3yeTcs B nogasnstowem 60nblUMHCTBE
6opcogepxawmx COF [1, 2].

MupngnH-3-60poHOBas  KUCroTa COAEPXUT B CBOeM CTpykType oba
peakUMOHHbIX LeHTpa, HeobxoaumbiX AN o0bpasoBaHUA  CyrnpaMonekynapHbIX
arperaToB, YTO JenaeT ee npuBrekaTenbHbIM CTPOUTENbHBIM GSIOKOM B CO34aHMK
KOBaneHTHbIX oOpraHuMyeckux kapkacoB [5]. Ha ocHoBe nmpungnH-3-60poHOBON
KACNOTbl  HamMmyn  OblIM  CMHTE3UPOBaHbl  HOBble  (PYHKLMOHANM3NPOBaHHbIE
NoBEpPXHOCTHO-akTMBHble BewlectBa ([MAB) [6], xapakTepusylowmecs HU3KNMU
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BennumMHamu Temnepatypbl KpadTa, BenMuMHamMuM  KPUTUYECKMX KOHLUEHTpauumn
arperauumn n aHomanbHo Huskon pK, 6opoHoBOro cparmeHTa, U npeacTaBnsaoLme
cobon nepcnekTMBHYO OCHOBY ANS CO3[4aHWUs CUCTEM ANA akTuBauum nepokcuaa
Bogopoaa [4] n pacno3HaBaHust ©uonormyeckn BaxHbix nonuonoB [7]. TAB Ha
OCHOBEe OOpPOHOBBLIX KUCIIOT M MPOSBNAT pAg HEeobblYHbIX CBOWCTB, YTO, NO BCEW
BMAMMOCTM, CBS3AHO CO CMNOCOOHOCTbIO K 0Bpas3oBaHMIO NPOAYKTOB KOHAEHCaLUn
dparmeHTOB BOPOHOBLIX KACIOT [4, 5].

B HacTodwen pabote m3yyeHo oOpasoBaHWe MNeHTagekamepa nNUpUAnH-3-
BGOPOHOBOW KUCMOTbl U peakumm ero m3bupaTeribHOro ankunmMpoBaHUs C LEnbio
noncka Noaxoao0B K CO34aHMI0 KOBAIIEHTHBIX OPraHNYeCKMX KapKacos.

3KcnepumeHTaanaﬂ 4acTb

MupuanH-3-6opoHoBas  kucnota (“Aldrich”) n  ToBapHble peakTuBbl U
pacTBOPUTENN MapoOK «O0.C.4» M «4.4.a» ucrnonb3oBann 6e3 [OMNONHUTENbHON
OYUCTKN. ANKUNMPYIOLWMNE areHTbl C [ABYMSA peakunoHHbiMn ueHTpamu (1,10-
annognekaH u - 1,2-6uc(2-MoadTOKCM)aTaH) nofnyYannm Ku3  COOTBETCTBYHOLLMX
XJTOPrPOU3BOAHBLIX MO peakumm OUHKenNbLITENHA.

AMP cnektpbl 3anucaHbl Ha cnekTtpomeTpe Bruker AVANCE 400 (LleHTtp
KonnekTneHoro nonb3oBaHna MHOOY HAHY). PeHtreHoCTpykTypHbIM aHanus (PCA)
npoBOAUNM ¢ ncnonb3oBaHnem angpakrometpa Bruker APEX Il (Tynysa, ®paHums).

MeHTagekamep NUpUAMH-3-60pOHOBOM KUCNOTbI 3 Bblf NONy4YeH Ha OCHOBaHMM
pekomMeHaauumn, onmcaHHbix B meTtoguke [5]. B kpyrnogoHHoto konby emkoctbto 100
Mn ¢ Hacagkon OuHa-Ctapka nomewanu nupuaunH-3- 6opoHosyto kucnoty 1 (0,2 r,
1,6 mmonb) n Tonyon (40 mn). PactBop knmnatmnu 1 4yac, KOHTPONMPYSA OTrOHKY
aseoTpona Tonyon-soga. [lo 3aBepweHun peakuun pacTBop ynapusanu cC
nonyyeHnem npogykra 2 c BbixogoM 95%. BbiCyLLeHHbIM NPOAYKT KpucTannusosanm
M3 aTaHona c obpasoBaHMEM KpuCTannoB neHTagekamepa 3, KoTopbii  Obin
oxapaktepusoBaH metogom PCA.

Cnektp AMP 'H (CDCls), 5, m.a.: 10,6-9,2 (3H, m, CH apom), 8.9-7.6 (6H, M,
2x CHapowm), 7.5-6.8 (3H, m, CH apom).

Cnektp AMP 'H (CDsOD), 5, m.4.: 8.64 (1H, ¢, CH apowm), 8.57 (1H, g, J 5.7
Ny, CH apom), 8.52 (1H, a4, J 7.3 'y, CH apom), 7.79 (1H, 1, J 7.2 T'u, CH apom).

HanpeHo, %: C, 57.13; H, 3.76; N, 13.36; O, 15.23. C41H7Cl2NsO0.
BbiuncneHo, %: C, 57.25; H, 3.84; N, 13.35; O, 15.25
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Cxema 1. O6pasoBaHue npogykta 3

AnkunupoBaHue npogykta 3 npoBoaunM B M30bITKE COOTBETCTBYHOLLMX
anKkUnupywLLMX areHToB Mpu KOMHATHOW TemnepaType W nepemMellnBaHum.
TunnyHble Npoueaypbl U CNEeKTPbl NPOAYKTOB NPUBEAEHbI HUXE.
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Woauna 2-(1-meTvnnmpuamuun-3-un)-4,6-am(nmpuanH-3-un)6opokcmHa 4c.
B kpyrnogoHHyto konby Ha 25 mn nomewanu 3-nupuanH 6opokcuH 2 (200 mr, 0.6
mmonb), 15 mn xnopodopma 1 2 mn nogaonekaHa (8 mmons). Konby repmeTnyHO
3aKynopuBanu U OoCTaBnanu npu KOMHaTHou TemnepaTtype Ha 10 cyTok. Nocne yero
pacTBopuTenb ynapusanu, MpOMbIBasiM  H-NMEHTAHOM, MOJSIyYEeHHbIA  MNPOAYKT
Kpuctannuaosanu n3 aueTtoHa. Beixog 70%.

Cnektp AMP 'H (CDs;OD), 5, m.4.: 8.78 (2H, ¢, CH apom), 8.75-8.65 (3H, M,
CH apowm), 8.57 (1H, a, J 5.7 T'y, CH apowm), 7.92 (1H, 7, J 6.6 'y, CH apom), 7.86
(2H, 1, J6.2 Ty, CH apom), 4.59(2H, T, J 7.16 Ty, N-CH2-), 4.59(2H, 1, J 7.16 'y, N-
CHz-), 2.03(2H, m, -CHy-), 1.45-1.30 (18H, m, -(CH2)e-), 0.94 (3H, 1, J 6.36 'y, -CHj3).

AHanormyHbiM  06pasoM  CMHTE3NPOBaHbl  METWUSbHbIN,  OKTUMbHbLIN U
rekcageunsibHbli - MoOHOankunnpoussogHole 4a, 4b un 4d. Bpems peakumn
noabupanocb MHAMBMAYANbHO ONS1 KaXOon peakuun n BapbupoBanocb ot 1 go 20
CYTOK, KOHTPOSIb NPOTEKAHUA peaKkUnn OCyLLeCTBIANCA Ha OCHoBaHuK criektpa AMP
'H peakumoHHol cmecw.

Tpunoaupg 2,4,6-Tpuc(1-meTnnMpmanMHNn-3-nn)oopoKcuHa 5a. B
KPYrnoAoHHY0 konby Ha 25 mn nomewanun 3-nupmauH 6opokcnH 2 (200 mr, 0.6
MMorb), 15 Mn meTaHona u 1 mn metunogmaa. Konby repmeTuyHoO 3akynopusanu u
OCTaBnsaANM NpuM KOMHATHOW TemnepaType Ha 2 cyTok. [locrne 4yero pacTBopuTesb
ynapvBanu, npombiBanu H-NeHTaHOM, MOMyYeHHbI NPOAYKT KpUCTannmMsoBanu 13
aueTtoHa. Bbixoag 80%.

Cnektp AMP 'H (CDs;0D), 3, m.a.: 8.73 (1H, ¢, CH apowm), 8.68 (1H, a, J 7.3
Ny, CH apom), 8.59 (1H, g, J 7.3 'y, CH apowm), 7.92 (1H, 1, J 6.6 'y, CH apom),
4.35 (3H, ¢, -CHj3)

OumepHaa cTpyktypa 6a. B KpyrnogoHHyto konby Ha 25 mn nomewjanu
GopokcnH 2 (200 wmr, 0.6 mmonb), 15 mn xnopocdopma u 2 mn 1,2-6uc(2-
nogatokcm)ataHa (8 mmonb). Konby repmeTnyHO 3akynopuBanu M OCTaBNann npwm
KOMHaTHoM Temnepatype Ha 10 cytok. [locne 4ero pacTtBopuTenb ynapusanu,
NpPOMbIBan H-MeHTaHOM, MNOSy4YeHHbI MNPOAYKT KpuCTannmns3oBanu U3 aueToHa.
Bbixog 70%.

Cnexktp AMP H (CDsOD), 6, m.a.: 8.77 (2H, ¢, CH apowm), 8.70 (2H, m, CH
apom), 8.59 (3H, m, CH apom), 8.46 (2H, g, J 7.6 Ty, CH apom), 7.90 (1H, m, CH
apom), 7.60 (2H, 1, J 6.44 Ty, CH apom), 4.55 (2H, m, N-CH3-), 3.20 (2H, m, -CH3-),
1.88 (2H, m, -CH>-)

Pe3ynbTaTbl U 06CcyxaeHue

BopokcmH 2 HaxoguTCcaA B AMHAMUYECKOM paBHOBECMM CO  CBOWUM
CynpamorekynsipHbIM NPou3BoAHbIM 3. 3TO paBHOBECWE KOHTPONMpyeTca nonsap-
HOCTbIO pacTBOpPUTENS U CNOCOBHOCTLIO pacTBopuTens obpasoBbiBaTb BOOOPOAHbIE
CBSI3M 1, COOTBETCTBEHHO, paspyLlaTb KOOpAUHAUMOHHbIE CBA3N N:—>B.

Ha puc. 1 wnsobpaxeHbl cnektpbl 6opokcuHa 2 B CD3;OD u CDCl;. B
aentepoxnopodopme HabnogaeTca NOsIBIIEHNE COXHOW CTPYKTYpbl pacllenneHns
CUrHanoB, KOTopas OTCYTCTBYET B MeTaHone. ATOT CNeKTp KOCBEHHO noaTBepXaaeT
WOeHTUYHOEe CTpoeHMe neHTagekamepa 3 B pacTtBope (xnopodopm) mn B
KpUCTann4eckom CTpykType.

Kak BMOHO “3 puc. 2, NpoucxoguT pacliensieHne CUrHanoB NPOTOHOB Ha 7
HENOEHTUYHbIX NMUKOB, U, COOTBETCTBEHHO, 7 HEMOEHTUYHbIX MUPUANHOBLIX OCTaTKOB,
4yTO cornacyetcs ¢ gaHHbimn PCA.
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Puc. 1. 'H HAMP-cnektp apomatuueckon obnactu 6GopokcuHa 2; CD;Cl (BBEpPXY),
CD;0D(BHM3Y), 25°C

N3 paHHbix PCA cnepyeT, 4to 10 NMpuauHOBLIX OcTaTkoB M3 15 yyacTBylOT B
obpa3oBaHMM MNOMOCTHOIO Kapkaca neHTagekamepa. [lonyyeHHbIM B HacTosLWEN
paboTe neHTagekamep 3 MeeT B CBOEN CTPYKType nonoctb paguycom 3,5 -5 A
4YTO MNO3BONSAET MNPeAnonoXuTb BO3MOXHOCTb KoopAuHaUUM HebonbLIMX aToOMOB
BHYTpUW arperarta, Kak 370 MMeeT MeCTO B Crly4ae KpayH-a(1poB.

Bbicokasi ycTonumsBocTb 0b6pasyroLerocs cynpamonekynapHoro arperarta obina
noaTeepxaeHa cnektpom B IMCO-d6 npu TemnepaTtype 90°C, KOTOpPbI NOMHOCTLIO
coBMagaeT Co CMEKTPOM, 3anucaHHbIM npu Temnepatype 25°C, 3a WCKMOYEHUEM
HEeCKONbKo GonbLlero paspelueHusi, YTO Mbl CKIMOHHbI CBA3bIBaTb C YMEHbLUEHWEM
BSAI3KOCTM pacTBopa.
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Puc. 2. 'H AMP-cnekTp apomaTtuyeckon obnactu neHtagekamepa 3; 25°C, CDsCl; a —
CUrHanbl apoMaTnyeckux NpOTOHOB; 6 — pacLuenneHne npoTtoHa Pyr-H2
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B 10 xe Bpems, 5 aToMOB a3oTa NMPUONHOBBLIX OCTaTKOB M3 15 He yyYacTBylOT
B CO3JaHUM KapkKaca W OCTalTCHA CTepudecku OOCTYnNHbIMU. Mbl ncnone3osanu aTy
0COBEHHOCTb CTPYKTYpPbl 3 M NPOBENW PS4 peakuun ankunupoBaHus, Bapbupys
pacTBopuTenb 1 ankunupyowme areHTbl (Cxema 2). Mpy ncnonb3oBaHUM NONSAPHbBIX
pactBoputenen (CH30OH) wumeeT MecTO nonHoe ankunupoBaHue (No BCEM
NMMPUONHOBLIM a3oTaM) OopokcuHa 2, B pesynbTaTe 4ero Oblnv  NosyyeHbl
coeanHeHus 5a-d. B TO xe Bpems, ankunupoBaHve B XNopodopme npuBOauUT K
obpaszoBaHnio MoHoankunnponssoaHbix 4a-d. CoeanHeHnsa Tuna 4 n 5 cogepxxar Kak
NONSApHbIE rPynMbl, TaK U HENOMSAPHbIE (ankunbHbIE) PparMeHThl, U, criegoBaTesibHO,
MOryT ObITb OCHOBOW Ans co3gaHus Hosoro Tuna [MAB. lNpuHumas BO BHMMaHue
AoctaTovHO 6onblion 06beM rOfIOBHOW TPyMMbl, JIOTMYHO NPEANONOXUTb, YTO 3TU
coeanHeHuss 6yoyT cnocobHbl K (QPOPMUPOBAHUIO HETPALAMUMOHHBLIX AONS Takux
KnaccoB COeOVMHEHUA OpraHM3OBaHHbIX MOJSIEKYNAPHbLIX CUCTEM, B YacCTHOCTH,
BE3MKYN UNn namennsapHbIX CTPYKTYP.

Puc. 3. Ctpyktypa neHtagekamepa 3 cornacHo aaHHbiM PCA: a - XZ npoekuus; 6 - YZ
NPOEKLUWs; 8 - CTPYKTypa BHYTPEHHEW MOMoCTH
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Cxema 2. AnknnmpoBaHune coeauHeHnii 2 n 3 1-riogankaHamm
Lpyron nogxon, MNO3BOMAWMKA MNOMYYNTb COEOUMHEHUS-NPEeaLEeCTBEHHNUKN
KOBaNEeHTHbIX OpraHM4yecknx KapKacoB, 3aKr4yaeTcd B ncnosfib3oBaHUn

anKUNMpYyLLMX areHTOB C ABYMSI PEaKUMOHHbIMW LieHTpamMu (NMHKepoB). TakoM
nogxon codetaeT B cebe BO3MOXHOCTb KOHTPOMS BHYTPUMOSEKYMSPHbLIX CBSA3en
BHYTPW NeHTagekamepa U MeXMONEKYNsipHbIX CBS3el Mexay neHTagekamepamu

(nonyyenne 3D COF), a Takke CuMHTE3 CTpouTenbHbIX OMNOKOB ANs CcO3gaHus
knaccudeckux 2D COF.
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Cxema 2. AnkunupoBaHue neHtagekamepa 3 ¢ obpaszoBaHMeM QUMEPHbIX CTPYKTYp 6
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CoeauHennss TMna 6 moryT OblTb MCNONb30BaHbl AN TePMOAUHAMUYECKU
KOHTPONMpPYyeMoro OpMUPOBaHMNS CaMOOPTraHM3YHOLLMXCS KOBANEHTHbIX OpraHu-
Yyeckux kapkacoB. Henb3s vckntoyatb, YTO UCMOMb30BaHNE 3TUX peareHTOB MOXET
npmBecTn Kk obpasoBaHuio ewe 6onee cnoxHom 3D COF 3a cuyeT HennaHapHoWm
NPOCTPAHCTBEHHOW CTPYKTYPbl aaayKTOB B MICXOOAHOM BGOPOKCUHE 2.

Paboma 8bIrofHeHa npu rnoddepxke
MexdyHapodHozo Hay4Ho-uccriedogamersibCKo20o
obbveduHeHusi (GDRI) e obnacmu mornekynspHou
Xumuu.
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0.0. CaecyHeHko, [0.0. lLlupokopodoea, €.A. Kapniyee, A.®.[lonoe, . MamoHdo,
1. Piko-lTamm, A.Jlamm. AJIKI/TIOBAHHS1 CAMOOPIAHI3OBAHUX KOMITJIEKCIB HA OCHOBI
niPUQNH-3-60POHOBOI KNCJIOTHU

Odep>aHo i 0xapakmepu308aHO CyrpaMoNeKynspHy cmpykmypy - neHmadekamep MnipuduH-
3-60poHoe0oi Kucriomu. BugydeHo (o200 6ydosy, cmilikicmb ma 30amHicmb 00 ymeopeHHsi N-
ankinnoxioHux. CernekmueHe arKinoeaHHs rneHmadekamepa UiodankaHamu rpu3eodums 00
ymeopeHHsT H08020 murly amabighiniie - MOHO- i mpiarnkin3amiweHHUxX 60poKcuUHige nipuduH-3-60poHO80T
kucniomu, a y pasi 1,10-0itiod0ekaHy ma 1,2-bic (2-tiodemokci)emaHy) 0o380s155€ ompumamu QUMEPHI
CMPYyKmMypu - rpeKypcopu KoganeHmMHUX Op2aHiyHUX KapKacie.

Knrovoei cnoea: nipuduH-3-60poHo8a Kucrioma, GOPOKCUH, arlKifllo8aHHSI, KO8asleHMHI
OopeaHiyHi Kapkacu
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0.0. Savsunenko, Yu.O. Shirokorodova, Y.A. Karpichev, A.F.Popov, H. Matondo,
I. Rico-Lattes, A. Lattes ALKYLATION OF SELF-ASSEMBLING COMPLEXES BASED ON
PYRIDINE-3-BORONIC ACID

Over the recent decades, designing novel materials became a promising challenge in
chemistry. The covalent-organic frameworks (COF) are one of the most remarkable new synthetic
materials with nanoporous structure that could be used for gas storage, fuel cells design, in the
catalysis, optoelectronics, etc. Most of boron-containing COF are built by means of N—B bonding
which makes boronic acids among the important precursors of COFs. N-Alkyl derivatives of pyridine-3-
boronic have been recently reported to be functionalized surfactants low aggregation concentration
very low pK,. Pyridine-3-boronic acid contains in its structure both boron and nitrogen atoms which
makes it a prospective building unit for COF. A novel cage supramolecular structure, pentadecamer of
pyridine-3-boronic acid, was obtained and characterized. Its structure in crystal was investigated using
X-ray crystallography; "H and "*C NMR spectroscopy was used for study in the solution. This structure
consists of 15 pyridine-3-boronic acid monomers with 10 N—B bonds; the cage diameter was shown
to be 5A. The supramolecular complex was shown to remain stable with heating up to 95°C in DMSO-
d6 whereas in D,O CD3;OD the monomer of pyridine-3-boronic acid appeared. The ability of the
pentadecamer to form N-alkyl derivatives was studied. Its selective alkylation with iodoalkanes leads
to formation of monosubstituted (methanol)) and trisubstituted (chloroform) boroxines of pyridine-3-
boronic acid. These new compounds are expected to be epy amphiphiles exhibiting a wide variety of
unusual aggregation properties. In the case of 1.10-diiododecane and 1.2-bis(2-iodoethoxy)etnane,
the alkylation allows us to obtain dimeric structures which supposed to be the precursors of 3D
covalent-organic frameworks.

Keywords: pyridine-3-boronic acid, boroxine, alkylation, covalent organic frameworks
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PACTBOPUMOCTDb CEPOBOJOPOJA B HOHAHE ITPU ITOBBIINEHHbBIX
JABJIEHUAX

CuHmemuyeckum memodomMm uccriefogaHa pacmeopumMocmb ceposodopoda 8 HOHaHe rpu
memnepamypax 273 — 323 K 8o ecem Ouana3oHe cocmagos xudkol ¢a3sel. [10 nony4yeHHbIM 0aHHbIM
paccyumaxbl mepMoOUHaMUYeCKUe Xxapakmepucmuku ceposodopoda 8 pacmeope: akmugHOCmU,
KoaghghuyueHmbl akmusHocmu, u3bbimoyHbie 3Hepauu [ubbca, OugpepeHyuanbHbie MOJISIPHbIE
mersiombl pacmeopPeHUs.

Knroueebie cnoea: pacmeopumocmb, cepo8odopod, HOHaH, Mo8bIEeHHOe OasreHue,
aKmueHoCcmb, MOJIsiPHas merjioma pacmeopeHust

PaspaboTka MeCTOpPOXAEHUN MNPUPOOHOro rasa C BbICOKMM COAEpXaHUEM
cepoBogopoda (B 4YacTHOCTU, ACTpaxaHCKOro ra3okOHAEHCATHOrO0 MeCTOPOXOEHUS)
HEBO3MOXHa 6e3 o6lwupHOM WHGOPMaUMM O pPaBHOBECUMM XUOKOCTb — nap B
MHOTFOUYUCIEHHbIX ABYXKOMMOHEHTHbLIX M 60ofiee CroXHbIX cUcTeMax, coaepxalumx
ceposogopoa. B HayyHOM nutepatype MMeKTCA 3KCNepUMEHTarnbHble AaHHble MO
PaBHOBECUIO XNOKOCTb — Nap B ABYXKOMMOHEHTHbIX CUCTEMAX MEeTaH — CepOBOA4OPOA
[1-3], aTaH — cepoBogopoy [4], nponaH — cepoBogopos [5], H-OyTaH — cepoBoaopoa
[6], n3obyTaH — cepoBogopos [7], rekcaH — cepoBogopoA [8], renTaH — cepoBO4OPOA
[9], okTtaH — cepoBogopoa [10] u gekaH — cepoBogopof [11]. B cBA3n ¢ oTcyTCcTBMEM
AaHHbIX MO pacTBOPMMOCTW CepoBOAOpOoAa B HOHaHe Hamu OblNo nNpoBeAeHO
nccnegoBaHne NapamMeTpoB PaBHOBECUSA XUAKOCTb — Nap B 3TOM CUCTEME.

MeToamnka onpegeneHnss pacTBOPMMOCTM CEPOBOAOPOAA B  ManoneTyymx
pacTBopuTensax onucaHa padHee [10]. PactBopuMMOCTb uccregoBanacb B siYelke
NOCTOSIHHOrO  obbema, CHabxeHHOW  MeMOpaHHbIM  HySflb-MaHOMETPOM WU
deppomarHuTHOM Mewankon. Kopnyc amnynbl S4eMks Obll M3rOTOBAEH U3
Npo3paYHOro KBapLEBOro CTekna, YTo No3BOMsAnN0 U3MEpPATb YPOBEHb Xnakon dasbl
B nccnegyemon cucteme. Macchbl 3arpy>X€HHbIX KOMMOHEHTOB ONpeaensnncb nyTem
B3BELUMBAHUSA SMENKN HA aHanNUTUYECKMX Becax M nogbupanucb Takum obpasom,
4yTOObI 00BbEM ocTarwlencs rasoson asbl coctaBnan MeHee 20% ot obuiero
obvema sa4enkn. [lpy Takom Manom obbeme rasoBou ¢asbl COCTaB Bceu
AByx(asHon cucTtembl coBnagaetr C COCTaBOM pPaBHOBECHOW >XWUAOKOW asbl B
nccnegoBaHHOM WMHTepBane napamMeTpoB (pasHuua B CaMOM  XyAwem cry4dae
coctaBnset MeHee 0,2% monb.). 3arpy3ka KOMMOHEHTOB B S4YEeWKy paBHOBECUS
conpoBoXganacb WX [fgerasaumen nyTeM MHOrOKpaTHOro nNpOBEAEHUSA LuKna:
3aMopaXkMBaHUe COLEPXKMMOrO SYErKM B XMOKOM a30Te — yaaneHue ocTalLliencs
ra3oBon pasbl — NNaBneHne CoAepXXUMOro S4enKn C yaaneHnem netydmx npumecen
B rasoByto @asy. [lpy npoBeAeHUM ISKCNEPUMEHTA [aBfiEHME WU3MEPSNOCb C
nomoLubto 0bpasuosbix maHomeTpoB MO-16, MO-25 n MO-40 ¢ norpewHocTtbto 0,4
% OT BepxHero npegena uamepeHun. TemnepaTtypa onpegensanacb HopmasibHbIM
TepmomMeTpomMm ¢ ueHon aerneHus 0,1°C. MNorpewHoCcTb onpeaeneHus Temneparypsbl
oueHnsaetcsa B 0,05°C.

Mcnonb3oBaBWMNCSA B 9KCMEPUMMEHTE  CEepoBOAOPOA  MofyYanu  npu
B3aMMOAENCTBUM KOHLEHTPUPOBAHHOIO pactBopa cynbduaa Hatpusa € 85%-Hbim
pacTBOpPOM OpTOhoCciOopHOM KUCNOThI. MonyyeHHbIn cepoBogopo oxnaxganu oo 0
°C ons yganeHnsa OCHOBHOW Macchl napoobpasHowm Bnaru, 3aTemMm nponyckanu Hag
nnaBfeHbIM XIOPUOOM KanbLus C Lenblo OCYLLIKM U KOHAEHCUMPOBANM B CTEKNSAHHON
npobupke, ONyLEeHHOW B XUOKUA a3oT. [na npoBegeHusa akcnepumeHTa otbupanu
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CpefHo (hpakumio, NonyyeHHY0 B npouecce ucnapeHusa. XpomaTtorpagouyecknn
aHanu3 nokasblBaeT Hanuyve npumecen B Takom cepoBogopone Ha ypoBHe 0,3%.
HoHaH kBanudukaumm «4YUCTbIN» NEePEroHANnM npu atMocqepHOM AaBfieHnn n ona
NpoBeaeHUs IKCNepuMeHTa oTbupanun cpeaHior dpakumio.

[MonyyeHHble 3KCnepuMeHTasbHble JaHHble MO PpacTBOPUMOCTU cepoBogopoaa
B HOHAHE NPW NOBbILLEHHbIX JABMEHNSAX CBeAEHbI B Tabnuvue 1.

Ta6bnuua 1. PaBHOBeCHble NnapamMeTpbl Xnakon gasbl CUCTEMbI CEPOBOLAOPOS -
HOHaH Mpu pasnuyHbIX TemnepaTypax

MonbHas oons cepoeoAopoaa B pacTsope

0,264 0,609 0,628 0,728 0,860

P-107, T K P-107, T K P-107, T K P-107, T K P-107,

T.K MNa MNa MNa MNa ’ MNa

283,3 4,23 276,9 7,90 285,2 9,55 286,2 11,5 274,0 10,0

285,8 4,60 2771 7,90 2854 9,85 286,3 11,9 2739 9,72

286,2 4,63 2814 8,57 285,5 10,0 286,3 11,8 273,8 9,84

286,4 4,66 281,5 8,63 285,6 9,85 292,2 13,6 2804 11,7

286,7 4,66 283,6 9,12 294,8 12,2 2923 13,4 280,7 11,8

286,9 4,69 283,8 9,12 294,8 12,0 2924 13,4 286,4 14,0

287,3 4,69 2934 11,2 304.,4 14,2 299,6 15,6 286,5 14,0

291,8 5,18 293,6 11,4 304,2 14,2 299,6 16,0 286,6 13,6

292,0 517 303,2 14,0 304,2 14,4 305,8 18,4 286,6 13,7

2921 5,19 303,2 14,0 304,0 14,4 305,9 18,3 2924 15,9

296,0 5,60 313,2 16,4 314,2 17,7 306,0 18,2 292,6 16,1

296,0 5,57 323,2 19,2 314,0 17,8 306,0 18,3 297,2 17,0

296,3 5,60 323,2 19,2 313,7 17,6 3114 20,0 297,2 17,2

300,8 6,09 333,5 22,6 313,3 17,4 3114 20,0 297,2 17,3

300,9 6,08 333,6 22,6 3231 20,7 297,2 17,3
307,4 6,70 322,4 20,2 304,9 20,0
307,5 6,73 322,2 20,1 304,9 20,2
315,4 7,67 322,2 19,9

315,4 7,64

322,1 8,56

322,1 8,65

B koopguHatax InP — 1/T gaHHble Ans Kaxaoro MCccregoBaHHOro cocTaBa
CUCTEMBI HEMMOXO0 YKMaAabIBalTCA Ha NPSMYH JIMHUIO, YTO MO3BONSAET NMPOBOAUTL
HaOEXHYK MHTepnonsauuio 1 akctpanonsaumtio (puc. 1). Mo nHTepnonMpoBaHHLIM U
9KCTpanosiMpoBaHHbIM  AJaHHbIM  OblfIM  MOCTPOEHblI  U30TEPMbl  3aBUCMMOCTMU
paBHOBECHOIO aBfeHust OT cocTaBa Xugkon dasbl Npyn Temneparypax 273,2, 283,2,
293,2, 303,2, 313,2 1 323,2 K (puc. 2).

Kak cnegyeT n3 puc. 2, n3oTepmbl 3aBMCUMOCTN PaBHOBECHOIO AaBrfieHUs OT
COCTaBa >XMAKOW (pasbl Npu NOBbLILWEHUN TemnepaTypbl U3 BbIMYKMbIX CTaHOBATCSH
BOrHYTbIMW, YTO B Crflydae uaeanbHOW rasoBoun pasbl cBuaeTenbctsoBano 6bl O
nepexoge OT MOJSIOXKUTENBHOIO OTKIMOHEHUS OT 3akoHa Payns K oTpuuaTesibHoMy.
OpgHako npu NOBbIWEHHbLIX AaBMNEHUAX B CUCTEME CBOWCTBa rasoBon ¢oasbl
CyLEeCTBEHHO OT/NYalTCsA OT CBOWCTB MAearibHOro rasa, no3TtoMy AN pelueHust
BOMpoca O BbLINOSIHAMOCTM 3akoHa Payna Heobxogmmo onpenenntb NEeTy4ecTu
KOMMNOHEHTOB B paBHOBECHOM ra3oBou hase.
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14,80 -

1-x=0,264

1460 2-x=0,609

, 3-x=0,628

4-x=0,728

14,40 - 5-x=0,861
14,20 -
14,00 -
T 13,80 -
13,60
13,40 -
13,20 -
13,00 -

[ ]
12,80 T T T T 1
0,0028 0,0030 0,0032 0,0034 0,0036 0,0038

1/T

Puc. 1. lNapameTpbl paBHOBECUS XUOKOCTb — nNap ANs paBHOBECHOW >uakon dasbl
pas3nn4HOro coctaBsa CMCTEMbl CEPOBOAOPOAA - HOHaH B koopauHatax InP — 1/T

1-273,2 K
, 2-2832K
35 1 3-293,2 K
B r
4-303,2 K
5-313,2 K
3 6-323,2 K
[ ] 5 9
25 - ®
g
c .
3 ]
[ ]
15
2 _»
1
1 ]
0,5 -
0 , , , , , , . . . XH,5
] 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

Puc. 2. I30TepMbl paBHOBECHOW XNAKon thasbl CUCTEMbI CEPOBOAOPOAA - HOHAH

130



PO3Ain 3 XIMIYHA TEXHOJOTIA

[Mony4eHHble 3KCNepuMeHTarnbHble AaHHble AaloT BO3MOXHOCTb paccyuTaTb
COCTaB paBHOBECHOro rnapa B uccriegoBaHHoW cucteme. Metoa pacyeta coctasa
napa npu MOBbIWEHHbIX OaBMEHUAX B ABYXKOMMOHEHTHOM CUCTEME XMAOKOCTb-Nap,
npegnaraembin B paboTte [12], aBnaeTcs TepMoanHaMUYECcKu CTPOrMM npu ycrnosuu,
YTO HaCbIWEHHbI Nap OMNUCbIBAeTCA YpaBHEHMEM COCTOSIHUSS CO  BTOPbIM
BUpMasbHbIM KO3ppruneHTom.

Ha puc. 3 B kayecTBe npumepa npveeneHa u3otepmMa fnMHUN XXUOKOCTU U napa
npn Temnepatype 303,2 K. Kak cnegyeT m3 gaHHbIX pacdeTa, B 3HAYUTENBHOM
WHTepBane COCTaBOB XWAKOW (pasbl CUCTEMbI CEPOBOAOPOA - HOHaH rasosas drasa
npeacTaBnsaeT cobon NpakTUYECKN YUCTbIA CEPOBOLOPOLA.

Tasnerme P- 107

251

0.5

- Y R W O ey

- 1 4

| 4l
0 0.1 0.2 0.3 D4 0.5 0.6 0.7 0.8 0.9 1

MomeHar moma Ha5, X

Puc. 3. CocTaB napa cucteMbl cepoBoaopos - HoHaH npu TemnepaTtype 303,2 K

[MonyyeHHble aKcnepuMeHTasnbHble AaHHble AatdT BO3MOXHOCTb paccyuTaTtbhb
Ansi cepoBOAOpOAa  aKTUBHOCTU U KO3MMUUMEHTbI aKTUBHOCTEN, W3ObITOYHbIE
9Hepruun 'mb6ca, N3bbITOYHbIE SHTPOMNUKN U TENSOThI PACTBOPEHUS.

AKTMBHOCTb CEpOBOAOPOAA B pacTBOPE apzs CBSA3aHa C €ro neTyyecTbio B
rasoBou pase fyos COOTHOLIEHUNEM:

auzs =fHZS /fH2SO

roe fiuos’— neTyyecTb ra3oo6pa3HOro CepoOBOAOPOAA Haf XUAKMM CEpPOBOLOPOAOM
npn JaHHoOM TemnepaType. BenuunHa akTMBHOCTM MNO3BOSISET  BbIYUCIIUTL
KO3(h(PULMEHT aKTMBHOCTM cepoBogopona B pactBope. KoahduuMeHT akTUBHOCTH
cepoBoaopoada onpegenseTcd Kak OTHOWEHWE aKTUBHOCTUM K AeNCTBUTENbHON
MOJSIbHOW O0Ne CepoBOOpOAa B pacTBope.

B T1abnuue 2 npuBedeHbl 3HAYEeHUsI aKTUBHOCTEW U KOI(PDULMNEHTOB
aKTUBHOCTM CepoBOAOpOAa XuAKoM dhasbl CUCTEMbl CEPOBOAOPOA — HOHAH Mpu
TemnepaTtypax 273,2 — 323,2 K ¢ warom no mosnbHon gone 8 0,1.
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Tabnuua 2. AKTUBHOCTY (akzs) U KOIPULMEHTBI aKTUBHOCTY (Yr2s) CEpOBOAOPOAA B
XUOKOW dpase CMCTEMbI CEPOBOAOPOL — HOHaH nNpu Temnepartypax 273,2 — 323,2 K

Xhios

273,2

283,2

293,2

303,2

313,2

323,2

apzs

YHzs

apzs

YH2s

apzs

YH2s

arzs

YHzs

apzs

YH2s

apzs

YH2s

0,100

0,153

1,531

0,137

1,366

0,127

1,272

0,117

1,171

0,109

1,091

0,102

1,020

0,200

0,293

1,465

0,264

1,321

0,248

1,239

0,231

1,154

0,216

1,082

0,204

1,022

0,300

0,420

1,401

0,383

1,277

0,362

1,208

0,341

1,137

0,322

1,072

0,307

1,022

0,400

0,536

1,340

0,494

1,235

0,471

1,178

0,448

1,119

0,425

1,062

0,408

1,020

0,500

0,640

1,281

0,597

1,194

0,574

1,148

0,551

1,102

0,525

1,050

0,508

1,017

0,600

0,735

1,224

0,692

1,154

0,671

1,119

0,651

1,085

0,623

1,038

0,607

1,012

0,700

0,819

1,170

0,781

1,116

0,763

1,091

0,747

1,067

0,718

1,025

0,703

1,005

0,800

0,894

1,118

0,863

1,079

0,850

1,063

0,840

1,050

0,809

1,012

0,797

0,996

0,900

0,961

1,068

0,939

1,043

0,933

1,036

0,930

1,033

0,898

0,997

0,887

0,986

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

Kak cnegyetr w3 paHHbIX Tabnvubl 2 NpuM MNOCTOSIHHOM TemnepaType
NOBbILWEHME KOHUEHTpauun cepoBogopofa B pacTBope BedeT K YMEHbLUEHU ero
KoappuumeHta  akTuBHOCTU.  [loBbilleHMe  TemnepaTypbl  COMPOBOXAAeTCA
yMeHbLUEeHNneM KoadpumUneHTa akTUBHOCTU U NPUONMXKEHMEM CBOWCTB CUCTEMbI K
CBOMCTBaM maeanbHOro pacteopa.

BenuunHbl k0ahMUMEHTOB akKTUBHOCTM MO3BOMSIOT BbIYUCIIUTL U3ObITOYHYHO
aHepruto 'mbbca ceposogopona B pacTBope, KoTopas onpenensercs Kak nsbbITok
9Heprun 'M66ca KOMNOHEHTa B peanbHOM pacTBope Hag aHeprmen 'mbbca ero B
noeanbHOM pacTBOpPE TaKoro e cocTaBa MpU OOHUX M Tex Xe 3HavyeHUdax
TemnepaTypbl U AaBreHus.

N3bbiTouHas aHeprusa mMG6ca ceposogopoda B pactBope G**  cBsizaHa C
KO3(p(PMLMEHTOM aKTUBHOCTU COOTHOLLEHNEM
eX __
G =RT In Yro2s
PaccunTtaHHble BenuuUMHbl  U3ObLITOYHBLIX  MOMSPHbLIX  dHeprun  mMbbca

cepoBoaopoaa npmBeaeHsl B Tabnuue 3.

Tabnuua 3. M36bITouHbIE MONSAPHLIE 3HEPrn TMBbca cepoBoaopoaa B XKMUAOKNX
pacTBopax CepoBOAOPOA — HOHAH Mpu pasnuyHbix TemnepaTtypax (G, Ix/mMonb)

Xhs 273,2K 283,2K 293,2K 303,2 K 313,2K 323,2K
0,100 968 734 585 399 227 54
0,200 867 655 523 361 205 58
0,300 765 575 461 323 181 57
0,400 664 496 398 284 155 53
0,500 562 416 336 245 128 44
0,600 459 337 274 205 97 31
0,700 356 258 211 164 65 13
0,800 253 179 149 123 30 -10
0,900 148 100 86 81 -7 -38
1,000 0,0 0,0 0,0 0,0 0,0 0,0
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Mo paHee npegnoxeHHoMy aBTopamu metoay [13] Obinn  paccuyuTaHbl
AnddepeHumansbHble MONSpPHbIE TEMNOTLI PacTBOPEHMS CepoBO4OPOAa B pacTBopax
CEepoBOOOPOA — HOHAH pa3nn4yHoro coctasa (puc. 4).

4

x 10
SR
1ol 32315
13F + 313.15
5 b 303.15
Z 14}
& L 29315
)
ﬁ 15F + 283.15
z b 273.15
161
ATF
18 il 1 1 1 1 1 1 1 1 1
0 01 0.2 0.3 04 0.5 0.6 0.7 0.8 0.a 1
X (H,8)

Puc. 4. [uddepeHumansHble MOnsipHble TEMnOThl PacTBOPEHUS cepoBoAopoda B
HOHaHe Npu pasnU4HbIX TEMNepaTypax U KOHUEHTpaunsx pactesopa

Kak crnegyet u3 puc. 4 ¢ yBenuvyeHnem MONbHOW [ONW ceposBofopoaa B
Xnakon dpase KoONMYecTBO BblAENAKOLWENCS TENNOTbI, CONPOBOXAALWee nepexoq
ogHOro Mons cepoBogopoda W3 rasoBoM asbl B XUMOKAWM pacTBOp nNpwu
NOCTOAHHOM [aBfIEHMM W TMOCTOAHHOW TemMnepaTtype YMEHbLUAeTCs, U Mnpwu
MOJSIbHOM [ONie cepoBoaopoda, paBHoM 1, coBnagaeT ¢ TENSIOTOM KOHOEHcauuu
cepoBojopoja.

Takum obpasom, B pe3ynbTaTe BbINOSIHEHUS paboTbl  NOMYyYEeHbI
9KCrnepumMmeHTanbHble OaHHble N0 PacTBOPUMOCTU CEPOBOAOPOAA B OKTaHE BO
BCEM [uana3oHe COCTaBOB XuUAKOW dasbl npu Temnepatypax 273,2 — 323,2 K,
paccynMTaH COCTaB PaBHOBECHOro napa B NpeanofioXeHun, 4To napoBas dasa
NOOYMHSAETCA YypPaBHEHMIO COCTOSIHUA CO BTOPbIM BUPUanbHbIM KO3IEPULMEHTOM
(3TO cnpaBegnNMBO BO BCEW mccregoBaHHou obnactu gasneHnn — go 3,5 Mrla).
[Mpn 3TOM yCcTaHOBIIEHO, YTO BO BCEM [uana3oHe COCTaBOB XMUAKOW pasbl (3a
NCKNYeHnem obnacTtu, NpuUMbIKaloLLEN K YUCTOMY OKTaHy) paBHOBeECHas rasoBas
das3a npeacrtaBnser cobom NoYTM  UUCTBIM  cepoBogopod. PaccumTaHsbl
aKTUBHOCTK, KO3(PPUUMEHTbI aKTUBHOCTU, WU3ObITOUHbIE 3Heprum [unbbca wu
anddepeHuymanbHble  MONApHble TennoTbl pacTBOpPeHWs cepoBogopoda B
pacTBopax pasfiIM4HOro coctasa B uccrnegoBaHHom obnactu Temnepartyp.

133



ISSN 2074-6652
HaykoBi npaui JoOHHTY. Cepis: Ximis i xiMmiyHa TexHonorifA Bunyck 1(20), 2013

MpuBedeHHble [OaHHble MOXHO WCMONb30BaTb ANS  pacyeTa Apyrux
TepMOAMHAMUYECKNX XapakTepUCTUK  KOMMOHEHTOB W pPacTBOPOB CUCTEMbI
CepoBoAoOpoa — HOHaH, HeobxoauMbIX Npu pa3paboTke TEXHOMOrMYECKUX CXEM
npoueccoB 06paboTKn BLICOKOCEPHUCTOrO NPUPOAHOro rasa.
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B.I. Mameienko, J1.C. Higpanmoea, O.B. KykoeuHeub, B.I1. KanunuyeHko PO3YUHHICTb
CIPKOBO/AHSs1 B HOHAHI INPU MIABULLJIEHUX TUCKAX

CuHmemuyHUM MemoOoM euBYEHA PO3YUHHICMb CIPKOBOOHIO 8 HOHaHi npu memnepamypax
273-323 K e ycbomy diana3oHi cknadie pidkoi ¢hasu. 3a odepxkaHUMu OaHUMU po3paxoeaHi maki
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mepmMoOUHaMIYHI  XxapakmepucmuKu CIDKOBOOHIO SIK akmueHocmi, KoeghiuieHmu akmugHocmi,
Haldnuwkosi eHepeii [(66ca ma dugbepeHyiarnbHi MOSPHI MenIomu po34UHEHHS.

Knro4oei cnoea: po3yuHHICMb, CipKOBOOEHb, HOHaH, Mid8UWEHUU MUCK, aKmueHiCMb,
MorisipHa mersioma pPo34UHEHHSI

V.G. Matvienko, L.S.Nifantova, E.V. Kukovinets, V.P.Kalinichenko SOLUBILITY OF
HYDROGEN SULFIDE IN NONANE AT ELEVATED PRESSURES

With the help of synthetic method using a constant-volume cell with membrane transducer
solubility of hydrogen sulfide in nonane at temperatures of 273 - 323 K in the whole composition range
of the liquid phase has been determined. With increasing temperature, the convex solubility isotherms
transform into concave ones. Composition of the equilibrium vapor in the assumption that the vapor
phase obeys the equation of state with the second virial coefficient has been calculated. The data
obtained allowed to calculate thermodynamic characteristics of hydrogen sulfide in solution: activity,
activity coefficients, excess Gibbs energy, differential molar heat of solution. Activity coefficients
decrease with the increase of temperature and hydrogen sulfide concentration in the solution.
Differential molar heat of solution of hydrogen sulfide increases with the increase of mole fraction of
hydrogen sulfide in the liquid phase and temperature. For an infinitely dilute solution, the heat of
solution is independent of temperature and is about - 18 kdJ / mol.

Key words: solubility, hydrogen sulfide, nonane, elevated pressure, activity, molar heat of
solution.
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BUKOPUCTAHHA ..CO.JIEI71 YETBEPTUHHUX AMOHIEBUX OCHOB B
TEXHOJIOI'TI BUPOBHUILITBA XJIOPUCTOT'O KAJIBIIIO

lNpedcmaeneHi pe3ynibmamu OO0C/iOKeHb 10 BUBYEHHIO 8rugy corseli 4emeepmuHHUX
aMoHieguUx OCHO8 Ha weudKicmb po3nodiny ducmunepHoi cycrieH3ii y codosomy e8upobHuuymei rpu
o0ep)xkaHHI XxJI0pucmo20 Kanbuito. Pe3ynbmamu QocnidxeHb mnokasanu, wo psd coneli MOXHa
pekomeHdygamu Onsi  8rpoBadKeHHs y 8UpPObHUUMEO 3 Memor yOOCKOHa/IEHHS MEXHOMoail
8UPOBHUUMEBa XJSTOPUCMO20 Kaslbyito.

Knro4oei cnioea: weudkicmb po3nodiny, OucmurepHa CyCcrneH3sis, Ccosii 4emeepmuHHUX
aMoHieguUX OCHO8, xropucmul Kanbyid.

Mpun ogepxaHHi XNTOPUCTOro KanbLito 3 BigxodiB BUPOOHUUTBA KanbLMHOBAHOI
coau niMIiTylO4OK CTafielo npouecy € po3nodin AUCTUREPHOI CycneHsil, Lo
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CKNnagaeTbCsa 3 XNOPUCTOro KarnbLito, XIOPUCTOro HaTPilo, CipY4aHOKUCIOro KanbLito,
rigpokcunay KanbLito, Nicky i T.4.

MeTolo [OCRigKEHHS € BMBYEHHS MNPUCKOPEHHS MpoueciB  po3noainy
OUCTUNEPHOI  CyCneHsii y BMPOOHUUTBI  pigKOro  XrOpuUCTOro  Kanbuilo 3
BUKOPUCTAHHAM  COSle  YEeTBEePTUMHHMX  aMOHIEBMX  OCHOB,  SKi  LUMPOKO
BMKOPUCTOBYOTBLCA AN151 MPUCKOPEHHSA PO3Noainy pidHMX BUpobHMYmnx npouecis [1, 2].

Mpn ogeprkaHHi pigKoro XfIOPUCTOro KanbLito 3 AUCTUNEPHOI CycneHsil npouec
po3anoAiny TBepaol i pigkol das BigPI3HAETLCS BENUKOK TPYOOMICTKICTHO | BUCOKOK
BaApTICTIO Yepe3 HasBHICTb Yy cycneHsil ApibHOAMCMEPCHUX YacTOK, WO MOBIfIbHO
BIACTOIOIOTLCA | (PINbTPYOTLCS. Y 3B'A3KY 3 LIMM iHTEHCUdIKaLia npouecis po3noginy
HabyBa€ iCTOTHOIO 3HAYEHHS.

Y pob6orTi [3] onucaHi pag CUHTETUYHUX (PNOKYNAHTIB | NOBEPXHEBO-aKTUBHUX
PEYOBMH, WO BUKOPUCTOBYBANUCHA [Ans MNPUCKOPEHHS pPo3nodiny BUPOBHUYMX
cycneHsin. OpHak, Hes3BaxawuMm Ha CBOKW €e(EKTMBHICTb, BOHM HE odepxanuv
LUMPOKOrO NMPaKTUYHOro 3aCTOCYBaHHA Yepes iX He4OCTaTHIO AOCHIAXKEHICTb | BUCOKY
BapTICTb.

Hamu pgns npuckOpeHHs npoueciB  po3noginy OUCTUINEPHOl  CycneHsil
BMKOpPUCTaHa OinbLua KifbKiCTb CONen YeTBEPTUHHMX aMOHIEBMX OCHOB (Tabn. 1).

Hocnign nposognnu B nabopaTopHMX YyMOBax TakuM 4YuHOM: 250 Mn
OUCTUNEPHOI  CyCNeHsii BHOCUMNM B  peakuinHy konby, Kyau nonepeaHbo
byna BBegeHa fobaska cosii, BMICT konbu nepemiwysanu npotarom 10 xB. npwu
TemnepaTtypax 25 i 90 °C. lNicna nepemiwyBaHHA BMICT Konbwu Bunueanu B UMNiHAP
eMHicTiO 250 Mn, OCHalWeHUr MINIMeTPOBOK LUKANOK | crnocTepirann po3nogin
cycneHasil. Yepes BM3Ha4yeHi NPOMIKKM Yacy doikcyBanu noroXeHHA Mexi posnoginy
¢a3. 3a pesynbTatamu po3paxyHKiB BU3HaA4Yanu BUCOTY NPO3OPOro wapy i CTyniHb
BiICTOIOBAHHA ONA KOXHOro 4aHOoro MOMeHTy. Ha OCHOBI ceauMeHTauiMHNX KPUBUX
po3paxoByBanu cepeaHi WBMAKOCTI OCBITNEHHS 3a BeCb nepiod po3noginy. Y poborTi
BukopuctoByBanu coni YAO 3 koHueHTpauieto 0,005- 0,05%, mac.

Ta6nuusa 1. Coni, siki 6ynn BUKOPUCTaHI NPy JOCHIAXKEHHAX

Ne HanmeHyBaHHs1 conen 4eTBEPTUHHUX aMOHIEBUX OCHOB Ckopodena | Mon. maca,
/n Ha3Ba r/mornb
1. "ekcageumnnipngnHin xnopug raonx 339,99
2. HeuunaueTaTnipuguHin xnopua JAMX 313,87
3. OumeTunoeH3undeHinamoHin xnopua OBPAX 24477
4. [JogeuunnaueTtatnipuavHin xnopug OOAMX 341,93
5. HogeunnmeTunbic(TprokcieTuneH)amoHin xnopug OMBAX 335,10
6. MeTunaueTtaTnipugmnHin xnopug MATIX 155,63
7. OkTunaueTaTnipuguvHin xnopma OATIMX 285,82
8. TeTpagekaHamigonponingumMeTunoeH3nnamMoHin xnopug TOOBAX 453,16
9. TpuaeuunauetTaTTpUMETUNIAMHOHIN Xnopug TOAMAX 335,96
10. TpuaeumnauetTatTpnbyTUNamMoHin xnopua TOABAX 462,21
11. TpuaeuunauetTaTTpueTUIAaMHOHIN XNopua TOAEAX 378,04
12. YHaoeuvnaueTaTnipuanHini xnopug YOAMX 327,30
13. deHokcieTMnanMeTUNgoAeLMIamMoHin Gpomia OEJAB 414 47
14. LleTunaueTtaTnipnaunHin xnopug LANX 400,06
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Pesynbtatm pocnigxkeHb npeactaeBneHi B Tabn. 2-5 3 AkMx BMAHO, WO
HanKpawmm prnokynoBanbHUMN peareHTaMun ansa 3asHadeHol cycnensii € TOABAX,
TOOBAX ta ®E[BAX.

Ta6bnuusa 2. Bnnue conen YAO Ha po3nogin ANCTunepHoi cycrneHsii (KoHUeHTpauis
nobaeku 0,005%, mac.)

LWsnakicTe posnodiny cycnewsii, m/rog Be_anHa 36i”bmeH.Hﬂ
Hassa coni BiICTOIOBaHHS pasis
6e3 peareHTy 25°C 90 °C 25°C 90 °C
TOABAX 0,28 0,64 0,72 1,80 2,60
TOABAX 0,28 0,60 0,68 1,72 2,49
®EOBAX 0,28 0,56 0,66 1,66 2,35
LAMNX 0,28 0,54 0,66 1,64 2,35
TOAEAX 0,28 0,48 0,68 1,58 2,20

Ta6nuusa 3. LLBuakicts posnoainy avctunepHoi cycnersii npy 90°C 3a HasgBHOCTI
TOABAX, m%/rop

BiD,CT::)(;aHHFI Bes KoHueHTpauia gobasok, % mac.
cycnienaii, xeunuy | FO0BOK 0,001 0,002 0,005 0,008 0,01
5 6,0 10,5 11,8 20,4 22,2 19,8
10 6,0 12,4 11,8 24,6 24,0 214
15 6,0 12,6 12,8 24,8 26,0 21,6
20 6,2 12,8 12,8 26,2 26,8 24,4
25 6,2 12,8 14,4 28,2 28,4 26,4
30 6,2 12,8 14,4 28,8 28,8 26,4

MonepegHiMn pgocnigamn 6yno BCTAHOBMEHO, WO LWBWAKICTb poO3noginy
cycneHsii 6e3 gobasok npu 25 °C cknagae 0,28 m%/roa, a npu 90 °C - 0,40 m*/rog.
Benvke 3HayeHHA Ana  Koarynsuil CycneHsii Mae KoHueHTpauia aobaBku, 3i
30iMblIEHHAM SKOI Bulle oONnNTUManbHUX BigbyBaeTbca cTabinizauid cymiwi i
LWBNOKICTb PO3MOAiNY CrOBINbHIOETLCS.

BiasHayeHo, Wo ceaMmeHTauis 3pocTae 3i 36iNbLUEHHAM KOHUEHTpauii coni
YAO i makcnmanbHa BennumMHa gocsaraetbesa npu koHueHTpaduii 0,005 - 0,008 %, mac.
Mpn upomy BiobyBaeTbca OypxnmBa ONOKYNAUIS 3 OyXe LWBUOKUM OCBITIIEHHSAM
cycneHsil. Asvuwe WwBuakol GnoKynauil NOACHIETbCS YTBOPEHHSM BEMUKUX, He
noB'A3aHMX Mix cobol, arperaTiB 3 BWCOKOK LIBMAKICTIO ceaumeHTauii. Cnig
3a3Ha4YMTM BUCOKY MOAINSYY 34aTHICTb 40OaBOK y NepLUi XBUNMHW BiOCTOKOBAHHS.

Benuki  KOHUeHTpauii  (PrnokynaHTa noripwyTb  (PNOKynsuitdo  4YacTok.
BinbyBaeTbca uUe TOMy, WO HaANMLWIKOBA KiNbKIiCTb nonienekTponity obsosikae
YacTKM aucrnepcHol oasu CycneHsil, yTBOPKOKYM 3aXMCHUN Lap, Lo NepeLuKkoaKae X
Koarynsiui.

Benvke 3HayeHHA Mae NpoO30piCTb OCBITNEHOI AUCTUNEPHO! PiAWHW, Tak K
BOHA HagXo4MTb Ha BUMapOBaHHA Yy BaKyyM-BUMNApPHI anapaTu i HagMMLWKOBI KiNbKOCTI
TBEpPOMX YacCcTOK (MYTHICTb) Y OCBITMIEHIA YacTWHI Mpu3BOAATL OO0 3aCMiYEHHS
NoBEPXOHb 0BIrpiBanbHOro anapary, 3HWXKYYM NOro NPOLYKTUBHICTb. PO MyTHICTb
CyOounu no BENUYMHI ONTUYHOI TYCTUHW PO3YMHY, AKY BUMIptOBanu 3a [OMNOMOror
OEK-56. PesynbTatn pocnigpkeHb npeacTtaBneHi B T1abn. 3, 4ki ceigyatb, WO
KoHueHTpauia TOABAX npu koHueHTpauil noro 0,005 - 0,01 %, Mmac. € HankpaLloto.
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Tabnuusa 4. 3anexHiCTb MYTHOCTI OCBITNEHOT AUCTUNEPHOI PigMHK Big 403n
pobaBku, %, mac.

. ['yctuHa
KoHueHTpauis nobasku
SEOBAX TOBAX TOABAX
0,001 2,6 2,2 1,6
0,002 2,6 2,2 1,50
0,003 2,8 2,0 1,4
0,004 2,8 1,8 1,2
0,005 1,8 0,8 0,4
0,008 1,4 0,7 0,2
0,01 1,2 04 0,2

LlikaBo ©yno nepeBipuTn hinbTpauito ANCTUNEPHOI CyCMNEH3il 3 AO4aBaHHAM
conen YAO. Jocnign 3 dinbTpauii npooannu Takmm YymHoM. MNpu 90 °C B cycneHasito
aonasanu neeHi koHueHTpauii coni YAO, nepemiwyBann 2-3 XxB. i ginbTpyBanu Ha
BOpPOHUi BroxHepa. 3a 3akiHYeHHsAM inbTpauil cyaunu 3a MnosiBOK TPIWMH Ha
noBepxHi ocagy. Bonoricte konueanacsa B mexax 40-50 %. MNMuTtoMy npoayKTUBHICTb
GinbTpauil 3a pO3YMHOM po3paxoByBasiv 3a (HOPMYSIoH:

v
F-r’

ae Q — nuToMa NpoayKTUBHICTb, M3 /M2 rog; V — 06’em dinbTpaTty, M%; F — noBepxHs
dinbTparTy, M?; T — Yac inbTpaLii.
PesynbTatn gocnigpkeHb npeacTtasneHi B Tabn. 5

0=

Ta6nuusa 5. Bnnue sutpart conert YAO Ha WwBuaKicTb inbTpadii cycneHsii npm 90°C

) MUTOMa NPOAYKTUBHICTb (PiNbTPY 3@ PO3UMHOM Y M /M*-rod Npu BUTpaTi J06GaBKM
[o6Gaska coni 0
(%, mac.)
0,002 0,005 0,008 0,01
TOABAX 4,4 5,8 5,6 4,8
TOOBAX 3,2 4.8 52 3,6
OENBAX 4,2 5,2 54 3,2

Pesynbtatn pgocnigie  nigTBepavnu  NpaBUnbHICTE  BUOOPY  ONTMMAarbHOI
KOHUeHTpauii gobaskn TOABAX, TAOOBAX, ®EOBAX. Omxe, 3acToCyBaHHS
BOOOPO34YNHHUX conen YAO MOXHa pekoMeHOyBaTV ANs  BrAPOBaMXKEHHA Yy
BUPOOHNLTBO.

HaBegeHa MOXNUBICTb NMPUCKOPEHHS PO3NOAiny AUCTUNEPHOI CyCneHsil npu
OTPUMAaHHI XIOPUCTOro KasnbLito 3 BiAXOAIB COAOBOro BUPOOHMLTBA 3 BUKOPUCTAHHSM
cosien YeTBepPTUHHUX aMOHieBUX conen. Hankpawmm 3 koarynaHtie € TOABAX, npu
BUKOPUCTAaHHI SKOro LUBUAKICTb BiACTOIOBAHHA NepeBuLLye BCi JOCNIAKEHI Coni.
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A.N. [Mocmoponko, O.I1. Jledenéesa MCIOJIb3OBAHUE COJIEN YETBEPTUYHbIX
AMMOHMWEBbBIX OCHOBAHWUW B TEXHOJIO U MPOU3BOLCTBA X/IOPUCTOIO KAJIbLINS

lMpedcmaeneHs! pe3ynbmamsl uccredosaHull Mo U3YyYEeHUKo 8USHUSI cosiell YemeepmuyHbIX
aMMOHUEBbIX OCHOB8aHUU Ha CKOpocmb pacrpedesnieHuss ducmusiepHol cycrneH3uu 8 co0080M
npoussodcmee npu Mosly4YeHUU Xopucmoeo Kanbyusi. Pe3aynbmamsi uccnedosaHull rnokasasnu, 4mo
psid conell MOXHO pekomeHOosamb Orisi BHEOPEHUST 8 NPou380dCME0 C Uelbio yco8epUIeHCM8o8aHUs
mexHos102uuU nMpou3sodcmea X/iopucmoeo Kasbyusl.

Knrouyeeble cnoea: ckopocmb pacripedesieHus, OucmusnfiepHasl CycrieH3us, Ccosu

yemeepmuYHbIX aMMOHUEBbIX OCHO8, X/10pUCMbIl Kanbyud.

A.l. Postoronko, O.P. Ledeneva THE USE OF SALTS OF QUATERNARY AMMONIUM
BASES IN THE PRODUCTION TECHNOLOGY OF CALCIUM CHLORIDE

During receiving of calcium chloride from waste soda ash rate-limiting step of the process is to
separate distiller suspension consisting of calcium chloride, sodium chloride, calcium sulfate, calcium
hydroxide, sand, efc.

The aim of research is to study the precipitation of separation processes distiller suspension in
production of liquid calcium chloride with quaternary ammonium salts, which are widely used to speed
up the separation of different production processes.

During receiving of liquid calcium chloride to a suspension of distilled process of separating the
solid and liquid phases is distinguished by high complexity and high cost due to the suspension of fine
particles, which are slowly upheld and filtered. Therefore, intensification of distribution becomes
essential.

The results of studies on the use of salts of quaternary ammonium bases in the separation rate
distiller suspension.

Research has shown that the rate of separation of the suspension without additives at 25 °C is
0.28 m3, and at 90 °C - 0.40 m3. Great value for coagulation suspension has additive concentration,
with the increase which is higher than the best is a stabilization of the mixture and separation rate
slows.

Noted that sedimentation increases with the salt concentration and the maximum value is
reached at a concentration of 0.005 - 0.008%, wt. In this case, there is a rapid flocculation with a very
fast light suspension. Rapid flocculation phenomenon explained by the formation of large, unrelated
units with high rates of sedimentation. It should be noted the high separating capacity additions in the
first minutes of settling.

The possibility of accelerating the separation distiller suspension when receiving calcium
chloride from waste soda production using salts of quaternary ammonium salts. The best of the
coagulant is tridecylacetatetributilamony chloride, eliminating the settling velocity exceeds all studied
salt.

Keywords: velocity distribution, distiller suspension, salts of quaternary ammonium bases, calcium
chloride.

MocTtopoHko AHaTtonui MBaHOBMY — KaHOMAAT TEXHUYECKUX HayK, AOLIEHT, 3aBedytoLlun
kadeOopon  XMMUYECKMX U MULEBbIX  TEXHOMornnM, Y4yebHo-HayyHbln  NpodeCccuoHarnbHO-
negarormyecknii MIHCTUTYT YKPaMHCKOW MHXEHEepPHOo-Neaarormyeckon akagemmm, r.CnaBsHcK, YKpauvHa,
e-mail: slavuipa@mail.ru.

NepeHéBa OkcaHa [letpoBHa — crapwuin  npenogaBaTtesnib, Y4eOHO-Hay4YHbIN
NpodeCCUOHarnbHO-NEAArorM4eckMn MHCTUTYT YKPaUHCKOM WHXEHEepPHO-Neaarormyeckon akagemum,
r.CnaBsiHCK, YKpauvHa.
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3.B. XoboToBa, O-p xvMm. Hayk, npod., U.B. MNpanBopoHcKasa (XapbkoBCKWI
HaLMOHarnbHbI aBTOMOBOUIBbHO-AOPOXHbIA YHUBEPCUTET)

IHHOBEPXHOCTHBIE AJCOPBIIMOHHBIE HEHTPbI HIVTIAKOBBIX COPBEHTOB

lMokazaHo Hanuyue 2UOPOKCUMbHLIX U CUSAaHOSMbHbLIX 2Py Ha 08epXHOCMU WI/1aKo8biX
yacmuy. PexkomeHOo8aHa KucfiomHas akmueauusi WJrakos, 4YmMO yeenuyueaem Kosu4ecmeo
adcopbuuoHHbix ueHmpos OH u Si—OH.

Knroveenle cnoea: winak, amopchHas chasa, adcopbuyusi, op2aHUYeCcKul Kpacumersb

AKTyanbHOCTb npobnemMbl M MNOCTaHOBKa 3ajauu. YTunusaumsa wu
nepepaboTka TEXHOrEHHbIX MaTepuarioB C MNOJSTlyYEHMEM LEHHbIX TEXHUYECKUX
MaTepuanos JoSpkHa ObiTb HampasreHa Ha peanu3auuio Apyrmx MepornpusaTuin no
OXpaHe OKpyxarlwen cpegbl. Takon nogxod 9SKOHOMUMYEH W 3KonorudeH [1, 2].
OgHvMK 3 NEepcneKkTMBHbIX MyTen KOMMMEKCHOW nepepaboTkn  TBepablX
NMPOMBILLIIEHHbIX OTXOAOB SBMASAETCA MX YyTUNu3auus B KavyecTBe pasfiMyHbIX
TEXHUYECKMX MaTepuanoB, B TOM uucre u copbeHtoB. Copbums n copObUMOHHbIE
TEXHOMOIMN  CYMTAKTCA  OOHMMW U3 MNEPCNEKTUBHbIX  CMOCOOOB  OYUCTKM
NPON3BOACTBEHHbLIX CTOYHbIX BOA. QKOHOMMYECKast LieniecoobpasHOCTb COPOLIMOHHON
OYUCTKM MOBLILWAETCA MNpPU WCMNONb30BaHUM B KavecTBe COpPOEHTOB AelleBbIX
MaTepuanoB, OTXOAOB, Cpean KOTOPbIX BbIOENAKTCH  LWNAaKM  PasfMyHbIX
npounssoactB [3]. OgHako HeOoCTaTKOM LUMAKOB SBASIETCH TO, YTO OHU CUSbHO
creyeHbl NPy BbICOKUX TeMnepaTypax nnaBneHns, UMelT HepasBUTYO NOBEPXHOCTb,
MHOrga Mmarnoe cogepxaHue akTMBHOM amopdHon ¢asbl. XMuyeckas akTuBauus
copbeHTOB MCNONb3yeTCs C LeNbl MNOBbIWEHNA MX COPOUMOHHOM aKTUMBHOCTU U
€MKOCTU. JOTO BO3MOXHO B pe3ynbTaTe W3MEHEeHUs OnpeaeneHHbIX CBOWCTB:
pasBMTMS MOBEPXHOCTM, 0OpasoBaHUA reneobpasHbiX MOBEPXHOCTHbLIX CIOEB,
yBenMYeHnsa gonum copobumMoHHO-aKTUBHOMO aMOpPdHOro BewecTsa u T.4.

PaHee [4] HaMmn n3yyeHa akTnBauus cCopbeHTOB Ha OCHOBE METanNypruiyeckmnx
LUMAKOB PasfUYHbIMU  XUMUYECKUMW areHTamu: BOLOW, KUCMOTaMmu, Lenovamu,
conamu. [lokasaHo, 4YTO B 3aBMCUMOCTM OT peareHTa MpouMcXoauT pacTBOpeHWe
Pa3NUYHbIX XMMWYECKMX KOMMOHEHTOB LWUMaka, NPOUCXOAUT M3MEHEHME OKCUOHOrO
coctaBa wWwnaka. CnencrtevmeM SABNSETCA U3MEHEHME MOPMdONOrMm noBEPXHOCTU
LUMAKOBbIX YacTUL: MHOXECTBEHHble rabuTycbl KpucTanmoB nonMdpakunoHHOro
cocTtaBa, Mpu3MaTMyeckue W CroucTble (OopMbl  KpUCTanMYecKnx arperaToB
pa3mepomM OT AONe MKM A0 HECKOSNbKMX MKM, MOKpblBakowme Kpuctannbl 6onee
3Ha4MTenNbHbIX pa3mepoB. PearnpoBaHue wnaka ¢ KUCNOTOW Kak onTUMaribHbIA BUg
XMMUYECKOW akTUBaLUMM METanslypru4eckoro Laka Ha OCHOBe MUHeparna guoncuaa
[5] npuBoguT Kk ObpasoBaHUO aMOPHOro rens B pes3ynbTaTe MNOSMKOHOEeHCcaUUK
aKTMBHOW KPEMHWEBOM KUCIOTbl. 3aperncTtpupoBaHbl aMOpdHble obpa3oBaHusa C
pas3MbITbIMU FpaHMLL @MU B CTPYKTYpe OCHOBHOW Macchl. Pa3pbixfieHne noBepxHOCTH
HaNpsiMyl0 CBSA3aHO C yBenun4yeHnem COpOLUMOHHOM eMKOCTU: Yyem Gonee passuta
NOBEPXHOCTb, TEM OOnNbLUYID COPOLUMOHHYKO aKTMBHOCTb MNPUOOpEeTaeT LUNaKoBbIN
copbeHT. Copbumsa metuneHosoro cuHero (MC) dpakumen >10 MM rpaHyIMpPOBaHHOIO
AOMEHHOrO LUfaka Ha OCHOBE antoMOCUIMKATOB KanbUUA U MarHus, akTMuBUpOBaHHOM
pacTBOpamMn KWCMOTbI, LUEeNoYM WM BOAOW, MPOTEKaeT C ObICTPbIM OOCTUKEHUEM
makcumansHon COE nocne obpaboTkm wnaka kucnoton (5 cyt.), 3atem — Bogon (10
cyt.). OgHako OTnMYMs B CKOPOCTU copbumn HesHaunTenbHbl. Ha npaktuke
pekomeHayeTca npeasapuTtensHas obpaboTka Bogomn [6].
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CnencteBMeM XMMMYECKOW akTUMBAUMWM LUMNAKOB MOXeET OblTb He TOSbKO
paspbiXNieHNne MOBEPXHOCTM YacTul, HO WU W3MEHEHWe npupoabl U KonmyecTBa
NOBEPXHOCTHbIX rpynn. Llenb paboTbl — onpegeneHve onTMManbHOro BuAa
aKTMBaLMKM LUNAKOBbIX COPOEHTOB HA OCHOBE BbISIBNEHNSA KOPPENALUN MeXay BUOOM
XUMUYECKON aKTMBaUMM U U3MEHEHMEM KOSNMYECTBA MOBEPXHOCTHbIX COPOUUOHHO-
aKTUBHbIX rpynn.

Ob6bekToM nccrneaoBaHMst ABNASNUCL MeTannyprudeckne wnakm [lobyxckoro
deppoHukenesoro kombuHata (NMPHK), Hukononsckoro 3aBoga geppocnnasos (H3D)
n OAO "ApcenopMuttan Kpumeom Por". B pabotax [7, 8] onpegeneH
MWHEpPanorM4eckMm CcocTaB MPOMbIWSEHHbIX OTxogoB. Lnakm coctoatr wu3
antomocunukatos Ca n Mg: wnakm N®HK (nponssoactea cnnasa FeNi) 1 H3® (cnnas
FeSi) umeloT ocHOBHbIM MuHepanom auoncug CaMg(SiOs)z; rpaHynMpoBaHHbIN
AomeHHbIn wnak "ApcenopMuttan Kpuson Por" — reneHut CasAl(Al,Si),07 (55,9 %),
paHkMHUT CasSipO7 (28,9 %) n okepmanut CaMgSi>O7 (9,5%).

JKcnepuMeHTanbHble MeToabl uccneposaHuA. VK-cnekTpbl Linakos
nonydeHbl B Tabnetkax KBr Ha ®ypbe WUK-cnektpocdotometpe SPECTRUM ONE
(Perkin Elmer).

M3mepeHne 3neKTPOKMHETMYECKOrO &-noTeHumana mnoBEPXHOCTU LUNAKOBbIX
YacTuy, NpoBoAMNM METOAOM MakpoanekTpodopesa. OTMbITble AUCTUNNMPOBaHHON
BoAgon o6pas3ubl wnakoB Maccom 1 r 3anmBanm 20 mMn GOKOBOW >KMAKOCTW,
npencrasnaowen cobon soay ¢ pobasneHmem 10 % pacteopa NH4CI. &-
lMoTeHuMan wu3Mepsann B SAYEenKe C  KPYrnbiMA  MAaTMHOBBLIMU - 3NEKTPOAaMM
AnameTtpom 3,5 cM. 3apag yactvu onpedensanu no HanpaeneHuo nepenBukeHus
B3BECM K 3neKTpodamM U HambiBaHUIO Bornee TaXKenbiX YacTul Ha CTEeHKM cocyda C
anekTpogamu.

O6cyxaeHue pe3ynbTaToB

Xumunuyeckoe mogucpuumpoBaHue nosepxHoctu wnakoB NPHK n H3OD.
McxogHbin wnak (koHTponbHbii obpasew Ne 1, puc. 1) xapaktepmsyeTca nosocamu
nornowernst B obnactn 1063 oM™, CBA3aHHLIMM C BaANEHTHLIMU acCUMETPUYHBIMY
konebaHnsmn cunokcaHoBon ceasn Si—O-Si (Tabn. 1). MNMornowexne B obnactn 3430
cM ' BbI3BaHO BaneHTHbIMW KonebaHMsAMM MONeKyn BoAbl U OCHOBHLIMW BaneHTHbIMM
konebaHnammn  OH  cunaHonbHbix  rpynn Si-OH.  [llpucytctBne  AByX
KpeMHucogepXalwmux rpynn gaeT OCHOBaHWe MpeanonoXuntb, YTO B YCIOBUSX
CreKaHus LWnaka npoTekaeT TepMUYeckoe AervpoKCUNMPOBaHME: CUIOKCAHOBbIE
rpynnbl 06pasyTca N3 CUNaHosbHbIX NPU OTLWENSIEHUN BOAb!

\ OH HO. / \

Si” Si Si/O\Si/

/| RN /] AN
o+ 9 0 0+ o
_Si_ //Si\ /S\i\ //Si\

[aHHbIn npouecc 3axBaTbiBaeT CUMNAaHOMbHbIE TPYMMbl, BO3MYLUEHHbIE MO
BOAOPOAY W KMCHopoay, T.e. CBA3aHHble BOAOPOAHOM CBA3blO, MO3TOMY OCTaBLUMeCH
CUNaHomMbHblE  TPynnbl  ABNAKTCHA  MPEUMYLLECTBEHHO  U30NMpPOBaHHbIMU. B
amMoOpgHOW 4YacTU CUMNUKATHOrO Wnaka KPeMHUN-KUCIIOPOAHble  TeTpasapsl
pacnonoXeHbl HeperynsapHo, a 06pasyoT OTKPbITbIE UMW 3aMKHYTbIE Lenn C pasHom
CTENeHbI HaMNpsXKEHHOCTU, KOTopas BapbupyeT Npy HarpeBaHuu.

MK-cnekTpbl 00pasuoB, nony4eHHbIX npu obpaboTke napom, BOAOW U
cynbdaTtoM aniMMHUSA, UOEHTUYHbI KOHTpOnbHOMY obpa3suy (puc. 1, Ne 1). Ha
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BEMUYMHY MaKCUMyMa MOrnoLleHnst Monekyn Boabl (3430-3435 cm™') xapakTep
obpaboTkm ob6pasua oOKasblBaeT HEeCyWEeCcTBEHHOE BrnMsHME. Ha 4acTuyHo
AEervMapoKCUNUMpoOBaHHOM NOBEPXHOCTU cunukata agcopbumsi BoAbl HE3HAYUTENbHA,
TaK Kak CUMOKCaHoBasi 4YacTb NOBEPXHOCTM rmapodobHa. Agcopbumnsa Boabl MOXeT
nNpoTekaTb Ha MOBEPXHOCTHbIX CUMAHOMNbHbLIX Fpynnax Cc obpa3oBaHWEM
MEXMOSIEKYSISIPHON BOAOPOAHON cBA3K [9].
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Puc. 1. NK-cnektpbl o6pasuyoB wnaka MNMNOHK: 1 — mncxogHbin wnak; 2 — obpaboTaHHOro
rmopokcuaom HaTpus; 3 — obpaboTaHHoOro cepHom kucrotol. Mo ocn OX — BOMHOBOE 4MCHO Vv, oM™
no ocu OY — npoueHTHOE NponyckaHue No OTHOLLEHUIO K Bo3ayxy T, %

Tabnuua 1. NonoxeHne MakcumMyMmoB nornoc nornowlexHus konebaxHun B K-
cnekTpax antoMOCUIMKaToB

WHTepnpeTtaums MonoxeHue nonocel, cM ' | JutepaTypa
HedopmaunoHHble konebanus rpynn OH 800-870 [9]
CUNaHOMbHbIX rpynn
BaneHTHble accumeTpuyHblie konebaxmsa Si—0 B 888 [9]
HaNPSYKEHHbIX CUITOKCAHOBbLIX MOCTUKaX [10]
BaneHTHble konebaHusa cessen Si—O 950-1200 [9]
BaneHTHble KonebaHus cesasen Al-O-Si; Si—O-Si 1000-1150 [11]
CocTaBHble U 06epToHHbIe konebaHus ceasn Si—O 1462 [9]
HedopmaunoHHble konebanus rpynn OH 9]

1630-1635
aacopbvpoBaHHbIX MOMeKyn BoAbl [10]
BaneHTHble konebanus rpynn OH B cMnaHomnbHbIX 3320-3650 9]
rpynnax, BO3MyLLIEHHbIX N0 BOAOPOAY [10]
BaneHTHble konebanus rpynn OH B
afcopbupoBaHHbIX accoumaTtax U KOHLEBLIX rpynnax 3400-3690 [9]
BOAbI
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Hannune amopdHOro cocTosiHMsi BewlecTBa W CUMbHOE HanpsikeHue
CUITOKCaHOBbIX CBSi3eil [enatT BO3MOXHbIM Mepexod MONEKynsipHON agcopbumm
BOAblI B XMMWYECKYIO peakuuto pernapoKcunMpoBaHuns

*
~ 0 OH OH
HO + si Si ——>= HO }KO S M Yo
o XSiSi o T

4YTO NPOSABMSETCA B HEKOTOPOM YBENMYEHUU WMHTEHCMBHOCTW MONOCHI CBOBOOHbLIX
roynn Si-OH B WK-cnektpax. O6pasyowmeca npu packpbiTUM  HanpsKeHHbIX
CUITOKCaAHOBbLIX CBSA3€M CUMaHoSbHbIE TPYMMbl CBA3aHbl B3aWMHOW BOLOPOLAHOW
CBA3bID NO BOAOPOAY W MO Kucropody, YTO OObACHAETCA nepeopueHTaumen
NMOBEPXHOCTHLIX  KPEMHWUN-KUCIIOPOAHbBIX  TEeTpasgpoB,  MPOUCXOAAWEN  npu
BbICOKOTEMMNEPATYPHOM CnekaHun wnakoB. Taknum obpa3om, Ha NOBEPXHOCTY LUnaka
CYLLECTBYIOT Kak cBobOAHble, TaKk W CBSI3aHHble MOBEPXHOCTHbIE CUIAHOMbHbIE
rpynnel.  HenonHoe  pervapokcunvpoBaHWe  CUMNbHO  OernapoKCUIMPOBAHHbLIX
nosepxHocten wnaka [NMPHK npu obpaboTtke BOAON B OObIYHBLIX YCIOBUAX
yMeHblUIaeT 3(PeKTMBHOCTb AAaHHOMO BUAa akTMBaLMK LUnaka.

B ob6pasue Ne 2, obpaboTtaHHOM pacTBOpPOM Mapokcuaa HaTpud,
Habnogaetcs ycuneHve aedopMaumoHHbiX konebaHui monekyn Boabl B obnacTtu
1629 cM”' 1 nosiBneHve nuka B obnactv 1583 cM™', KOTOPbIN MOXHO OTHECTU K
aedopmaumnoHHbiM konebaHnam noHa rugpokeuga (tabn. 1). B obnactmn 3000-3600
CM" M3MEHEeHUN He doumkeupyeTca, xoTa BenuuuHa nuka 3430 cM HecKomnbko
Gonblle, 4emM Ans paHee pacCMOTPEHHbIX 06pa3uoB.

[na obpasua Ne 3, BblgepkaHHOro B pacTBOpPE CEPHOW KUCMNOTbI, XapakTepHO
MOBbILIEHNE WMHTEHCMBHOCTU BamneHTHbIX konebaHum cBaA3n Si—O-Si, B obnactu
AedopMauUmnoHHbIX KorebaHnn monekyn Boabl Habnogaetcsa Tpu nuka 1698, 1635 n
1585 cm'. TosiBNeHWe [OMOMHWUTENbHOMO MNWKa SIBMSIETCS CNEACTBUEM HOBOA
KOOpAMHALUMN MOMeEKyn BOAbl C KpUCTansmMyeckon pelleTkon guoricuga. BenuyuHa
nuka 3430 cm™' HauBonbluasi B CPpaBHEHMM C OCTanbHbIMU 0Bpasuamun. Mcxoas ua
3TOro, MOXXHO caenaTb BblBOA, YTO 00paboTka cepHOM KUCNOTON sBNsieTcs Hanbonee
9(peKkTMBHBIM METOOOM aKTMBaUUM LWNaka, nNpuBOASAWMM K WUHTEHCUBHOM
rmopataumm Wnaka M OCYLLECTBIIEHMIO peakunin XMMUYECKOro MOANMULMPOBAHMUS
NOBEPXHOCTU CWUIIMKATOB — PEerngpoKCUMpoBaHUA nNpu COXPaHEHUN BbICOKOWN
NOBEPXHOCTHOWM KOHLEHTPaLMN CUIOKCAHOBbLIX rpynm.

MeTannypruyeckme wWnNaku Ha OCHOBe Auorncuaa CoAepXuT npuMech B Buae
okcmaa  anloMUHUS,  obpasylolwyd  Ha  MOBEPXHOCTM  LWIAKOBbIX  YacTul
9NEeKTPOHOAKLENTOPHbIE LUEHTPbl, YTO BbI3blIBAET YCUIEeHWEe B3auMOOEWCTBUSA C
9NEeKTPOHOAOHOPHBLIMM MOMeKynamn. B gaHHOM cnyyae CTPYKTYpy MOBEPXHOCTU
CUNMKATHOrO LUIaka MOXHO NPeacTaBUTb B CreayoLWEM BUAE:

0
/N /OH/O\ /OH /O\ /O\ e

3ﬂeKTpOHoaKL|,eI'ITOprIe CBOMCTBA KOOpD,VIHaLI,VIOHHO-HeHaCbILIJ,eHHOI'O
antOMUHNA MO OTHOLLUEHUIO K aacopbupoBaHHbIM MOSIEKYNam 3aBUCAT OT CTEMNEHM €ro
y4yactmsa B NpOTOHM3aAUMU COCeHEN rMAPOKCUITbHOW rpynnbl. KUCNOTHbIE CBOMCTBA
NPUMECHBbIX LUEHTPOB aniMWHUA CYLLeCTBEHHO BapbupylT B 3aBUCUMMOCTU OT
ycrnosui  npegBaputenbHon obpaboTkum  wnaka, TO eCTb OT  CTeneHu
AernapokcunupoBaHmst  ero  nosepxHoctu [9].  [lpuymecHble  UeHTpbl  MOryT
yyactBoBaTb B Xxemocopbumm n cunbHOM chneumdudeckon agcopbumm 3a cuet
06pa3oBaHNs KOMMMEKCOB C MEPEHOCOM 3apsiia C OPraHNYEeCKMMN MOJSIEKyamMu.
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AHanNoOrnM4yHble MNpPoLEeCcChbl AErMapoKCUNMPOBAHUS, PEernapoKCUMpoBaHus
NMOBEPXHOCTWU LUaKka 1 NoBeAEHUSA NMPUMECHbIX LLEHTPOB antoMUHUS NPOrHO3UPYTCS
ana wnaka H3® npousBoacTtBa cnnaBa FeSi, Tak kak ero MuHepanorundeckas
npupoga 6nuska wnaky N®HK nponssoacrtea cnnaea FeNi.

NoBepxHOCTHbIE aACOPOLMOHHbIE LUEHTPbl Ha MNOBEPXHOCTU LUfaKa
«ApcenopMuttan KpnBomn Por». WK-cnektpbl wnaka «ApcenopMuttan Kpuson
Por» BOo MHOrom nogoGHbl TakoBbiM Ana wnaka NPHK 6e3 npeaBaputenbHON
00paboTKku LWNakoB U NpU pasnuyHbIX Buaax aktusauum (puc. 2). MNogobHo wnaky
MOHK goMeHHbIN Wnak nyye rmapatmpyeTcsa B pacTBOpax KUCIOT, YeMy OTBeYaeT
nosenexHne nuka 1622,5 CM_1, cooTBeTcTBYlOWEro konebaHuam rpynn OH
agcopbupoBaHHbIX  Mornekyn Bogbl  (Tabn. 1). OpHako ana  WK-cnektpoB
rpaHynMpoBaHHOIO AOMEHHOIO LUflaka UMEeKTCA HEKOTOPbIe OTNINYMSA MO CPaBHEHUIO
CO crekTpamu AMOMNCMAOoBOro Lwnaka. [NoBbileHHas NoBepXHOCTHas KOHLUEeHTpauums
rMAOPOKCUIbHBIX TPYNM MOATBepXAaeTcsl NosiBNeHWeM [OMNOnHUTenbHoro nuka 875
cm”', cooTBeTcTBYIOWErO AedopMaLMOoHHbIM KoneBanuam rpynn OH cunaHonbHbIX
rpynn (Tabn. 1); yBenuyeHMeM NHTEHCUBHOCTM nornoLeHust npu 3433 cm™'. Bonblue
BenmymHa nukoB MK-cnekTpoB, oTBeYaloLlmnx BaneHTHbIM konebaHmam cesasen Si—O
n Si—O-Si. Kpome ToOro, 3aperMcTpupoBaH [OMOMHWUTEMbHbIN NUK (1428,7 cm™),
Bbl3BaHHbIN COCTaBHbIMU U 06epPTOHHbLIMKU KonebaHuamm ceasn Si—O (Tabn. 1).
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Puc. 2. VIK-cnekTpbl o6pasuos wnaka «ApcenopMuttan Kpusoi Pory»: 1 — ucxogHblin Wwinak; 2
— aKTUBaUMsi CEPHOM KNCNOTON 3 — akTMBaLMsA rTMApoKCuaom HaTpusi; 4 — o6paboTka Bogom
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Taknm ob6pa3om, MNOBEPXHOCTb rPaHyNMPOBaHHOMO [OMEHHOro Lunaka
«ApcenopMuttan Kpuson Por» 6onee rugpatMpoBaHa M rmMapoKCUnMpoBaHa W
OAHOBPEMEHHO XapakTepu3yeTcsl MOBbLILWEHHON KOHLUEHTpPaUuMeNn CUINOKCAHOBbIX
rpynn n rpynn Al-O-Si no cpaBHeHUIO C MeTannypryyeckMm LUMakoOM Ha OCHOBEe
auoncuaa.

Xnmumyeckas akTuBauusi OOMEHHOrO Lufaka, NpOBEeAEHHas pasfiMyHbIMU
peareHTaMn, U3MeHsIET NMOBEPXHOCTHYIO KOHLEHTpauUuo yHKLNOHAMNbHbLIX rpynn m
Bug MK-cnektpos. Nocne npoBeaeHnsa KMCNOTHOW akTmBaumn (puc. 2, obpasel Ne 2)
CYLLECTBEHHO YBENUYMBAETCS MHTEHCMBHOCTb BaneHTHbIX Konebanun rpynn OH B
CUNaHOMbHbLIX rpynnax, BO3MYLUEHHbIX MO BOAOPOAY W B ancopObupoOBaHHbIX
accoumatax M KoHueBblX rpynnax Boabl (3410,1 CM'1), NosABNAETCA YeTKUM MUK
NOrnoLeHns, COOTBETCTBYWOWMA aAedopMaunoHHbiM  konebaHuam rpynn OH
ancop6upoBaHHbIX Monekyn Bogpl (1622,5 cm™).

BennumHa nmMkoB MOrnoLleHusi, OTBeYaoLWmx BaneHTHbIM KonebaHusm CBA3N
Si—O-Si, pocTtaToyHO BenuKa, XOTA CHMXaeTca Ans MNOBEpPXHOCTEN Lunaka,
NoABEPrHyTbiX akTMBaumm peareHtamu, B psgy: H,SO, > H,O > NaOH. [locne
KMCNOTHOW aKTUBaLMM HECUMMETPUYHbIA NKUK nornoweHnsa B obnactn 1000-1150 cm
! paclwiennsietca Ha gea: 1027,5 n 1123,6 CM'1, YTO CBUOETENLCTBYET O MNOSABIIEHUN
noBepxHocTHbIX rpynn Al-O-Si. 3apeructpypoBaHa BbICOKasi MWMHTEHCUBHOCTb
COCTaBHbIX 1 06EepPTOHHbIX KonebaHum cBasun Si—O nocne wenoyHon akTmeauumn (puc.
2, obpasel; N2 3), YTO MOXHO OOBSACHWTL CBA3bIBaHMEM uoHOB OH  un H,
obpasyrLmxca npu guccoumnarmm CunaHonbHbIX rpynm.

Takum o6pa3om, BCe BMObl akTMBauMM MOBEPXHOCTU rpPaHynMpPOBaHHOIO
aomeHHoro wraka «ApcenopMuttan Kpuson Por» ymeHblalT KOHUEHTpauumio
CUNOKCaHOBLIX cBA3en. [Npn onTMmanbHOM KUCMOTHOW akTuBauuuM Habnwogaetca
NoBbIWEHHas ruapartauuss W rMapoKCUNMpPoOBaHME noBepxHOCTU. KucnoTtHas
aKTuBaLMsi MNOBEPXHOCTM BbI3bIBAET NOBbILLEHME KOHUEeHTpauumn rpynn Al-O-Si.

3apsag NoOBEepPXHOCTU LWaKoBbIX yacTuy, ] BefIn4nHa
3NEeKTPOKMHETUYECKOro noteHuuana. [llpucytctBMe Ha MNOBEPXHOCTU LUMAKOB
CUNaHOIMbHLIX rPYNM, AUCCOLMMPYIOLIMX C oTwenneHeM H', gomkHo onpeaensTsb
oTpuuaTenbHbIN  3apsd MOBEPXHOCTU LWakoBblX 4Yactuu. C uenb YTOYHEHUS
3apsga 4actuy U BeSMYUHBL  SNEKTPOKUHEeTUYEeCKOro noTeHumana nposeneH
MakpoanekTpodopes B3Becen LWnakoB. Kcnonb3oBaHbl rpaHysioMeTpudeckme
dopakumn Lwnakos (1—6,3)'10'4 M. [Npeagnonaranocb, YTO YacTuubl UMEKT YCMOBHO
chepuyeckyto dopmy (cpepbl MM UMNUHAPA) C KO3 PUUMEHTOM (opMbl k=2-4.
ONEKTPOKUHETUYECKMIA NOTEeHUMarn paccumTbiBanu no popmyne
g= L0 _g
U-g-gy-1
roe h — nepemelleHne rpaHnubl B3BeCKU, M, ONpenensnocb nNo nepegHen rpaHuue,
pa3mepbl YacTuL, KOTOpol cocTaensitoT 107 M; L — paccTosiHme Mexay aneKkTpoaamm
0,205 m; n — AMHaMun4yeckasa BA3KOCTb XWUAKOCTU 1,14'10'3 Ma " c; U — HanpsbkeHue
noctosHHoro Toka 110 B; € — gmanekTpuyeckas noctosiHHaa cpeabl 81,94; g —
AVaneKTpuyeckasi NocTosiHHasi Bakyyma 8,851072 &/M; T — Bpemsi nepemeLLeHust
rpaHuLbl B3BECH, C.
YacTuubl B3BeCe M3yYeHHbIX LUMaKoB MNepeMellanncb K MonoXUTenbHOMY
anekTpoay, TO eCTb MMEenu oTpuuaTtenbHbl 3apag. B tabnuue 2 npeacraBneHb
pesynbTatbl pacdeTa ¢&-NoTeHuwana LwnakoBbix Yactuu. Pasbpoc 3HayeHun
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¢-noteHumnana 1,7-22,2 mB cooTBEeTCTBYeT CpeAHen BenuumHe ¢-noTeHuuana Aans
MUHepasbHbIX B3BECEN C YCNOBHO CEPUYECKMMUN YacTULLaMM.

Tabnuua 2. AnNeKTPOKMHETUYECKNE NOTEHLMAMbI LLIAKOBbIX YacTul,

Wnak Mg;g;:/g;v:ecmro e h M £, MB
MeHK 173,8 1,31710° 22,2

H3® 2557 1,31710° 15,09
ApcenopMwutTtan 659,5 2,63310° 11,7

PaHee [12] Hamu nokasaHo, 4To BenuynHa COE wnaka N®HK ymeHblaeTcs B
OYeHb KUCMbIX U LWEMNOYHbIX pacTBopax Mo cpaBHeHUO ¢ obnactbio 4,8<pH<10,4.
[laHHOoe sABnNeHMe CcBsA3aHO C AUccouMauMen  MOBEPXHOCTHbIX  Fpynn W
BapbMpOBaHMEM BENUYUHbI 3apsda MNOBEPXHOCTM M E-MOTEHUMana LakoBbIX
yactuy. B kmcnon obnactu nogaBndeTcs guccoumaumns CUNaHOSMbHbBIX FPYnn, YTO
yMEHbLUIAeT BENNYMHY MOBEPXHOCTHOro 3apsga. B wwenoyHonm obrnactu BO3MOXHO
npeBpaLleHne 4acTu CUITaHOSMbHbBIX TPYMNMn B CUMOKCAHOBbIE 3a CYEeT CBA3bIBaHUSA
MOHa BOOOpOAA MAPOKCUL-NOHAMMN.

BbiBogbl. [JOka3aHO, 4YTO MNOBEPXHOCTHbIMM aaCcOpPOUMOHHLIMA LIEHTPAMMU
LUNAKOBbIX 4YaCTUL, HA OCHOBE altoMOCUNIMKATOB KanbLUMS W MarHusi SABNSATCS
rMMOPOKCUNbHBIE U CUMAHOSMbHbIE TPYyMnbl, AMCCOUMaLMa KOTOpbIX oOycrnoBnueaeT
oTpuuaTenbHbIN  3apsg NOBEPXHOCTM YacTuy. [lokaszaHa uenecoobpasHOCTb
KACMOTHOW aKTUBaLMK LUMNAKOB, YBENUYMBAIOLLEN KONMYECTBO anCOPOLMOHHBIX
ueHtpoe OH wn  Si-OH. [okaszaHa 6Gonbliasa CcTeneHb rugparauum,
rMMOPOKCUNNPOBAHUSA N KOHLEHTPUPOBAHNA CUIokcaHoBbIX rpynn u rpynn Al-O-Si Ha
NOBEPXHOCTWU rpaHyrMpoBaHHOro JoMeHHoro wnaka «ApcenopMuttan Kpmnson Por»
MO CPaBHEHMIO C METaniypruyeckMMmn LifakaMm Ha OCHoBe auoncupa. Hanudne
npUMecK antoMMHUSA B LUNakKax npuaaeT NOBEPXHOCTM CUINMKATOB XeMOCOPOLIMOHHbIE
CBOMCTBA NO OTHOLUEHWUIO K MONEKynamM AOHOPOB 311EKTPOHOB.
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E.5. Xo6omoea, I|B. [paiieopoHcbka [TOBEPXHEBI ALCOPBLIAHI LIEHTPU
LUSTAKOBMX COPBEHTIB

lNoka3zaHa HasigHicmMb 2iOPOKCUNIbHUX | CUaHOMIbHUX 2Py Ha MOBEPXHi WIIaKo8UX 4Yacmok.
PekomeHOogaHa KucriomHa akmueauisi wiiakie, wo 36inbwye Kinbkicmbs adcopbuiliHux yeHmpie OH
ma Si—OH.

Knro4voei cnoea: wrnak, amopghHa ¢has, adcopbuisi, opaaHidHUl ¢hapbHUK

E. Khobotova, I. Grayvoronskaya SUPERFICIAL ADSORPTION CENTERS OF SLAG
SORBENTS

The mineralogical composition of metallurgical slag was studied. The possibility of using of
slags with diopside as the main mineral constituent in the role of sorbents for water purification has
been shown. The slag sorption activity is caused by high content of diopside in amorphous state. The
possibility of slag sorption of organic substances was shown. To increase the degree of decreasing
the surface, increasing the number of compounds in amorphous state and increase of adsorption
capacity of slag, it is necessary to conduct its chemical activation. Optimum conditions for chemical
slag activation were defined. It was shown that acid and alkaline slag activation can be used in
different regimes of organic dyes sorption. The dependence of quantitative indices from acidity of
organic dyes solutions was determined. A presence of hydroxylic and silanolic groups on the surface
of slags particles have been shown. The acid activating of slags that increases the amount of
adsorption centers OH and Si—OH have been recommended. The large degree of hydratation,
hydroxylating and concentration of siloksan groups and groups of AI-O-Si on the surface granular
slag of «ArselorMittal» as compared to metallurgical slags on the basis of diopside has been shown.
The presence of admixture of aluminum in slags gives the surfaces of silicates properties of chemical
sorption in relation to the molecules of electron donors.

Key words: slag, amorphous phase, adsorption, organic dyes.

Xo6oTtoBa dnuHa BopucoBHa — o-p xMM. Hayk, npodeccop, 3aBeayoLasa kadeapon XumMmum
XapbKOBCKOrO  HaLMOHANbHOTO aBTOMOOUITbHO-AOPOXHOIO YHUBEPCUTETA; r.XapbkoB, YKpauHa,
E-mail: chemistry@khadi.kharkov.ua

FpanBopoHckaa WHHa BanepumeBHa — acnupaHT kadenpbl XumMuu XapbKOBCKOro
HaUMOHaNbHOro aBTOMOBUNBHO-AOPOXKHOIO YHUBEPCUTETA; I.XapbkoB, YKpanHa.

147



ISSN 2074-6652
HaykoBi npaui JoOHHTY. Cepis: Ximis i xiMmiyHa TexHonorifA Bunyck 1(20), 2013

VIIK 662.741

C.B.'op6aTko, kaHa.TexH.Hayk (OBH3 «[JoHeubknidi HaUiOHaNbHWUIA TEXHIYHWIA
yHiBepcuTeT», [lJoHeubK, YKpaiHa)

MATEPIAJIMA JIJISI BIITHOBJIEHHA BOTHETPUBKOI KJIAIKH TEILJIOBUX
AI'PEI'ATIB

[MpodoexxeHHs1 mepmiHy cryxbu Krnadku KOKCoeux redel y 38'A3Ky i3 3pOocmaHHSAM UiH Ha
802HempusU € akmyarnbHUM numaHHsM. Hoeuli memod doseosisie 8idHosumu KrnadKy 8 pobouil 30Hi
neyi. OOHum 3 e8udie pemoHmie € memod 8iOHo8NeHHS Knadku o mexHosoeii CBB
(sucokomemnepamypHoi 83aemodii, WO camMopocrioscoOXyembcs), ueli Memod € 8i0HOCHO HOBUM.

Moxnugicmb 3acmocygaHHsi daHo20 Memody i cymiwel Onsi peMOHMY 802HeMPUBKOI KrnaoKu
003e0/1sI0mb  8upiwumMuU Uinuti ps@ numaxb y npo008XeHHI mepMiHy criy>bu pobo4oi 30HU Kamep
KOKCY8aHHS.

Knro4oei cnoea: kamepu KokcysaHHsl, knadka, OuHacoeuli 802Hempus, pPyUHY8aHHS,
8iOHOBIEHHS.

TpuBana ekcnnyaTtauid KOKCOBMX OGaTapen nopomxye npobnemy CTiMKOCTI
KNagkn Kamep KOKCYBaHHSA, TOMY 30epexeHHs Krafku, MakCUMarbHO MOXIMBe
NOAOBXEHHST TEPMiHYy i cnyxbu - BenbMM akTyanbHe 3aBAaHHA, Bi4 YCMILHOro
BUPILLEHHA $KOI 3anexaTb HaWBaXNMBIli TEXHIKO-eKOHOMIYHI MOKa3HUKM poboTun
ranysi[1 - 5].

OcTaHHi gecaTunitTa y BITYM3HSHIN KOKCOXIMIT Ta B KpaiHax 3 PO3BUHEHOH
KOKCOXIiMIYHOI NPOMMCNOBICTIO BeayTbCA pobOTM MO BOOCKOHANEHHK METOAIB |
TEXHOSOrN  NPOMINakTUYHOrO PEMOHTY KIadKM KaMep KOKCYyBaHHSA, 0Co0nnBoO
rapsiynx PEMOHTIB - 3 METO 36inbLUEHHST CTINKOCTIi HAHOCMMOTO PEMOHTHOrO LWapy,
3HWKEHHA TPyOoBWUX, MaTepianbHUX BUTPAT, a TakoX BUTPAT Yacy Ha NpoBedeHHS
PEMOHTIB.

B aKkTuBi KOKCOXiMIiKIB € 3Ha4YHUI apceHan MeTOAiB rapsiyoro PEMOHTY Knagku
KOKCOBMX Nneyen i NpucTpoiB Ana Noro 3gincHeHHs. [o rapssymMx peMoHTIB BiAHOCATb
PEMOHT, SKi NPOBOAATbL 6e3 BMBEOEHHS neven 3 ekcnnyartauil Ta BigKMYeHHs Big
cuctemum obirpisy.

TpaaunuinHi cnocobu rapsiyoro peMOHTY - MOKPe | HaniBCyxe TOPKPeTYBaHHS.
MoKkpe TOpKpeTyBaHHA [OBrMKW 4Yac Oyno €auHUM MNpPOMUCHOBUMM  CNocobom
NPOMINaKTUYHOrO PEMOHTY KNadKkm KaMep KOKCYBaHHS vyepes3 AeLleBU3Hy, NpocToTy
30iNCHEHHs, HeBnbarnmeicTb 06nagHaHHA. OgHak, HeAOCTaTHSA CTiMKICTb PEMOHTHOIO
Lwapy, TEPMIiYHI yaapw, Wwo BiabyBalTbCA NPU HAaHECEHHI MOKPOI KepaMiyHOT CyMiLLli
Ha po3MeyeHy MNOBEPXHIO KNagku, 3Mycunu
WwykaTn BGinblw JOCKOHani cnocobu 34inCHEHHs
NPOdINIAaKTUYHNX PEMOHTIB.

MeTog kepamiyHOI HannaBkM  TeEX
BIAHOCITLCA [0 rapsymx MeToAdiB M nonsrae B
TOMY, WO CyXUM BOFHETPUBKUA MepTenb B
CyMiWwi 3 MeTaneBMX MOPOLUKOM MNOL4AETLCA
CTPYMEHEM KUCHIO Ha po3nedYeHy MnoBEePXHHO
knagkm [6-12]. BigbyBaeTbca ek3oTepmivHa
peakuisi OKUCIMEHHA MeTaneBol CKnagoBoi
TOPKpeT - macu B KucHto. ig gieto Tenna, wo
BUOINAETLCH, BOTHETPUBKA YacTUHA TOPKpPeT -
Macu po3nnaBnAeTbCAa M pa3oM 3 NpoayKTamu

Puc. 1. BigHoBreHHs knagkM  peakuUil  OKACMEHHsT  MeTarniB  3anoBHIOE
Kamepu KOKCyBaHHS MeTo40oM nedekTn knaakm (puc. 1).
KepaMI4HOI HanmnaBKkn . . .
OgHuM i3 cyvacHUX BWAIB PEMOHTIB €
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METOA4 BIiOHOBNEHHA knagku no TexHonorii CBB  (camoposnoBciogXyemol
BMCOKOTEMMepaTypHOI B3aeMOgil).

Llen meTtogq Bnepwe 6yB 3acTtocoBaHuMA [AOfs  CUMHTE3Y  TYronnaBKuMX
HeopraHivyHux crnonyk. OctaHHiM Yacom kono npoayktie CBB HacTinbku po3wmpuecs,
LLIO X KiNbKICTb 3apa3 He niggaeTbca TOYHOMY nigpaxyHky [2, 12]. Llen meTon asnsie
coboto npouec ropiHHa 6yab XiMiYHOT NPUPOAN, WO NPUBOAUTL A0 YTBOPEHHSA LiHHUX
y NpakTU4YHOMY BiOHOLWIEHHI TBepamx Martepianis. Cepepa, 3gaTHa pearyBatm B
pexumi CBB, moxe 6yTn camoto pi3HOW: TBEpOOi, pigkol, razonodibHol, 3milaHol.
Baxnueo nuwe, wob ocTUrNMUn NpoayKT ropiHHS ABNsB cob600 TBEPAY PEYOBUHY 3
KOPUCHMMM eKcniyaTauinHuMn Bnactmsoctamm [1-5].

Y camomy 3aranbHomy Burnggi cxemy npouecy CBB npegcraBnswTts B
HaCTyMHOMY BUrNA4;:

EX(i) + ZY(j) = 2Z(k),

ae X (i) - metan y tBepgomy ctadi (Al, Ti, Zr Ta iH), Y (j) - HemeTan B TBEpAOMY,
pigkomy abo rasonogi6Homy ctaHi (C, B, Si, O3), Z (k) - npoayktn cuHTesy (kapbiawn,
cuniungmn, okenau, iHTepmeTanian).

CBOe€pigHICTb LMX NPOLECIB i iX BaXIMBI BIgMITHI XapakTepUCTUKN B HaNBInbLL
cTUcnin opmi 3B0AATb 40 HACTYMHOrO:

- B SKOCTi peareHTiB, 30aTHMX OO €K30TEPMIYHOro B3aeMogii, 3a3Buyan
Buctynatote metanu (Ti, Ta, Zr, Al Ta iH.) 9K nanbHe, | HemeTanu (B, C, Sii iH.) B
SAKOCTi OKUCIOBaMIB;

- B 3aNeXHOCTi Big BenuuuHM TennoBux edekTiB peakuii B3aemogaii Big 600 -
900 k[bx/Kr ons CUCTEM 3 HU3bKMM TEMNOBMICTOM, A0 3HayeHb 2900 - 4250 k[x/kr
ONs1 CUCTEM 3 BUCOKOK €HepreTukow. Temnepartypa npouecy Moxe 3MiHoBaTUCA B
ayxe wmpokomy aianasoHi: Big 1100-1400 °K go 3000-3650 °K;

- IHILitOBAHHA XBWMiI reTepoOreHHOro rOpiHHA 34IMCHIDETLCA nonepegHiMn
HarpiBOM BOFHETPUBKOI NiaKNaaky (MOAOBI NAUTKU 3 ANHACY) Ha siKy Byae HaHOCUTbLCSA
cymiw matepianis go temnepatypu 600-900 °C;

- pouec Nicns iHiYitoBaHHS HE HOCUTb XaOTUYHUI XapaKTep MOXEXHOro Tuny,
Mae XBUNbOBY MPUPOAY CrPAMOBaAHOIO XapakTtepy, 34INCHIOETLCA B TOHKOMY LUapi
CyMiLLi BXiQHUX peareHTiB i PO3NOBCIOIKYETLCA B CYMiLLi MO BCbOMY 3pasKy 3aBAsKM
Tennonepenadi Big rapsymMx NpoaykTiB OO XONIOAHMX BepcTBam pedoBuHU. Manuin
yac cuHTe3y (go 1,0 cek.) Ta BUCOKiI LUBUAKOCTI HarpiBaHHA B xBuni (8o 10 rpag/cexk.)
BkasyloTb Ha ekcTpemarnbHui TMN XiMidHUX npouecis. KoHdirypauia xsusi B OOHIN i
TIN Xe cucTtemi 3anexuTb Big napameTpiB TFOpPiHHA, HaWBaXMMBILWLUM 3 SKUX €
CNiBBIOHOLLEHHS pearyrumnx KOMMOHEHTIB.

bynu nposefeHi AOCNIOKEHHA OEKINbKOX CKragiB cymillen Ans BigHOBMEHHS
Knagkun KokcoBux batapen.

[ocnigpKyBaHa cyMill roTyeTbCA MNPOCTUM MeEXaHIYHUM 3MillyBaHHAM CYXMX
ApibHOOMCNEPCHMX MOPOLKIB Yy MEBHIN nponopuii, Npy UbOMYy BIACYTHI CKnagHi
Gi3NKO-XIMIYHUX NEPETBOPEHHS.

[MoTiM oTpuMaHa cyMmill BUCMMNAETLCA B EMHICTb 3 KepaMiku, dka nonepeaHbo
HarpiTa go temnepatypmn 800 — 850°C, npoxoauTb iHiuiauia npoueciB. 3a paxyHokK
BUAINEHHA Tenna XiMiYHMX eK30TepMiYHMX peakuid BigdyBaeTbCs poO3nfaBeHHs
BOTHETPUBKUX KOMIMOHEHTIB cyMili. [lpn OXONOLKEeHHI po3nnaBy, YTBOPKETLCA
MOHOMITHa CTpyKTypa. Ha pucyHky 2 npeactaBneHa doTorpaduisi Ha Sk BUAOHO
OPOHT ropiHHA CyMiLLi NiCNs iHiLitOBaHHS Big, CTIHOK HArpiTol KepamiyHOT EMHOCTI.

byno pocnimkeHo BAAWB KiNbKOCTI ManuBHOI CKNagoBOl CyMillen Ha
nopyBaTiCTb Ta BOLOMOIMMHEHHA, TakoX Oyno [OCNIAKEHO YsIBHA LWUiNbHICTb
OoTpMMaHux maTepianis. Pe3ynbTatv npeacrtasneHi B Tabn. 1.
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Puc. 2. OTpMMaHHsa BOrHETPMBKOro maTepiany MeTogoM BMCOKOTeEMMNepaTypHOI
B3aeMofii, L0 caMO pO3NOBCIOMKYETLCA: 1 — KepaMiyHa EMHICTb; 2 — PPOHT ropiHHSA

Tabnuusa 1. 3anexHicTb NOPyBaTOCTi, BOAOMOINMHEHHS Ta YABHOI LLiNbHOCTI
Marepiany Big cknagy cymili

Si+Al, % Fe,03,% P, rlem® BoaonornuHeHHs, % MopysarTicTb, %
13,0 3,5 1,98 7,0 14,1
13,5 3,5 1,99 6,3 13,8
14,0 3,5 1,98 5,8 13,5
14,5 3,5 2,0 54 12,0
15,0 3,5 2,0 55 12,2
15,5 3,5 2,03 5,2 11,0
16,0 3,5 2,03 5,0 12,0

3 pesynbTaTiB Tabnuui MOXHa ckasaTu, WO OTpUMaHuMM MaTepian npwu
30iNbLUEHHI BMICTY NanuMBHUX CKIagoBUX CTAe MEHL MOpyBaTUM i HabnmxkaeTbCca 3a
BNacTMBOCTAMM A0 MHACOBUX BOTHETPUBIB.

Takox Oynu npoBeaeHHs [OOCMIOKEHHS  3arneXHOCTi  TensnonpoBigHOCTI
MaTepiany Big HanosHBava. TennonposigHicTe Bu3Havyanu 3a FOCT 12170-85.

B sdkocTi HanoBHOBaya CyMilli BUKOPUCTOBYBaABCHA KBapLOBWUW MICOK cKnaay:
SiO; — 98,50%; FexO3 — 0,07%; Al,O3 — 0,30%. 3epHoBui cknag 6yB HacTynHuR: +
0,4 - 0,02%; + 0,315 - 7,56%; + 0,2 — 82,02%; + 0,16 — 8,70%; + 0,1 — 0,28%.

B pesynbTaTi npoBegeHHA ekcnepumeHTy OynuM  OTpuMaHi  AaHHi - SKi
npuBeaeHHi y Tabnuui 2.

Tabnuua 2. TennonpoBigHICTL OTPUMAHOIo MaTepiany

HarimeHyBaHHS | oguHULSA BUMIpY 3Ha4YeHHs NoKa3HWKIB B Cepil BUMipHOBaHb
1 2 3
TemnepaTtypa Ha rapsiyii CTOpoHi 3paska, °C 8002 100042 1200£2
TemnepaTtypa Ha XONnoAHi CTOPOHi 3pa3ka, ‘C 23512 29812 37912
CepepgHa TemnepaTypa 3paska 51812 649+2 79012
TennonpoBigHICTb, NP cepefHi TemnepaTtypi 133003 1424003 1,50£0.03
3paska BT (m-rpag)

150



PO3Ain 3 XIMIYHA TEXHOJOTIA

TennonposigHICTb OTPMMAHOIo MaTepiany 3a40BOSIbHAE BUMOram Ans Knagakm
Kamep KOKCyBaHHS. TOMy OTpUMaHWi mMatepian MOXIMBO pekoMeHayBatTu Afis
BUKOPUCTaHHA ONSA BiQHOBMOBANbHNUX PEMOHTIB KNagkn KaMmep KOKCYBaHHS.

TakoX [0 Big3HayeHUM Buwe @i3MKO-XiMIYHHUMKU OCOBMBOCTAM MNpPOLECB
OTPMMaHHSA  BOrHETPMBKMX  BUpobIB  HeobxigHO  gopjatm  psg  BaxkUBUX
eKkcnnyaTtauinHMx XxapakTepucTuk matepianis, LWo nputamaHHux TexHonorii CBB.

Ha BigMiHy Big TpaauuinHMX nNpoueciB chikaHHS TyronnaBkux martepianis y
neyax pi3HOI KOHCTpyKLUil npouecn CBB BigbyeaiTbCa 3a mManui 4ac, BMMmararTb
ICTOTHO MEHLUNX BUTPAT eHepril, BigPI3HATbCA BUCOKMMIW MaTepianosaolwaginsnmMmm
0COBNMBOCTAMMK, | BUCOKMMW €EKOSOMYHUMM XapaktepucTtukamu. Lle BuxoguTtb 3
¢pakTy MOBHOro MNPOTIKAHHA peakuin, NoYnHaK4M Bi4 BXiOHMX KOMMOHEHTIB | A0
KIHUEBMX NPOAYKTIB CUMHTE3Y B KOHOEHCOBaHin asi 6e3 BUAINEHHS LWKIANUBUX,
rasonofibHnX NpoayKTiB peakLil.
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C.B.'op6amxko MATEPIAJIN /151 BIQHOBJIEHHSI BOFHETPUBKOI KITAOKW TEIM/I0BUX
AlPErATIB

[MpodneHue cpoka cryx6bl KraOKu KOKCO8bIX re4veli 8 853U C POCMOM UEH Ha O2Heyrnopbl
sen19emcsi akmyaribHbIM 80rMpocoM. Hoebili Memod rno3eosisem eoccmaHosumb Knadky e paboueli
30He nedyu. OOHUM U3 8UO0O8 PEMOHMO8 S181I9eMCcsi Memod 80CCMaHO8/IeHUS KriadKu Mo mexHosioauu
CBB (camopacrnpocmpaHsiiou,e2ocs 8bicoKomemrepamypHo20 e3aumodelicmeusi), amom memod
s18/151€Mcsi OMHOCUMEIbHO HOBbIM.

BosmoxHocmb npumeHeHusi daHHo20 memoda u cMmecel Onsi peMOHma o2HeyropHouU Krnadku
rnoseonswue pewums yesnblli psd eorpocos 8 npodreHuu cpoka cryxbbl paboyell 30HbI Kamep
KOKCOBaHUS.

Knroveeble cnoea: kamepa KoKkcoeaHusl, Kradka, OuHacosblli O2Heyrop, paspyuweHue,
80cCmaHo8IeHuUe.
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S.V.Gorbatko MATERIALS FOR RESTORATION REFRACTORY MASONRY THERMAL
AGGREGATES

The problem about resistance of the brickwork for coke-oven batteries arises during their
exploitation. Hence, maximal enlargement of its operation life is of present interest. Successful
solution of this problem defines the main technical and economic parameters of the whole heat unit.

One of the ways of repairs is the method of the brickwork revitalizing according the technology
of self-propagating high-temperature interaction (SHI).

For the first time this method was applied for the synthesis of infusible inorganic compounds.
SHI method is the combustion action of any chemical nature, which leads to the formation of the
valuable solid materials for practical use. The environment, which is capable of reacting in the SHI
regime, can be different: solid, gaseous, mixed. The only importance is that the chilled product of
combustion should be in solid state with valuable service property.

The remarkable characteristics for such processes are the next: combustible components are
metals and oxidizing agents are nonmetals. The temperature of the process can vary in very wide
range from 1100-1400°K to 3000-3650°K. After initiation the process does not have chaotic fire type,
but has directed wave nature.

The possibility of application of mentioned method and mixtures is urgent for repairs of blast-
furnace brickwork. They will allow solving quite a number of problems connected to enlargement of the
operation life for working area of coking chamber.

Key words: coking chamber, brickwork, siliceous refractory material, destruction, revitalizing.
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I.G. Krutko, Cand. Sci.(Tech.), Senior Researcher, Yu.V.Pulnikova (Government
Higher Educational Institution «Donets National Technical University»)

INTENSIFICATION OF GRAVITATIONAL METHOD OF AMMONIAC WATERS
PURIFICATION FROM COAL TAR IMPURITIES

Ammoniac waters of coke-chemical production, including ammonia-tar liquor and condensate
of primary gas coolers (PGC), are made up more than 50% of total effluent of catching chemical
products department. Ammoniac waters contain impurities of aromatic tars and oils (coal tar
substances) in the number of 300-2200 mg/l. The presence of tars and oils in ammoniac waters
complicates their further processing, reduces the effectiveness of technological processes,
contaminates equipment with tar deposits.

The gravitational method can not provide effective purification of ammoniac waters from fine
disperse tar particles which radius is smaller than 20 microns. Therefore, for enlargement of tar phase
particles the coalescence was suggested.

In earlier works it was proved that mineral fiber material of diabase group (MFD) leads to
increased sizes of disperse particles of coal tars and oils, and redistribution of the fraction in the
direction of larger particles. The effect of coalescence is 75-78% depending on the temperature, flow
rate, packing density of mineral fiber material.

It is shown that preliminary processing of ammoniac water by passing it through a coalescing
filter intensifies the gravitational settling of coal tar impurities in the settling tanks.

Based on theoretical and experimental studies it is suggested to include a coalescing filter on
coke-chemical plants technological scheme of ammoniac water purification from coal tar impurities. In
the present technological scheme the process of coalescence is auxiliary. However, due to a
coalescing filter high efficiency of ammoniac water purification can be provided. Coalescence method
can be attributed as a regenerative method, as during the processes tar water emulsion is separated
into two phases, one of which is tar. Recycling of tar can be an additional economic achievement in
implementation of this method.

Keywords: ammoniac water; coal tar water emulsions; mineral fiber material; coalescing filter;
gravitational settling; technological scheme; purification.
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Ammoniac waters of coke-chemical production, including ammonia-tar liquor
and condensate of primary gas coolers (PGC), are made up more than 50% of total
effluent of catching chemical products department. These waters are formed from the
moisture of coal mixture and the so-called pyrogenetic moisture. Ammoniac waters
contain impurities of aromatic tars and oils (coal tar substances) in the number of
300-2200 mg/l. These waters are low concentrated polydisperse emulsions (coal tar
water emulsions) of direct O/W type (amount of tars and oils 0.01 - 0.2%) with high
dispersity of tar phase [1-4].

The presence of tars and oils in ammoniac waters complicates their further
processing, reduces the effectiveness of technological processes, contaminates
equipment with tar deposits. Tars and oils from ammoniac water then flow to
biochemical plant and have a negative influence on process of their purification by
means of microorganisms.

By dispersion degree the emulsions are divided into fine-dispersed with droplet
size of 0,2 - 20 microns, the average dispersed - 20 to 50 microns and coarsely
dispersed - more than 50 microns.

The gravitational method of ammoniac waters purification from coarse particles
is widespread in the coke-chemical plants due to its simplicity. The main point of this
method lies in sedimentation of particles of impurities by gravity. The sedimentation
rate of disperse phase particles is dependent on the particle size, the density
difference between the disperse phase and the disperse medium, and the viscosity of
aqueous phase.

To separate the tar substances from ammoniac water vertical settling tanks of
continuous sedimentation are used. Vertical settling tanks are cylindrical in shape
(height 5- 8 m and diameter 5-6 m). Movement of brightening water in the tanks is in
the vertical direction - from the bottom upwards. Suspended particles are deposited
in the upstream. The calculated speed of the upstream usually is 0.2 - 0.5 mm / sec.
The height of sedimentation zone is typically 4-5 m. Conditional stay of ammoniac
water in the sedimentation zone varies from 2 to 5 hours. Technological scheme of
ammoniac water purification includes three vertical settling tanks, 265 m> each at a
water flow rate 20 to 30 m*/ h.

The efficiency of vertical tanks is largely determined by coarseness of the
deposited particles. Their sedimentation rate depends mainly on the size of particles,
as the difference between densities of aqueous and tar phases is small and amounts
141-160 kg/m®. Table 1 shows the calculated data of sedimentation rate of tar phase
particles of different diameter in ammoniac water while motionless.

Table 1. Sedimentation rate of spherical tar particles in ammoniac water

Radius of particles, micron Sedimentation rate, Time for sedimentation on
mm/sec 10 cm, min

10 0,05 33

20 0,2 8,2
30 0,45 3,7
40 0,8 2,1

50 1,3 1,3
100 5,0 0,33

As the particles of tars and oils accumulate in upward current while
mainstream moves at a rate of 0.2 - 0.5 mm/sec, it is obvious that this sedimentation
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is possible only when the rate of disperse particles is greater than the mainstream
rate of ammoniac water.

The presented data in Table 1 show that in vertical settling tanks ammoniac
water can be purified of tar particles with radius larger than 30 microns.

Investigation of fractional composition of ammoniac water tar phase
(condensate of PGC) before and after the settling tanks in one of coke-chemical
plants (Table 2) showed that in settling tanks are deposited mainly particles with a
radius of more than 20 microns.

It is necessary to note that the content of fraction 0-20 microns in the
condensate of PGC before purification is larger than in ammoniac water after
purification. This can be explained by the fact that sedimentation of polydisperse tar
particles accompanied by their agglomeration and the gradual enlargement. The
main reason for agglomeration is the gravitational or kinetic coagulation - the collision
and coalescence of particles by different rate of sedimentation of particles of different
size. Thus, some of the particles with a radius of less than 20 micron is enlarged to a
size of more than 20 micron and separated from the aqueous phase. However, in
purified ammoniac water the content of tar particle with radius of less than 20 micron
is 70 - 81%.

Table 2. Fractional composition of ammoniac water tar phase before and after
settling tanks

Fraction, Condensate of PGC, sample 1 Condensate of PGC, sample 2
micron Before settling After settling tanks Before settling After settling tanks
tanks, mg/l mg/| % tanks, mg/l mg/| %
0-20 148 122 81 132 101 70
»20 1094 28 19 1895 33 30
Total 1242 150 100 2027 134 100

Based on written above it can be concluded that the residual tar particles
content in ammoniac water after gravitational purification is determined by
concentration of particles less than 20 microns.

Ammoniac waters of coal high temperature pyrolysis, which are coal tar water
emulsions, have high dispersion and aggregative stability. Containing of tar particles
with a radius of less than 20 microns is 130 - 600 mg/I [1-3].

As shown above, the gravitational method cannot provide effective purification
of ammoniac waters from fine disperse tar particle which radius is smaller than 20
microns. Therefore, for enlargement of tar phase particles the coalescence was
suggested [3-4].

Coalescence is aggregation of emulsion disperse particles with complete
elimination of initially separating surface. This changes the phase-disperse state and
leads to enlargement of tars and oils droplets in base emulsion. The system
becomes kinetically unstable and quickly segregates.

To change the phase-disperse state of tar water emulsions the coalescence of
particles of tars and oils by ammoniac water filtration through a layer of mineral fiber
was studied [3-4]. The purpose of infiltrating charging in coalescing filter -
enlargement of small emulsified tar droplets, unlike commonplace filters act as
holding environment.

The coalescence of coal tars and oils on mineral fiber proceeds as follows.
Particles of tars and oils contact with fiber surface and by adhesive interaction form a
film on it. Holding the particles depends on particles size, their velocity, and on
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stability of tar water emulsion. Gradually, the film thickness increases, the narrow
channels between the fibers are filled with tar substances that bind a load into the
single hydraulic system. A major influence on thickness of the resulting film has tar
substances viscosity and velocity of liquor in the space between fibers. During
filtration on this stage the so-called filter charging is completed. When filtering from
the top downward the film flow of tar substances comes off the fiber of coalescing
material in the form of drops, which are carried by water flow.

Thus, the efficiency of coalescing filter is determined by the overall effect of the
molecular-surface and hydrodynamic forces, which depend on the physical and
chemical properties of tar water emulsion and mineral fiber, and a liquid flow rate.

In [3-4] shown that the mineral fiber material of diabase group (MFD) provides
enlargement of disperse particles of coal tars and oils, and redistribution of the
fraction in the direction of larger particles. The effect of coalescence is 75-78%
depending on the temperature, flow rate, packing density of mineral fiber material.

In the pilot plant, consisting of coalescing filter and settling tank, a series of
experiments concerning coalescence effect of tar particles on the efficiency of
gravitational lightening of ammoniac water while motionless. Figure 1 shows the
kinetic curves of tars and oils sedimentation while motionless for condensate of PGC
before and after filtration through a layer of mineral fiber material of diabase group.
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Fig. 1. Kinetic curves of tar particles sedimentation in ammoniac water while motionless

Kinetic curves of sedimentation clearly demonstrate the advantage of
preliminary stage of water treatment - the coalescence, after which the efficiency of
water purification increases by 18-25%, and is 95-98% depending on the time of
settling. This effect is observed as a result of enlargement of tar particles on
coalescing material (the coalescence effect is 76.7%, the content of particles with
radius> 30 microns - 70%) and to increase of their sedimentation rate.
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In the diagram (Fig. 2) it is shown that the concentration of impurities of tar
substances in purified water, passed through the stage of coalescence is much less than
while settlement the base ammoniac water. During ammoniac water settlement (after
coalescence) for 1, 2, 3 hours tar particles concentration in the clarified water is 5-7
times lower than in water without pre-treatment, and is respectively 34, 22 and 18 mg/ I.
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140 1T—
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100 4+— coelescence

@At coalescence

Ctar, mg/l

30 1—

B0 +—

40 1—

" III T T [ b

1 2 3 24
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Fig. 2. The residual tar particles content in purified ammoniac water after settlement

Pre-treatment of ammoniac water by passing it through a coalescing filter
intensifies the gravitational settling of impurities in the settling tanks.

Based on theoretical and experimental studies it is suggested to include a
coalescing filter into existing on coke-chemical plants technological scheme of
ammoniac water purification from coal tar impurities (Fig. 3).
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of PGC : %Z EF
""" = v v 4
: ————— ‘|> // Ammaoniac
I water
|
| S o--{>
_N.D //
BAK
- - >
/ C|) 1 N K To ammonia
L | still
|
|
e
Tar Tar

Fig. 3. Technological scheme of ammoniac water purification

The scheme includes three vertical settling tanks 1,3,4 and coalescing filter 2.
In the first settling tank the separation of coarse emulsion particles and impurities
takes place. Removal of solids before coalescing filter is necessary to prevent its
clogging. After separation of solids ammoniac water flows by gravity to a coalescing
filter 2, which is filled with mineral fiber material. Fluid movement is from the bottom
upwards. Upstream allows to prevent undesirable compaction of load and increasing
the hydraulic pressure of filter.
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At steady state operation of coalescing filter 2 on the fiber surface, a layer of
the disperse phase is formed, and subsequent coalescence of tars and oils droplets
flows in the interaction with this layer. Aggregative tar particles are removed from the
filter with water flow and are separated in settling tanks 3 and 4. Purified from tar
particles ammoniac water comes to processing in an ammonia still.

In the presented technological scheme the process of coalescence is
subsidiary. However, due to a coalescing filter high efficiency of ammoniac water
purification can be provided. Coalescence method can be attributed to the
regenerative method, as during the processes tar water emulsion is separated into
two phases, one of which is tar. Recycling of tar can be an additional economic boost
for implementation of this method.

Coalescence method is one of the most promising methods for ammoniac
water purification from impurities of aromatic tars and oils. In combination with
settling tanks the coalescing filter with mineral fiber MFD intensifies the ammoniac
water purification by gravitational method.
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Wn.I. Knymsko, K0.B. lNynbHukoea MHTEHCU®UKALNSA TPABUTALIMOHHOIO METO4A
OYUCTKN AMMUAYHbIX BOL OT CMOJINCTbIX TPUMECEN

lNokaszaHo, Ymo npedeapumeribHasi Mo02omoska aMmuadyHoU 800bI MymeM rporlyCKaHUsl ee
yepes Koanecuupyrowuli unbmp UHMeHcuguuupyem Mpouecc epasumayuoOHHO20 O0CaX0eHUs
rnpumecel CMOIUCMbIX 8EU,ECME 8 OMCMOUHUKaX.

Ha ocHosaHuu meopemuyecKkux U 3KCrepuMeHmarsbHbiX uccriedogaHuli npedroxeHo
BK/IIOHYUMb 8 CYU,eCMBYIOUWY0 Ha KOKCOXUMUYECKUX 3a800ax MEeXHO02UYECKYH CXeMy OYUCMKU
ammua4dHoul 800bI OM CMOIUCMbIX 8eLecms Koanecyupyrowuli chunbmp.

Knroyeeble cnoea: KaMeHHOY20slbHble B8000CMOJISHbIE 3MYJIbCUU, aMMuayqHble 800bl,
MUHeparsbHbIl 80/I0KHUCMIU Mamepualsi, Koanecyupyrouwut ¢hunbmp, epasumalyluoHHOe ocaxoeHue,
mexHoJslo2u4YecKasi cxema, O4UCImKa

L. Kpymbko, 10.B. [MynbHukoea IHTEHCU®IKALISI TPABITALIMHOO METOQY
OYULEHHSA AMIAYHUX BO4 Bl CMOJINCTUX JOMILLOK

lNokazaHo, wWo nepedyacHa niG2omoska amiadyHoi 800U WIFISIXOM MPOMyCKaHHS ii Yepes
Koanecuyyroquli inbmp iHMeHcugikye npouec epasimauiliHoeo ocidaHHs OOMIWOK CMOUCMUX
peyosuH y gidcmiliHuKax.

Ha ocHosi meopemuyHux ma ekcriepumMeHmarsbHUx docioXXeHb 3arporoHO8aHo 8KIYUMU 8
ICHYrOUy Ha KOKCOXIMIYHUX 3ag00ax MexHOI02i4Hy CXeMy OYUWEHHST amMiadHoi eo0u 8i0 cmornucmux
PeyosUH Koarecuyro4uli ¢inbmp.

Knroyoei cnoea: kam’siHogyeiribHi 8000CMOISISIHI  eMyrnbCii, amiayHi 8o0u, MiHeparbHUl
80JI0KHUCMUU Mamepiarn, Koanecuyrodul ¢hinbmp, epasimauiliHe oci0aHHs, mexHosioeiyHa cxema,
OYUWEHHS.
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K BOITPOCY O MEXAHM3ME BBIIEJIEHUA THAPOKCHIA AJITIOMUHUSA U3
PACTBOPOB AJIIOMUHATA HATPUA

lMpednoxeHa npuHyunuanbHO Hoeasi cxema npouecca KapboHuU3ayuu anroMUHamHbIX
pacmeopos, ek/oYarowasi obpasosaHue 8 Kadyecmee rnepeuyHo2o npodykma anomokapboHama
Hampusi U nocnedyrowiee e2o npespaujeHue 8 2uOPOKCUd antoMUHUSI 8 peakuyuu C atoMuHamom
Hampusi. CocmasnieHa MamemMamu4yeckasi Modesib npouecca, 00bsICHSWas MPUYUHbl 3a2psI3HEHUsT
2udpokcuda antoMUHUST COeOUHEHUSIMU Hampusi.

Knrovyeeble cnoea: amwomMuHam  Hampusi, 2audpoantomokapboHam,  kapboHu3lauyus,
Mamemamuydeckasi Mooesib

KapboHuszauna — oguH n3 MeToaoB, NMPUMEHSIEMbIX B MPaKTUKe NpOn3BOACTBa
rMUHO3eMa AN pasfnoXeHWa antoMUHATHbIX PacTBOPOB C LENbK  BblAesneHus
KpUcTannuyeckon ruapookncu antommHng [1].

Mpn nony4yeHun rnmnHo3ema crnocoboMm crnekaHWs C M3BECTHSKOM B criekax
obpasytotca coeanHeHus 12Ca0-7Al,0; un CaO-Al,Os. BblwenaymMBaHue cnekos
COAOBbIM pPacTBOPOM MPUBOAUT K pPasfOXeHUO arntoMoKanbLMEBbIX CMEKOB C
nepexogoM rnMHo3ema B Xuakyto dasy B Buae anomumHata Hatpua (NaAlOg) B
COOTBETCTBUM C ypaBHeHuamM [1, 2]:

12Ca0-7Al,03 + 12 Na,CO3 + 5 H,O — 14 NaAlO, + 12 CaCO3 + 10 NaOH,
CaO-Al,O3 + Na,CO3; — 2 NaAlO, + CaCOs;

Ona Boigenenua Al(OH)s; uenecoobpasHo npuMmeHeHue kapboHusaumm, Tak
Kak, Hapsigy C TMOPOOKUCBID antoMUHUSA, MOfydYaeTcsi pacTBOpP COAbl, KOTOPbIN
ncnonb3yeTcss Kak 0BOpoTHbIN pacTBop. C XMMUYECKOM TOYKM 3peHnsd npouecc
KapboHM3aumMm npoTekaeT B Heckonbko ctagun [3]. duokcua yrnepoga cHadvana
pacxogyetca Ha npeogoneHne  OydepHoOM  eMKOCTM € Mocneaylwmm
dopMunpoBaHMeEM peHTreHoaMopHON dasbl, KoTopasi pacTBopseTcss B M3bbITke
KayCTUYECKOW LLIeSoyun:

CO,+ 2 OH = CO3 '+ H,0; (1)
CO,+ 3 H,0 =2 H;0" + CO3 % (2)
[AI(OH)4] + H30" = AIOOH + 3 H,0; (3)
AIOOH + OH "+ H,0 = [AI(OH),4] (4)
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B ycnoBusix conoctaBuMMbIX CKOpoCTel 00pa3oBaHUS HOBbIX YacTul, W
KpucTannusauum B TBepayto dasy BblaenseTcs TPUrnapoKCcua antoMUHKS:

[AI(OH)4] = Al(OH); + OH". (5)

Mpn panbHenwen kapboHM3auumn yrnekucnoTa pacxogyetcs Ha obpasoBaHue
B pacTtBope bnkapboHaTHbIX MOHOB:

CO,+2H,0=H;0"+HCO; " (6)

Mpn BenuunHax pH xunakon dasel HKe 10 eq. U yBENUYEHUA COAEP)KAHUS B
Hen wnoHoB HCO;3; npoucxoant obpasoBaHMe antoMoKapObOHATOB  LLENOYHbIX
MeTannos:

2 AIOOH+2 (Na, K)*+2HCO; "=(Na, K),0-Al,03-2C0,-2H,0. (7)

Ha kapboHM3auMio anioMMHATHOrO pacTBopa, T.e. Ha TeYeHne Ccamoro
npouecca W rnaBHbiM 00Opa3oM — Ha KayeCcTBO MNOSly4aeMoro rugparta OKuCK
anoMUHNA, CyLLeCTBEHHOe BNuAHME oOKasblBaloT crnegywoowme daktopbl: 1)
TemnepaTtypHble ycrnoBus; 2) nepemeluvsaHue; 3) NpOAOIHIKUTENBLHOCTb (CKOPOCTb
kapboHusaumn); 4) creneHb (rnybuHa) pasnoxeHusi pactBopa. B npoMbILNAEHHbIX
YCNoBMUAX 3TU (PaKTOpPbl AOIMKHbI COMEeTaTbCA TakuM 06pa3oM, 4Tobbl NonyvyaemMbin
rmapaT OKACKU antoMWHUS cogepikarn BO3MOXHO MEHbLUe NpUMecen KpemHesema U
Lienoym, a KpynHoOCTb KpucTannoB ero 6bina Takow, 4Ttobbl rmapatHas nynbna
Xopowo cwunbTpoBanacb. Ecnu Ha 3arpssHeHMe  rMApPOOKMCKU  antOMWHUS
KpemHe3eMoM Haunboree CyuleCTBEHHOEe BIIMSHME OKa3blBaeT YUCTOTa MCXOAHOro
anMMHATHOrO pacTBopa, TO Ha 3arps3HeHne rvaparta  LWenoybilo  BrvseT
COBOKYMHOCTb MHOMMX (PakTopoB, MO3TOMY Mpupoda (NPOUCXOXAEHWE) Luenoyn B
rMOPOOKUCKU anioMUHUS He CcTonb npocTa. [lpumech wWenoyn copepxutca B
rMOPOOKMUCK antoMUHUSA, BO-NEPBbLIX, B BUAE Tak Ha3blBAEMOW OTMbIBAEMOW LLENoYn,
KOoTOpass MoXxeT OblTb MOMHOCTLI0 yAaneHa M3 rugpata KunsyeHnem C BOLOW W
npeactaBndeT cobon LWenoyb, aacopOMpOBaHHYO TMOPOOKUCHID U3 MaTOYHOro
pacTBopa; BO-BTOPbLIX, B BUAE CBA3AHHOM LLENOoYn (rmapoantoMocunukaT HaTpus) u,
B-TPETbMX, B BUAE TaK Ha3blBa€MOW MEXKPUCTaNbHOM LENoYvn, koTopasa 3akmnodeHa
MeXay rpaHaMu  OTAeNbHbIX - KPUCTanmoB  MMAPOOKMCM B arperartax.
MexkpuctanbHas wWenods MoxeT ObiTb YyadaneHa TOMbKO MNpW  HarpeBaHun
rMOPOOKMUCK anioMUHUA 00 BbICOKOM TemnepaTypsbl. [pyMech wenoym B ruapooKmMcu
anooMnHNA, MNOMUMO yXyAaweHuss kadyectBa nonyyvaemoro Al,O3, yBenuuusaeT
6Ge3Bo3BpaTHbIE NOTEPU.

B ocHoBy npuBedeHHbIx B nuTepatype Cxem npouecca kapboHusauuu
(aHanormyHbix cxeme 1-7) nonoxeH akt, 4TO anomokapboHaTbl LLENOYHbIX
MeTansnoB Mofy4yarTCca B KOHUE npouecca KapboHM3auum n paccMaTpuBaloTCa Kak
NPUMECHbIE NPOAYKTHI.

OpHako Hambonee MOMHOE W CUCTEMaTMYECKOE WCCNefoBaHWe BIUAHUA
pasHblX (pakTopoB Ha npouecc KapboHu3aumn anioMUHaTHbLIX PacTBOPOB
npuBegeHHoe B [4] (Tabn. 1-3) nokasbiBaeT, YTO B 6ONbLIEN UMM MEHbBLLEN CTENEHU
nonyyaembln  rMAPOKCMA artOMUHUA BCeraa CcoaepXuT rmgpoantomokapboHat
HaTpus.
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Ta6bnuua 1. BnusHue TemnepaTtypbl KapboHM3aLNN HAaTPUEBLIX artOMUHATHBIX
pacTBopoB Ha obpasoBaHune rmgpoantoMokapboHaTa HaTpus. B ncxogHbix
pacteopax (r/n): A1,03 = 9.4, Na,O, = 10.6, Na,O, =.85,6. KoHueHTtpauuma CO; -

100% [4]
Temnepatypa Copepxanune Al,O3(%) B BbiAENsOWMXCA OCagKkax B Buage
(o)
kap6orusaumm, "C rmgpokcuaa antoMuHus rmgpoantomokapboHaTta HaTpus
20 72 28
40 41 59
60 19 81
80 3 97
90 0 100

Tabnuua 2. BriivaHue npogormkuTenbHOCTN KapOoHM3aLUum HaTpueBbIX
antoMUHAaTHbLIX pacTBOPOB 6€3 MeXaHNYECKOro NepeMeLLVBaHUSA Ha coaepxaHne
NpUMecH Wenoyun B rmapokecunge antoMmmHnd. B ncxogHeix pacteopax (r/n): A1,03 =
95-105, Na,O, = 135 -160, Na,O, = 95-105. TemnepaTypa kap6oHusaumm — 80-85 °C.
KoHueHTpauusa CO, B razoBo3gyLuHon cmecu - 20% [4]

CopepxaHue Na,O B rugpokcuae anioMmHms,

npOﬂ,OJ'I)KVITeJ'IbHOCTb Kap60HM3aLI,I/IVI o
0

9 yac.10 MuH. 9.10
12 yac.45 muH. 7.67
15 yac.30 MuH. 4.50

Ta6bnuua 3. BnusHue cCKOpoCTX NponyckaHUs yrinekncnoro rasa Ha obpasoBaHme
rmgpoantoMokapboHaTa HaTpus Npu kKapOoHM3auun HaTpUEBLIX anNtOMUHATHBIX
pacTBopoB. Temnepartypa kapboHmsauun 90°C [4]

2 . Cogepxanue Al,O3, (%) B
2 g CocTaB MCXOAHbIX PacTBOPOB, /1 BbIOESSIOLLMXCA OcaKax B
CKOpOCTb QE) .8 BMae
nponyckanms 100%-| X § 3 §
Horo CO, n/yac 8 S AlLO Na,Oq Na,Oy rmgpokcuaa CAKH*
§[_ § 23 obuas |kaycTuyeckas anoMmHms
C
78 40 MUH. 14 86
34 1.5 254 85.6 29.2 42 58
9 6.0 67 33
60 0.5 4 96
30 1.0 17,2 85.6 18,6 28 72
9 6.0 44 56
60 0.25 73 27
30 1.0 9.4 12.7 10.6 91 9
15 2.0 97 3

*) rmgpoantomokapboHaT HaTpus

AHanu3 gaHHbIX NO3BONSAET caenaTb crieayoLme BbiBOAbI:
1- Mpu kapboHM3aLUN antOMUHATHBLIX PACTBOPOB HEKOTOpas 40N antoMUHUSA Bceraa
BblOensieTcs B BUAE rmapoantomokapboHaTa HaTpus.
2- YBenuyeHne CKOPOCTM Modayn Yrnekucrioro rasa W ero  KOHUEeHTpauuu
yBenuYMBaeT AOM0 rmapoantomokapboHaTa HaTpus.
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3- YBenuyeHne temnepaTypbl cnocobctByeT obpasoBaHuio rugpoarntomokapboHaTa
HaTpus [4, 5].

4- YBenuyeHue BpeEMeHU kapboHnsaumm yMeHbLlaeT coaepxaHue
rmgpoantoMokapboHaTa 1 yBenuumBaeT coaepkaHne rmapokcunaa antoMmHUS.

Mcxooa w3 npeactaBneHUn KOOPOWHALMOHHOW  XMUMUKM, Y4uTbiBast, 4TO
antoMuHaT HaTpus SBNAETCH KOOPAUHALMOHHBIM COeAMHEHNEM, MOXHO NPEANOXNTb
anbTepHaATMBHYIO CXemy KapboHM3aumm UCXOAALY0 W3 TOro, YTO MNEPBUYHLIM
NpoAyKTOM KapboHu3auuun saBnaetcs rugpoantoMokapboHaT HaTpus, KOTOpbIA B
AanbHervweMm B3aMMOOEWCTBYET CO Lenoybid UM anioMuMHaTtoM HaTpus C
obpasoBaHneM rugpokcuaa aniomMuHus. pouecc kapboHusaumm € 3TUX NO3ULMK
MOXHO MpeAcTaBuUTb CrieayoLen cxemon (MHaekeol (p), (r) v (T) o3Ha4aoT pacTeop,
ras, TBepgoe):

ArnoMuHaT HaTpus B pacTBope:

Nas[Al(OH)e](p) <> Na[AI(OH)4]p) + 2 NaOHp , (8)
HavanbHbi nepuog kapboHnsaumm (MHOYKUMOHHBIN NepUoa) Npu KOTOPOM He
Habnogaetcs BblNnageHue 0ocajKoB rmgpokcuga antoMnHNA n

rugpoantoMokapboHaTa HaTpus:

k
2 NaOH(p) + COz(r) —4> NaQCO3(p) + H,0, (9)

UM CyMMapHo:

Nas[A(OH)sle) + CO2e) —01E1, Na[AI(OH)d]p + NazCOsp) + H:0,  (10)

B pactBope paBHOBecume peakuummn (8), B pesynbrate cBaAsbiBaHus NaOH,
cMmewaetca B cTopoHy obpasoBaHusa Na[Al(OH).4] n HauynHaeTcsa ero kapboHmsauma ¢
obpasoBaHnem rugpoarntomokapboHaTa HaTpus:

Na[AI(OH)4] ) + COz¢) —02:£2 , Na[AI(OH),CO4] ) + Hs0 (11)

Ocapok Na[Al(OH),CO3] () B3aMmopencTsyeT C pacTBOPOM arnoMuHaTa
HaTpusi ¢ obpaszoBaHMEM rMapokcuaa antoMHUS:

Na[AI(OH);CO3] )+ Na[AI(OH)d] o —03E3 , 2 AIOH)s + NazCOsp)  (12)

[MpeanoxeHHas cxema NOATBEPXKAAETCA CrneayowmMm SKCnepuMeHTanbHbIMM
AaHHbIMW:

1. KapboHuzaumss antoMMHaATHOrO pacTBopa WMeeT BpeMs WHAYKUUKW, B
TeYeHne KOTOPOro B pacTBOpPE YBENMYMBAETCA KOHLEHTpaumsa kapboHaTa HaTpusi, HO
He npPoOMCXOAWUT BblAeneHne un3 pacTBopa TBepablXx a3 rugpokcmaga w
rmgpokapboHaTa antoMUHUSA — B pacTtBope npoTtekaroT peakuyum (8 - 10).

2. [wvngpokapboHaT HaTpUa MOXET B3aMMOAEWCTBOBATb C antOMMHATHbLIM
pactBopoM no peakumm (12) c obpasosaHuem AI(OH);, 4yTO noaTBepxaaeTcs
nameHeHmem UK-cnektpos npoaykros, cogepxawmx 'AKH. Nocne Bo3gencTemnsa Ha
HUX antoMuHaTHbIX pactBopoB WK-cnekTp npoaykta maeHTtudeH cnektpy Al(OH)s
(pnc. 1). MNockonbky peakuuns (12) sBnseTca reTeporeHHon (TBepaoe - pacTeop), TO
CKOPOCTb ee byaeT OTHOCUTENBbHO HEBENWKA

3. OG6pasubl oOcagka nocne  WHAOYKUMOHHONO  nepuoda  coaepxart
rmagpoanioMokapboHaT HaTpusi. Ero Konn4ecTBo 3aBUCUT OT yCroBui KapboHusauum
(tabn. 1-3) n puc. 2. 310 0bycnosneHo npoTekaHnem peakumm (11). CkopocTb
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nocnegHen dygeT yBenMunBaTtbCs € yBenuyeHnem KoHueHtpaumm CO,, CKOpoCTH ero
nogaun (tabn.3) u c ysenmyeHmem Temnepartypsl (puc.2).

==t e

e e e e e e e e e e e e e e e e e

0 15 10 1h=100cM’ ) 15 10 1/ +100,cm’

Puc.1. VK-cnektpbl npogykta kapboHuW3aumm anoMmHaTHOro pacTteopa (a) M npoaykra ero
B3aMMOOEWNCTBUA C anoMuMHaTHbIM pacTtBopoM (6). VcxogHass KOHUEHTpauusi pacTBopa nepef
kapbonusauuen - 51,6 r/n Al,O3, ckopocTb nogadm CO; - 0,2 n/muH. (10 % yrneknucrnoTHO-BO3AyLUIHAsA
cMmecb), BpeMs kapboHusaumm 30 MuH., Temnepatypa - 70 ‘C, cogepxaHue AKH B rugpokcuge
anomMunns - 35, 6 %. Bpems B3anmogencTeus rugpoantomokapboHaTa ¢ antoMMHaTHBEIM pacTBOPOM
150 muH., T =70 °C, cogepxaHune 'AKH B rugpokcuge antoMmuHus - 1,1 %
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Puc.2. BnugHue TemnepaTypbl Ha  oOpas3oBaHWe  Mapokcuaa  anioMuHUS U
rmgpoantomMmokapboHaTa HaTpus. Micnonb3oBaHbl AaHHbIE [4]

Cxeme (9-12) cooTtBeTcTBYeT creaywwas cucrema gudpdepeHumnanbHbIX
ypaBHEHUN:
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910 = 1.y0-CO2

dt

941 = K1.y0-CO2 - k2-y1.CO2 — K3-y1-y2
dt

d

—y2 = k2:y1-CO2 - k3-y1-y2
dt

d

—y3 =2-k3-y1-y2

dt

d 2

%y4 - k4.C02y4

dt

d

—y5 = 0.5k4-CO2-y42 + k3-y1-y2 + k1-y0-CO2

dt
raoe y0, y1, y2, y3, y4, y5 — Tekywme koHueHTpauumn Naz[Al(OH)s], Na[Al(OH).l,
Naz[Al(OH),COs3], Al(OH);, NaOH n Na,CO; cooTtBeTtcTBeHHO; CO2 — ycrnoBHas
KoHueHTpauna CO..

KuHeTtnueckne napameTtpsbl (ki) reteporeHHbix peakuun (9 - 12) npegcraBnsioT
cobon HEKOTOpble KOMMIEKCHbIE BEMUYMHBI, BKNOYalLwue B ceba HenocpeacTBEHHO
XMMUYECKOEe B3aMMOAENCTBUE, rMapoauHaAMMYecKne n Tennodusmyeckue ycnosus,
pasmMep YacTuu TBepaon dasbl, CKOPOCTb NepemMeLllnBaHusa pactsopa u T.4. [1o aTon
NPUYMHE OHM  MOryT OblTb  OTHOCUTENbHO  ONpedeSieHHbIMU  MUb  Npwn
PMKCMPOBAHHBIX YCMOBUSAX peanu3aumm TEXHONOrMYeckoro npouecca kapboHusaumm
anMunHaTHbIX pactBopoB. [lo 3ToM npuuMHe 3agaya  aHanui3a peLlleHun
NpYBEL4EHHON CUCTEMbI YPaBHEHWUA COCTOUT HE B NOMYYEHUN KOHKPETHBIX YACNEHHbIX
pe3ynbTaTtoB, a B MOATBEPXAEHUM NPUHLUMNNANBHOM BO3MOXHOCTU MPaBUITbHOMO
OTKNNKa NPeAnoXXeHHOW CXeMbl peakLumi Ha U3MEHEeHNe YCNoBui kKapboHn3aumu.

PesynbTatel pacyeta B Buae (popmManu3oBaHHbIX KUHETUYECKMX KPUBbIX
npegcraBneHbl Ha puc. 3 n 4.
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Puc.3. BnusiHne temnepatypbl Ha kapboHu3aumio antommHaTHoro pacteopa. 1 — Naz[Al(OH)g],
2 - Na[AI(OH)4], 3 - Na3[AI(OH:)2003], 4 - AI(OH);, 5 — cymmapHas koHueHTpauust AI** B pacTope, 6 —
Na,CO;. CO2 = 0.5. (ko1=1-10°, E4=15000; ko,=2-10°, E,=36000; koz=2:10°, E,=14000; k4=4)
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Puc.4. BnvsaHue ckopoctn CO, Ha kapboHM3auuio antoMmHaTHoro pacteopa. a) CO2 = 0.1 6)
CO2 = 2.0. Temnepartypa 80 °C. 1 — Nas[Al(OH)g], 2 — Na[Al(OH),], 3 - Na3[Al(OH),CO3], 4 - Al(OH)s,
5 — cymmapHasi KOHLeHTpauus APt B pactBope, 6 — Na,COs. (ko1=1-103, E,=15000; ky,=2-10°,
E,=36000; koz=2:10°, E;=14000; k4=4)

Kak BuaHO u3 puc.3, Temnepartypa kapOboHM3auumn CyLLECTBEHHO BIMSIET Ha
COOTHOLLEHNe (rmapokecug antoMmnHuns) : (anomokapboHat HaTpus). C nosbIlWEHNEM
TemnepaTypbl 4ons  anomokapboHaTa HaTpusi cywecTBeHHO Boapactaetr. C
NOBbILLEHNEM CKOpoCTH nponyckaHus CO, KONMN4ecTBO nosly4aemoro
Naz[Al(OH),COs3] moxeT npesbicuTb konnvectso Al(OH); (puc. 4, 6). B To ke Bpems
(puc.4), ymeHblueHne ckopoctu nogayun CO, no3BondeT BblAeNAaTb U3 antoMUHATHOro
pacTBopa nMPEMMYLLECTBEHHO TMOPOKCUA antOMUHUS  OaXe nNpu  BbICOKOW
Temnepartype (puc.4, a).

PacueTHble KpuBble BNusiHME TemnepaTypbl Ha obpasoBaHue rugpokcmaa
anoMuvHnsa 1 rmgpoanioMokapboHaTta (puc.5) HaTpua  UOEHTUYHbI  KPUBLIM,
NMOCTPOEHHLIM HAa OCHOBE 3KCNEPUMEHTasnbHbIX AaHHbIX [4] U NpeacTaBNEHHbIX Ha
puc.2.
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Temnepatypa, C
Puc.5. PacyeTHble KpuBble BIMAHNE TeMnepaTypbl Ha 06paaoBaHme rmapokcmnaa antoMmnHnA mn
rmgpoantomMokapboHata Hatpusi. CO2=1.5. (k01=1-103, E =15000; k02=2-106, E»,=36000; ko3=2-103,
E,=14000; k4=4)
Takum ob6pa3om NpeasioXXeHHas HaMn CXxema XMMUYECKNX peakuuin no3sondaeT
NPUHUUNManbLHoO U3MEHUTb opraHusaumo TEXHONOrn4ecKoro npouecca
KapboHM3auMn antoMMHATHBIX PacTBOPOB. BMecTo TpyaHO KOHTPONMpPyeMOW OOHOW
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cTtagun kapboHmn3aumm BCero antoMMHATHOrO pacTBopa, NOCTyNaroLero ¢ oTaeneHus
BblLenavymBaHns, NofnyyYyeHne rmapokcuaa antoMMHUA MOXHO OCYLLECTBISATbL B ABe
XOpOLLO KOHTpONnupyemble ctaguun. [Ons 3TOoro pacTBop MOCMe BbllenavynBaHns
rmuHo3ema cnegyeT pa3genuTb Ha ABe YacTu. [NepByto YacTb pacTBopa Heobxoanmo
kapboHuM3oBaTb OO MOMHOrO  BblAENeHWs  aniMuHUs B Buae  ocajka
rmgpoantoMokapboHaTa HaTpus. Nocne oTaeneHns ocagok CMeLMBaeTCA CO BTOPON
YacTbl0 aniMUHaATHOrO pacTBopa W B pesynbTaTe peakuumn (12) npespaliaeTcs B
rmgpokeng  anioMumHmnda.  Obpasylowmncs  CcofoBbIM  pacTBOp  MOCTynaeT  Ha
BblLLenaynBaHme crneka.

Cnucok ncnonb3oBaHHOW nNuTepaTypbl

1. NanHep, A. W. MpounssoacTteo rnuHo3ema / A. W. JlariHep, H. V. Epemun, 0. A. IlanHep. —
M.: Metannyprus, 1978. — 420 c.

2. Knuvenko A.A. O BO3MOXHOCTM MOSyYEHMS T[NMHO3EeMa W3 OTXO4OB yrne- U
ropHogobbiBaoLen MPOMBILLIIEHHOCTU METOAOM chnekaHus 6ecLLenoYHOro Cbipbsi C U3BECTHAKOM /
B.H. Beuepko, J1.W. Kykoba, B.B. Wanosanos, B.N. BanuH // Haykosi npaui JoHHTY. Cepis: Ximis i
xiMmiyHa TexHonorig. — 2012. — Bwun. 19(199). — C. 151-157.

3. MMateHT 2197429 (P®) CO1F7/38, CO1F7/14 Cnocob nepepaboTku
anoMuHunicogepxatlero colpbs / Jlunmd B.A., LWmapryHeHko A.H., benukoB E.A., Ky3HeuoB A.A.,
Jlazapes B.I'., Makapoe C.H 14.11.2000 (43). Hartra nyGnukauum 3assku: 27.09.2002 (45).
Ony6nukosaHo: 27.01.2003.

4. XaHamupoBa, A. A. [NnHO3eM 1 NyTU YMEHbLUEHNSA coaepxaHns B Hem npumecen / A. A.
XaHnamupoBa / OtB. pea. LN.3. Ne3Hep. — EpesaH: N3g-80 AH ApmCCP, 1983. — 243 ¢

5. Tomwunos H.IM. O6 ycnosusx obpasoBaHus rugpoantomokapboHaToB Npu B3aMMOAENCTBUM
anoMnHNs ¢ pacTBopamMmn kapboHaToB LWienodHblx MeTannos / H.IN. Tomunos, A.C. beprep, AW.

Borikosa // XK. HepraH. xumun. — 1969. — T. 14, Ne 3. — C. 674-680.
Haditwna do pedkoneeii 11.02.2013.

A.O.KnumeHko, B.B.lllanosanoe, T.B.KonecHuk, T.B.lLlanosanoea, A.A. OcoecbKa
CTOCOBHO MEXAHI3MA BUAQIEHHA TIQPOKcuAy AJIIOMIHIKO 3 PO34YUHIB AJNIIOMIHATY
HATPIO

3anpornoHosaHa npuHUUNO8o Hosa cxema npouecy kapboHizauyii arntoMUHamHbIX PO3YUHI8, W0
BKJIIOYAE YMBOPEHHS SIK MeP8UHHO20 rpoOyKmy asitoMokapboHama Hampito U HacmyriHe (1020
rnepemeopeHHs1 8 2uOPOKcUd antoMiHilo 8 peaKuii 3 anomiHamom Hampito. CknadeHa Mamemamu4Ha
moderib Npoyecy, WO MOSICHIOE MPUYUHU 3abpyOHEHHST 2udpokcuda antoMiHito crioflykamMu Hampito.

Knro4oei cnoea: amomiHam Hampito, audpoasiromokapboHam, kapbOoHizauiss, MameMamuyHa
moderib

A. Klimenko, V. Shapovalov, T. Kolesnik, T. Shapovalova, A. Osovskaya TO THE
QUESTION ABOUT MECHANISM OF ALUMINUM HYDROXIDE RELEASE OUT OF SODIUM
ALUMINATE LIQUIDS

Carbonization — one of methods applied in alumina manufacturing practice for decomposition
of aluminate solutions to extract the crystal aluminum hydroxide. According to publications in literature,
important for understanding carbonization process is the fact that alumocarbonate of alkaline metals
may form at the end of the carbonization process and overviewed as admixtures. But the analysis of
the data from the publications and our own researches of variable factors influence on the
carbonization process of aluminate liquids shows that extracted aluminum hydroxide always contains
more or less amount of sodium alumocarbonate. On the basis of conceptions of coordination
chemistry and taking into consideration that sodium aluminate is a coordination compound, an
alternative scheme of carbonization has been suggested acting on presumption that the basic product
of carbonization is sodium alumocarbonate which interacts with alkaline and sodium aluminate forming
the aluminum hydroxide:

Na3[AI(OH)6](L) g Na[A/(OH)4](L) +2 NaOH(L) ,

2 NaOH(L) + COQ(G) — N82C03(L) + H,0,

Na[Al(OH)4] 1) + COzc) — Na[Al(OH),COs] s) + H-0,

Na[Al(OH).CO3] s) + Na[Al(OH)4] 1) — 2 Al(OH)3s) + NaCOgs).
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The math model of the process has been developed which can show the reasons of aluminum
hydroxide contamination with the compounds of sodium. Our suggested scheme of chemical reaction
allows to change the organization of technological process of aluminate solutions carbonization in
general.

Key words: sodium aluminate, alumocarbonate, carbonization, math model of the process,
aluminum hydroxide.

KnumeHko AHpgpenn AnekcaHapoBuuy - uHXeHep-TexHoror OOO «[lpomuemeHT», Ten.:
(+38099)203 — 95 — 38, E-mail: sandkim@rambler.ru.

LlWanoBanoB Banepun BacunbeBuy — O-p xuMm.Hayk, npodp., 3aB. kadenps! «[puknagHas
9KOMOTNS U OXpaHa oKpyxawuwen cpegbl», BY3 «[JoOHEUKMn HauMOHambHbIA TEXHUYECKUN
yHuBepcuteT», yn. Aptema, 58, 83000, r.[JoHeuk, YkpauHa; Ten.. (+38062)910-397, E-mail:
wwshapovalov@gmail.com

KonecHuk TaTbsiHa BukeHTbeBHa — uHxeHep kadegpbl «[MpuknagHas akomnorms n oxpaHa
okpyxatowewn cpegbly, BY3 «[oHeukni HaumoHamnbHbI TEXHUYECKUIA yHUBEpCUTET», yn. ApTema,
58, 83000, r.[loHeLk, YKkpaunHa.

lWanoBanosa Tamapa BwuktopoBHa — CT. npenof. kadeapbl «llpupogooxpaHHas
pearenbHocTby, BY3 «[loHeUKMA HauUMOHamnbHbIA TEXHUYECKUA YyHUBEpCUTET», yn. ApTema, 58,
83000, r.[JoHeLK, YkpanHa.

OcoBckasa AHactacua AHgpeeBHa — CcTyaeHT, IBY3 «[JoHeuknin HaunoHanbHbIN TEXHUYECKNIA
yHuBepcuTeT», yn. Aptema, 58, 83000, r.[loHeuk, YkpauHa; E-mail: nosovske@mail.ru.

YK 661.847:669.53546.05:502.1

F0.B. MHyckiHa, kaHa.xim.Hayk (OBH3 «[oHeubkni HauiOHanbHUA TEXHIYHUN
YHiBEPCUTET)

BUTAI HIKEJIIO 3 BIAXOAY I'AJIBBAHIYHOI'O BUPOBHUILITBA
CYJIb®ATOM AMOHIIO

LocnidxeHo ocadxeHHs1 HIKe | UUHKY 3 pidkoi ¢pasu eidxody 3a Oornomozoro cyribghamy
aMoHito. BugyeHo erinue Ha rpouec ocadxeHHsT memMrepamypu fpoyecy, 8UxiOHOi KOHUeHmMpauii ioHy
8 PO3YUHI, KOHUeHmpauii cip4yaHOi Kucriomu, makoX OOCIOKEeHO egeKmuUeHiCmb 0cad)KeHHS
cynbchamom Karnito. BusHayeHi onmumarsibHi ymosu rnposedeHHs1 npouecy. [ocnidxeHo rnpoyec
crigocadXXeHHs1 YUHKY i HIKerto cyribghamom aMOHilo.

Knroyoei cnoea: 8idxodu eanbeaHiyHO20 6UPObHUUMEa, HiKeslb, UUHK, Kobasibm, Kaomil,
cynbcham aMoHito, cynbgham Kasito, nooeiliHa cinb, crigeocatKeHHs YUHKY i HiKeslro

B ranbBaHOTEXHiUi LMPOKO PO3MNOBCIOOKEHI NMPOLECU HAHECEHHSI 3aXMCHOro
MOKPUTTA Ha MOBEPXHIO Pi3HMX MeTaneBux BUPOGIB, MNig 4ac SAKMX YTBOPHOKOTHLCS
BiAXOAN 3 HU3bKUM 3HadeHHsaM pH. YTunisaudis BigxoaiB ranbBaHOTEXHIKM, dKa
OXOMSIE TaKi NPOLECU SIK LMHKYBAHHS, HIKEMNIOBAHHA Ta KagMyBaHHS, € OOCUTb
CknagHoto 3apadeto. lNonepenHss nepen CKUOAHHAM HeWTpanisauis cogow  umx
BiAXOA4iB, IO MICTATb B CBOEMY CKNnagi LiHHI KOMMNOHEHTW, a caMe LMHK, Hikenb,
KagMil Ta iHLWi, JO3BONSAE 3MEHLUMTU HEraTUBHUMA BMNWUB Ha OOBKINNA. Ane Takun
nigxiga He BUMPpILIYE rOfIOBHOI €KOMOriYHOI NPO6neMU: HAassBHOCTI Y HUX iOHIB BaXKmMX
mMeTanie, Wwo, 6e3nepevyHo, HeraTMBHO BMMMBAKTb Ha NPUPOAHI 06’ekTW. 3 iHWOro
OoKy, Ue BTpaTa KOLWITOBHUX KOMMOHEHTIB, WO MOXYTb OyTWU BUKOPUCTaHI Yy
npomMmncnoBocTi. TOBTO, BAUTAr LMX MeTaniB Mae nepesarn Sk 3 €KOHOMIYHOT TOYKM
30pYy, TaK i 3 TOYKMN 30pY BUPILLEHHA NPUPOLOOXOPOHHUX Npobriem [1-4].

Omxe, npobnema nondrae y BM3HAYeHHi cnocobiB yTunisaudii Bigxoais
€MNEeKTPOXIMIYHUX i ranbBaHiYHUX BUPOOHULTB 3 BUTATOM LIHHMX KOMMOHEHTIB: LIUHKY,
Kagmito, Hikenwo, migi ta kobanbTy — ANdA X HACTYNHOro BUKOpUCTaHHA. MeToto
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NpoBeAEHHA AaHWX [OCMiIKeHb € BU3HAYEeHHA MeTOAMKM nepepobku Bigxoay
ranbBaHiYHOro BUpobHMUTBa NignpuemcTBa [JoHeubKol obnacTi ns BUTArY Hikernto.

Mip 4ac npoBedeHHs eKCnepuMEHTY OynnM BUKOPUCTAHI  OKCUMA  LIMHKY
kBanidikauii “x.4.”, cynbdaT amoHito (NH4)2.SO4 kBanidikauil “x.4.”, po3dnHu cipyaHoi
kncnotu. [llpouec ocamkeHHA IOHIB MeTaniB npoBOAMBCA MNpU  NOCTIMHOMY
nepeMillyBaHHi Ha MarHiTHIn miwanui npu Temnepatypax 0 i 25°C. TemnepaTtypy
nigaTpymyBann MOCTIMHOK 3a AOMNOMOrow TepmocTaTy Ta JibOL4OBOI  CyMilli.
MonaporpadivyHMii aHania NpoBOAMBCA Ha YHiBepcanbHoMy nondporpadgi MY-1 3a
TPLOXENEKTPOOHOID CXeMOK. KaToaom CnyxvB PTYTHWUA enekTpon, WO Kanae, B
SIKOCTi enekTpoay MOpiBHAHHA BUKOPUCTOBYBaBCS xnopcpibHui enektpoa EBJ1-1M4,
B SKOCTI nonsporpadgivyHoro ¢oHy BMKOpUCTOBYBanun amiadyHui ¢oH. Ocagn Big
pigkol dasn Bigainanu 3a gonomorot  ueHTpudyrm  LJIK-1 npu  wBuakocTi
obepTtaHHa 2000-3000 o6/xBun. AHania BUXigHOI CUPOBMHU i NPOMDKHUX MPOOYKTIB
NpoBOAUIIM MEeTOoA4aMKM XiMIYHOro aHanisy, peHTreHoasoBOro aHanisy i aToMHo-
abcopObuinHOoi cnekTpocKonii, OCTaHHIO MPOBOAUIIM 3a AOMNOMOrok npunagy mapkm C
— 115 MKC.

EnemeHTHUM XiMiYHMI cKnapg 3paskiB BiAxo4y Bignosigae HaBegeHOMY B Tabn.
1. Mpubnmn3aHMn BMICT OCHOBHMX KOMMOHEHTIB B OcCafi, L0 HanpaensieTbCA Ha
KNCNOTHE PO3YMHEHHS MICS MPOMUBAHHA BOLO, TEPMIYHOT 0OpOBOKM Ta eKkcTpakuil
LMHKY Nyrom, HaBegeHo B Tabn. 2.

Tabnuusa 1. XimiyHmn cknag sigxoay (B.N.n. — BTpaTU NiCNSA NpoXapoBaHHSA)

MacoBa gons enementy, %
enemMeHT Fe Pb Cu Ni Al Cr Sb
1,38 0,006 0,30 5,90 <0,001 0,0003 0,026
enemMeHT SiOo, Cl K Ca Na Zn S
0,46 5,52 0,98 0,55 6,30 13,20 3,50
enemMeHT Ag Au Pt Pd Mo Co \'}
<0,0002 - <0,0002 <0,0002 0,012 0,80 0,02
ernemMeHT Mn Bi Cd Sb Sn Mg B.M.N.
0,015 <0,0005 4,60 0,05 0,05 0,45 38

Tabnuusa 2. Po3paxyHKOBUIN BMICT OCHOBHMX KOMIMOHEHTIB Y CUPOBWHI NiCnis
ekcTpakuii 90% unHKY (y nepepaxyHKy Ha Cyxy pe4OBUHY)

Ne KomMnoHeHT LinHk Kagmin Hikenb Kobanet | Cyma

1 Y nepepaxyHky Ha meTan, mac.% 8,2 54,2 18,0 ~ 0,93 81,33

2 Y nepepaxyHKy Ha okcug MeTany, 10.2 619 229 ~113 96.2
mac.% ’ ’ ’ T ’

[na posgineHHs meTanis, WO BXOAATb O CKNagy MPOMUTOI Ta MpoXapeHol
CUPOBMHK (Qani cMpoBKHA), NOTPIOHO NepeBedeHHs X y po3ymH. Bei nepepaxoBaHi
MeTanu pearylTb 3 CipYaHOK KUCNOTOK 3 YTBOPEHHAM PO3YUHHUX Cynbdaris.
Buxogsum 3 gaHmnx 1abnuui 2, onsa po3dynHeHHs 1 kr ocagy HeobxigHo 4355 r abo
3820 cm® 20% cipyaHol kucnotn. HaBegeHi AaHi € OPIEHTOBHMMMU, Tak K 3anexaTtb
BiI BMICTY KOMMOHEHTIB i 3 IX 3MIHOIO MOXYTb [AekKifnbka BapitoBaTucda. B uinomy,
KINTbKICTb  CipYaHOl KUCROTW, WO MOAAETbCSA Ha PO3YMHEHHS ocady, He MNOBWHHA
nepeBuLLyBaTU BENUYMHY, sika 3abeanedye pH po3umHy Ha piBHi 4-6. Jluwe B TOMYy
BMNaaKy 3abesneyvyeTbes nopanblue BUAINEHHSA 3 po3dnHy kobansTty y Buai Co(OH)s.
Ton akT, WO CUPOBMHA LINIKOM PO3YUHAETLCS B KUCMOTaXx, CBIgYUTb MPO MNOBHE
nepeBefeHHs1 KOLUTOBHUX KOMMOHEHTIB CUPOBUHU 3 HEPO3YNHHOMO CTaHy B PO3YMH.
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Omxe, 3rigHO Tabn. 2 nicna BWMY)XYBaHHA OCHOBHOI KiflbKOCTi  LIMHKY
HanGINbLWMA BMICT Yy CUPOBWHI HanexuTb Kagmito. EnekTtpoekcTpakuis kagmito —
npouec OOCUTb pPO3noBcCogKeHUn [5, 6]. 3anponoHOBaHO MNPOBOAUTM BUNYYEHHS
KagMilo LUNAXOM €enekTponidy CipYaHOKUCIIOro pPO34uHy, KagMi BUAINAETbCA Ha
katogi. 3rigHO gaHuMM nonsporpadii, HaBiTb NPU NPOBEAEHHI Npouecy 3 PO34YMHOM
BUXIOHOI CUPOBMHM 3 no4vaTkoBuM pH=4 B npoueci enekTponizy nepeBaxxHO
BUOINAETbCA KagMin. YnctoTa kagmito, Wo BUAINSETLCA Npy ryctuHi Toky 0,03 Alcm?,
cknagae 98,7%, OCHOBHiI OMILLKM — Migb, UWHK, 3ani3o (Tabn.3).

Tabnuua 3. XimiyHnin cknag Kagmito enekTposiiTu4HOro

MacoBa yacTtka, %
3pasok
Ni Zn Cu Co Fe Cd HaBaxka, r
1 <0,010 0,340 1,58 0,013 0,105 97,97 0,0760
2 0,003 0,050 1,18 0,005 0,040 98,73 0,2
0,003 0,040 1,18 0,005 0,040 98,74 0,2

BignosigHo, npu nonepegHin o4nucTui Big 3aniza Ta Migi Ta BUTArY LIMHKY
PO34YMHOM fyry, 4YMCTOTa KagMilo 3Ha4yHO nigsuwyeTtbcs. Cnig 3ayBaxuTu, WO
nigBuweHHs WwinbHocti Toky Ao 0,06 AlcM? Ha kiHueBil cTagii enekTponisy
Npu3BOaUTbL OO0 MIOBULLEHHS CTYNeHw 3abpyoHEHHs KagMmild LMHKOM (Ha KaToAi
BUAOINAETbCA MeTan 3 cniegigHoweHHsaM Cd:Zn=1:1).

Micna Butary kagmito Hikenb nocigae nepwe Micue 3a BMICTOM cepefq
KOMMOHEHTIB Yy po34uHi. OgHak npouec OCaKEeHHS HIKemnt CyrnpoOBOAXKYETLCS
ocagKeHHsaM KobanbTy. PosfineHHs uux meTaniB yCKNagHETbCS X NogibHumMu
BNnacTueBocTaAMWU. ToMy nepen BUOINIEHHAM HIKEN OOUINbHO OYUCTUTU PO3YUH Bif
kobanbTy - OCHOBHOI AOMILLIKW MpW BUAINEHHI Hikento. Bigomun cnocib Butar
kKobarnbTy OCHOBaHO Ha OKWUCHMEHHI PO3YMHHUX CMOMyK ABOBANEHTHOro kobanbTy y
Hepo3unHHUN Co(OH)s npn pH 6nu3bko 5. 3asBuMyan OKUCNEHHS MNPOBOAUTLCS

rasonofibHum xnopom [6]. BukopuctaHHs

100 1 uiei  pedyoBMHM OOMeExeHe npaBunamum
80 - Ge3nekn npu 36epiraHHi i BUKOPUCTaHHI
rasonogibHoro xsopy. Hamun 3anponoHoBaHO

2 60 - —e—Co OKUCIEHHSA XNOPHUM BarnHoM, aKe
= —O—Ni A0JAaeTbCa OO po3yvmHy abo y cyxomy Bugj,
540* abo y Buai cycnensii. Lls peyoBMHa Mae
220 | nepesarn 3 TOYKU 30pYy 6e3ne|.<|/|. KIJ‘IIbKICTb
£ XIOPHOrO BarnHa 3anexutb Big BMICTYy B
£ 00—0—0 o0—0O HbOMY aKTWBHOTO Xropy. Mpwn
0 8 16 24 32 40 OLHOPa30BOMY A0AaBaHHi XNIOPHOro BanHa
Maca XJfIopHoro BarnHa, pasomM 3 Crojiykamu Ko6aany O0CaXyeETbCA

I Ha 1 Kr CMPOBUHM 3Ha4yHa KiNbKiCTb Cnonyk Hikemo. [lpw

NopuiHOMY OodaBaHHi  BamHa  KifbKiCTb

Puc. 1. 3anexwicts crynenio OCAKEHNX CMIOMYK HIKETIO MEHLWE, i y UboMy

BUTArY MeTaniB Big Macu XINOpHOro BUNaaky KobanbT BNOINAETBCA B OinbLw
BanHa. (1 kr BigMuTOi Ta I'IpO)K?peHO'I' 4yncTomy BUAaj (pVIC. 1)_

CMPOBUHM pO3uMHeHo B 8,74 am 18% Micns eneKkTpoekcTpakuii kagmito i

Cip-aroi kucriotv) BUAiNeHHa kobanbTy y Buai ocagy Co(OH);

OCHOBHUM MeTasnioM, O MICTUTbCSA Yy OOCAIgKYBAaHOMY CipYaHOKMUCIIOTHOMY PO34MHI,

€ Hikenb. 3anponoHOBaHO BUAINEHHSA HIKEMO 3 ypaxyBaHHAM MOro BNacTMBOCTEN SK
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MeTana-komnnekcoyTsoptoBava. OcagKeHHs1 HiKeno y cknagi KOMMMIEKCHOT CromnyKu
CynbdaToOM aMOHIt0 3 PO3YUHY CipYaHOI KUCNOTU BiAMNOBIAA€E HACTYMNHIM peakuil:

NiSO4 + (NH4)2SO4 — (NH4)2[Ni(SO4)2].

[na BW3HA4YeHHs ONTUManbHUX YMOB MPOBEAEHHS Mpouecy LOCHigKeHO
OCa[KEHHS HIKen npu pidHMX TemnepaTtypax, BMICTY Cynb@aTy amMoHit0, Pi3HMUX
BUXIOHUX KOHLIEHTpAUisIX iOHY HIKeSlo Ta PIi3HUX KOHLEHTpauisX Cip4aHOoi KUCNOTU
(Tabn. 4-6).

Tabnuusa 4. 3anexHiCTb CTyNeH BUTArY HiKemo Big BMICTY CynbdaTy aMOoHito npu
Canx.(Ni#)=30 r/gm°, C(H2S04)=16,8%

Temnepartypa 25°C Temnepartypa 0°C
BmicT
(NH4)28304’ KoHueHTpaLis ioHy CTyniHb KoHueHTpauis ioHy CT1yniHb

rlam Hikenio, r/am® ocapkeHHs Ni, % Hikenio, r/am® ocamkeHHs Ni, %
0 30 0 30 0
40 28,94 3,5 17,05 43,2
60 23,1 23,0 5,73 80,9
80 18,05 39,8 2,25 92,5
120 10,1 66,4 - -
160 5,04 83,2 - -
200 2,65 91,2 - -
240 1,57 94,8 - -

Tabnuusa 5. 3anexHiCTb CTYNEHI0 BUTATY HiKento Bif BMICTY Cynb@aTty aMOoHito npu
Con (Ni*)=20 r/am®, C(H2S04)=16,8%

BmicT TemnepaTtypa 25°C Temnepatypa 0°C
(NH4);S04, | KoHueHTpauis Ni**, CTyniHb KoHueHTpauijs Ni*, CTyniHb

F/.EI.M3 r/,cl,M3 ocamkeHHa Ni, % r/,1:|,|v|3 ocamkeHHS Ni, %
0 20 0 20 0
20 20 0 17,56 12,2
40 - - 9,02 54,9
60 14,87 25,6 4,34 78,3
80 - - 2,0 90,0
100 7,08 64,6 - -
140 3,13 84,4 - -
180 1,44 92,8 - -

Takmm 4dmHoMm, 3rigHO Tabnuupb 3-4, TemnepaTypa CyTTEBO He BMMBAE Ha
CTYyNiHb OCafXeHHs1 Hikento, skunm cknagae 90-95%, ane iCTOTHO BANMBaE Ha
KINbKICTb CynbdaTy amoHito, WO HeobxigHa Ons OCafKeHHSA Hikento. 3 Uiei ToYkn
3opy 0°C € onTumManbHOK TeMnepaTyporo NPoBeAeHHS MPOoLEeCy.

Mpyn enekTponiTMYHOMY OCaKEHHI KagMilo Yy PO34YMHi CYTTEBO 30iNblLUYETHCS
KOHLEeHTpaLiqa cip4aHol KUCMOTK, sika MOXe 3aBaXkaTu BULINEHHIO Hikento. ToMy Hamu
Oyno OOCniaKeHO OCaKEHHSI iIOHY HiKemn cynbdaTOM aMOHil0 B 3anexXHOCTi Bif
KOHLeHTpaLil cipyaHol kucnoTu (tabn. 6).
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Tabnuusa 6. 3anexHiCTb CTyNeH BUTArY HiKeno Big BMICTY CynbdaTy aMOHito npu
TemnepaTypi 25°C, Caux (Ni*)=30 r/gm®

Bwmict C(H,S04)=48% C(H2S04)=32,21% BOOa
(NH4)2S0Oy4, | KoHueHTpauis CryniHb KoHueHTpauis CryniHb KoHueHTpaLis CTyniHb
r/gm® NiZ* rigm® OCalKEHHS NiZ*, rigm® OCaKEHHS NiZ* riom® | ocamxerns Ni,
Ni, % Ni, % %
0 30 0 30 0 30 0
40 26,7 11,1 26,05 13,2 29,35 2,2
80 18,9 36,9 15,79 47,4 20,97 30,1
120 9,12 69,6 11,21 62,6 12,26 59,1
160 6,50 78,3 5,37 82,1 2,94 90,2
200 3,80 87,3 2,45 91,8 2,19 92,7
240 3,46 88,5 1,54 94,9 - -
280 1,94 93,5 - - - -

3rigHo puc. 2, KOHUEHTpaLia cipYaHOT KUCNOTK iCTOTHO HE BNIMBAE Ha CTYMiHb
OCaKEHHS HiKent. Y Toun Xe 4vac 3i 36inbleHHAM BMICTY KUCNOTU ONA OOCATHEHHS
BGaxaHOro CTyneHsa ocamXeHHs NoTpibHa BinbLua KiNbKICTb CynbdaTy amMoHito.
HocnigpxkeHo npouec ocagKeHHs Hikerno cynbgartoM Kanito 3amicTb cynbdary
amoHito (puc. 3). MNopiBHAHHA OaHUX CBIAYUTb, LLO NPWU BUKOPUCTAHHI OAHIET i TiET X

KINbKOCTI cynbdaTy Karnito

[OCAraeTbCs NPy BUKOPUCTaHHI cynbdaTy aMOHito.

X

X O &
W N -

100 -
X80 -
[°N
I
I
2 60 -
=)
©
S
S 40
=z
c
£ 20 -
0 xd-X
0
Puc.2.

50 100 150 200 250 300
BMmicT (NH,),SO,, r/m®

3anexHicTb

CTynNeHs

ocapkeHHs Hikento Big BMIiCTy (NH,4),SO,
npw Pi3Hin KOHUEHTpaLil cipyaHOl KUCOTH.
1 - C(H2S04)=48 %; 2 - C(H,S0,)=32,21
%; 3 - BOAa

i cynbdaTy amoHito OiNblWnin  CTYNiHb OCaKEHHS
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&
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Puc.

ocaXeHHA

3.
Hikento

BmicT K,SO,, v

Big

3anexHictb

CTYMeHo
Bmicty  KySO,.

BuxigHa koHueHTpauis ioHy Hikento 30 F/,EI,MS,
KOHUEeHTDauisa kucnoTtu 16.8%

Cnig 3asHauMTh, WO YTBOPEHHS NOABIMHOI COSi 3 CyNbdaToOM aMOHI0 TaKoX
XapakTepHO i Ansa iOHY UMHKY. 3Baxawum Ha 3anuuoK UMHKY Yy CUPOBWHI nicns
BUMNY>XYBaHHA (Tabn. 2), MoXnuBe CrniBOCaKeHHS LUHKY i Hikento. Tomy nonepegHso
OOCIIgKEeHOo npouec oCafKeHHS LMHKY CyNbdaTOM aMOoHito.

Ak Bigomo, cynbdaT UMHKY YTBOPIOE 3 CyrnbdaToOM aMOHit0 KOMMNIIEKCHI coni 3a

CXeMOl0:

ZnSO4 + (NH4)ZSO4 — (NH4)2[Zn(SO4)2]
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HocnigxeHo BnnmB Temnepatypu (25°C i 0°C), BuXigHOI KOHLUEHTpauil ioHy
LMHKY B po3umHi (30 r/am® i 20 r/am®), kinbkocTi (NH4).SO4 Ha 0camkeHHs IOHY LiHKY
B 16,8% cipuaHin kucnoti (puc. 4). 3rigHO UMM JaHUM, TemnepaTypa CYTTEBO He
BNMBAE Ha CTyMNiHb OCaKEHHS UWHKY, skui cknagae ~90-95%, ane Big
TemnepaTypu CyTTEBO 3aNeXnTb KINIbKICTb CySibddaTy amoHito, Npu SKOMY LeKn CTyniHb
pocsraeTbcsa (MeHWi TemnepaTypi BiANOBiAae MeHLLA KiNbKIiCTb COni).

Y ocagi nicna BUny>XyBaHHs BMICT LMHKY OO0 HiKeno BigHOCUTbCA fK ~ 1:3-1:2
(tabn. 2). TOMy crninbHe Ocaﬂ,)KeHHFI npoBeaeHO Npu BUXIOHIN KOHUEHTpaUil ioHy
Hikento 30 r/gm”, a unHky — 10 r/lam®, KOHUEeHTpauil cipyaHoi kucnotn 16,8% (puc. 5).
OTxe, npu Temnepatypi 25°C i BMIiCTi cynbaTy amoHito 240 r/am® cTyniHb BUTSITY
MeTaniB cknagae ons Hikento mamke 97%, ansa umHky — 80%.

100 -

100 - L 4
x X
| / 52 80 - o)
80 ?< %
: $60
i’ 60 - ,/ %
z 4 8
% 40 - —o—1 2407
Q A 2 =
o —0—3 3 .
£ 20 - --X--4 20 - & Ni
E Q@Zn
6
O ‘ ‘ ‘ 0 C/ T T T T 1
0 50 100 150 200 250
0 100 200 300 400 .
BMmicT (NH,),SO,, /v BmicT (NH,),SO,, v
Puc. 4. 3anexHictTb  CTyneHwo _
OCADKEHHS LIAHKY BID, BmicTy (NH4),SO,. 1 - Puc. 5. 3anexHicTb cTyneHto
Canx. (Zn ) 30 I'/.D.M t=25°C; 2 - OCaKEHHS1 HiKento i LUMHKY Bif BMICTY
CBV.X_an ")=30 r/gm°, t=0°C; 3 - CBMX_an2+)=20 (NH4)2SO4
r/iom°, t=25°C; 4 - CBMX_(Zn2+)=20 r/fam°, t=0°C

[Mpu cninbHOMYy OcCagXeHHi MeTarniB YTBOPHETLCA Ocaf, WO CKNagaeTbcs 3
KOMMNIIEKCHUX conien. Y ocafi UMHK i Hikenb MiCTATbCA Y cniBBigHOWeHHi Zn: Ni = 1: 4,
TOMY ON9 OTPUMaHHS YMCTUX MPOLYKTIB MOCTA€ MUTAHHA MPO PO3AINEHHA CyMiLli
conewn.

Bynn npunHATI cnpobu po3gineHHs TBepAoi CyMilli COMen HIiKent i LMHKY
(NH4)2[Zn(S04)2]:6H20 Ta (NH4)2[Ni(SO4)2]:6H20 3 BMKOPUCTAHHAM pPO34YMHY Nyry.
Mpu B3aemogii 3 po34nMHOM nyry cyrnbdaTn HIKENIO | LUHKY YTBOPIOKOTL Pi3Hi CMOMYKN:
HEePO3YMHHUWN TIAPOKCUA HIKEM i PO3YMHHI LUMHKaATKM HaTpito. LIHK mae nepentun y
PO34MH, BiANOBIOHO Hikenb y TBepay dasy. [na uboro cymiw conen obpobnaeTbcs
PO3YMHOM TiAPOKCMAY HaTpilo, BIOraHAETbCA amiak WASAXOM KUM'ATiHHA. [licns
eKCTPpaKUil LUMHKY pigka ¢pasa HanpaBnseTbCA Ha CTadilo enekTponidy LUMHKY, a
TBepAa - Ha cTagilo BigMuBaHHA. TBepaa dasa npeactaeBnse cobow rigpokeung
Hikento Ni(OH),, akuin € ToBapHUM npoaykToM. Y pes3ynbtati AOCHioKEeHHSA
BM3HAYEHO, LLO KOHUEHTpauia nyry NpakTU4HO HE BMAMBAE Ha CTYMiHb BUIYYEHHS
UMHKY. BcTtaHoBneHo, wWwo nicns obpobku cyMmilli KOMMMEKCHUX COMEN rigpoKCuaom
HaTPil0 UMHK y KinbkocTi 25-30% Big BMICTY Hikeno 3anuwaetbecs y TBepain dasi.
[MoBTOpHa 06pobka He JO3BOMSIE 3MEHLUNTU L0 KiNbKICTb. B pesynbTaTi npoBeaeHHs
pagy gocnigie Hamy  3anpornoHoBaHa MeToAuka BigAiNeHHa UMHKY 3 CyMildi
noABinHMX conen. [na uboro Cymiw conen crnovaTtky PO3YMHAKTb B MiHIManbHin
KinbKOCTI BOAW, NigirpiBatoTb, a rigpokcua HaTpito Ao4aloTb ManeHbKUMKU NopLigaMu.
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TobT1o, ANA BUTArY UMHKY 3 CyMilli MOABIMHMX corien HeobXigHi 6inbLl M’sKi yMOBM
06pobkM rigpokcMaoMm Hatpito. HactynHumu cTagisMu € BigroHka amiaky i
UeHTpudpyryBaHHsa. 3a OOMOMOrol  Monsporpamm  BCTAHOBMEHO, WO  LMHK
BUTAraeTbCA, Y Ocafi 3anvaeTbCAa TiflbKM HiKenb Yy BUMMAAI rigpoKcuay Hikenwo i
MOXe ByTn ToBapHUM NPoayKTOM. LIMHK nicna oBpobkn po3dunHOM Nyry 3anmiiaeTbCs
y po34unHi. OTpMaHHs MeTaneBoro LMHKY MOXITMBO NPOBEAEHHSAM eNeKTPOoniay.

TakMm 4nMHOM, 3anpornoHOBaHi cTagdii NepepobKkn CUPOBWUHW, 3aBASKU SKUM
BOAETbCSA BUAINMUTU HiKENb.

1. Kagmin, wo mae HanbinblWnn BMICT B CUPOBUHI MIiCNA BUMNYXYBAHHSA LINHKY,
BUMNYyYaEeTbCA €MeKTPOsii30OM  CipY4aHOKUCIIONO  PO3YUHY CUPOBUHW, NPU  LIbOMY
[OCAraeTbCa 4OCUTb BENUKUIW CTYNiHb YACTOTU MeTany.

2. OpHielo 3 cknagHUX 3agadv € po3AdinieHHsA Hikento i kobanbTy, noaibHux 3a
Bnactmeoctamu. Llilo  3agayy  BUPILLEHO  OKUCMNEHHAM  PO3YMHHUX  CMOMYyK
ABOBaneHTHoro kobanbTy 4o HepodunHHoro Co(OH); npyu pH 6nm3bko 5 xnopHum
BarnHOM, sike O0LAa€ETbCA MopuisMn 0O po3dnHy abo y cyxomy Buai, abo y BuAi
CyCneHsil.

3. 3anponoHoBaHO MPOBOAUTU OCAPKEHHSI HIKent 3a LOMOMOrok cynbdarty
aMOHIil0 Yy BUIMAAI KOMMMEKCHOI coni. BcTtaHoBNeHo, WO MakcumarnbHUW CTYMiHb
BUTAry Hikento cknagae 90-95%, npu UbOMY Ha HbOrO CYTTEBO HEe BMMAMBAE Hi
KOHLeHTpaLia cipyaHOl KMCNOTKU, Hi Temnepatypa npoBefeHHs npouecy. B Tton xe
Yac BKasaHi MapamMeTpu CyTTEBO BMIMBAKOTb Ha KiNbKiCTb HeobxigHoro Ans
ocafXeHHs1 cynbdaTy amoHilo. BcTaHoBneHo, WO npu BUKOPUCTaHHI cynbdaTty
aMOHI0 [OCAraeTbCA BULLMA CTYMiHb OCAKEHHS, HK NPU BUKOPUCTaHHI CynbgaTty
Kanito.

4. [ocnimkeHo cniBOCafXEHHA LMHKY | HIKESo npu BUTA3I 3 CipYaHOKUCNOro
poO34nHy. MakcnmarnbHuin CTyniHb BUTArY meTanis cknagae 97% Hikento i 80% UMHKY.
[na po3nineHHs cymiwi KOMMMNEKCHUX COMNen Hikernto i UMHKY HeobXiaHi M'aKi yMOBU
0Bpobku Ti rigpokcnaomM HaTpito (PO3YMHEHHS B MiHIManbHIKM KiflbKOCTI BOAW, Nigirpis,
AofaBaHHA PO34YMHY Iyry Hesenuvkumu nopuismu). [licna  BiAroHkM amiaky i
LEeHTpUdYryBaHHS y ocafi 3anulacTbCs TiNIbKU HiKenb y BUrNaai rigpokcnay Hikeno.

Aesmop sucnoenoe nodsiky npogpecopy B.B. Lllanosanogy 3a
doriomoey y nposedeHHi rnosisipoepaghiyHUXx AoCniOKeHb.
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10.B. MHyckuHa W3BJIEYEHUE HUKEJIA W3 OTXOOQA TAJlIbBAHUYECKOIO
MMPON3BOLCTBA CYJIb®ATOM AMMOHUA

UccnedosaHo ocaxdeHue HUKeNs U UUHKa U3 XUOKoU hasbl omxoda ¢ noMouwbio cyrbthama
aMMOHusl. M3y4eHO enusiHUe Ha [rpouecc ocaxO0eHuUss memrnepamypbl rfpoyecca, UCXOOHOU
KOHUeHmpauyuu uoHa 6 pacmeope, KOHUeHmpauyuu CcepHoU Kucriombl, makxe uccredosaHa
agppekmusHocmb  ocaxOeHusi cynbthamom  Kanus. OnpedesnieHbl  OofMuMarsbHble  YCr108UsI
nposedeHus npoyecca. Miccriedo8aHo npouecc coocax0eHus YUHKa U HUKersl CyribghbamoM aMMOHUSI.

Knrodeeble cnoea: omxolbl 2afib8aHUYECKO20 npou3eoocmea, HUKEsb, UUHK, Kobarbm,
Kkadmud, cynbcham aMMOHUSI, Cyribgham Kasnusi, 080UHasi COflb, COOCaXOeHUe UUHKa U HUKEIS.

Ju.V.Mnuskina NICKEL EXTRACTION FROM GALVANIC PRODUCTION WASTES BY
MEANS OF AMMONIUM SULFATE

The galvanic production wastes processing stages to extract nickel are presented. First,
cadmium is extracted from a prepared source material. The sufficient purity grade cadmium extraction
is carried out through electrolysis of sulfuric acid solution as a source material. The main components
of source material after electrolysis are cobalt and nickel as well as zinc. One of difficult tasks is
separation of cobalt and nickel since they have much resemblance in their properties. This task was
solved by oxidation of soluble two-valent cobalt compound into insoluble Co(OH)s with pH about 5 by
means of chloride lime being added in portions as a dry material or suspension. The main source
material component — nickel — is proposed to be precipitated by ammonium sulfate resulting in double
salt formation. The influence of ammonium sulfate quantity, temperature, initial nickel ion and sulfuric
acid concentration on nickel precipitation efficiency was studied. It was ascertained, that the highest
nickel extraction rate is ca. 90-95% whereas neither temperature nor sulfuric acid concentration has
any sufficient effect on it. At the same time these parameters greatly influence the required ammonium
sulfate quantity. It was ascertained, that using ammonium sulfate results in higher precipitation rate
compared to potassium sulfate. Since the source material after liquification contains ca. 10% zinc
compared to initial content, the zinc extraction process by means of ammonium sulfate was studied. It
was ascertained, that zinc ion precipitation rate makes up 90-93%. The zinc and nickel coprecipitation
from sulfuric acid solution was studied. The content of zinc in sediment relates to the content of nickel
as ~1:3-1:2. Therefore, the coprecipitation with initial nickel ion concentration of 30 g/l and that of zinc
10 g/l was studied. The highest metal extraction rate is reached at ammonium sulfate concentration of
240 g/l and makes up 97% for nickel and 80% for zinc. To separate double salt mixture, the soft
conditions of processing with alkali solution are required (first, solution in smallest possible water
quantity, heating, adding sodium hydroxide in small portions). After ammonia distillation and
centrifugal separation the sediment contains only nickel in form of nickel hydroxide. Zinc remains in
solution after the processing with alkali solution. Obtaining metallic zinc is possible through hydrolysis.
So, zinc is being removed in two stages: 90% during the first stage through processing with sodium
hydroxide, and the remaining 10% through coprecipitation with nickel and further separation by means
of sodium hydroxide.

Key words: galvanic production wastes, nickel, zinc, cobalt, cadmium, ammonium sulfate,
potassium sulfate, double salt, coprecipitation of zinc and nickel.

MHyckuHa HOnua BnagumupoBHa - KaHO.XMM.HayK, OoUeHT kadenpbl «[puknagHas
9KOMOTNS U OXpaHa oKpyxawuwen cpegpl», BY3 «[JoHEUKMn HauMOHambHbIA TEXHUYECKUN
yHuBepcuTeT, [JoHeuk, YKkpauHa; e-mail: lmnsk@gmail.com.

VK 662.74: 66.028

0.B. WUnbuyeHko, C.[1. BepeTtenbHuK, kaHO. TexH. Hayk, pgoueHT (BY3
«[JOHELKMIN HaUMOHaNbHbI TEXHUYECKUN YHUBEPCUTETY)

YT MOJAEPHU3AIIAY KOHCTPYKIIUHI IIJIAHUPHOM IIITAHTTA

PaccmompeH 8onpoc ModepHU3auuU Cyu,ecmesyouux KOHCmMpYyKUUU ninaHupHouU wmaHau 0ns
M08bIWEHUST MIOMHOCMU Y20/1bHOU 3agpy3KuU 8 Kamepax KokcosaHusi. [NpusedeHbl cpasHUMerbHbIe
XapakmepucmuKu Cyu,ecmeyrouux KOHCMpyKUUl niaHUupHbIX wmaHe.

Knrodeeble cnoea: nnaHuUpHasi wmaHaa, YyeosibHasi wuxma, [I0mHOCMb 3a2py3Ku,
aKornozu4yeckasi 6esonacHoOCmMb, MOBbIWEHUE 3(hheKmUBHOCMU KOKCO8aHUs, 0bpamHbili 8biepeb
Kayecmeso Kokca.
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lMnaHnpoBaHMe yYronbHOW 3arpy3kM KOKCOBbIX MeYen SABMSAETCH BaXXHOW
onepaumen, OT KOTOPOM BO MHOrOM 3aBUCUT 3PEEKTUBHOCTb [JarnbHenLero
npouecca KOKCOBaHUS YroNbHOW LUNXTbI.

MonHoTa K1 CTabuNbHOCTL  3arpy3kM  KOKCOBbIX MeYen  SABMSHTCS
OCHOBOMoONarawLwmmm hakTopamu, obecneunBaroLMmMm BbICOKYHO
NPOM3BOAMTENBHOCTbL N pernameHTUPOBaHHbLIN 0BOrpPeB KOKCOBbLIX NeYyen.

MoBbIWeHMe NAOTHOCTU YrOfbHOW 3arpy3ky MO3BOMSET YBENUYUTb B LUMXTE
ONs KOKCOBaHWA [[OMt0 rasoBblXx W criabocnekawwmxcs yrrnem wu  noBbICUTb
NPOM3BOAMTENBHOCTb KOKCOBbIX NEYen.

YronbHass wuxta npu 3arpy3ke B Kamepe YMfoTHAeTCs HepaBHOMEpPHO.
O6nactn nosbIWEHHOW NSIOTHOCTU pacnonaralTca Mo4 3arpy3odHbIMU  fHoKaMMu,
FNaBHLIM 06Pa3oM Ha noay kamepsbl (775-900 Kr/M> Ha BRaxHyto Maccy) v B BEPXHEM
Cnoe yrornbHOW 3arpysku, YMNOTHAEMOM Mpu  nraHupoBaHun. HavmeHblias
NNOTHOCTb (650-770 Kr/M>) yronbHOM 3arpysku Mexay Miokammn 1 y ABepeii Kamepbi.

Mpn ogmHakoBbIX TemnepaTypax B OTONUTESNbHbIX MNPOCTEHKAX W nepuone
KOKCOBaHWA yBenun4yeHne NNoTHOCTU 3arpy3ku NMPUBOANT K CHUXXEHUIO TeMnepaTypbl B
OCEBOW MIOCKOCTU KOKCOBOro nupora nepep Bbligaden. OgHako B CBA3M C YCaaKoOW
YrOfbHOW 3arpy3kMm B MepBble 4Yacbl KOKCOBAHUSA €€ HacbiNHasg MNIOTHOCTb B
3HauYUTEeNbHOM Mepe BblpaBHMBAETCS, 4YTO crnocobcTByeT 6Gonee paBHOMEPHOMY
NporpeBy KOKCYeMOM Macchbl No AfMHE 1 BbicoTe kKamepbl [1].

YBenuyeHve nnoTHOCTU LUMXTbI NMONOXUTENBHO CKa3blBAETCS M Ha MPOYHOCTH
Kokca. [loBblleHWe nIOTHOCTM AoCcTUraeTcs MNyTéM  YMEHbLUEHUS CTeneHu
N3MEeNbYeHNUS  YronbHOW  LWKXTbl, TpamboBaHMEM, MPUMEHEHMEM YaCTUYHOrO
BpuKeTUPOBAHUSA, TEPMUYECKOWN MOATOTOBKMN.

[MnaHvpoBaHWe YronbHOM LWMXTbl MOXET MOMOXUTENbHO BAWATL Ha
3(pPeKTUBHOCTb MPOM3BOACTBA KOKCA MPU YCMOBMM, €CNKU TEXHOSMOorms npolecca
NNaHMPOBAHUS MU KOHCTPYKUMS MSI@HUPHONO YCTPOMCTBA U B YACTHOCTU MiaHUPHON
Wwtarn 6yayT yaoBneTBopATb cnegyowmm TpeboBaHuaM:

- NOBbILIEHME MMIOTHOCTU YrofibHOM 3arpy3ku B BepxXHeh 4acTu Kamepbl
KOKCOBaHUA; TeM cambiM OyaeT yBenuyeHa pasoBas 3arpyska nedyu, obecrneveHa
paBHOMEpHasi NIIOTHOCTb YrONbHOW LWKXTbl U B UTOre yry4lleHne KayectBa Kokca u
NpoOn3BOAUTENBHOCTU NeYu;

- YMeHbLUeHNe noannaHNUpHOro Bbirpeba LUMXTbl U3 KaMep KOKCOBaHWUSA, YTO
MO3BOSMIUT COKpPaTUTb BpPEMA MMNaHUPOBaHUA W, crnefoBaTenibHO, rasoBaHWe W
nbifieHne npu MNAaHUPOBaHUKW, a TaKkkKe nepeesnbl KOKCOBbITankmpatens Aans
BO3BpaTa NoANMaHNUPHOM LUMXTbl HA CKUMN YrofibHOM BaluHu;

- KOHCTPYKUMSA MAAaHUPHOW LUTAHMM AOSMKHA YYNTbIBATb BAUSIHUE MHOTOKPATHbIX
UUKIIMYECKMX NepenagoB TemnepaTtyp, NpUBOOALMX K paspyLlleHUo CBapOYHbIX
LWBOB M KOpPOGMNEHW0 3NeMEeHTOB LWTaHrM, 4YTo B uUTore notpebyeT 3artpaT Ha
PEMOHTHbI.

Mpn atom MorytT ObITb COKpalleHbl 3aTpaTbl MaLUMHHOIO BpPeMEHU Ha
obcnyxmBaHue Kaxaon neyvn, ymeHblueHne obpaTHoro Bbirpeba yrofibHOW LWMXThl B
ByHKep, NMKBUOANPYHOTCS 30HbI C MOHWKEHHOW MIAOTHOCTBIO YrOfIbHOM LUNXTbI.

MonoxuTenbHbI 3PMEKT NpM NIAHUPOBAHUN TaKKe MOXET OblTb OOCTUMHYT
He TONbKO TPaauMUMOHHBIMWM MeToA4amMu NnpeaBapuTenibHOM NOArOTOBKU LUNXTbI, HO M
COBEpPLUEHCTBOBAHNEM  CYLLECTBYIOLMX KOHCTPYKUMWA MAAQHUPHBIX LWTaHr  Ans
yMeHbLUeHNA obpaTHOro Bbirpeda LWnxTbl B 6yHKep [2].
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Moo 9ddEKTMBHOCTLID MPOM3BOACTBA KOKCA MOHMMaeTCca MOBbIEHNE
NPON3BOOUTENBHOCTU TMEYHbIX Kamep, yrydlleHue KadecTBa KOKCa, CHUXEHue
yOernbHbIX 3aTpaT Ha TOHHY KOKCa U yry4lleHne 3KONOrMYHOCTH npoLecca.

[Mpouecc nnaHMpoBaHUSA 3akn4aeTcsa B CcrefylolweM: Ha 3aBepluaroLllem
aTane 3arpy3km Kamepbl KOKCOBaHUS Nofg 3arpy304HbIMW OTBEPCTUAMM 0OpasyloTcs
KOHYCbl LUMXTbl, B TO BPEMSI KaK Mexay OTBEPCTUSMWU - MYCTOTbl. IMEHHO B 3TOT
MOMEHT W HauYMHaEeTCs MnaHuMpoBaHWe, npuyemMm npoboBanocb MHOro0 BapuaHTOB
yepenoBaHus 3arpy3km n3 OYHKEPOB M PEXMMOB ABWMXKEHUS MMAAHUPHOW LUTAHIN.
HwkHWe n cpegHne cnou YrofibHOW LUMXTbl YNAOTHAKTCA BO BPEMSA 3arpysku nopg
OENCTBMEM BeCa BEPXHUX CIIOEB  CaMOMNpPOM3BONbHO, 6e3  Kakux-nmbo
OONOSTHUTENbHbBIX BO34ENCTBUIA, TO €CTb NPOUCXOANT CaMOYMNIOTHEHNE.

KOHCTpyKLMM WITAHMM yOoenanocb He4OCTaTOMHO BHMMaHUS ansa obecneveHus
NOBbILEHMS NAOTHOCTU 3arpy3kn. [NaBHoW 3agadven 6bino obecnevyeHne NPOYHOCTU
M  OONMrOBEYHOCTM wWTaHrK. [1o3TOMy wWTaHra wmena nNpOCTENLLYH CBapHYHo
KOHCTPYKLMIO PaBHOrO COMPOTUBMEHUSA UMW PABHONO CEeYEeHUs U n3rotaBnuseanach u3
OTHOCUTENbLHO AelleBbix ctanen (puc.1, 2) [3].
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Puc. 2. lnaHupHas wtaHra paBHOro ceyeHuns

CyLecTByOLLNIA YPOBEHb  TEXHMYECKOrOo  OGCHYyXMBaHUS CHwxan
AONrOBEYHOCTb LUTAHIM U He no3Bonsn 3dQeKTMBHO YNpaBnsTb MNPOLECCOM
NNaHNUpPOBaHUSI.

HecTabunbHOCTb MNMOTHOCTHBLIX XapPaKTEPUCTUK YronbHOW LWIMXTbl cO3gaeT
NpeanocbINikKM HepaBHOMEPHOW MMOTHOCTM M MPOYHOCTM KOKCOBOFO MNUpora, 4To
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NOBbILLAET BEPOATHOCTb €ro ob6BasioB U camo3aknMHMBaHUA. Mcnonb3yemble HbIHE
NNaHWpHble YCTPOMCTBA fWWb YacTMYHO pewalT npobnemy noBbIWEHUA
PaBHOMEPHOCTU M MAOTHOCTU 3arpy3ku. HageXHOCTb TUMOBbLIX KOHCTPYKUMA HU3Ka
n3-3a paspyLLEHNs, Npexae BCEro NonepeyHbIX Neperopoaok niaHMpHbIX WTaHr Npu
LUMKINYECKUX MEXaHMYECKUX N TeMnepaTypHbIX BO3OENCTBUSAX.

MonoxuTtenbHbIN 3MEKT OT NPUMEHEHNA YCTPONCTBA ANS pa3paBHMBAHUA U
YANOTHEHUS LWWNXTbl B KOKCOBOW NeynM pJocturaetca 6narogaps  KOHCTPYKLUMU
NNaHWPHOM WTarM, nNpUMBEAEHHONW Ha pPUCYHKEe 3 W  BKAYawwen B cebs
napannenbHble nonocbl 1, KOTOpble COEAUHEHbI NMONEPEYHbIMU CTEPXKHAMU 2 N 3,
PaCNoONOXEHHbIMX NMOA4 YINIOM K HanpaBfeHUO ABWXEHWUS MNAaHMPHOW LUTaHTW,
obecneyveH HakMoH NnaHupywmnx neperopogok 4. KpenneHne nogobHeiM obpasom
NO3BONSET KaXKAOW Neperopoake BO3AENCTBOBATb Ha LUMXTY B HanpaBliEHUSIX; BHU3
— ONs YNIOTHEHWA LWWUXTbl WU FOPU3OHTANbHO K CTEHKE M BAONb Kamepbl Ang
paspaBHuBaHnA (a.c. Nel682378). Takyr KOHCTPYKUMIO MNSI@HMPHOrO YCTPOMCTBA
MOXHO OTHECTU K Haubonee yaoBneTBOPSAOLWMM HeobxoouMmbiM TpeboBaHuA Ans
YANOTHEHUS YrofibHOW 3arpy3ku yCTPOWMCTBaM, MOBbILWAKOLWNM NPON3BOAUTENBHOCTb
KOKCOBOW MeyM 3a CYET paspaBHUBAHUSA W YMIOTHEHUS BEPXHEro CNosi LWUXTbl B
Kamepe KOKCOBaHWUSA Npu yMeHbLLUeHUN obpaTHoro Beirpeba (puc.3) [4].

Buod B
e N
1 -4 4
| }-1
| -1~ N .
F' N
BN NN
{ 3
L,-’

Buo b

Peed

T
Uj—’ I
|
T
wn
[¥S]

Puc 3. MnanvpHasa wraHra (a.c. Ne 1237693): 1 - napannenbHble NOMOChI; 2-nonepeyHble
CTEPXHN; 3-nonepeyHble CTEPXHU; 4-NNaHnpyloLme neperopoakm; 5-ynop

CywectByeT apyras KOHCTPYKUMSI MAAaHUPHOW LUTaHrK, KOTOpas BKIYaeT
napannenbHble MOoMochbl, COEAMHEHHbIE NONEPEYHbIMU CTEPXKHAMW, NNaHupyoLmne
Nneperopoakn KpMBOMMHENHOW OpMbl, 3akpensniéHHble Ha nomnocax (a.c. 1237697)
(puc. 4).

C uernbio MoBbIWEHUA HAOAEXHOCTU CTEPXKHM Ha KOHLAX MMEKT BbICTYMNbl U
yCTaHOBMEHbl B OTBEPCTUAX MapaninenbHblX NOfoC C 3a30pOM, MOMOCKM CHabXeHbl
ynopamu, 3akpensi€HHbIMU Ha UX BHYTPEHHEN MOBEPXHOCTU, B3aMMOLENCTBYOLME C
BbICTYNaMW  CTEpXHEeW, Kaxpas nnaHupylwas neperopogka  3akpensneHa
NPOTMBOMNOSOXHbIMK TOPLUAMM Ha 06eunx nonocax.
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Puc. 4. KOHCTpyKUMSA NNaHMpHOW WTaHM ¢ neperopogkamy ocobon copmel: 1-napannensHas
nonocka NMNaHUPHOM LUTaHIK; 2- NONEePeYHbIE CTEPXKHM; 3-NNaHMpPYyLoLLne NEPEropoaKku

C uenblo yBeNUYEHMst pasoBOM 3arpy3kuM LUMXTbl B KaMepy KOKCOBaHMS,
NNaHupyoLwme Neperopogkn yCTaHOBMNEHbl MOMNAPHO C YKIMOHOM K MapannesnbHbiM
nofiocam n obpasyT mexay cobor B napax Yrosi, paclUMpPEHHbIN K BEPXHEWN
KpOMKe nosiochl [5].

YKasaHHble  KOHCTPYKUMW  NAAHUPHOW  WTaHrm  obnagalT  psaom
NPenMyLLECTB MNO3BOMAIOLWIMNX YNPaBiATb MPOLECCOM 3arpy3km M NnaHMpOBaHUS
ONS  YMEHbLUEHUs] MNblfierasoBbiX BbIOPOCOB B aTMocdepy npu 3arpyske u
KOKCOBaHMN, YTO TEM CaMbiM, MOBbILLIAET 3KOMOrn4eckyto 6esonacHoCTb npoLecca
KOKCOBaHMS.
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A.B. Inbuenko, C.[1. BepemensHuk LUNSAXW MOLGEPHI3ALII KOHCTPYKLIA
MIAHIPHOI LUTAHIUA

Po3ensHymo numaHHS MOOepHi3auil iCHyIHYUX KOHCMPYKUil nnaHipHoi wmaHau 0ns
nid8UWEHHS WiNbHOCMI 8y2illbHO20 3a8aHMAaXXEHHS 8 KamMepax KOKCyeaHHs. HasedeHo nopieHsbHI
XapakmepucmuKu ICHYOYUX KOHCMPYKUIU nnaHipHUX wmada.

Knroyoei crioea: nnaHipHa wmaHea, 8yeiflbHa wuxma, UWinbHICMb 3asaHmaXeHHs,
ekosoeiyHa 6e3neka; nidguLWeHHs1 eqhbeKmuBHOCMI KOKCY8aHHSI; 360pOMHUL 8u2pib; SKiCmMb KOKCY.
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D.V. lichenko, S.P. Veretelnik THE WAYS OF DESIGN MODERNIZATION OF LEVELING
ARMS

The question of upgrading existing constructions of leveling arms to increase the density of the
coal loading in the coking chambers. Comparative characteristics of existing constructions of leveling
arms.

Planning for the coal loading coke ovens is an important operation which largely depends on
the effectiveness of the further process of coke production.

Under the production efficiency of coke oven productivity meant cameras, improving the
quality of coke, reducing the coke cost per ton and improves the environmental performance of the
process.

The planning process consists of the following: in the final stage of the boot under the boot of
coking chamber holes are formed cones of charge while the holes are named void. It was at this
moment and begins planning for and has tried many variations of alternating loading of the bunkers,
and driving modes leveling arm. Previously the construction boom has been neglected in terms of
increasing the density of loading. The main objective was to ensure strength and durability of the rod.
Therefore, the bar was simple, cooked and made of relatively cheap steel. The low level of
maintenance and reduced durability of the bar did not allow any way to control the planning process.

Plan for coal blend can have a positive direct impact on the efficiency of the coke production
provided the technology planning process and design leveling device and in particular leveling arm will
meet the necessary requirements. The effect of increasing the density will intensify substantially when
using at boot time in the furnace chamber of special design leveling devices.

Keywords: leveling arms; coal blend; load density; environment; improving coking reverse
raked; quality coke.
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BYJAOBA CTPYKTYPHOI'O KAPKACY TA TPUBOJIOI'TYHI XAPAKTEPUCTUKHU
OJIEOMACTIJI

Lns cmeopeHHs mexHooaii 8U20MOo8/IeHHSI HOB020 KIlacy 8UCOKOmeMepamypHUX mMacmurl
0o cknady ix 3az2ycHuka Kpim kapboHamy Karnbyito dodaHo AP npupodHO20 NMoxXodKeHHs, a came,
Kanbyitiosi Musa XupHux kucrnom. Li macmuna ompumarnu 3az2anbHy Ha3ey “oneomacmurna’”. B daHil
pobomi npedcmasrneHi pe3ynbmamu  OocnioxeHb 6ydo8u  CMPYKMYypHO20 Kapkacy ma
mpuboroeiyHuUx enacmueocmel or1eoMacmusi, 8U20mMO8/IeHUX i3 3acmocyeaHHIM cmeapamy ma
ofileamy KasibUuito 8 SKOCcmi op2aHidyHo20 KOMIMOHEHMY HalslyXHO20 3a2yCHUKa.

Knroyoesi cnoea: oneomacmurna, XXUPHi Kucriomu, HaOAyxXHUl 3a2yCHUK, mpuboroaidHi
Xapakmepucmuku, npomu3HouwysearsnbsHi ma aHmugpUKUilHi enacmugocmi.

Y NpoOMUCNOBOCTI | Ha TpaHCMNOPTi BCE LUMPLIOrO 3aCTOCYBaHHSA 3Haxo4ATb
MPOCTi Ta KOMMMEKCHI HaanyxHi cynbdoHaTHi mactuna. 3aryCHUKW uUuxX MacTun
ABNATL  coborw  HaHogucnepcil  kapboHaTy Kanbuito, cTabinizoBaHi  ankin-
apincynbgoHaTaMmn KanbLito. TepMiH Hagny>XHUM BUKOPUCTOBYHOTb Y HadpTOXiMiT ons
O3HAYeHHA OMCNepcCin, WO BMILLYOTb HALNMULWOK rigpokcuay Metany, noHazg Toro,
AKUN HeoBXigHWM ONs HerTpanisauii ANCNepryyoro areHTa - CyrnbgOKUCOTH.
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MpocTti cynboHaTHi MacTuna BIgPI3HATLECA BUCOKUMW  3aXUCHUMW Ta
agresinHummn  Bnactuoctamn. OpHak  HU3bKMA  piBEHb  00’€MHO-MEeXaHi4yHUX
BNacTUBOCTEN Ta HeOOCTAaTHA aHTUOKMCHIOBaNbHa CTabiNbHICTb 3BYXYOTb 06nacTb
3aCTOCyBaHHSA UUX MacTusn. B oCHOBHOMY MpOCTi HagnyxHi cynbdoHaTHi Mactuna
3aCTOCOBYKOTb HAK aHTUKOPO3iMHI  NOKpUTTA. KoMMnekcHi HaanyxHi mactuina
BiAPI3HAIOTLCA MEXaHIYHOK Ta KOMNOIgHOK CTabinbHICTIO, MaloTb BUCOKI TPMBOMOriYHI
XapakTepucTukn, ane noTtpebylTb 3acTOCyBaHHA BiANOBIAHWMX AodaTtkiB  ans
MOKPALLLEHHA 3aXMCHUX Ta aHTUOKUCHIOBAITbHUX BNAcTUBOCTEN.

Uepes wmpoke 3acToCyBaHHS HaONyXHUX KarnbLUinoBUX cynbgoHarie, dpeHartiB
i caniyunaTtiB SK MUIOYMX Ta OUCNEPTYOYUX NPUCALOK A0 MOTOPHMX ONKUB X CBiTOBE
BUPOBHMLTBO HEBMNWHHO 3pocTano. OpHak, B OCTaHHIN 4ac HamiTMnacs crinka
TeHOaeHuia Ao 3amiHn, ge ue moxnmeo, [MAP, BuMpoGneHux 3 HagTOXiMiYHOI
cupoBuHn, Ha [1AP npupogHoro noxomkeHHs. [ligBuuieHa 3auikaBneHicTb [0
CiNlbCbKOroCcnoAapCbKoi CUPOBMHM, 30KpeMa Ofin Ta XMpiB N5t NPOMUCIIOBUX NOTpeb
€ BignoBigaw Ha HecTabinbHICTb HATOBOro PUHKY, €KOHOMIYHI npobnemu Ta
€KOMNOriyHi Herapasgu, noB’dA3aHi 3 HU3bKOK OiopOo3LLEnOBAHICTIO CUHTETUYHUX
NpOoAYKTIB HadpTOXiMmil.

lMpouec cynbyBaHHA, SKUMA BUKOPUCTOBYIKOTb AOS11 BUTOTOBIIEHHS HaATOBUX
CynboHaTIB KanbLuilo, BBaXaeTbCa HebesneyHnm p[na  [OoBKiNNs.  YTunizauis
3anuLwWKiB Big Takoro npouecy 3aBxgu notpebye cyTTeBux BUTpaT. TOMy 3aKpuUTTH
yCTaHOBKM cynbgyBaHHA Ha HIN3 “Martinez Refinery” komnanii “Shell” B8 2003 pouj,
CTaBuUTb Mg CYMHIB MEepPCneKTUBHICTb MocTadyaHHs HagToBMX CynbgoHaTiB i
nepegpikae ManbyTHIO TeHaeHUito 3amMiHn MNMAP HadTOBOro NoOXomoKeHHs1 NPoayKTamu
oneoximii [1].

Ha Haw nornsg, nepcnekTMBHUM € pPO3pOOMEHHS HOBOMO  MOKOSIHHS
BUCOKOTEMMEPATYPHUX MaCTUM, CKMadoBOK 3aryCHMKa S$SKUX € pPedYOBUHW, LWO
OTPUMYIOTbCH 3 BiAHOBHIOBANbHOI NPUPOAHOI CUPOBUMHW. Hamun posnoyaTi HayKkoBO-
aocnigHi poboTKM 3i CTBOPEHHA TEXHOMOrii BUIOTOBMEHHA MacTun, [O cknagy
3arycHuKka sikux Kpim kapboHaty kanbuito Bxoasatb AP npnpogHOro NoXomKeHHs —
KanbuinoBi Muna >XupHuMX KkucrnotT. Ui mactuna oTpumanu 3aranbHy HasBy
“‘oneomacTtuna’.

B paHin poboTi npeacTtaBneHi pesynsratv AocnigkeHb 6yooBU CTPYKTYpPHOro
Kapkacy Ta TpubonoriyHMx BMAACTMBOCTENW  ONeoMacTWuil, BWUFOTOBIIEHMX i3
3aCTOCyBaHHAM CTeapaTy Ta oneaTty KanbLito B SKOCTI OpPraHidHOrO KOMMOHEHTY
3arycHuka.

Ha goymKky geakux gocnigHuKIiB [2], eneMeHTapHUMN YaCTUHKaMU CTPYKTYPHOro
Kapkacy npoCTUX Cynb(OHATHUX MacTUin € Miuenu Ta HagnyXHi HagmiuenspHi
YyTBOPEHHA KapboHaTy (HeopraHiyHa cknagoBa) i cynbdoHaTy KanbLito (opraHiyHa
cknagosa). 3arycHuMK KOMMMEeKCHMX Mactun mae 6inbw cknagHy 6yaosy. [o
cynboHaTty Ta kapboHaTy KanbLilo OAAETbCA HU3KA HEOPraHidHMX Ta OpraHivyHMX
CMNosyK, SIKi CTBOPIOOTb MacCTUIIO HOBOTO SIKICHOTO PiBHS.

CneumniyHmx BIACTUBOCTEWN CyInbOHATHUM MacTunam HagawTb
yNbTpaguCcnepcHi pevyoBMHW, YTBOPEHi B mnpoueci kapboHaTtauii B IHBEPTHUX
MikpoeMyrbcisax. CTaHOM Ha CbOroAHi iCHye Aekinbka nornsagis Ha nepebir npouecy
KapboHaTauil Ta YTBOPEHHS CTPYKTYPWU HaALMNY>XHUX MacCTuUn.

ABTopu [3] BBaxarTb, L0 Ha novaTkoBinM cTagil npouecy kapboHaTauii B
METaHOMbHO-BOAHIN  basi Miuen-peakTopiB 3@ MaKCMManbHOI  KOHUeHTpauil
contobinizosaHoro Ca(OH), yTBOptoeTbCca kKapboHaT kanbuito y dopmi pateputy. 3i
3HMXKEHHAM koHueHTpauii Ca(OH), i noctynosum 36inbLUeHHAM peakuiHOl BoAW Ha
NOBEPXHi (paTepuTHOro sapa MNoYMHaTb (POPMYBATUCA KamnbLUUTHI NEOCTKU, SKi
30upatoTbCca Yy naketTn. Ha noBepxHi NO3UTUBHO 3apSLKEHOro €eKTOKanbLMTHOro
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kapboHaTHOro gapa B HaHOpPeakTopi (POPMYETLCA KOMMNEHCYHUYUIA FiAPOKCUOHWI Lwap
(OH"). MoctynoBo  BigGyBaeTbCs MOMEKYNSAPHO-KIHETUYHE  MEepEeMiILLEeHHSs
rigpoinbHOI Miuenn B oneodasy, sike CynpOBOAXKYETbLCA OLHOYACHOK 3aMiHO
KOMMEHCYHUMX MAPOKCUITbHUX aHIOHIB ONMBOPO3YNHHMUMU [TAP.

OpHak B iHWMX poboTtax [4] cTBEpAXYETBCS, WO, OCKINbKM HAHOEMYIbCINHUIA
peaktop € CWUCTeMOK  BUCOKOOWHAMIYHOW, TO  Oydb-gke  nepemieHHs
yNbTpagnucnepcHUX YacTUHOK TBepaoi dpa3u 3 emyrnbCii B oneodasy manosiporigHe.
ABTOpPOM BUWCIOBfIEHE TMPUNYLLEHHA, WO nMicna [OOCArTHEHHS MNEeBHOro po3Mmipy
apcopbuifHo-conbBaTHOrO Wapy emynbcii, BiabyBaeTbCa Moro Mutteea nepebynosa
3 BUWAIMEHHAM €EKTOKanbUMTHUX YaCTUHOK, OOropHyTux crtabinizauyinHum wapom
monekyn MNAP, B okpemy ncesgodasy. Libomy moxe cnpuatu nigsuieHa copbuinHa
akTuBHicTb CaCOg; i 3gaTtHicTe NMAP yTpMMyBaTMCb Ha MOro MOBEPXHi 3a paxyHOK
XiMiYHMX 3B’A3KIB.

BuknageHi B poboTax [2,3] ysBneHHs Wwoao audysii MmetaHony B oniviHy a3y,
contobinisauii MNAP MoneKynamu CH30H, ANdysinHoro nepeHeceHHA
contobinizosaHoi MAP y BogHO-MeTaHONMbHY ady Ta Andy3il miuen HagmnyXHoro
cynbdoHaTy KanbLilo B onivHy dasy, Ha AymKy aBTopa [4], He BigobpaxatTb CyTi
nepebiry npoueciB, He MOACHIOWTb MEXaHi3My YTBOPEHHSI KONOIgHMX AUChepcii B
pearibHUX yMoOBax 3 BUCOKOK KOHUEHTpaui€e Pi3HUX MONIMOPGHUX Moaudikauin
CaCOg3 1a ix BAAMB Ha i3MKO-XiIMIYHI i ekcniyaTauiviHi BNacTUBOCTI HaaNyXHUX
TUKCOTPOMHUX CUCTEM.

Hum nponoHyeTbca iHWe 6adeHHa nepebiry npouecy kapboHaTtauii 3
YTBOPEHHAM HE3BUYHOI [OBOLIApoBOi Miuenu: “rigpodinbHe S0p0 — BHYTPILHIN
rigpodinbHO-NINOMINbHMA  Wwap  —  30BHiWHIK  rigpoobHmn  wap”. Y
MaroKOHLEHTpPOBaHUX po3ymHax rigpodinbHi rpynu [MAP, 3B’A3aHi 3 BoAoto,
meTtaHonom i Ca(OH), BogHeBMMU 3B’i3KamMu, YTBOPKOKTbL 06’eMHe rigpodinbHe
agpo, a ixHi gosri ByrnesogHeBi naHuorn Cg...Cs0 — POPMYIOTH  30BHILLHIO
rinpoobHy OBOMOHKY, sika HaIMHO eKpaHye MONsApPHY 4acTuHy | 3abesnevye
CropigHeHiCTb Miuen 3 ByrneBogHeBUM cepepoBuweM. BogHodac HasiBHICTb
apoMaTUYHOrO KifbUs 4Yepe3 CXWUIMbHICTb MOro, 3aBOsKku m-3B’si3KaM, A0 BKasaHWUX
riapodinbHMX CKNagoBUX CUCTEMU, YTBOPKE nepexigHnn rigpodifibHO-ninoginbHMin
wap ().

B miueni B npoueci kapboHaTauii yTBOpPOETLCA kapboHaT Kanbuito y dopMi
gaTteputy. icna 4OCArHEHHA NEBHOI BENMYMHU, Sika BU3HaYaeTbea npupogoto MNMAP,
KOHLeHTpaLieo BOAM i MeTaHOosy, 3a MigBULLEHOT KOHLEHTpaLUii BOAN NOYMHAETLCA
YTBOPEHHSA KanbUMTHUX nentocTok. BogHouac MW 36aravyetbcs BOAHUM PO3YNMHOM
rigpokcuay Kanblito i MeTaHONoM, (YHKUIA HKOro nondrae B [OOATKOBOMY
YWiNbHEHHIO  aacopOuinHO-conbBaTHOrO  wapy  npu  3abesneyeHHi  1oro
npoHukHeHocTi ana CO,. 3aBgskm uboMmy came y [Tl dopmyeTbea nakeT
KanbLUMTHUX «MEMOCTOKY.

ABTop [4] BBaxae, WO no3a Mexamn Miuenn HaHogucnepcHunm CaCOs
yTBOpPIOBATUCA He MoOXe. Hum Xe 3anpornoHoBaHa KoxneaTHa Mogens 6yaosu
3arycHuKa HaganykHux mMacTun, KOnm B YMoBaX BMCOKOI KOHUeHTpauii MNAP, B o6’emi
BYINEBOAHEBOrO PO34YMHY YTBOPKHETLCHA CyUiflbHA [OBOBUMIpHA rekcaroHasbHa
CMeKTMYHa YM NnacTuH4YaTa HemaTuyHa dasa, napanenbHi Wapuy Kol 3ropTatoTbCs B
curaponogibHi pagianbHO 3aMKHYTi YTBOPEHHS — KOXrneaTu.

ABTOp [5] NOSICHIOE NepeTBOPEHHS eMyrbCil cynbdOoHaTy KanbLilo y onuei 4o
TUKCOTPOMNHOI cucteMu nicna kapboHatauil YyTBOPEeHHAM MNeBHOro Tuny kapboHaTy
KanbLito, AMCNeproBaHoro B CynbgoHarTi.

Ak BigomMo, kKapboHaT KanbLito iCHYE B 4YOTUPbOX MoAuikauiax, oaHa
amopdHa i Tpy KpucTanivHi pisHoBuaun: kanbuut, pareput i aparoHit. CynboHaTHe
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MacTUO MICTUTb NepeBaXHO KpuCTaniyHui kapboHaT Kanbuito y opMi KanbumTy 3
KIHLEBMM PO3MIPOM 4acTouyoK B AianasoHi Big 150 ax go 5000 A. Lli yactouku
KanbuuTy CKNagawTbCHA 3 TOHKMX MMNACTUHOK. 3MiHY PeosioriYyHMX BriacTUBOCTEN
cucTeMM Npu NOSABI Yy HI KanbuUUTy aBTop [5] NOACHIOE BUCOKMM CTyneHeM acouiauil
MiXX LMK napanensHMMmn nnacTUHKamu.

3a pgaHnmu  pocnigkeHb [1] kapboHaT kanbuito, YTBOPEHUW Yy nNpoueci
KapboHaTauil, Yy Hagny>XHMX KOMMIIEKCHUX KapOokcunaTtHMx MacTunax IiCHye
BUKITIOYHO Yy paTepuTHIN KpucTaniyHin dopmi. Bigomo, ogHak, wWwo darteput €
ManmMeHw cTabinbHMM nonimopdom kapboHaTy KanbLito i AyXe pigko 3ycTpidaeTbca
y npupogai [6].

Ak poogaTb aBtopu [7], pH cepemoBuwa npu kapboHaTauii € HanbinbL
BaXXKNIMBUM (PaKTOPOM, LLIO CTOCYETBLCA NoniMopdiamy kapboHaTy Kanbuito. Pateput €
ronoBHMM MpoAykTom B AgianasoHi pH mik 8,5 1a 10,0. Kanbuut € AOMiHAHTHUM
nNpoAyKkToM 3a BennumHu pH Buwwe 3a 12.

[Mpn BUrOTOBMEHHI KOMMMEKCHUX CYNbOHATHUX MacCTUi MpouUec CUHTEe3y
kapboHaTy Kanbuito BigbyBaeTbCcA npu  Hagnuwkosin KinbkocTi Ca(OH)z, wo
HeobXxigHa Ans noganblIOoi HeWTpanizauii KMCNOoT-KOMMNEeKCoyTBOptOBaYiB. Takum
nepeHacuyeHun nyXHUA po3yYuH, MabyTb, CNpuUSE LWBUAKOMY YTBOPEHHIO came
kanbumnTHOiI hopmn CaCOs.

[na BCTaHOBNEHHS hopmu iCHyBaHHS kapOoHaTy KanbLito B onieoMactunax
3aCToCcOByBann MeToauM  peHTreHodgasoBoro aHanisy (P®A) Ta [4Y-Oype
cnektpomeTpil. Oudpakrorpamn ogepxyBanum Ha aBTOMATUYHOMY AUPpPaKTOMETPi
OPOH-3M y BUNPOMIHIOBaHHI MigHOrO aHoay 3 Hikenesum (inbTpoM y BigBUTMX
NPOMEHsIX | reoMeTpield (POKYCyBaHHA PEHTreHIBCbKMX NpoOMeHiB no bperry-
BpeHTaHo. |4 crnekTpyu oneomactun B iHTepsani 4000-400 cm™ peecTpyBanu 3a
ponomoroto |4 cnektpomeTtpa 3 nepetBopeHHsaM Pyp'e Thermo Nicolet Nexus FT-IR.
MacTtuna HaHocunK y BUrNA4i TOHKOT NAiBKW Ha BikoHLe KoBeTu 3 KBr.

OundbpakTorpamn oneomacTun Ha cTeapatTi Ta onearti KanbLito, 300paxeHi Ha
puc. 1, y He3HauHin Mipi Bigpi3HAKTLCA B 3anexHOCTi Big mactuna. OudppakuinHi
pedriekcn BIiANOBIAaTb KpucTaniyHum aszam kapboHaTy Kanbuito (KanbuuTy)
(JCPDS # 86-2341) Ta rigpokeuay kanbuito (JCPDS # 84-1267). JomMiHaHTHUM
AndpakuinHuM  pednekcom KanbuMTHOI KpucTtanidHoi dopmn CaCOjz € nik npwm
29,13°. IHwi gndppakuinHi nikm BigHocaTeca go Ca(OH), — 17.78, 28.42, 33.85, 47.08
Ta 50.84°. Macosun Bmict CaCO3/Ca(OH),;, po3paxoBaHuMi 3 BUKOPUCTAHHSM

nporpamu Match! V.1.9a, cknagae aona mactuna Ha onearti kanbuito 53/47, a Ha
cTeapari kanbuito 59/41.
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Puc.1. QudppakTtorpamm oneomactun Ha oneari (1) Ta cteaparTi kanbuito (2). * — Ca(OH),, 0 —
CaCOs3; kanbuut
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[ducnepciiHe cepepoBulle, HapToBa ONMBA, € MPUYMHOK MOSIBU LUMPOKOTO
AndopakuinHoro rano npm 20=10-25°.

OundbpakuinHi pecpnekcu, xapaktepHi ona gatepuTy Ta aparoHiTy, Ha puc. 1 He
crnocTepiratTbCs.

[ns BcTaHoBNeHHs (opmu iCHyBaHHA KapboHaTy KanbLito B oneomMacTtunax
3anyydyanu Takox Metoauky IY-dyp’e cnektpomeTpil. [Y-cnektpn oneomactun
npeacraBneHi Ha puc. 2, ceigyaTb NPo Mamxe NOBHY iIOEHTUYHICTb CKagy MacTun.
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Puc. 2. [Y-cnektpyn nopowky kanbuuty (1) Ta omeomactun Ha onearti (2) i cteaparTi (3)
KanbLlito

HasiBHiCTb CMyr nornuHaHHsS B obnacti 3643 cM™' B |4 crnekTpax nop’sisaHa 3
BANEHTHVIMMU KOMMBAHHAMMN OH-rpynn B FI/J,pOKCVI/J,I Kanbuito. CMyrn nornnHaHHS npwm
2950-2850 cm' Ta B oO6nacti 1500 cm™ BiOHOCATbCA [O0 BaneHTHUX Ta
aedopmauiiHix  konueaHb  anicatmyHnx  CH-rpyn. Oco6nv|By 3aLikaBreHicTb
BUKNVKAE MOMOXEHHS MikiB B obnacti 850-880 cm™'. Lls obnactb B CheKTpi
Bignosigae pI3HI/IM dopmam kapboHaTy Kanbuito [8]. Cmyrm nornnHaHHa B obnacrTi
858 862 cm™ XapakTtepu3ye amopdHnn kapboHaT kKanbuito. ik B obnacti 880- 885
cM™' Bignosigae KanbLMUTHIN dopMi kapboHaTy kanbuito. lNik B obnacti 875-877 oM™
— (pbaTepuTHin.

B IY-cnekTpax oneomacTun Ha orneaTi i cTeaparti KaJ'IbLl,II-O B obnacti 850-
880 cM™' crnocTepiraloTbes ABi cMmyru 3 yactotamum 872 ta 860 CM ™', neplua 3 HUX He
BMNUCYETBLCA B 3anponoHoBaHi Buule iHTepsanu [8]. B IY-cnekTpi nopome KanbuuTy,
LinecnpsiMmoBaHo 3aMMCaHOMy ANS MPOSICHEHHS cuTyauji, cnoctepiraloTbCsa CMyrn 3
yactotamn 878 Ta 848 cm (puc. 2, cnekTp 1), WO TaKOX He BMAUCYOTbCA B
3anponoOHOBaHI iHTepBanu Ana KanbuuTy. TOMY BWKIWKAE CyMHIB B BUKOPWUCTAHHI
AaHoi MeToaukn Ans igeHTudikauii mogmdikauin kapboHaTy Kanbuito.

B Tom xe 4vac POPA 6e33anepe-|Ho BKasye Ha ICHyBaHHA TifbkKM [OBOX
KpuctaniyHnx das Kanbuuty Ta n,qpoxcm,u,y kanbuito. Metoamnka cuHTesy CaCOs;
OCHOBaHa Ha B3aemMofii aucnepcii rigpokcuay Kanbuito 3 BYrMeKucrnmm rasom B
HadTOBIM ONUBI. 3BaXkalun Ha Le, He BUKIMKAE CYMHIBY, LLO HeopraHiyHa dasa
3arycHuka npeacraensie coboto KomnosuT Tuny sapo-obonoHka. Agpo — ue Ca(OH)y,
a oboroHka — kapboHaT Karnbuito y popmi KanbuuTy.

Lle gaBuwe nogibHe TOMYy $Ke, CMOCTepiralTb Yy CUCTEMax HagnyXHUX
Cynb(OHATHMX MacTus, e KanbUUT € OOMIHYO4YO KpuctaniyHoo dopmoto [5], Ta
BiAMiHHE Big TOro, WO Mae Micue y KapOoKcunaTHUMX MacTunax, e NPUCYTHIN
BUKITOYHO haTepuT [1].
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HaanyxHi cynbbaHaTHi MacTunia BUSBNAKTbL BUCOKI 3MaLlyBarbHi BNacTUBOCTI
[9]. ABTOp [4] nosiCHIOE Le KOxneaTHOW MiuensipHow 6yaoBoto. Ha noro gymky,
KoxrieaTu B 30HI TepTsl, OPIEHTYHYMUCb riOpOdINbLHOK MNOBEPXHEK [0 MOBEPXHI
MeTany 4v iHWKUX rigpoisibHUX NOBEPXOHb TEPTS, 3aMOBHIOKTb Ha HUX HaWMEHLUi
HEepiBHOCTI HaHOAUCMEPCHUM KapboHaToM Kanbuitd 3  (OPMYBaHHAM  MiLHOI
rPaHUYHOI NNiBKN. 3@ HM3bKUX HaBaHTaXXeHb CTINKICTb rPaHMYHOrO LWapy 3abesneyye
HaHoOOUCNEPCHMM KanbumuT Yy dopmi  “nentoctok”. 3a BUCOKMX — Koxrear
pPO3ropTaeTbCs B Mipy 30inblUEeHHA HaBaHTaXeHb. [1py LbOMy KanbUMTHI MiLensapHi
arperatn He pynHytoTbCcs [2,3], a 3a HEOOXigHICTIO BUBINBHAKTLCA 3 KanbLUTHUX
NEentCTOK 3 YTBOPEHHAM eDEKTUBHUX 3aXUCHUX NMIBOK TNy “pnb’syoi nycku” [9].

Ha puc. 3 HaBegeHi TpMbonorivyHi xapakTepuCcTUKM OrieoMacTun y nopiBHSAHI 3
TOBapHWM KOMMIEKCHUM cyrbgoHaTtHUM macTturiom Total Ceran HV (®paHuis).
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Pwuc. 3. TpubonoriyHi xapakTepucTUKM 0flIeoMacTu

lMoka3HMK HaBaHTaXeHHsA 3BaptoBaHHA (P3) BM3HAYeHO Ha YOTUPUKYIILKOBIV
MawwuHi TepTta 3a FTOCT9490. 3HaueHHa P3 (puc.3, a) ansa BCiX MacTun nepeBuLlye
3000 H, wo cBigunTb NPO IXHi BUCOKI aHTU3aaupHi BnactMBocTi. Tpeba BigMiTUTK, WO
ONa OOCArHEeHHs NeBHOro piBHA P3 y cknagi MacTun 3acTOCOBYHKTb CipKOBMICHI
aogaTtku abo HanoBHIOBadYi. YacTo ue HeraTMBHO MO3HAYaAETbCA Ha AHTMKOPOSIiNHIN
YW aHTUMOKMUCHIOBAsbHIM CTIMKOCTI MacTuna. Taka TeHOeHUis BUaABneHa, Hanpuknag, y
CynboHaTHMX MacTunax, Wo MICTATb CipKy Y CKnafi KOMMOHEHTIB 3arycHuka. Tomy B
TOBapHMX KOMMJIEKCHUX cynbdoHaTHnX mactunax tuny Ceran HV 060B’A3koBO
MPUCYTHI IHFiBITOPM KOPO3ii Ta OKMCHEHHS.

B oneomacTtunax BUCOKI 3HAYEeHHSA P3 OOCArHYTO TiflbKM 3@ paxyHOK CUCTEMMU
3arycHuka 6e3 BBefeHHs NonidpyHKLUiMHMUX JoAaTKIB.

[MpoTu3HoLLYyBanbHi (GiaMeTp NAsiMy 3HOLLYBaHHSA) Ta aHTUMPUKLINHI (koedilieHT
TepTa) BMacTMBOCTI oOfleomMacTusn Bu3HavyeHo 3a wmetogukoro ASTM D 2266.
BunpobyBaHHA npoBogunmnca Ha mawuHi Tepts Tuny Falex FB Wear Test Machine.
XapaKkTepucTumku MacTtun AoCnigXeHi 3a HaCTyMHUMU napameTpamu
YOTUPBLOXKYNbKOBOI Napu TePTA:
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* yacTtoTta o6epTaHHs — 1200 x8™;

* HaBaHTaxeHHs — 392 H (40 krc);

* TemnepaTtypa BunpobysaHHsa — 25°C Ta gogaTtkoBo — 75, 110 i 150°C;

* TepMiH BUNpobyBaHHA — 1roa.

Xapaktepuctvka npoTU3HOLWYBarnbHUX BNacTMBOCTENM MacTuil, a came,
diametp nnamu 3HowyeaHHA (Scar Diameter, D4Bs) — ycepegHeHe 3HayeHHs
AdiameTpa NnsM 3HOLWYBaHHA cTaneBux Kynb. Ha pnc.36 HaBegeHi 3HayeHHs D4Bs
npn 25°C. BugHo, WO Len nokasHuK y orieomMactuin MiHiMansHui i nepeBaxae D4Bs
macTtuna Total Ceran HV.

B aKkocTi xapakTepucTVkM  aHTUMPUKLIMHUX  BAACTMBOCTEN  MacTun
BUMiptoBanu BenuumnHy koediuieHta TepTta (Coefficient of Friction, f) — cepegHe
3HaYeHHs, ycTaneHe nNpoTAroM ocTaHHix 10 xB. BunNpoOyBaHHA  Ha
YOTMPbOXKYNbLKOBIM Napi TepTa. Ha pmnc.3B NokasaHOo 3anexHiCTb KoeduilieHTa TepTs
Bi, Temnepatypu. fAK cBigyaTb pes3ynbTaTtu BuNpobyBaHb, KoedilieHT TepTs
oneomMacTusl 40CTaTHbO HU3bKUK Yy BCbOMY Aiana3oHi Temnepartyp, a BignoBigHO [0
ASTM D 2266 — ocobnmBo Hu3bkun (0,024) ons mactuna Ha CTeapUHOBIN KUCHOTI
npn 150°C. 3a Ttemnepatyp, Buwmx 120°C, oneomacTtuna 3a aHTUPPUKLIAHUMK
XapakTepucTnkamMmm nepesaxarTb KOMMNIIEKCHI CyrbdpaHaTHi MmacTtuna.

3ridHO 3 BCTAHOBMEHOK HaMu CHPEPUYHO-KPUCTASIYHOK  CTPYKTYPOHO
HAHOPO3MIPHMUX YaCTUHOK TUMy s4p0-060SfIoHKa X MOXHa yaBUTM cobi Ak rpyny
MiHIaTIOpHUX KynboK. Lli KynbkM MOXYTb pO34inaTu ABi MeTaniyHi NoBepxHi 3a
HasiBHOrO BIQHOCHOrO pyxXy MK HUMMW, NErko MOCyBaTUCHA B3O0BX MOBEPXHi TepTs,
3abes3neyyBatM 11 3axuct Ta 3anobiraTv NPSMOMY KOHTaKTy MK MOBEPXHAMM,
e(EeKTMBHO 3MEHLLYBaTN TEPTHA Ta 3HOLLYBaHHS, WO NIATBEPOKYETLCA pe3dynbTaTamu
HaLWmMX AOCnimXKeHb.

BucHoBku

1. 3ano4atkoBaHO pPoO3pO6MEHHA HOBOrO MOKOMIHHA BUCOKOTEMMNEPATYPHUX
aHTUPUKLINHMX MacTuM, CKNagoBOK 3aryCHMKa SKUX € PEYOBUHM, LLIO OTPUMYHOTLCSA
3 BiAHOBHIOBASIbHOT NPUPOAHOT CUPOBUHM.

2. Metogom peHTreHodgasosoro aHanidzy Tta IY-®ypbe cnekTpomeTpil
BCTAHOBIIEHO, WO B OfleoMacTunax 3arycHuk npeacraBnsie cobok KOMMNO3UT Tuny
aapo—obonioHka, npuvyoMy OOOMNOHKa npeacTtaBfeHa  BUMKIKOYHO — KamnbUWTHOK
Moandikauieto kapboHaTy KanbLito.

3. 3a piBHeM TpuMBONOriYHNX XapaKTepUCTUK oneomacTuna BignoBigalTb
HeobOXigHOMY pPIiBHIO AN aHTUMPUKLINHUX MacTUi i He NOCTYynarTbCs Kpalinm
NpeAcTaBHUKAM Haany>XHUX KOMMMEKCHUX CynbOHATHUX MacTui, A0 cKnagy SKUX
BBeAEHiI nakeTn 6aratoyHKUiNHNX goaaTkiB.

4. Ockinbkn oneomactuna He MICTATb AodatkiB, YCi  iXHi  NO3UTUBHI
BNacTUBOCTI 3ab6e3neYytoTbCs CUCTEMOLO 3aryCHuKa.
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FO.B.Benuzopckas, A.A.ManeilikuH, J1.B.XKene3ubii H.B.BopuceHko CTPOEHUE
CTPYKTYPHOI'O KAPKACA U TPUBOJIOMYECKUE XAPAKTEPUCTUKU OJIEOCMA30K

[ns co3daHusi mexHoo2uu npou3sodcmea HOB020 K/lacca 8bICOKOMeMnepamypHbIX CMa3okK
8 cocmae ux 3asycmumersnsi Kpome KapboHama Kasnbyusi 0OobaeneHbl [TAB npupodHoz0
MPOUCXOXOEHUSI, @ UMEHHO Kalnbyuesble Mbifia XUPHbLIX Kuc/iom. Omu cmasku rnosyqunu obuwee
Ha3eaHue “oneocmasku”. B aHHoU pabome rnpedcmaesrneHbl pe3yribmamsl uccriedoeaHusi CmpoeHUst
CMPYKMypHO20 Kapkaca U mpuborio2uyeckux XxapakmepucmuK OflIe0CMa30K, [OJly4YeHHbIX C
ucrionib308aHUeM cmeapama U ofleama Ka/bUusi 8 Kadecmee opeaHU4ecKo20 KOMIOHEHmMa
C8EPXWE/TIOYHO20 3a2yCcmumerisi.

Knrodeeble croea: orieocMasku, XupHble Kucriomsl, kapboHam Kanbyusi, c8epxXujesiodHol
3aeycmumerib, mpubosioauyecKue xapakmepucmuku.

Ju. Veligorskaya, O. Papeikin, L. Zhelezny, N. Borysenko THE CONSTRUCTION OF THE
STRUCTURAL FRAME AND TRIBOLOGICAL PRORERTIES OLEOGREASES

To create the technology of oils into the composition of thickener which, besides calcium
carbonate are surfactants of natural origin - calcium soaps of fatty acids. These oils have a common
name "oleogreases.”

This paper presents the results of researches of the construction of the structural frame and
tribological properties oleogreases made by using calcium stearate and oleate of calcium as the
organic component thickener.

To ascertainment a form of the existence of calcium carbonate in oleogreases are used
methods of X-ray diffraction analysis (XRD), IR spectroscopy and diffraction pattern are obtained on
an automatic diffractometer. The obtained results show that diffraction reflections corresponding
crystalline phases of calcium carbonate (calcite) and calcium hydroxide. At the same time, XRD
indicates the existence of only two crystalline phases calcite and calcium hydroxide.

Overbased sulfonate greases exhibit high lubricating properties. Index welding load (Pw) is
defined by four-ball machine of friction GOST9490 and has high value for all greases, indicating their
high extreme pressure properties. Antiwear (diameter spots wear) and antifriction (coefficient of
friction) properties of oleogreases are determined by the method of ASTM D 2266. Index diameter
spots wear in oleogreases is minimal, while both temperature above 120 °C, oleogreases for
antifriction characteristics predominate complex sulfonate greases.

In accordance with our established spherical crystal structure of nanoscale particles such as
core-shell can be imagined as a group of tiny balls. These balls can separate two metal surfaces by
existing relative motion between them, easily move along the surface of friction, ensure its protection
and prevent direct contact between the surfaces, effectively reduce friction and wear, which are
demonstrated by the results of our researches.

Key words: oleogreases, fatty acids, calcium carbonate, overbased thickener, tribological
properties.
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E.L.Volkova, Cand. Sci.(Chem.), V.V.Prisedsky, Dr. Sci.(Chem.), Prof.
(Government Higher Educational Institution «Donets National Technical University»,
83001 Donetsk, Ukraine)

CARBON NANOTUBES AND THEIR PROPERTIES IN THE COURSE IN
NANOMATERIALS FOR ENGINEERING STUDENTS

The article describes the sequence of presentation of the basic concepts and achievements of
nanotechnology, nanomaterials types, the core technologies of their formation, methods of
investigation of nanostructures, the basic physical and chemical properties of nanomaterials, the latest
advances in the use of nanomaterials and nanotechnologies in various branches of engineering.

In the lecture course, students are introduced to the basic concepts and ideas of
nanotechnology and nanomaterials, their classification and basic properties, methods of
nanostructures’ forming.

In the theoretical material of the lecture course the latest achievements in the field of
nanomaterials are considered with the focus on graphene, carbon nanotubes and fullerenes. All of
these materials are constructed with carbon atoms. Listeners' attention is drawn to the fact that certain
special arrangement of carbon atoms can drastically change the properties of the material if created
with the specific arrangement of atoms. A necessary condition for such a review is appropriate
schematic arrangement of atoms.

Lecture material is related to the latest developments in nanotechnology, and is divided into
teaching units in line with some of the brightest main results obtained in such critical areas as
nanotechnology:  nanobiology, nanomaterials, nanochemistry, nano, nanoengineering,
nanoelectronics, nanoenerqetika, nanotechnoloqy safety.

Key words: nanotechnology, nanotube, nanostructure, fulluren, engineering education.

A course in nanotechnology and nanomaterials is now systematically read for
engineering students attaining a master degree at Donetsk national technical
university. The aim of the course is to give central concepts and ideas of
nanotechnology, show various kinds of
nanomaterials and their classification, study their
specific physical and chemical properties, and also
the most important methods of their fabrication and
investigation.

A special interest among nanomaterials
belongs to such carbon materials as fullerenes,
graphene and nanotubes. The students’ interest is
drawn to the fact that all these materials are formed
from only one element.

Carbon nanotubes (CNTs) were discovered in

Figure 1. Bucky ball: C60 1991 by Sumio ljima of the NEC laboratory in
molecule (computer simulation) Tsukuba, Japan, during highresolution transmission
electron microscopy (TEM) observation of soot
generated from the electrical discharge between two
carbon electrodes. The discovery was accidental,
although it would not have been possible without
liima’s excellent microscopist skills and expertise.
What ljima was, in fact, studying were Cego
molecules, also known as buckminster fullerenes,
previously discovered by Harold Kroto and Richard
Smalley during the 1970s. Kroto and Smalley found

Figure 2. Graphite sheet  that under the right arc-discharge conditions, carbon
wrapped into a cylinder to form atoms would self-assemble spontaneously into
a carbon nanotube (CNT) molecules of specific shapes, such as the Cg

molecule (see Figure 1).
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Figure 3. Single-
walled and multiwalled
carbon nanotubes

However, as shown by ljima’s discovery, under
different experimental conditions, carbon atoms can instead
self-assemble into CNTs.

CNTs are cylindrical molecules with a diameter
ranging from 1 nm to a few nanometers and length up to a
few micrometers. Their structure consists of a graphite
sheet wrapped into a cylinder (see Figure 2). Depending on
the processing conditions, CNTs can be either single-
walled or multiwalled (see Figure 3).

Single-walled nanotubes (SWNTs) may be metallic
or semiconductor, depending on the orientation of the
hexagonal network with respect to the nanotube long axis,
a property known as chirality. In particular, CNTs can be
classified by a chiral vector, given by

C=na+mb

where a and b are unit vectors and n, m are chiral vector
numbers that characterize the orientation of the hexagons
in a corresponding graphene sheet (see Figure 4). In this

configuration, the magnitude of the chiral vector C is the circumference of the
nanotube, and its direction relative to the unit vector a is the chiral angle 8. The
translation vector T defines the nanotube unit cell length, which is thus perpendicular
to C. These parameters describe the way in which the graphite sheets are rolled up
to form a tube structure. In this regard, three types of CNTs are possible: armchair,
zigzag, or chiral (see Figure 5). An armchair nanotube is formed when n = m. In

Figure 5 this occurs when the green atom
matches the blue atom. The zigzag nanotube
forms when m = 0 (the green atom matches
the red atom).

The chiral type occurs when the chiral
vector numbers (n, m) can assume any integer
values and the chiral angle is intermediate
between 0 and 30 (Figure 5). Among these
three different types, armchair SWCNTs are
metals, those with n-m = k (k is an integer) are
semiconductors with a small band gap, and the
remainder are semiconductors with a band gap
that is inversely proportional to the CNT
diameter.

Carbon nanotubes exhibit various
unique properties, such as the ability to
withstand large stresses with little elastic
deformation (Young’'s modulus = 1000 GPa),
the capacity to endure enormous tensile
stresses (30 GPa), and the aptitude of
exhibiting superior current densities (10°A/cm?)
and thermal conductivity (6000 W/mK). These
two latter properties are due to the nearly 1-D
electronic structure in metallic SWNTs and
multiwalled nanotubes (MWNTSs), which leads
to ballistic transport, and the ease by which
phonons propagate along the nanotube,
respectively.

Figure 4. Graphene sheet rolled
into a cylinder described by unit vectors
a and b, chiral angle 60, chiral vector C,
and translation vector T. The figure
represents a (4,2) nanotube, where the
shaded area is one unit cell. (Adapted
from Barry J. Cox and James Hill,
University of Wollongong, Australia)
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Chiral

Figure 5. Chirality in nanotubes, describing the way in which the graphite sheets are
rolled up to form a particular tube structure.

So far, researchers around the world have been devising several
methodologies to synthesize carbon nanotubes. The most common methods are the
arc-discharge technique and chemical vapor deposition. These methods have seen
significant improvements over the years, but they still suffer from (1) low yield, (2)
very high cost, (3) difficulty in tuning the diameter of the nanotubes, and (4) difficulty
in producing a single type of CNT without impurities. Table 1 shows some of the
advantages and disadvantages of these current methods.

Table 1. Advantages and Disadvantages of Widely Used Techniques
to Synthesize CNTs

Method Type of Diameter Length Advantages | Disadvantages
Nanotubes
Laser SWNT 1-2 nm i Few defects, Very
o good size expensive
vaporization
control
Arc SWNT/MWNT | 0.6-1.4nm/10nm | Short Easyto | Random sizes,
. produce, few short length
discharge
defects
CVD SWNT/MWNT | 0.6-4 nm/10-240 nm | Long Easyto | Usualy MWNT,
produce defects

Although these techniques have been the subject of considerable research,
there are still many questions with respect to the processing variables that may
condition the formation and growth of CNTs. Some noteworthy parameters that seem
to affect the production of CNTs are temperature, pressure, and the type of catalyst
used. As an alternative to the methods shown in Table 1, one other route for
generating CNTs that could become promising in the near future is the process of
metal dusting. Simply, metal dusting is the disintegration of metallic alloys by
corrosion, which is initiated by exposure of pure metals or metallic alloys to strongly
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carburizing atmospheres. The result of the decomposition is a mixture of metal
particles and carbon nanostructures. The great advantages of this catalytic route are
that carbon nanotubes can be produced at moderate temperatures (around 650—
750°C) in large volumes as well as low cost and their structure can be tailored by the
catalytic properties of the metal or alloy selected. However, this method still requires
further investigation».

Analyzing the structure of fullerene molecules, it is interesting to mention the
analogy with filigree building constructions by the American R.B.Fuller. Such
spherical molecules have much free space inside and may serve as reservoirs for
various purposes, e.g. reservoirs of hydrogen molecules, which is very interesting in
energetics.

However, these methods may dissolve some of the CNTs, cause structural
damage to CNTs, or be unable to remove large particle aggregates. In addition,
these purity-driven techniques tend to be very expensive.

Nevertheless, due to these outstanding properties, carbon nanotubes are likely
to play a vital role in various areas, such as nanocomposites, nanoelectronics,
hydrogen storage, field emission devices, and nanosensors. The area of
nanocomposites is perhaps the first area where CNTs will have a commercial impact.
Due to the outstanding modulus and tensile strength resulting from the covalent
bonds between the carbon atoms, CNTs are one of the strongest materials known. In
addition, CNTs exhibit a high aspect ratio. Therefore, CNTs are ideal as a
reinforcement phase. In recent years, good progress has been made in developing
CNT-based nanocomposites. In fact, several investigations have shown important
enhancements in mechanical, electrical, and thermal properties of nanocomposite
materials. However, significant challenges still remain—for example, tailoring the
uniformity of dispersion within the matrix, controlling the alignment of CNTs, and
making sure that there is a good interfacial bond between the CNTs and the matrix.
Furthermore, due to the high cost of CNTs, particularly of pure SWCNTs, the addition
of CNTs has been restricted to about 5% in weight.».

Specifically, the U.S. Department of Energy (DOE) has set the technological
benchmark to 6.5 wt% (ratio of hydrogen to storage material). Currently, these
hydrogen levels can be achieved by using gaseous and liquid hydrogen.

However, gaseous hydrogen occupies large volumes, whereas liquid hydrogen
requires cryogenic containers, which drastically increase the system’s overall cost.
Solid-state hydrogen is thus the most
promising route for hydrogen storage.
Several publications have reported very
high hydrogen storage capabilities in
CNTs, ranging from 10 wt% to less than
0.1 wt% (see Figure 6). These
experiments have been performed at

Figure 6. Carbon nanotubes (CNTs)  ambient pressure and temperature, high
for hydrogen storage pressure and room temperature, and
cryogenic temperature.

However, many of these experiments have been difficult to reproduce. This
has been attributed to several factors, such as a large variation in the type and purity
of CNTs tested as well as some difficulties in the characterization procedure. In
addition, the mechanisms of hydrogen adsorption and the nature of chemical
interaction have not yet been understood. Although some researchers claim that the

Water bonds — — Hydrogen
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major portion of hydrogen absorption is due to trapping sites, namely dangling bonds,
with energies between 4.4 eV and 2.3 eV, depending on the trapping site, others
argue that hydrogen trapping sites in carbon-related materials are either a result of
physisorption (0.1 eV) or chemisorption (2-3 eV). Currently, the number of hydrogen
trapping sites available under normal conditions is not sufficient to fulfill the goals set
by DOE».

The material of the lecture about contemporary achievments of
nanotechnology should be divided into didactic units in accordance with bright results
in such important fields as nanobiology, nanoelectronics, nanoenergetics,
nanotechnology for safety etc.

«In the area of nanoelectronics, CNTs have been sought as the new
generation of interconnect structures as well as field-effect transistors.

Interconnects, which carry the electrical signals between transistors, are
currently made of copper, but as electronic circuits continue to shrink, copper
interconnects will suffer from overheating.

Conventional metal wires can typically exhibit current densities of 10° A/cm?
until resistive heating becomes a problem. On the other hand, because of the nearly
one-dimensional electronic structure of CNTs, electronic transport in metallic SWNTs
occurs ballistically along the nanotube length, allowing the conduction of high
currents with no heating. In fact, current densities up to 10° A/cm? have been
observed in SWCNTs. This is because the electronic states are confined in the
directions perpendicular to the tube axis. As a result, the remaining conduction path
occurs along the tube axis. Due to the lack of phonon and/or impurity scattering
perpendicular to the tube, CNTs behave as 1-D ballistic conductors.

Field-effect transistors (FETs), a type of transistor used for weaksignal
amplification, are currently made from silicon. However, these devices are still a few
hundred nanometers in size. The use of CNTs with sizes less than 1 nanometer in

diameter would allow more of these

—18nm— switches to be part of a chip. In an

Drain ﬂ’}wﬁiﬁ?”ﬂ Source FET, the current flows through a CNT
e with semiconductor properties along a

“\ path called the channel. At one side of

/__ silicon oxide  the channel is a gold electrode called

the source; at the other side of the
channel is a gold electrode called the
Figure 7. Typical field-effect transistor (FET) drain (see Figure 7). When a small
voltage is applied to the silicon
substrate, which acts as a gate in FETs, the conductivity of the CNT can change by
more than a million times, allowing a FET to amplify a signal. Still in the area of
nanoelectronics, a more challenging idea is to build entire electronic circuits out of
CNTs, making use of their metallic and semiconducting properties. In this case,
semiconducting CNTs are aligned on an insulator substrate, whereas metallic CNTs
are placed above in close proximity to the bottom layer. By controlling the current, the
top CNTs can be made to contact the bottom CNTs, producing a metal-
semiconductor junction that acts as a switch.
Another application for CNTs is in the area of fuel cells and batteries, both for
storage purposes. In the case of fuel cells, CNTs have been sought to store hydrogen,

Gate-electrode
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particularly for automotive applications, where hydrogen should be contained in small
volumes and weights, yet enabling reasonable driving distances (500 Km).

Another area in which CNTs can potentially be of great interest is the field of
supercapacitors. This is because CNTs exhibit high porosity, large specific surface
area, high electrical conductivity, and chemical stability. In a conventional capacitor,

energy is typically stored by the transfer of

n —AV— electrons from one metal electrode to

S [ another metal electrode separated by an

R - (A3l current electronically insulating material. The
collector capacitance depends on the separation

Secrob® distance and the dielectric material

7Y |Chi] | electrode inserted between electrodes. In the case

500l Separator of 5 supercapacitor, there is instead an

Individual electrical double layer (see Figure 8).

ultracapacitor cell Each layer contains a highly porous

Figure 8. Schematic of a supercapacitor electrode suspended within an electrolyte.

An applied potential on the positive
electrode attracts the negative ions in the electrolyte, whereas the potential on the
negative electrode attracts the positive ions. A dielectric material between the two
electrodes prevents the charges from crossing between the two electrodes. If the
electrodes are made of CNTs, the effective charge separation is about a nanometer,
compared with separations on the order of micrometers for ordinary capacitors. This
small separation, combined with a large surface area, is responsible for the high
capacitance of these devices (one to two orders of magnitude higher than
conventional capacitors). In addition, although it is an electrochemical device, no
chemical reactions are involved, allowing the ultracapacitor to be rapidly charged
and discharged hundreds of thousands of times. Supercapacitors employing
multiwalled carbon nanotube electrodes have already achieved a capacitance
ranging from 18 to 250 F/g.

Field emission is another area in which CNTs can prove particularly useful. As

previously discussed, the concept of field emission involves the application of an

electrical field along the CNT axis to induce

the emission of electrons from the end of

the tube. So far, the research has been

directed toward using SWCNTs and

Nanotube  MWCNTSs for flat-panel displays and lamps.
emitters . .

SUE L pads of nanotube In th.e.case of flat-panel dlsplays., used in

emitters televisions and computer monitors, an

electric field directs the field-emitted

electrons from the cathode, where the

CNTs are located, to the anode, where the

(i +— cathode

S Phosphor

ke Anode electrons hit a phosphorus screen and emit
b light (see Figure 9). The area of flat-panel
Figure 9. Flat-panel display displays has attracted a good deal of

attention from the industrial community,

including Motorola and Samsung, which
have produced several prototypes. Despite the potential market for this application,
the current technology still suffers from several problems that are not easy to solve,
such as the development of low-voltage phosphorus.
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Obviously, once the technical problems are surpassed, the advantages of
CNTs with respect to conventional liquid crystal displays are significant, in particular
high brightness, a wide angle of view, and low power consumption. The technology
for CNT-based lamps is imilar to the one used for flat-panel displays, comprising a
front glass covered with the phosphor coating and a back cathode glass that includes
the CNTs. CNT-based lamps are attractive because they are mercury-free while
maintaining high efficiency and long lifetime».

After considerations of another obvious cases from various branches of
nanoscience and technology the lecturer gives to students quite complete general
picture of present-day achievements in nanotechnology.
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E.N.Bonkoea, B.B.Mpucedckuti YITIEPOAHbIE HAHOTPYBKW U UX CBOUCTBA B
KYPCE «<HAHOMATEPWAIbI» 151 CTYQEHTOB UH)XXEHEPHbIX CIIELUMAJTIbHOCTEN

B cmambe usnoxeHa nocrnedosamesibHOCMb pedcmassieHUsi OCHOBHbIX MOHAMUU U
docmuxeHull  HaHOmMexHosoeuu, eudo8  HaHOMamepuasiog, OCHOBHbIX  MexXHono2ull  ux
gopmuposaHusi, Memooo8 uccredoB8aHusi HaHOCMPYKMyp, OCHOBHbIX (bU3UYECKUX U XUMUYECKUX
ceolicme HaHoMamepuasios, CO8PEMEHHbIX O0CMUXeHUU 8 MPUMEeHeHUU HaHoMamepuanos u
HaHOMeXxHo102ull 8 Pa3/IuUYHbIX OMPAacsiX MeXHUKU.
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B nekyuoHHomM Kypce cmydeHmbl 3HAaKOMSIMCsl C  OCHOBHbIMU  MOHAMUSMU U
npedcmasnieHUsIMU HaHOMEXHOo2UU U HaHoMamepuaros, Kraccugukayuel U UX OCHOBHbIMU
ceolicmeamu, Memodamu ¢hopMuUpPO8aHUS HAHOCMPYKMYP.

B meopemuveckomM Mamepuane IeKUUOHHO20 Kypca fpu paccMOmpeHUU CO8PEeMEHHbIX
docmuxxeHuli 8 obriacmu HaHoMamepuarios, 8 rnepeyt o4epedb, OCHOBHOE 8HUMaHUE 0bpauleHo Ha
epagbeH, yerepodHble HaHOmMpybku u cbynnepeHbl. Bce amu mamepuarnbsi co3daHbl Ha OCHO8e
amomos yenepoda. BHumaHue crywamersnel obpawieHo Ha mo, 4ymo ornpedenieHHoe crieyuanbHoe
pacrionoxeHue amomoeg yarepoda 0380/155iem KOPEeHHbIM 06pa3oM u3MeHUmb ceolicmea
Mamepuarna, co30aHHO20 C MaKuM pacrosioxXeHuemM amomos. HeobxodumbiM ycrosueM makoz2o
paccMompeHusi Aerisiemcsi cxemamu4eckoe U300paxeHue Ccoomeemcmeyruux pacronoxeHul
amomos.

Mamepuan nekuuu, cesi3aHHOU C COBPEMEHHBbIMU OOCMUXEHUSIMU HaHOMexXHo1o02ul, pasbum
Ha Oudakmu4eckue eOUHUUbI 8 COOmMEemcmeue C HeKomopbiMU, Haubosiee SPKUMU OCHOBHbLIMU
pesynbmamamu, [Ofly4YEeHHbIMU 8 MmaKux B8axXHelwux ompacssax HaHOmMexHono2ull  Kak:
HaHobuoo2us, HaHOMamepuarsibl, HAHOXUMUST, HAHOMeOUUUHA, HaHOUH)XEHEPUS, HAHO3/TIEKMPOHUKa,
HaHOSHepaemuka, HaHomexHosoa2uu 0s1s1 6e3onacHocmu.

Knrouyeeble cnoea: HaHomexHoso2usl, HaHompybka, HaHoCcmpykmypa, hyrnepeH,
UHXeHepHoe obpa3osaHue.

O.l.Bonkoea, B.B.Mpucedcwukuti BYIJIEUEBI HAHOTPYBKN TA IX BJIACTUBOCTI B
KYPCI «<HAHOMATEPIAJIN» 4J151 CTYQEHTIB IH)XEHEPHUX CIMNELIAJIbHOCTENA

Y cmammi euknadeHa mocnidosHicmb npedcmasieHHsI OCHOBHUX [MOHSIMb | OOCSieHEeHb
HaHomexHosoaii, eudie HaHoMamepiasnig, OCHOBHUX MexHomoail ix ¢opMyeaHHs, Memodie
00CnidOKEeHHST HaHOCMPyKmMyp, OCHOBHUX (hi3UYHUX | XIMIYHUX eslacmugocmell HaHoMmamepiarnis,
cy4acHux docsicHeHb 8 3aCmocCy8aHHi HaHOMamepiarie i HaHOMEXHOI02il y Pi3HUX 2aly35X MEXHIKU.

Y nekujtHomy Kypci cmyOeHmu 3HaluoOMASIMbCS 3 OCHOBHUMU MOHAMMSAMU ma ysSe8reHHIMU
HaHomexHoso2ii i HaHoMamepiarie, Knacugikayieto ma ix OCHOBHUMU erilacmugocmsamu, mMmemodamu
opMy8aHHs1 HARHOCMPYKMYyp.

Y meopemuy4HoMy Mamepiasni eKyiliHo2o Kypcy npu po3ernsdi cydacHux OOCS2HEHb 8
obnacmi HaHoMamepiarie, 8 rnepuwy 4epey, OCHOBHa yeaza 368epHeHa Ha epacheH, eyaneuesi
HaHoOmpybKu i ¢bynepeHu. Bei yi mamepianu cmeopeHi Ha OCHOBI amomie 8yarieyro. Yeazy criyxadie
38EpHEHO Ha me, WO MeeHe creyiallbHe po3mauly8aHHs amomie gyareulo 00380J155€ OOKOPIHHO
3MIHUMU 8rlacmueocmi Mamepiasly, CmeopPeHO20 3 makuM po3mauwlysaHHsM amomis. HeobxidHor
YMOBOI0 MaKo20 po3asisidy € cxeMamuyHe 306pakeHHs 8idrnogiOHUX po3maulyeaHb amomis.

Mamepian nekuii, noe'ssaHoi 3 cy4yacHUMU OOCSi2HEHHAMU HaHOMmexHosoail, po3bumul Ha
QudakmuyHi oOuHuyi y e8idrnoesidHicmi 00 Oesikux, Halbinbw SCKpasux OCHOBHUX pe3yrbmamis,
OMpUMaHUX 8 maKux Hal8aXuegiux 2any3six HaHomexHorsogzili sK: HaHobionoezii, HaHoMamepianu,
HaHOXiMisi, HaHoOMeOuUUHa, HaHOIHXEHEPIs, HaHOENIEKMPOHIiKa, HaHOeHepaemika, HaHOomexHosoail
0nsa 6esneku.

Knro4oei cnoea: HaHomexHorsoziss, HaHompybka, HaHOCmpykmypa, hynepeH, iHXeHepHa
oceima.

Mpucepacknn Bagum BuktopoBuY — O-p XvMM. Hayk, npodeccop, 3aBeaylowmin kadenpon
obwen xumun, NMBY3 «[JoHEeuKnn HauMOHarbHbIN TEXHUYECKUN YHMBepcUTeT», [oHeuk, YKpauHa,
e-mail: prisedsky@feht.dgtu.donetsk.ua.

Bonkosa EneHa MBaHOBHa — kaHA. XMM. HayK, AOLEHT, AOLEHT kadeapbl obwen xumuu,
MBY3 «[oHeukni HauMOHanNbHbLI TEXHWYECKUA yHMBepcuTeT», [oHeuk, YkpaumHa, e-mail:
a.volkov@mail.ru.
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PEKOMEHOALUK ONA ABTOPOB
cb6opHuka «HaykoBi npaui [loHeUbKOro HawioHanbHOro TeXHi4YHoro
yHiBepcuteTy. Cepisi: Ximis i XimiyHa TexHonoria»

Pykonucb ctaTbyn npegocTaBnsieTcsi B Hane4yaTaHHOM BMAE HAa O4HOM U3 Tpex
A3bIKOB: PYCCKOM, YKPAWHCKOM WIS @HINIMACKOM, NMPOHYMEPOBAHHbLIX C NEpPBOM OO
nocnegHen ctpanuubl. Kpome Toro, npeaoctaBnsieTcsa afeKTPOHHAsA Konnsa CcTaTby Ha
nasepHoOM OUCKe.

B cootBeTcTBUM C TpeboBaHnamu BAK YkpauHbl (Bron. BAK Ykpainn, 2003. —
Ne1. — C. 2) cTaTbs QOMMKHA BKAOYATh: NOCTAHOBKY Npobnembl B obwem Buae u ee
CBSI3b C BaXXHbIMW HaY4YHbIMW UM NPAKTUYECKMMWN 3a4avamu; aHanm3a nuTepaTypHbIX
NCTOYHUKOB; BblAeleHME HepELLEeHHbIX paHee 4acTen oblien nNpobnemsbl, KOTOPbIM
NnocBsilLlaeTcsl JaHHas cTaTbs; OPMYNMpPoBKa Lenen cratbm (MOCTaHOBKA 3agayn);
N3NOXEHNE OCHOBHOMO MaTepuana wuccnegoBaHust € MNOSMHbIM - 060CHOBaHMEM
MOMTYYEHHbIX Hay4YHbIX pPe3ynbTaToB;, BbIBOAbl W MNEpPCNeKTUBbl AanbHENLnX
pa3paboToK B AaHHOM HanpaBIiEHUN.

CTpykTypa cTaTtbu:

- Y[K;

— haMunum 1 nHUUnanbl aBTopoB, y4eHasi CTENEHb, 3BaHUE;

— MONMHOE HauMeHOoBaHMe opraHn3aunu;

— HasBaHue ctaTby;

— KpaTkume aHHOTauMuM Ha PYCCKOM M YKPAUHCKOM $3blkaX, U pacluMpeHHas
[0 2500 3HakoB aHrMmMcKas aHHoTaLus;

— KIIlOYEBbIE CIiIOBA Ha pPYCCKOM, YKPAWHCKOM W aHIMIMACKOM  SA3blKax
(oo 15 cnos);

— TekKcT (6e3 pa3MeLUeHHbIX NO TeKCTY PUCYHKOB);

— cnncok 6ubnunorpadmnyeckmx CCbinok;

— Ha OTAENbHbIX CTPaHMLAX PUCYHKM N NOANUCK K PUCYHKAM;

— Ha OoTAEenbHOM CTpaHULE PYCCKWUMU, aHIITMACKUMA U YKPAUHCKUWA BapuaHT
PUO aBTOpPOB, HAa3BaHUS CTaTbU, aHHOTALUWN, KNKOYEBbIX CIIOB.

Tabnuupbl, HabpaHHble B pepaktope Word, pasmelwarotca no Tekcty. Ha
NoNAxX PyKonucu KapaHaaloM OTMeYaeTCss MECTO PUCYHKOB.

TekcT gomkeH OblTb OoTneYyaTaH yepe3 OAMH MHTEpBan Ha OOHOWM CTOPOHE
nucta bymarn cdopmata A4 (210x297 mm), wpudT Arial, pasmep wpudTa 12 0.
Mons cTpaHuy: neBoe u npaBoe — 2,5 cM, BepxHee U HMxXHee — 2 cM. He
OONYCKaTCA OTKMOHEHMS OT CTaHAapTHbIX NpuemoB Habopa B pepaktope Word:
AUWHWE WU XecTkne npobenbl, UCKYCCTBEHHbIE NEPEHOCHI, CMelleHne LpudToB,
YMNAOTHEHWE UKW pa3pexeHue wpudTta u T.0.

Mpn BbIGOpEe eauHWL U3MepeHus aBTOpbl AOSMKHbI  NPUOEPXKMBATHCA
mexayHapoaHon cuctemol eguHuy CU (CT C3B 1052—78).

YpaBHeHMA un cdopmynbl. Bce matemaTtnyeckme ypaBHEHUSI OOSMKHbI ObITh
HabpaHbl B pepaktope ¢opmyn Word. Bce cMMBOMbI 3f1EMEHTOB B XUMWUYECKUX
dopmynax n maremaTndeckme cumsonsbl (lim, sin, exp u T.4.) HabupalTca NPAMbIM
wpudtom. dusmdeckne BenuumHbl (R, T, Ex, kK n T.4.) HabuparTCca KypCUBHbLIM
wpnugTom, uudpbl — npamMbiM.  LndpoBble KOIPPUUMEHTBI W MHOEKCHI B
XUMMYECKNX bopmynax HabuparTcs npsMmbiM WPUEPTOM, OGYKBEHHbIE — KYPCUBOM.
HymepoBaTb cnegyeT TOnbkO Te POpPMYynbl, HA KOTOpble UMEKTCHA CCbinkn. Bce
NPOHYMepOBaHHbIE POPMYIibl BbIKIMHOYAOTCS B KPACHYHO CTPOKY, a HOMEP CTaBUTCS
cripaBa B Kpyribix CKOBKax.

Bce BHOBb BCTpevalolmecss BefIMYUHbI B YPaBHEHUAX U hopMyriax AOSTKHbI

194




PEKOMEH[OALII oNns ABTOPIB

ObITb NOACHEHbI C yKa3aHUeM nx pasmepHocTy ("rae x — pacctosiHue oT ocu, m; ...").

Tabnuubl. Tabnvubl HyMepylTCa M pasmeLlarnTcs HenocpenCcTBEHHO MO
TekcTy. 3aronoBku Tabnuu n rpad HeobxoaMMO NMcaTb C MaKCUManbHO 4OMYCTMMOWN
KpaTKOCTb0, HO MOSTHOCTbIO, 6€e3 cokpalleHui, C yKazaHueM eguHul, namepexus. B
Tabnuuax cnegyet nomMewaTtb TONMbKO MNEepPeMEHHble BENUYMHbI, MNOCTOSIHHbIE
YyCIOBWUA ONbITOB AlOTCA B TEKCTE MMM 3arosfioBke K Tabnuue B ckobkax. Bce cTpoku
Tabnuy, OomkHbl ObiTb MPOHYMEpPOBaHbI B COOTBETCTBYHOLWEN KonoHke. Cnegyet
obpaTnTb BHMMaHME Ha NMpaBWUIbHOCTb TEKCTa M ero Habopa B romnoBke Tabnuubl.
CHOCKkM W npumMevaHusi K Tabnuue nevyaTarTCA HeENnocpeacTBeHHO noa Hen. He
aonyckaeTca npeacTtaBneHne B Ttabnuuax 6onbwmx HeobpaboTaHHbIX MacCUMBOB
SKCNepuMeHTarnbHbIX AaHHbIX.

UnnrocTpaumn. PucyHkn JormkHbl ObITb NpeacTaBrieHbl B pacrnedyaTtaHHoOM U3
COOTBETCTBYHOLUMX rpacmyecknx annos Buae, a B 9NEeKTPOHHOM Buae COXpaHEeHb!
Kak oTAenbHble hansbl.

Hagnucm B none pucyHka crnegyeTt rno BO3MOXHOCTM 3aMeHATb Ludpamu unm
BGykBamu, KOTOpble pacM@pPOBLIBAOTCA B NOAMUCAX K HUM; KpUBble HyMepykTCs
apabckumn ungpamn. N3obpaxeHne Ha pUCyHKaxX CTPYKTYPHbIX U Opyrnx dpopmyn
HexenatenoHo. OAHOTUMHbIE KPWUBbIE OOSMKHbI ObiTb BbINOSIHEHBI B OOWHAKOBOM
MacwTtabe Ha OgHOM pucyHKe. PekoMmeHayeTcs NMpUMEHSTb HECKOSTbKO MacLlUTabHbIX
Wwkan ana obbeaAnHeHUs PasfMyHbIX KPUBbIX B OOUH PUCYHOK.

doTorpaun OMKHbI OblTb YETKUMU U KOHTPACTHLIMU.

MoanucKn K pucyHkaMm Ha OTAEeSIbHOW CTpaHuue AOSMKHbI OblTb MakCUMMarbHO
KpaTKNMMU. Bce nnncTpaumnm OOJTKHbI ObITb NPOHYMepOBaHbI B
nocnefoBaTeNbHOCTN, COOTBETCTBYIOLLEN YNOMUHAHUIO UX B PYKONUCK, 1 HOMEpamm
npuBs3aHbl K MOAPUCYHOYHbIM noanucaM. Ha pacneyaTkax pPUCYHKOB criegyeT
00603Ha4YNTb ero NOpPsiAKOBbLIN HOMEpP, (hamMunuio aBTopa, Ha3BaHWe CTaTbMu.

Bubnuorpadunyeckme ccbinkn. Cnucok OBubnuorpadmyecknx  CCbinok
COCTaBnsIeTCA B nopsgke ynoMMHAHUA UCTOYHUKOB B TEKCTE, rAe OHU OTMEevarTCH
umdpamm, 3akniYeHHbIMWU B KBagpaTHble CKOOKM, M OaeTcs B KOHUE cTaTbW Ha
oTaenbHon ctpaHuue. CCbIfIKM Ha MHOCTPaHHbIE UCTOYHMKM MPUBOAATCA Ha A3blKe
opurMHana (BMNuMCaHHble OT pyKU He npuHumMaroTcs). Ha HeonyOGnukoBaHHble
MaTtepuanbl CCbINIKN HE LOMYyCKalTCA.

Bubnuorpadguyeckmn cnucok coctaenawT B cootBetctBum ¢ OCTY TOCT
7.1:2006 «Cuctema ctaHgaptoB No MHdopmauum, 6nbnmoTeyHorm 1M M3gaTenbCKon
aestenbHocTn. bubnuorpadgpuyeckaa 3anucb. bubnunorpaduyeckoe onucaHue.
O6wme TpeboBaHMs 1 NpaBuna COCTaBEHNA»

e K pykonucum Heo6xoauMo NpPUNOXUTb:

— COMpPOBOAUTENbHOE NMUCbMO OT OpraHvM3auuu, rae BbinonHeHa paboTa;

— BbINWUCKY M3 NPOTOKOMa 3acefaHnsa Y4eHoro coBeTa opraHusaumu (nnbo
AKT aKcnepTusbl) C BbIBOAOM O BO3MOXHOCTM  onyb6nukoBaHus
MaTepuaroB CTaTbW B OTKPbITOM nevaru;

— PpeueH3nto Ha CTaTblo;

— JaHHble 06 aBTOpax — amMunusg, MNOfHble MMA U OTYECTBO, MECTO
paboTbl, KOHTaKTHble TenedgoHbl (goMawHui, pabounn, MOBWUNbHLIN),
agpec anga nepenucku, E-mail.

e OTKNMOHUB pyKOMUCb, pedakums ocTaBndeT 3a cobow npaBo He BO3BpaLlaTb
aBTOpPY 3K3eMNNsp CTaTbu.

e HecobGniogeHne aBTtopamn npu OOPMIEHUN PYKONUCEN MpaBwuSl Hallero
cbopHMKa ABNAETCA OCHOBaHMEM AS1S1 OTKIIOHEHMS NpeaCcTaBsieMblX CTaTen.
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