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CUHTE3 "1 ®U3NKO-XVMNYECKHUE UCCJIIEHOBAHUA
KOMIIIEKCHBIX COETVIHEHUMN JKE/IE3A(III) C TSC

T. B. bo6okanonos, C. M. Cadapmamansona

Tomxuppuna Bapormaxmamosud Bo60KamoHOB, KaHJ. XVMM. HayK, CTapmuii Ipemnofasatenb, Cadapmamap
My6opakmo Cadapmamanzona, i-p XuM. Hayk, IIpodeccop.

TamKUKCKnit HallMOHA/IbHBLI YHUBepcuTeT, [lyman6e, Pecrry6mmka TamKuKucTaH,

sash65@mail.ru, tojiddin_8989@mail.ru.

Kniouesvie cnosa: Annomauus.  Paspabomanvt  memoOuxu — cuHmesa  KOOPOUHAUUOHHBIX
Komnexcoobpaszosarue, coedunenuti  enesa(Ill) ¢ muocemuxapbasuoom  (TSC).  Memodamu
cunmes, xeneso(11l), UK-cnexmpockonuu, KOHOYKmMomMempuu, permeeroepagpuu u
muocemukap6asud (TSC),  mepmoepasumempuu 00ka3aHo ux cmpoerue. Ycmanosneno, umo TSC ¢
UK-cnexkmpockonus, scenesom(IIl) Koopounupyemcs 6udeHMAMHO NOCPeOCBOM amoma cepvl U
KOHOYKmMOoMempus, asoma. Tepmozpasumempuuecku yCmano8/eHo, 4o PA3NOHeHUS KOMNIIEKCO8
peHmeeHoepapus, npomekdaem 6 08e cmaduu: HA NePeoli CMAdUU NPOUCXOOUM  MePMONU3
mepmonus OpeaHuUecKux nu2and08 ¢ 00pA308aHUeM COOMBEMCMBYIOUWUX conell Jicere3a,

8MOPAS CMAOUS C6A3AHA C PA3TIONEHUEM COTell Hene3d U 06pa3oeanuem oxcuoa
scenesa(Ill). Komdykmomempuuecku ycmaHoeneHo, 4mMo CUHMe3UPOBAHHDLE
KOMNAEKCbl OMHOCAMC K CUNbHbIM dneKmponumam. Penmeenoepaduuecku
NOKA3AHO, UMM KOMNAEKCHl KPUCIATIUSYIOMCS 6 0pMOopoMOUuUeckue CUHZOHUU.
Yucno cmpykmypHolx eOUHUY, 6 A4etiKe pasHO 08YM.

s quTpoBaHuA:

bobokanonos T.b., Cadpapmamansoga C.M. CuHres ¥ GU3MKO-XMMUYECKVE MCCIELOBAHMS KOMIUIEKCHBIX
coepunenmit xenesa(Ill) ¢ TSC // Om xumuu x mexHonozuu waz 3a wazom. 2024. T. 5, e 3. C. 8-22
URL: https://chemintech.ru/ru/nauka/issue/5357/view

BBenenne

Ha mpoTskeHMM MHOTMX JIeT THMOCEMUKAapOasuabl IpPefCTaB/IAT 3HAYMTETbHBIN
VIHTEpEC [I CUHTETUYECKON OpraHM4ecKoil xmmuu. bnaromapsa Hammumio HECKONbKMUX
AaKTMBHBIX PEaKUVOHHBIX II€HTPOB OHM IIMPOKO MUCIIONb3YIOTCA [/IA CUHTE3a a3oT- U
CepOCOfiep>KAIINX TeTePOLUKINYecKnX coefuHeHnit. CHocoOHOCTb THOceMuKapbasuma
00pa3oBbIBaTh KOMIUIEKCHI C KaTMOHAMI JKe/le3a, ITHKA, MefiU, HUKe/A ¥ APYTUX MeTajUIOB,
UTPAIOIINX BAXHYIO PO/Ib B OMOIOIMYECKMX IpOIjeccax, 0O0yCIOBIMBAET IIVMPOKNUI CIEKTP
OMOIOTMYeCKOll aKTMBHOCTM €ro IpomsBofHbIX. Cpeay HUX HaleHbl BelecTBa C
IPOTUBOOIYXO/NEBbIM,  AHTMMMKPOOHBIM, IPOTMBOIAPA3UTAPHBIM,  WMHCEKTULIVTHBIM,
AaHTMOKCUJAHTHBIM ¥ aHTHaTepockiepormdyeckuMm peitcteueM [1]. JKemeso saBmsercs
HEOOXOAMMBIM MMKPOI/IEeMEHTOM I ofecredeHus OOJBLUIMHCTBA SKM3HEHHO BaXKHBIX

© T. B. Bob6okanonos, C. M. Cadapmamanzona, 2024
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GYHKIVIT JKMBBIX OPTaHM3MOB, TaKMX KaK TPAaHCHIOPT Kucnopopa, cunres [JHK, ygactue B
9 PEeKTOPHBIX MeXaHM3Max MMMYHUTeTa U Jp. MUKpPOOpPraHM3Mbl TaKXe HYKIAIOTCSI B
xenese. [ToTpe6nsas U3 oKpyKalolleil Cpeabl XKee30, OaKTepuy MpHoOPeTaT CIOCOOHOCTD
Jy4llle TPOTUBOCTOATb HEONMAaroNpUATHBIM (akTopaM, IONY4al0T MPEUMYLIECTBO B
KOHKYpeHTHOI 60pbbe. VlccmenoBanus MMPOKOTO CIIEKTPa ATOTEHHBIX OaKTepuil CBUIETENb-
CTBYIOT, 4TO 3KCIIpeCCUsi MHOTMX TeHOB, OTBEYAIOIVX 3a IIaTOT€HHOCTb, PeryIMpyercs
KenesoM [2].

B o630opHoit cratbe [3] cucTeMaTU3MpOBAaHBI [JaHHBIE IO CUHTE3y, CTPOEHUIO,
YCTOMYMBOCTY  KOMIUIEKCHBIX ~ COEVIHEHUII HEKOTOPHIX IIEPEXOJHBIX METAVIOB  C
THOCEMUKapOasuzomMm " €ro IIPOVI3BOJIHBIMIL. PeHTreHOCTPYKTYpHBIMU "
VIK-CIIeKTpOCKONIMYECKUMY  VICCNIEIOBAHMUSAMM ~ YCTaHOBJIEH  CIIOCOO  KOOpAMHAIUY
THOCEMUKapOA3NUTOB U OIpefie/leHbl CTPYKTYPhl KOMIUIEKCOB. B yacTHOCTM ITOKasaHO, 4YTO
tnocemukapbasug ¢ Cu(ll), Zn(II), Fe(II), Ni(Il) u Ag(I) xoopauHuUpyeTr OMUIEHTATHO
IIOCPEZICTBOM aTOMa CepBl U a30Ta IMIPasHOBOTO PparmenTa. B pabore [4] cuHTe3MpoBaHbI U
M3y4eHbl KOMIUIEKCHBIe coefiuHeHNsA peHn:A(V) ¢ TmoceMmkap6asugom. Y craHoB/IeHO, 4To TSC
¢ perrem(V) KOOpAMHMpYeT OMIEHTaTHO IO aTOMY cepbl M a3oTa. ABTOpHI [4, 5] mpu
UIEHTVYHBIX  YCJIOBMAX CUHTE3MPOBAIM  KOMIUIEKCHble coenvHeHus penmsa(V) ¢
4-metnnrrocemukap6asugom (4MTSC). Upentndmkaums xommnekcoB Mmeromamu VK n
I[IMP-cnexrpockonuu mokasana, 4ytro 4MTSC kxooppuuupyer ¢ penuem(V) MOHO[EHTaTHO
IIOCPEICTBOM aToMa cepbl. VI3ameHeHme peHTaTHOCTBI MOneKynbl 4MTSC aBTopsl pabor
OOBSICHAIOT CTepyYecKMy (paKTopaMy, CO3fjaBaeMbIMI METU/IBHOI IPYIIIIONL.

B pabote [6] meTogoM okucmuTenbHOro norennnana Kmapka-HuKombckoro maydeHsl
nporecchl  KomiuiekcoobpazoBauusi B cucreme Fe(Il)-Fe(III)-rmumuu-Na(H)ClO4-H,O.
[Tomy4eHsl 9KCIIepUMeHTaNbHbIE KpUBble 3aBUcUMOCTY D] C CHCTEMBI OT KOHIIEHTPALIVIOHHBIX
napameTpoB: pH, pCream, pCrean, pCL. Ilokaszano, uto B 3aBucumocty or pH-pacTtBopa B
cucreme Fe(II)-Fe(III)-rmuuuu-Na(H)ClOs-H,O  06pasyiorcst KOMIUIEKCHBIE COeVHEHVS
Fe(III) cocTaBa: [FeHL(H,O);]*", [Fe(HL),(H,O)4]*", [Fe,(HL),(OH).(H,O)s]*,
[Fe'"Fe'(HL).(OH),(H.0)s]**, a Taxxe Fe(Il): [Fe(HL)(H.O)s]*, [Fe(HL)(OH)((H.O).]",
[Fe'Fe"™(HL),(OH).(H,0)s]**. B [7] obcyxpmaroTcst ycnoBus CHHTe3a KOMIUIEKCOB aljeTaTa
Co(II) ¢ MenaMuMHOM U TIMIIMHOM Ha OCHOBE COBPEMEHHBIX (PU3UKO-XUMMUYECKNX METOMIOB
uccrefoBanysa. ABTOppl paboTel [8] W3y4anmm KOHAEHCAUMIO 2-aMUHONMPUANH-3-
Kapbampiernga ¢ l-ruppasmHodranasyHoM. Ilomyumay HOBBII TeTapUITMAPA3OH U
VICCIIE[IOBA/IY €T0 KOMIIEKCOOOPa3yIoIyI0 CIIOCOOHOCTD 10 OTHOIIeHMIo K noHaMm Ni**, Cut,
Cu?', Zn** n Co’". [TokazaHo, 4YTO B 3aBUCUMOCTY OT IPUPOJbI IOHOB MeTa//Ia ¥ KUCIOTHOTO
ocTaTKa 00pasyloTCsl KOMIIEKCHBIE COeIMHEHNsI Pa3/IMYHOTO COCTaBa U CTPOESHMS.

B pa6ote [9] monydyensr komiutekcsl Memu(Il), copmeprkamue psj camyuyIanbery-
ceMUKap0a3OHOBBIX J/NMTAaHAOB. [lomydeHHBIe KOMIUIEKCH OXapaKTepuU30BaHBI (HUBMKO-
XuMmdeckumu Meropamu. PenrrenoBckas crpykrypa [Cu(HBnz,)Cl]'H,O moxaseiBaer, uTo
KOMIUIEKC SIBJII€TCS MOHOMEPHBIM, a aTOM Me[Ml YeTBIPeXKOOPAMHUPOBAH B VICKaXKEHHON
IUIOCKO-KBaJIpaTHOM TreoMeTpuu. JIuraHp Xematupyer Medb TpupeHTaTtHO 4epe3 MMMH(N),
kap6ounn(O) n penonaro(O), mpuyeM YeTBEPTOE TONTOXKEHNE 3aHNMAeT KOOPVHIPOBAHHBII
Cl. Coegunenne [Cu(Ph,)H,O] Taxxe popmymmpyercs kak MOHOMEP.

ABropel pabotsl [10] mccremoBanmy mpouecc Komiyiekcoobpasoanus 3omota(lll) ¢
2-3TUINMIJA307I0M B pacTBOpe. [/ ompeneneHns KOMM4YeCcTBa OOpasyOIINX KOMIUIEKCOB

9
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crpommu  3aBucumoct AE or IgC.. Omnpepenensl o6ujye KOHCTaHTBI YCTOMYMBOCTY
KoMIUiekcoB cocTaBa [Au(2-9M)CL] n [Au(2-9M),CL]Cl. ITokasaHo, 4To mpyu yBenndeHUn
TeMIIepaTypbl YCTONYMBOCTb KOMIUIEKCOB Bo3pacTaeT. TeMmiepaTypHblil pakTop B OObIIeN
CTEIIeHM BJMSAET Ha YCTOMYMBOCTD OM3aMeIEHHOTO KOMIUIeKca. ABTOpBI paborsr [11]
CUHTE3VpOBaIM M U3ydamy (QU3MKO-XMMWYIECKNe CBOJMCTBA KOMIUIGKCHBIX COeIVMHEHNII
somota(lll) ¢ 1,2,4-tpmasonom, 1,2,3-6enstpuasonom u 1-dpypdypunmmpenammuo-1,3,4-
TpuasonoM. VIK-creKTpockonm4yeckumM MeTO/IOM yCTaHOBJIEHO, YTO MOJIEKYBI 1,2,4-Tpuasona,
1,2,3-6enstpuasona  u  l-pyppypmnnpenammno-1,3,4-tpuasona  KOOPAVHMUPYIOTCA €
somoroM(III) mocpemcTBOM aroMa as3oTa TPMA30/MIBHOTO KOJIbIA. YCTaHOB/IEHO, 4YTO
MOHO3aMemléHHble KoMIuteKchl 3omota(lll) B pumermndopmamupe go temmepatypsr 35 °C
Bef[yT ceOsI KaK COeVTHEHN A He3JIeKTPOIMTHOTO TUIIA, A BBIIIE 9TO TeMIIepPaTyphl IPOVICXOUT
3aMelleHe BHYTpMC(EepPHDIX XIOPUAHBIX MOHOB Ha MojieKkyry JM®A c o6pasoBaHMeM HOBBIX
KOMIIIEKCOB 3JIEKTPOJIMTHOTO TUIA. PeHTreHOrpadmuecky yCTaHOBJIEHO, YTO KOMIUIEKCHI
sonora(Ill) ¢ 1,2,3-6eH3Tp1a3onoM SBIAIOTCA IPAHELEHTPUPOBAHHBIM C LIEHTPOM B y3/Iax U
cepenyHe 6a3MCHOM IUIOCKOCTY pPELIeTKM, KOTOPBIM COOTBETCTBYET YNCIO CTPYKTYPHBIX
e[IMHIL], paBHOE YeTbIPEM.

ITens pa6oTel

PaspaboTka oOnTMManbHBIX ~METOOVMK CMHTe3a KoMmIvlekcoB kenesa(Ill) ¢
THOCEMMKApOa3UIOM, M3ydeHNe MX BXXHENIINX PU3UKO-XMMIYECKIX CBOJICTB, YCTAaHOB/ICHIE
criocoba koopayuHanyy Fe(III) ¢ TSC.

OcHOBHasA 4acTh

Hamuune omnpenenéHHoro umciaa paboT, NMOCBALIEHHBIX CUHTE3Y ¥ YCTAaHOBJICHMIO
ciocoba KOOpAMHALMM THUOCeMUKapbasyia M ero IPOU3BOJHBIX K JOHaM MeETaJUIOB,
CBUJIETE/IbCTBYIOT O TOM, 4TO Ha CIIOCOO KOOPAVHALMM 3TOTO KJIAcca JNTAHNOB BIMSET
npupopa pactBoputens, pH pacTBopa um Hamnume 3aMeCTUTENs, 00J1a/JalON[eT0 JOHOPHBIMU
coiticrBamu. KommnekcHble coepuHenns xene3a(lll) ¢ TSC mamu nomry4eHsl 13 CepHOKNCTIBIX
pactBopoB (pH<1) mnpm pasHBIX COOTHOLIEHMSIX WCXOJHBIX KOMIIOHEHTOB. J[laHHBIE
3/IEMEHTHOTO aHaIM3a [N BO3MOXXHOCTb YCTaHOBUTH, 4TO Xene3o(IIl) ¢ TSC obpasyer
KOMIUIEKCBI, B KOTOPBIX Ha OfIH aTOM MeTajjia IPUXOAATCA ABe U Tpu MoneKynbl TSC, n ux
o0pasoBaHMe IPOTEKAET IO PeAKLIVAM:

Fez(SO4)3 +4TSC > ([FG(TSC)2804D2SO4
Fez(SO4)3 + 6TSC > ([FC(TSC)3])2(SO4)3

Ob6a KOMIUIEKCa, 10 [AaHHBIM XVMMUYECKOTO aHaJIN3a, COfEpXKaT CynbgaTHbIE VOHBI
[lns ycraHoBnenus crocoba kooppauHaumu TSC um  cynbdar moHoB K xenesy(III)
perucTpupoBam 1 conoctaBmm VIK-crekTphbl MCXOTHBIX COeAVHEHMIT U CHTe3MPOBAHHBIX
KOMIUIEKCOB. B pabotax [3, 12, 13] nHTepupeTupoBaHbl ¥ OTHECEHBI YacTOTHI KO/MeOaHMs B
VIK-cniektpe TSC 1 ero KOMIJIEKCOB C HEKOTOPbIMM II€pPeXOfHbIMU MeTautamMu. [lnia
ycTanoBieHus crocoba koopauHanuu TSC k >xenesy(11I) Hamy ObUIM MCTIONB30BaHBI JaHHbBIE
aTuX pabor. B Tabmmue 1 mpuBefeHB! XapaKTEepPUCTUYECKMe 4YacTOThl MHQPAKPacHOTO
nornomenus TSC, cynbdara xenesa u komiutekcos xenesa(I1l) ¢ TSC mpu 400-4000 cm ™.
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Ta6muma 1. Xapakrepucrudeckue 4acToThl MHPpakpacHoro nornomenns TSC, cynbdar sxene3a 1 KOMIUIEKCOB
Fe(III)

XapakTepucTuyecKie 4acToThl, CM !
OTHeceHMe
TSC ([Fe(TSC)2S04])2S04 ([Fe(TSC)s])2(SO4)s Fe,(S0,);-9H,0
3367cp. 3396¢m. 3396¢m. -
(NH) 3263cp. 3279cn., 3261cn., 3258cn. | 3300cm., 3275cn., 3264cr. -
v
3176c. 3170cp. 3188c. -
2972¢m. 2970ct. 2970ct. -
1645c. 1635c. 1649c. -
O(NHy)
1620c. 1612c. 1612c. -
1533c. 1559¢p. 1556¢p. -
S(NH)+v(CN) P P
15080u.cm. 15080u.cm. 15080u.cn. -
(CN)+5(NH) 1485an, 1438cp., 1400 1440cp., 1400 )
v cp. CII. cp., cp.
14580u.cm. P P P
Amide III 1317c¢p. 1355¢p. 1355¢p. -
Amide I1I 1287cp. 1203cm. 1200cm. -
p(NH,) 1165c¢p. 1120cp. 1120c. -
NH -
o(NH,) 1001c. - -
v(NN)
v(CS) 800c. 694cp. 694cp. -
1186¢., 1117¢c.,
SO, - 10800u.c. 10990u.c.
1063c.,1015c.

UK-cnektp TSC (N*H,N"HCSNH,) B o6mactu 2900-3500 cM™' nmeer 4eTbIpe mMOIOCHI
IOTJIOLIEHNsI Pa3HOM VHTEHCUBHOCTM (CM. Tabnm. 1), KOTOpbIe OTHOCATCS K BaJleHTHBIM
konebanuam V(N'H,)-3367 cm'; v(N*H,)-3263 cm’!, v(NPH)-3176 cm! n v(NH)-2972 cm’!
COOTBETCTBeHHO [12]. BpllmeykasaHHble TIIOJIOCBI B CIIEKTPaXx KOMIUIEKCOB COCTaBa
([Fe(TSC)2S04])2SO4 m ([Fe(TSC)3])2(SO4)s mposiBnsioT cebsi mo-pasHoMmy. Tak, mormoca
V(N*H)-3176 cm' B VMIK-criektpe xomrutekca ([Fe(TSC)s]).(SOs)s, mperepmeBast Hebonblue
u3MeHeHus1, nposBisiercss npu 3188 cm’. Ionoca, orBercrBennas 3a V(N'H,)-3367 cm! B
ciektpe koMmiutekca coctaBa ([Fe(TSC)s])2(SOs)s, mpeTeprieBast BBICOKOYACTOTHOE CMeEIIEHNE,
npossgerca npu 3396 cm'. Uro kacaercsa momocel V(N*H,)-3263 cM!, To oHa B cnekTpax
KOMIUIEKCOB paclLIeIUIsIeTCs] Ha HECKOIbKO II0I0C C MajIOfl MHTEHCHMBHOCTBIO (Hampumep,
B VIK-criextpe ([Fe(TSC)s])2(SO4)s 0OHapy>keHBI TpU IIOJIOCHI MajOii MHTEHCUBHOCTM IIPU
3300, 3275 n 3264 cm' coorBercTBeHHO). [Tonmoca TSC, mpossnsomascsa npu 2972 cm™,
B CIIEKTpaX KOMIUIEKCOB IIpeTepIieBaeT He3HaunTenbHoe usMeHeHue. B VK-cnexktpe TSC B
o6mactu 1700-1600 cM™' IpOSIB/IAIOTCS ABeE IOMIOCHI CUIbHOV MHTEHCUBHOCTY ITpu 1645 n 1620
cv!. B VIK-cnekTpe koMmItekcoB (cM. Tabi. 1) IpoucxXoauT He3HAUYNTeIbHOE HIU3KOYACTOTHOE
CMellleHe ITOJIOCHL, MposBsonteiics B ciekTpe TSC mpu 1620 cv'. [Tormoca TSC mpn 1645 cv
B CIEKTPaX KOMIUIEKCOB pacIIelIieTcd M IPOSBIAETCA B BUAE J[BYX II0I0C CUIbHOM
uHTeHCUBHOCTK (cM. Tabm. 1). Habmromaemble M3MeHeHUsI B XapaKTepe MPOsBIEHNS MTOI0C
HOTJIOLIEHNS, OTHOCALIVXCA K BaJI€HTHBIM U JlepopMalMoHHBIM Konebanyusam NH rpymm,
CBSI3aHBI C KOOpAMHALMEN, CKOpee BCeTOo, aTOMa a30Ta TMAPasMHOBOTO PparMeHTa MOJIEKYIbI
TSC x xenesy(III).

Yyactue aroma asora Mosekynabl TSC B KoopaMHaUMM TOATBEPXKJAeTcA TaKxKe
M3MeHEeH)eM YacTOThI NIPOSIB/IEHM S II0/I0C, OTHOCSAIINXCS K BaJIGHTHBIM U JleOpMalyiOHHBIM
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konebanusaM NH-, CN- u NN-rpynnm B cIekTpaX KOMIUIEKCOB, IIO CPaBHEHMIO C
HekooppauHyuposaHHbiM TSC. Tak, momoca, orHocsamasca k «Amidelll» (cM. Tabm. 1) B
VK-crekTpe KOMIUIEKCOB, IIpeTepIieBaeT CHIbHOE HI3KOYaCTOTHOE CMEIeHIe U ITPOSABIIAETCA
s ([Fe(TSC)2S04]).SOsmpu 1203 cm?, a B criektpe([Fe(TSC);])2(SO4)s — mpm 1200 em™'. Ouenpb
MHTeHCUBHasA 1nonoca B crekrpe TSC npossnsaerca npu 1001 cm'. B aTy nonocy 1o fjaHHBIM
pabotsl [3] ocHoBHOM Bkiaax BHOCAT ®(NH:)- m V(NN)-rpynmer. Jra momoca B CHeKTpax
KOMIUIEKCOB HaMJl He OOHapy)XeHa, T.e. OHa JCYe3aer.

Msuorue nuccneposarenu [3-5, 12, 13] nonocy, npossnsromyocs B VIK-cekrpe TSC mpn
800-805 cm!, orHocaT K KomebaHuaM V(CS)-rpymnbl. Ora momoca B MK-cmekTpax
CUHTE3VMPOBAaHHBIX KOMIUIEKCOB, B oTimume oT TSC, mnpereprmeBaeT O4YeHb CHUIBHOE
HI3KOYACTOTHOE CMEIlleHMe U IPOSIB/IAETCA B CIIEKTPaX CMHTE3VPOBAHHBIX KOMIIJIEKCOB IIPU
694 cm?' (cm. Tabnm. 1). IlomydeHHBIT SKCIIepMMEHTA/NbHBI (AKT SIB/ISETCS BECOMBIM
JI0Ka3aTeTbCTBOM y4acTusA aToMa cepbl Moyeky/nsl TSC B koopanHaruy ¢ sxenesoM(I1I).

Jloka3aTenbCcTBOM CYLIECTBOBAHMA CY/IbATHOTO MOHA B COCTaBe KOMIUIEKCOB SBIIACTCS
IIPOsIBJIEHNIE TI0JIOC, XapaKTePHBIX /I 3TOro noHa B VIK-cnexTpax kommtekcos. Ha puc. 1 1 2
npusenensl VIK-ciektpor Fe;(SO4)3-9H,0 n ([Fe(TSC)s])2(SO4)s.

Horaomenne

L/

T T T —— T [ T T T T [ T T T [ T T T T [ T T T T [ T T T T [ T T T T [ T T T T [ T T T T [ T T
4000 3500 3000 2500 2000 1750 1500 1250 1000 750 500 cm1

Puc. 1. IK-criextp Fe;(SO4)5-9H,0

o 10menne

4000 3750 3500 3250 3000 2750 2500 2250 2000 1750 1500 1250 1000 750 500 opm-l

Puc. 2. IK-criextp xommnekca ([Fe(TSC);])2(SO4);
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B MK-cnektpe Fey(SO4)9H,O mpm 3200 m 1614 cM' mposABIAITCA IOIOCH,
OTHOCAIVecA K BaJeHTHBIM U fIepOPMAIVIOHHBIM KO/lIeOaHMAM TUAPOKCUIBHON TI'PYIIIIbI
mosnekynbl Bofbl. dtu monmocbl B VIK-cnekrpax ([Fe(TSC),S04]).SOs n ([Fe(TSC)s])2(SO4)s
VUHTEPIPETNPOBATb HE VAAIOCh, TaK KaK B O9TUX OO/MACTAX IIPOSIBIAETCS HECKONIBKO
MHTEHCUBHBIX I10JIOC CAMOTO OPTaHNYECKOTO JIUTAHA.

[l cynbaTHOTO MOHA 10 JaHHBIM paboThI [14] XxapaKTepHBI YaCTOTBI KOMeOAHNA IpK
Vi (983 cm!), v, (450 cm?), vs (1105 em™) m vy (611 em?). B MIK-criextpax ([Fe(TSC)2S04]).SO4
u ([Fe(TSC)3])2(SO4)s, B otmmune ot ciektpa TSC mpu 980 cm™!, mposiBiisieTcst momoca cinaboit
MHTEHCUBHOCTH, KOTOpasi, CKOopee BCero, OTHOCUTCS K V) (983 cm™) cynbdarHOro nona. MK-
criektp Fex(SO4)3-9H,O B obmactu 1000-1200 cm!' xapakTepuayeTcss HAO0POM YepemyOIXCs
nonoc (cM. puc. 1), KoTopsle, IO JaHHBIM [15], MOXXHO OTHECTH K V3 Cy/Ib(paTHBIX IOHOB, ONH
13 KOTOPBIX SABJIAETCS MOCTUKOM MexXay aToMmamu xkernesa. B VIK-cnexrpe ([Fe(TSC).SO4]).SO,
B 3TOJ 06J1aCTV IPOSIBIIAIOTCS JiBe IOMOCHI, cvbHas mpu 1080 cm™ u cpepusisa mpu 1120 em™.
9T nonocsl OTCYyTCTBYIOT B criekTpe TSC. XapakTep NmposiB/IeHMA IONOC, OTHOCAIUXCA K
v3(SO4) B crekTpe KOMIUIEKCa JaéT OCHOBaHYeE IPEAIIONIOKNTD, YTO M3 JBYX CyIb(aTHBIX
VIOHOB OJVH HaXOAWTCA BO BHYTpeHHell cdepe KoMmivtekca. VIK-crekTp kommekca cocraBa
([Fe(TSC)3])2(SO4)s mpu 1000-1200 cm! xapakTepusyroTcs 4eTbipbMs monocamu (1059, 1072,
1116 m 1126 cm™), 4TO OfHO3HAYHO CBUAIETENBCTBYET O HAIMYUY CYy/Ib(GATHBIX IOHOB B COCTaBe
KOMIIIEKCa.

Taknm 06pazom, Ha OCHOBaHNY IIPOBeAEHHBIX VK- CIIeKTpocKonmMIecKx MccaefoBaHmi
YCTaHOB/IEHO, 4TO CUHTE3VPOBAHHbIE KOMIUIEKCHI COfep)KaT IIONOCHI, XapaKTepHble IJId
xenesa(Ill), TSC n cynpdar-uonos. ITokasano, uro TSC xoopauuupyer c xenesom(III)
OUIEHTATHO IIOCPEICTBOM aTOMOB CEpBI ¥ a30Ta IM/IPa3MHOBOrO (parMeHTa.

[IpoBen€éHHbIE TepMOTrpaBMMETpPUYECKUE JCCIEfOBAaHNA II0OKa3am, 4YTO IIPOLecC
TEPMUYECKOTO  PA3/OXKeHMsI KOMIUIEKCOB OTIMYAETCS CYI[ECTBEHHBIM 00pasoM OT
TepMOPas3/I0o>KeHNs VICXOHBIX coefyHeHmit. B ormrune ot Fey(SO4)3-9H,O, cuntesnpoBanHbIe
THoceMMKapbasuHble KoMIiuiekcol xene3a(Ill) He comepKaT MOJIEKy/IbI KPUCTA/IN3ALIOHHON
BOJbL. TepMorpaMMbl KOMIUIEKCOB TaK)Ke He COfepsKaT 3P PeKThl, XapaKTepHbIe J/IA IIaBIeHN
OpraHNYecKyX IUra"aoB. Tak, Tepmorpasurpamma komivtekca cocraBa ([Fe(TSC).S04]).SO,
no kpuBoit TG po 185 °C xapakTepuayeTcs HeM3MEHHOCTBIO MaccChI (puc. 3).

Ha xpuBoit DTA B aroit obmactu TemiepaTryp TakXe HUKaKMX 3(p¢eKToB He
Ha0mofaeTcs, XoTa TeMieparypa mwiasnenns TSC pasHa 183 °C. HaunHas oT TeMmeparypsl
200 °C n sakanumBas Temmnepatypoit 320 °C, xpuBag DTA komiekca XapaKTepusyeTcs
JepeayrmuMncs 3k30- u sHgo3¢dexramu. [Toreps maccel mo kpusoit TG ms sk3oaddexra
paBHa 2% OT Macchl HaBeCK, a i aHA03¢ddexTa 11%. I Toro, YTOOBI TOYHO ONPefeINTD,
KaKoe J3MeHeHe ITpeTepIieBaeT KOMIIEKC B 9TOI 00/IacCTy TeMIepaTyp, ONMpPasich Ha JaHHbIE
TepMOTpPaMMbl KOMIDIEKCa, HaMJ ObIIV IIOCTaB/ICHbI OIIBITHI C OO/IbIIEl HaBECKOJ KOMITIEKCa.
Ilnst aToro 0,5 T KOMIUIEKCa B M30TePMMYECKUX YCIOBUAX OBUIO BBIJIEPXKAHO O ITOCTOSTHHON
Maccel ipu Temreparype 320 °C B Tepmoiukady. B pe3ynpraTe mBeT KOMIUIEKCa CTAHOBUTCS
CBET/IO KOPMYHEBBIM, a IIOTePsA MacChl cocTaBiAeT 12% ot macchl HaBecku. IIporpersiit mpu
320 °C xoMmIeKC ObUI IpOaHA/MM3MPOBAH HA COJEp>KaHMEe COOTBETCTBYIOUINX 3/IEMEHTOB,
KOTOpbIe OKasamuch paBHbIMI: Fe=18,9%; N=14,5%; $=27,2%; C=4,22%; H=1,77%.
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Puc. 3. Tepmorpamma kommekca cocrasa ([Fe(TSC);S04]).SO,

YunrthiBag MoTepr0 MacChl KOMIUIEKCA, IO JAHHBIM TE€PMOTPAMMBbI, a TaKXe IPOLEHT
IIOTepU MacChl KOMITIEKCA IIPY HAaTpeBaHUM B TePMOIIKa(y U TaHHbIE 97IEMEHTHOTO aHA/IN3a,
MO>KHO IIPeAIIONIOKUTD, 4TO B obmacTy Temmepatyp 200-320 °C mpoucXofuT pasioxeHue u
yHa/IeHye OfHOI MOJIeKY/IbI TMOCeMMKaphasy/ja M3 cOCTaBa KOMIUIEKCA I10 YPaBHEHMIO:

([Fe(TSC)2504])2804—([FeTSCSO4]).SO4 + (NH,CSNH,), + N.H,

O6nactp Temmepatyp 320-530 °C i KOMIUIEKCAa XapaKTepU3yeTcs HeM3MEHHOCTHIO
Maccel. B aroit obmactu Temmeparyp Ha KpuBoii DTA Taike Hukakux 3¢¢eKToB He
Habmopaercs. Haunuasa ot 550 °C, KOMIUIEKC Pe3KO TepsieT CBOI MacCy, ¥ 3TOT IIPOLecC
3akaHuyuBaercsa npu Temmeparype 740 °C. B aToit obmactu Temmeparyp Ha kpusoit DTA
Habmomaercst oguH 3HA03¢bdekT. [IpoueHT motepu maccsl mo kpuBoit TG B 3T0M 06/macTu
TeMIIepaTyp cocTaBysAeT 84% OT Macchl HaBeCKI. JI/IsA TOro 4TOOBI OXapaKTepu30BaTh MPOAYKT
peakiuy, KOTOpBII 0OpasdyeTcsi B pe3y/abTaTe TEPMOPA3NIOXKEHMs B 0OTAaCTU TeMIIepaTyp
550-740 °C, ncxomHbIil KoMIIeKc Maccoit 0,556 T ObIT BBIiep>KaH [JO ITOCTOSTHHOJ MacChl B
tepmomikady npu temmeparype 750 °C. IIpomeHT moTepm Macchl KOMIUIEKCA HPM 3TOM
cocraBun 81%. IlopBeprHyras 7€MEeHTHOMY aHalIM3y HaBecKa IIOC/IE PA3/oXXKEHMA B
TepMmomikady copepskana 68% Fe. VI3 nomyueHHBIX 9KCIIepUMEHTa/IbHBIX JAHHBIX MBI IPUIIIIN
K 3aK/TI0YeHNI0, YTO B obnactu Temrepatyp 550-740 °C mpomcXopuT HONTHOE pasioXKeHMe
KoMmIiekca. IIpm  3Ttom M3 cocraBa KOMIUIEKCA CHadajla YAaAAeTCA  MOJIEKy/a
THOCeMuKapbasuza, a 3aTeM MPOUCXOANUT pasnioxkeHme cynbdara >xenesa(Ill) c obpasoBanmem
okcupa xxenesa(lll) no ypaBHenmio:

([FGTSCSO4D2SO4—) Fe,Os + 3505 + (NHzCSNH)z + N,H,

TepMmorpaMma KoMIIeKCa, cofeprkaliero Tpu MoneKysbl TSC, KOTopoMy COOTBETCTBYIOT
coctaB ([Fe(TSC)3])2(SO4)s, (puc. 4) oTnmyaercss OT TEPMOTPAMMBI [IBYX3aMEIIEHHOTO
KOMIUIeKca (pasio)KeHye KOTOPOrO pacCMOTPEHO BBIIIE) TeM, YTO Ha TepMOrpaMMe IIePBOTro
BCe IIOTepU MACChI XapaKTepU3yTCA 9K309PPeKTaMu.
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Puc. 4. Tepmorpamma kommekcoB coctasa ([Fe(TSC);])2(SO4)s

Tepmorpamma ([Fe(TSC)3])2(SO4)s mo 190 °C mo xpusoit TG xapaxrepmsyercs
HeM3MeHHOCTbI0 Macchl. Ha kpuBoit DTA kommekca B 9Toit 061acTy TeMIlepaTyp TaroKe
HIKakuX 3¢ ¢dexToB He Habmopaercsa. Haunnas ¢ 200 1 3akanuyuBas 280 °C, KOMIUIEKC TepsieT
6% ot ob1mert Maccel. OmMpasch Ha JaHHbIE TePMOTPaBYMETPYM, HaMM OBUI ITOCTABJIEH OIIBIT C
OOnbIIell HaBeCKOM KOMIUIEKca It Oojlee TOYHOTO  YCTAaHOBIEHMS  XapaKTepa
TepMopasnoxxenus. [Iporperbin npu nsorepmmdecknx ycnoBuAax 0,655 r KOMIUIEKC MeHsSET
CBOJI IIBET OT CBET/IO >KEITOrO [0 IemeNbHOTro. IIpoleHT moTepm Macchl oOpasia Iocie
HarpeBaHUsA COCTAaBIAT 6,9% OT Macchl HaBeckM. J[laHHbBIE 3/IeMEHTHOTO aHanmm3a OBUIN
cnepyromymn: Fe=14,9%; N=21,6%; $=28,8%; C=6,22%; H=2,77%.

Y4uTpiBasg [aHHBIE 37€MEHTHOIO aHANNM3a, IPOLIEHT IIOTEPUM MAacChl KOMIUIEKCA MU
9k309¢p(eKT Ha TepMOTpaMMe MOXKHO IPEAINONIOKUTh, YTO B 3TONM 00/1acTy TeMIepaTyp
IPOUCXOAUT pa3/oKeHMe OJIHOIM MOJIM JIMTAHJA B COCTaBe KOMIUIEKCAa U e€ yjaleHue IIo
YPaBHEHUIO

([FC(TSC)3SO4] )2SO4-)([FC(TSC)2SO4] )2804 + (NHzCSNH)z + NH4

Haumnas ¢ 320 n 3akanumBas 660 °C, Ha TepMorpaMMe KOMIUIEKca HaO/MIOAIOTCS TPU
ak303¢¢exra. [lepsrit 9309 PexT npuxoantcs Ha Temiepatypy 380 °C, a BTopoit 1 TpeTunit
- Ha 420 n 460 °C. [l aTux 9x303¢dekron morepst Macco! Ha KpuBoil TG HenmpepbIBHAs 1 HET
yéTKMX pasrpaHmdenuit. [loteps maccel KoMmIiulekca B obOmacty Temmeparyp 320-660 °C
cocTaBysgeT 65% OT ob1mei Maccel HaBecKu. IIporpeTelit HaMM B M30TEPMUYECKUX YCTOBUAX
KOMIUIEKC CTaHOBMTCA KPAacHO-KOPMYHEBOTO IIBeTa. JJIEMEHTHBIN aHalMU3 IPOrPeTOro
o6paslia IoKasai, YTO BelleCTBO COCTOUT Ha 63% 13 Jkeresa.

YuuTpiBas [aHHBIE 3JIEMEHTHOTO aHAINM3a, IPOIEHT IOTepy Macchl obpasima mpu
HarpeBaHUy MOJKHO IIPEeIIONIOXKNUTDb, YTO B obmacTu Temueparyp 320-660 °C mpoyucxoaut B
Hayajle pa3/io>KeHNe OpraHMYeCKNX UTaH 0B B COCTaBe KOMIIIEKCA, X yHa/eHNe, a 3aTeM U
pasnoxxeHue cynbdara xenesa(Ill) mo ypasaeHuto
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OT XUMHHN K TEXHOJIOTHH [RITTARETNIITANNY

TOM5, BbINYCK 3, 2024

([FC(TSC)2804] )2804—) Fe,Os + 3S0; + 2[NH2CSNH]2 + 2N,H4

Borre Temnepatypsr 650 °C TepMorpaMMa KOMIUIEKCa XapaKTepuayeTcs aHA03¢dexTom
Ha KpuBoit DTA, omHako moreps Macchl KoMmiulekca 1o kKpuoii TG He Habmomaercs.
9Hpo03¢pdekT 6e3 moTepyu Macchl, CKOpee BCETO, CBA3aH C ¢pa3oBbiMu nepexomamu Fe,Os.

KoHpyKkTOMETpUYeCKiI MeTOf AB/IAETCA ONHMM U3 TOYHBIX M YAOOHBIX METOMIOB
VICCTIEIOBAHMA CBOJICTB M COCTaBa KOOPAMHALMOHHBIX coefuHeHnit. OrpaHnyeHnemMm K
IPYMEHEHNIO 9TOTO METO/la B KOOPAVHAIOHHONM XVMWM, BO-TIEPBbIX, SABIAETCA TO, YTO B
BOJHBIX PaCTBOPaX OOJIBIINHCTBO KOMIUIEKCHBIX COEIMHEHNII TOABEPTAlOTCs IMAPOIN3Y (IIpu
3TOM M3MEHAETCS COCTaB KOMIIIEKCOB), BO-BTOPBIX, KOMIUIEKCHBIE COeITHEHN, COfepoKalle
B CBOEM COCTaBE€ C/I0KHbIE OPIaHNYECKIE MOJIEKYIIbI, IITIOX0 PACTBOPAIOTCA KaK B BOJIE, TaK U
B OPTaHMYECKUX PACTBOPUTENAX U, B-TPETbUX, HAa CETO[JHAIIHNI IEHD NPefie/bl IPOBOANMOCTI
3JIEKTPO/IMTOB Pa3HOTO THUIIA OIIPeJie/IEHbI TOIBKO /Il OTPaHMYEHHOTO YIC/Ia PACTBOPUTENIEN.
C 3TMMM TPYSHOCTAMM NPUIIIOCH CTONKHYTHCA IIPM MCCIENOBAHUM  3JIEKTPUYECKON
npoBoguMocTy KoMiutekcos sxenesa(Ill) ¢ Tmocemukap6asumom u ero anyInpou3BOfHbIM. B
OpraHMYeCKMX PpacTBOPUTENAX, [JIA KOTOPBIX OIpefeNeH Ipefiel  IPOBOSVMOCTH,
CMHTE3VPOBAaHHbIE KOMIUIEKCDI HE PACTBOPAIOTCA. DTU COEMHEHNA IIJIOX0 PACTBOPAIOTCA U B
Bofie. OJJHAaKO HaM yJajoch NpM HAarpeBaHMM IPUTOTOBUTH PACTBOPBI CHHTE3VPOBAHHBIX
KOMIIJIEKCHBIX COeJJUHEHMI ¢ KOHIleHTpauueir MeHee 4yeM 0,0014 monb/n1 B Bofie.

B Tabnmuue 2 mpuBemeHbl 3HAYEHMS TEMIIEPATYPHOW 3aBMCUMOCTM MOJISIPHOI

3NMeKTPUYECKOI MPoBOANMOCTI KoMiiekcoB kenesa(Ill) ¢ Tmocemmnkap6asugom B Bofie.

Tabmmma 2. JlaHHbIe TeMIIepaTYpHON 3aBUCUMOCTM MOJIAPHON 3NIEKTPUYECKON IIPOBOJUMOCTU BOJHBIX
PacTBOpPOB CHHTE3MPOBAHHBIX KOMIUIEKCOB, C=1,4-10" Mo/b/1I

Ne K 1,Om*-cm*monp ™
OMIIJZIEKCHBIC CO€COAMHEHU A
/0 . A 293K 298 K 303K 308 K 313K
1 ([Fe(TSC);S04])>S04 279 292 331 362 397
2 ([Fe(TSC)3])2(SO4)s 587 648 712 732 760
AHaHI/IS OAaHHbIX Ta67H/I]_H)I IIOKAa3bIBae€T, gTo C BOSpaCTaHI/IeM TeMHepaTypr

9/IeKTpUYecKasg IPOBOAUMOCTb BCEX CUHTE3VPOBAHHBIX KOMIUIEKCOB BO3PacTaeT, dTO
COOTBETCTBYeT TEOPUU SJIEKTPOIPOBOJHOCTM 00 YBEIMYEHUM IOABVDKHOCTY MOHOB IIpU
BO3pacTaHmu TeMmueparypsl. Ecmu cpaBHMTH 3HaueHMs Tabmmubl (Temmepatypa 298 K) ¢
JIUTEPATYPHBIMI JAHHBIMU [16], TO BO3MOXXHO OIpefie/IUTh TUI 3/M1eKTPONNUTA, K KOTOPBIM
OTHOCATCS CUHTe3MpoBaHHbIe KoMIUTeKchl. CynbgaTHblil Komiiekc sxenesa(Ill), comeprkarmit
nBe MoneKy/nbl TSC, OTHOCUTCA K 97IeKTpoinuTaM 2:1, a KOMILUIEKC, COJeprKaIlNii TPU MOJIEKY/Ibl
TSC, nMeeT IpOBOAMMOCTD, XapaKTEPHYIO /IEKTPOIUTAM, JUCCOLUUPYIOLIM € 00pa3oBaHeM
IIATY VIOHOB.

OHeprus aKTUBALUY 37IEKTPOIIPOBOIHOCTH SB/IAETCA KONMMIECTBEHHOI XapaKTePUCTUKOI
HOABIDKHOCTU VIOHOB B pacTBope. [lnA pacuéra sHepruym aKTMBAIMM JOCTaTOYHO MMETb
9KCIIepUMeHTa/IbHbIe TaHHbIe TeMIIepaTyPHOI 3aBYCHMOCTY MOJIAPHON 37IeKTPOIIPOBOIHOCTH,
KOTOPBIMU MBI pacrosnaraeM (CM. Tab. 2). DHepIMio aKTHBALVM Y3 JAHHBIX BBIIIE YKa3aHHON
TaOMIIBI MOXKHO PAaCcCYMTATh KaK QHAMUTUYECKMM, TaK ¥ rpaduyeckuM croco6om. Mpl

OCTQaHOBWIMCh Ha TrpaduueckoM CIIOCOOe OIpefe/ieHusi JHEpruMyu aKTUBALUMU C
2,3E; 1 .
VCTIONb30BAHNEM YPaBHEHMA g [ = —="-"—, KOTOPbIi PEKOMECHIOBAH B pabore [17].
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DHepruo aKTUBaLuu onpexpensnn u3 3aBucumoctu lgu = f(1/T) (puc. 5) pis yero HaXO[UIN

EjR
tgo MpAMBIX, a 3aT€M PACCUYMUTHIBA/IM SHEPIMIO aKTUBALM U3 YypaBHeHUA tga = — 2’1—3

Ign
3.00

290
#50 \F\\ -2
270
2,60
250
2,40
230
220
210

2,00
0,00318 0,00323 0,00328 0,00333 0,00338 0,00343 17T

Puc. 5. 3asucumocts lgu = A(1/T) mnsa xomitekcHbix coegyHeHmii coctaBa: 1- ([Fe(TSC),SO.4]).SOs
2 — ([Fe(TSC)5])2(SO4)3

B Ta6m/[ue 3 IIpUBENEHbI 3HAYEHUA OSHEPTUM aAKTUBALIMM IJIEKTPOIIPOBOTHOCTU
CUHTE3VIPOBaHHbIX KOMIIVIEKCOB B BOJE.

Ta6muna 3. DHeprusi akTUBaLVM CUHTE3VPOBaHHBIX KoMIekcos xenesa(Ill) ¢ Tmocemukapbasumom

Ne
CoenuHeHnune -tga E.im, KalI/MOJIB
n/m
1 ([Fe(TSC)2S04]).S0, 732,18 2646,67
2 ([Fe(TSC)3])2(SOu4)s 510,97 1847,05

V13 jaHHBIX TaOMMLBI 3 BULHO, YTO SHEPIUs aKTUBALIY MMeeT MYHMMA/IbHOE 3HAUeHIe
I KOMIUIEKCA, KOTOPBIiL AVICCOLMMPYET ¢ 00pa3oBaHMeM IIATU VIOHOB.

B Tabmmue 4 npuBefeHbl [aHHBIE MOJIIPHOI 9JIEKTPUYECKON IPOBOJUMOCTY
CMHTE3V[POBaHHBIX KOMIUIEKCOB IIpY pa3baBIeHUI.

Ta6muna 4. [laHHble KOHLIEHTPALMOHHOM 3aBUCUMOCTY MOJISIPHOM 3JIEKTPUYECKOI IIPOBOAMMOCTY PacTBOPOB
KoMIuTekcoB mpu 298 K

xo u, Om'-cm*momp™
o KoMrekcHble coegnHeHms KoHIeHTpalyst KOMIUIEKCa, MOJIb/TI
1,4-10° 1,3-10° 1,2:10° 1,1-10°
1 ([Fe(TSC)2S04])2S04 274 297 322 343
2 ([Fe(TSC)3])2(SO4)3 532 555 589 615

VI3 paHHBIX, NpMBeAEHHBIX B Tabmuie 4, BUAHO, 4TO C pasbaBleHMeM [yIs BCeX
KOMIUIEKCHBIX (OpM He 3aBUCUMO OT THUIA 3/MEKTPONUTA, K KOTOPBIM OHM OTHOCSITCA,
97MEKTPUYECKasA NPOBOAMMOCTD BO3PacTaeT, M 3Ta 3aBUCUMMOCTb B KOOpPAMHAaTax [l OT \C
JIMHEIHA, YTO XapaKTEPHO /I CUJIbHBIX 37IEKTPOIUTOB.
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OT XUMHUHU K TEXHOJIOTHH [RITTARETNIITANNY

TOM5, BbINYCK 3, 2024

Ina omnpepenenua IapaMeTpoOB KPUCTA/ZIMYECKONW PEMIETKM CUHTE3VPOBAHHBIX

KOMIUIEKCOB OBbIIV PeTVICTPUPOBAHbI VIX PeHTT€HOTPAaMMbI Ha PEHTT€HOBCKOM AMPpaKTOMETpe

Mapku «[IpoH-3». PenTreHorpamMmel upentuduuyposamu no merony Crumna-/Iuncona [18].

Ha puc. 6 u 7 npusepens! pentreHorpamMmmbl komiiekcoB coctaBa ([Fe(TSC),(S04)]).SOs u

([Fe(TSC)3])2(SO4)s. [Inst 060MX KOMIUIEKCOB XapaKTepPHBIM SIB/ISAETCS Hamydye OO/IbIIOTo

KO/INY€CTBa pE3KUX pe(bHeKCOB, 9TO TOBOPUT 00 UX BBICOKOI1 KpUCTAJTINIHOCTU.

II[HT.
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1000 —
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200
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Puc. 6. 3aBucuMocTs MHTEHCUBHOCTH JUHUH oT 20 s komruiekca ([Fe(TSC)2(S04)])2S04

[HHT.

100

300 400

00 20

Puc. 7. 3aBucumoctb nHTeHcuBHOCTY MuHnit oT 20 mis komiutekca ([Fe(TSC);])2(SOq)s

PaccynTaHHbIe 13 IOPOLIKOBBIX peHTreHorpaMMm MerofgoM Cruinra-J/Iumcona [18]

MEXIIJIOCKOCTHBIE pACCTOAHNA U ITapaMETPbL SHCMCHTaPHOﬁI YK KOMIIJIEKCOB IIpUBENEHDI

B Tabmuuax 5,6 u 7.

Ta6muna 5. Vinentudukanys pearreHorpamMmmpl kominekca ([Fe(TSC)2(S04)]).SO4

Ne 20 SIN*Osxcn hkl S$iN*Oseop
1 9,732 0,007195 1:0:0 0,0064000
2 10,24 0,007964 0:1:0 0,0079000
3 11,044 0,009260 0:0:1 0,0092600
4 12,308 0,011492 1:1:0 0,0143000
5 14,856 0,016713 1:0:1 0,0156600
6 15,112 0,017291 0:1:1 0,0171600
7 17,406 0,022895 1:1:1 0,0235600
8 18,436 0,025661 2:0:0 0,0256000
9 21,254 0,034009 2:0:1 0,0348600
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@

Ne 20 SIN*Osxcen hkl S$iN*Oseop

10 23,534 0,041588 2:1:1 0,0427600
11 25,768 0,049719 1:1:2 0,0513400
12 26,307 0,051784 1:1:2 0,0513400
13 27,631 0,057024 2:2:0 0,0572000
14 28,623 0,061105 2:0:2 0,062640
15 32,942 0,080389 0:3:1 0,0803600
16 34,693 0,088893 1:0:3 0,0897400
17 35,432 0,092598 1:0:3 0,0897400
18 38,598 0,109229 0:3:2 0,1081400
19 40,328 0,118824 2:1:3 0,1168400
20 43,426 0,136869 3:3:1 0,1379600
21 43,929 0,139900 2:2:3 0,1405400
22 45,287 0,148222 3:1:3 0,1488400
23 49,576 0,175781 4:3:0 0,1735000
24 54,177 0,207358 4:3:2 0,2105400
25 55,669 0,218014 0:3:4 0,2192600
26 57,526 0,231542 2:4:3 0,2353400
27 59,329 0,244946 2:3:4 0,2448600

Tadauna 6. Unentudukanus pearrenorpammbl kommiekca ([Fe(TSC)3])2(S04);

Ne 20 SIN*Ocn hkl SIN*Oreop

1 10,225 0,007941 1:0:1 0,0080810
2 10,961 0,009122 0:1:1 0,0093420
3 11,382 0,009833 2:0:0 0,0109160
5 14,039 0,014935 0:2:0 0,0149060
6 14,516 0,015961 0:2:0 0,0159600
7 16,695 0,021076 0:2:1 0,0213120
8 16,827 0,021408 0:0:2 0,0214080
9 17,83 0,024015 1:0:2 0,0241370
10 18,335 0,025383 0:1:2 0,0253980
11 20,156 0,030621 3:0:1 0,0299130
12 21,648 0,035266 0:3:0 0,0359100
13 22,168 0,036959 2:1:2 0,0363140
14 22,928 0,039502 1:3:0 0,0386390
15 25,165 0,047457 2:3:0 0,0468260
16 26,979 0,054414 1:1:3 0,0548870
17 27,608 0,056931 0:3:2 0,0573180
18 29,589 0,065205 3:3:1 0,0658230
19 30,329 0,06843 2:3:2 0,0682340
20 32,392 0,077799 3:1:3 0,0767190
21 33,985 0,085408 1:3:3 0,0868070
22 35,671 0,093811 2:3:3 0,0949940
23 41,067 0,123029 1:5:2 0,1238870
24 45,386 0,148836 0:2:5 0,1497600
25 50,816 0,184094 0:5:4 0,1853820
26 57,658 0,232514 0:5:5 0,2335500
27 59,261 0,244436 2:5:5 0,2444660
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Ta6muuna 7. CTpyKTypHbIe TapaMeTpbl KPUCTA/UINYECKIX pellleTOK KOMITIEKCHBIX coepyHenmit xenesa(Ill) ¢ TSC
n FTSC

[TapaMeTrpbl 371eMeHTapPHOIT ) ,
7 £ S = S =
CoennHeHne JIuraun AYCUKA g = g9 =
a A b, A oA |7 ° 8 3 S
([Fe(TSC)3504])2S0,4 TSC 9,64 8,67 8,01 2 Opropombuy.
([FC(TSC)3])2(SO4)3 TSC 14,76 12,20 10,54 2 OpTOpOM6I/I‘{.

M3 pmanHbIX Tabaumbsl 7 BugHO, 4to KoMiutekchl kenmesa(Ill) ¢ TSC wummeror
OPTOPOMOMYECKYIO CMHTOHUIO C YMCIOM CTPYKTYPHBIX eJVIHNL] B T4eliKe PaBHOE IBYM.

IKCIepUMeHTAaTbHAs 9aCTh

B kayecTBe MCXOOHBIX coenuHeHuyt ucnonb3oBamu Fe,(SO,4):9H,O, FeCl;-6H,O un
Fe(NOs)s-6H,O, xoTOpble 661N ITOTy4eHBI IO METOANKAM, OIMCaHHbIM [19]. TSC-mpopaxHbIi
uMen MapKy «T» u ObUT TepeKpycTa/M30BaH 13 BOSHBIX pacTBOPOB. B cocTaBe kKoMIIIeKcoB
nonsl Fe’* n CI' onpepernsinu rpaBuMerpudeckum MetogoM [20]. Bogopon, yriepon, a3ot u cepy
onpenesuyim Ha CHNS-anemenTHOM anHanmmsarope «Vario-Microcube», nonsr SO u NOs
OTIpefie/sI MOTEeHIMOMETPUYECKM METOZIOM C MCIONb30BaHMEM CyabgaT- U HUTPAT-
ceneKTUBHBIX 37ekTponoB. PactBoper H.SO,, HCl m HNO; pasHbIX KOHLeHTpanui ObUin
IPUTOTOBJIEHBI U3 (PUKCAHAIOB.

VHdpakpacHble CIEKTpbl KOMIUIEKCOB B obmactu 400-4000 cm' permcrpupoBany Ha
®ypoe VK-cnextpomerpe IRAffinity-1 (SHIMADZU, flnonus) B Buge Tabnerox c¢ KBr.
O/1eKTPONIPOBOJHOCTb PACTBOPOB CHHTE3MPOBAHHBIX KOMIIIEKCOB M3MEPSIN B 3aKPbITOI
TepMOCTaTUpOBaHHON s4eiike Ha npubope «HI 8733 Conductivitymeter». PenTreHorpammsl
MOPOLIKOBBIX O0paslloB CHUMAMM Ha PEHTTeHOBCKOM andpakromerpe «[IpoH-3» ¢
uCronb3oBaHueM MeTofioB «IIpocBer» n «OTparkenne». IIpouecc Tepmonmsa 06pasyrommxcs
KOMIIIEKCOB M3y4danu Ha gepuBaTtorpade «Q-1500» cucremsr «Ilaymmk-Ilaynmuk-Oppeii».

Cunre3 ([Fe(TSC),S04]).SOs. K 10 M kucmoro pacrBopa, copepskaiiero 1,0 T
Fey(SO4)s9H,O, mpu mnepeMelmMBaHMM Ha MAarHUTHOJ MeIlIajKe [OOaB/sUIM PacTBOD,
comepxkamuit 0,32 T THOceMukapbasmpa. Ilocme IecTMYAacOBOTO IepeMelIMBaHMUs Ha
MarHuTHOJ MeIajJIKe M3 PacTBOpa BbINAZlaeT >KENTHI 0cafjoK. I1omydeHHbIT KOMITIEKC ObII
IIPOMBIT B XOJIOZHOJ BOZIE ¥ BBICYIIIEH B BAKYYM-3KCUKATOpE HaJl KOHIIEHTPYPOBAHHOM CEPHON
kucnoroit. IlomydeHHOe coefMHEHMe IIOXO pacTBOpsE€TCA B BOfle UM OPraHMYeCKUX
pactBoputenax. Haipeno, %: Fe -14,16; N - 22,64; H - 2,48; C - 6,19; S - 28,88. Jlna
([Fe(TSC)2S04]).SO,BBIUNCIIEHO, %: Fe — 14,66; N — 22,00; H - 2,62; C - 6,28; S - 29,32.

Cunre3 ([Fe(TSC)3])2(SO4)s. K 10 mn kucmoro pactBopa, copmepkaitero 1,0 r
Fey(SO4)s9H,O, mpu mnepeMelmMBaHMM Ha MAarHUTHOJ MelIajaKe JoOaB/IsUIM PacTBOD,
copepoxatmit 0,491 TmoceMukap6asupa. IIpy 9ToM B TedeHMe TpeX YacoB IIpY MTepeMellBAaHNI
U3 PacTBOpa BbINafiaeT KOpMYHeBaTO-Oesblit ocaok. CoefiuHeHVe IPOMBITO XOJIOJHON BOZOM
U BBICYIIIEHO B BaKYYM-39KCMKATOpe HaJl KOHIIeHTPMPOBAHHOI CepHOII KMCoTOoIL. ITomyueHHbIit
KOMIUIEKC IVIOXO PacTBOpseTcs B BOJe U OpraHM4ecKux pacrBoputerax. Haiimeno, %:
Fe - 12,13; N - 26,14; H - 3,05; C - 8,06; S - 30,06. [Ina ([Fe(TSC);]).(SO,); Boruncneno, %:
Fe - 11,84; N - 26,64; H - 3,17; C - 7,61; S - 30,44.
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BriBonb1

1. Pa3gpaboTaHbl ONTMMAa/IbHBIE METOAVIKM CHHTE3a VI BBIfIe/IEHBI B TBEPIOM BIJje HOBbIE
KooppuHanyoHHoe coenuHenne >xenesa(Ill) ¢ TSC. Merojamu 3/1eMeHTHOTO aHaIN3a,
KOHJyKTOMeTpuu, Tepmorpasumerpuy, VIK-crekrpockonmum u peHTreHorpagum fokasaHa
MH/IMBUIYaNbHOCTDb obpasyrommxcsa KOMIIJIEKCOB. IToxTBep>xaeHbI IlaHHbIE
HOTEHIIOMETPUYECKOTO TUTPOBAHUA O CTYNEHYaTOM XapaKTepe KOMIUIEKCOOOpa3oBaHNS
xenesa(Ill) ¢ TSC. [Tpenno>xeHsl HanboIee BEpOATHBIE peaKlyyt 00pa3oBaHMsI KOMIUIEKCOB;

2. MeToioM KOHAYKTOMETPUM YCTaHOBJIEH TUII 37€KTPONNTA, K KOTOPOMY OTHOCATCSA
CHHTEe3UpPOBAaHHbIE KOMIUIEKCHL. JIeHTnuUumMpoBaHbl HpPOMEXYTOYHBIE U KOHEYHBIE
IpOAYKTBl UX TepMonusa. VIK-cnmexkTpockonmuecku mnokasaHo, yTo TSC KOOpAMHMPOBAaHbI
xene3oM(III) 6GumeHTaTHO OCPEACTBOM aTOMOB CEPBI 1 a30Ta.
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Kniouesvie cnosa:
NONUYperman-nonuu3oyUaHypamHole
NEeHONLACbl, MPUMEPUSAUUS USOUUAHAMA,
8MOPUUHBLE XUMUYECKUE PeaK UL,
KOHBEPCUs USOUUAHAMA 6 US0UUAHYPAM,
0CIMAmMo4HbLIl U0UUAHAM, AN0PARAM,
KApOoOUUMUD, NPOUHOCMDb HA CxHamue

Aunomayus.  Ilonuypeman-nonuusoyuarnypamuvie  (I1VIP)
NEHONNIACMbL  Ce200HA WUPOKO UCHONb3YIOMCA 6 Kauecmee
KOHCMPYKUUOHHBIX U  MeNOU3ONAUUOHHbIX MAMEePUasos.
Kamanusamopur mpumepusayuu usoyuanama, Ucnonv3yemole
npu cunmese OaHHLIX neH, 06n1adarom O0080NLHO HU3KOLL
CeneKMuUBHOCIbI0 N0 OMHOUEHUI0 K npoueccy 00pasosanus
usoyuanypama. Kax cnedcmsue, 6 pamxax npoyecca cummesa
ITHP nen npomexaem cyujecmeenHoe KONUHeCHE0 He MOIbKO
uenesvix (nepsuuHvlx), HO U NO60UHBIX (8MOPUUHBIX)
Xumuueckux npoyeccos. Ilpu nomowsu paspabomanHvix Ha
0CcHOBe Mermooa BHympeHHez0 cmaHoapma Memooux oyeHeHa
3A6UCUMOCTbL PACX00A USOUUAHAMHBIX 2PYNN HA 06pA306aHuUe
OCHOBHbBIX ~NEPBUHHBIX U  BMOPUHHBIX NPOOYKMOE  Om
U30UUAHAMHO20 UHOEKCA KOoMNo3uyuu. Buviasneno, umo ¢
nosviuleHUeM  UBOUUAHAMHO20 unoexca  KOHBepCust
U3OUUAHAMA 6 USOUUAHYPAM CYULeCIBEHHO CHUNACTNCA.
Hccnedosaro enusHue muna ucnonb3yemozo Karmanuzamopa
MPUMEPUZAUUU  HA XUMUHMECKUTI COCMAB U HNPOYHOCHIHbIE
xapaxmepucmuxu IIMIP  nenonnacmos. Iloxaszamno, umo
KAMANU3AMops. HA O0CHOBE OP2AHUHECKUX COJeli U4eIOUHbIX
Memannos A6NAMC 6onee ceneKmusHbIMU N0 OMHOUEHUIO K
npoyeccy MpumepusAuUY UOUUAHAMA, HeM mpemutHble
AMUHLL U NPOU3BOOHDIE  HEINBEPMUUHBIX — AMMOHUEBDIX
0CHOBAHUII.
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BBenenue

JKecTkue monMypeTaHOBBIE II€HBI CETOfHA IIMPOKO JCHONB3YIOTCA B KadecTBe
TEIUIOM3O0JIALMOHHBIX MAaTepPUaoB B TaKMX OOIACTAX, KaK CTPOUTENIbCTBO, IPOM3BOACTBO
OBITOBOJI TeXHVKM ¥ XOJOAWIBHOTO OOOPYAOBaHMs, TPAHCIOPTUPOBKA CXKVDKEHHOTO
IPUPOJHOrO rasa, m3omAuua Tpyd [1-3]. B ToM umcie paHHbIe NEHOIUIACTBI HALUIN
IpUMMEHEeH)Me B  KadyecTBe KPMOM3O/ALMOHHBIX  MAaTE€PUANOB A KOCMUYECKOIN
IPOMBIIIEHHOCTH [4-6].

J3BecTHO, YTO B OTBeT Ha Bce Oosee cTporme TpebGOBaHMA, IpeNbABIAEMBbIE K
IIEeHOIIACTaM, VICIIONIb3yeMBIM B CTPOUTENTbCTBE, IPEAIPUHNMAIOTCA OTPOMHBIE YCVIINA IS
YIydIleHNs  INPOYHOCTHBIX  XapaKTePUCTUK, TEPMOCTOMKOCTM U  OTHECTOWMKOCTH
HOMNYPeTaHOBbIX IeH. OfHUM 13 Haybojee MHTEPECHDIX IyTeil pelleHNs 9TON IPOOIeMBl,
BIEpPBBIe  IPEANPMHATBIM OKOJMO  INeCTUAECATM JIeT Hasaj, CTajlo  IIOJMyYeHMe
NO/IMU30IMaHYPATHBIX IEHOIUIACTOB, MOAV(NIMPOBAHHBIX YPeTaHOBBIMM IpymnaMu [7-10].
C XMMU4YecKoll TOYKM 3peHNA [aHHble MOAVQNIVPOBAHHBIE YPETAHOM MaKpPOMOJIEKYJIbI
IPEeICTAB/IAIT CO0OI COMOMMMEPBI, B OCHOBHOM COCTOSIVE M3 IIelIOYeK IMOMypeTaHa U
NONMMM30LUMaHypaTa. BaKHeNIMM ImapaMeTpoM KOMIIO3UINY, JMCHIOIb3yeMON IS CHHTe3a
NOZOOHOI TIONMMMEPHON MaTPULIbL, SIB/ISETCS TaK Ha3bIBaeMblil M3oumaHaTHbI nagekc (M),
OIlpefieNiAeMblil M30BITKOM M3OLMaHAaTa HaJ, TEOPEeTHYECKM HEOOXONVMBIM KOINYeCTBOM
JIAaHHOTO BelljeCTBAa /I B3aMMOJEVICTBMS CO BCEMU «aKTUBHBIMI» BOJIOPOJCOZEPIKAIVIMU
TPYIIIaMy, CIIOCOOHBIMM B3aMIMOZEMICTBOBATD C M30IIaHATAMIA.

[ monmydeHMs  M3OUMAHYPAaTHBIX CBsI3ell B KOMITOSMIIVIAX  VICIIONIB3YIOTCSA
COOTBETCTBYIOIVE KAaTa/M3aTOPHI, CIOCOOCTBYIONLIVE TPOTEKAHNIO TIPOIlecca TPUMepU3aIun
M30LMAaHATHBIX TPYMIL. BricOKOe ImpakTiyeckoe 3HaYeHMe NaHHOTO Ipoliecca 00yCIOBINBaeT
IpUCTa/JIbHOE BHUMAaHMeE MCC/IeiOBaTe/ell K BOIIPOcaM, KAaCaloNVIMCS VI3Y4eHNs KMHeTUKA U
MeXaHM3Ma JaHHOJ PeaKIMi, a TaKXKe IOoVCKa 3P PeKTBHBIX KaTaan3aTOPOB, MCII0/Ib3yeMbIX
B IIpOLIeCcCax MOTyYeH A N30 MaHyPpaT-CoJiepKalNX IIO/IMMEPOB [11,12].

[Tpomecc TpuMepusanuy M30LVAHATHBIX IPYII MOXKET IPOTEKATb CAMOIIPOM3BOILHO
npu Temmeparype 373 K maxe B OTCYTCTBME COOTBETCTBYIOIIMX KaTaamsaTtopos [13].
Il mpoBepeHNs porecca B 601ee MATKMX YC/IOBUAX MCIIONB3YIOT IIMPOKUI CIIEKTP H00aBOK,
KaK IIpaBWIO, OCHOBHOTO XapaKTepa, HAaIpuMep, TpeTHYHble aMUHBI, YeTBEPTUYHBIE
aMMOHVEBble OCHOBaHMs, KapOOKCMIATBI, alKOTONATHI, Pochurbl, ¢ochuHb M mIpoyume
IPOM3BOJIHbIE Ka/Ms, HATpus, >Kele3a, KobOambTa, O/I0Ba M APYrMX MeTawioB [14-18].
HecmoTpst Ha BecbMa OOIIMPHBIIL IIepeYeHb BElIeCTB, CIIOCOOHBIX KaTalu3MpPOBATh PEaKINIo
TpUMepU3alMy U3OLMAHATA, CENTeKTVBHOCTb JJAHHBIX BEIECTB II0 OTHOLICHVIO K 3TOMY
npolieccy KpaitHe HM3Ka. Kak crefcTBue, IIpU CMHTe3e MOINYpeTaH-IOIMNU30IIaHyPAaTHBIX
IIEHOIUIACTOB IIpOTeKaeT oOpa3oBaHMe He TOJNBKO Iie/IeBbIX (IepBUYHBIX) IPOJYKTOB,

HO U psifia TOOOYHBIX (BTOPUYHBIX) CBA3EIL:
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MOYCBIHBI

B saBucuMoOCTM OT COCTaBa MCIO/IB3YEMON KOMIIO3SMLMI PeanbHOE YMCIO BTOPUYHBIX
XMMMYECKMX peaKIMii MOXKeT OBITh CyIlecTBeHHO Bbille. boree moapobHOe paccMOTpeHue
MeXaHU3Ma TPUMepU3alMy U30LMaHaTa B M30IMaHypaT M OIMCaHVe IOOOYHBIX XMMUIECKUX
IIPOLECCOB IPEJICTABIISIET CYIleCTBEHHBIN MHTepeC U MpeACTaBIeHo B paborax [19-23].

IIpoTekaHme HAHHBIX BTOPMYHBIX XMMMUYECKMX IIPOLIECCOB MOXKET CYIECTBEHHbBIM
006pa3oM CKa3bIBaTbCA He TONBKO Ha XMMIYECKOM COCTaBe, HO ¥ Ha (PM3MKO-MeXaHMIEeCKIX
cpoiictBax mnonydaembix IIVP men. Cremyer oTMeTuTh, 4YTO B J/MTepaType MaHHas
npo6eMaTyKa MCC/IeloBaHa KpailHe MOBEPXHOCTHO. B CBA3M ¢ 9TUM, B paMKax HacTosAMIel
paboThl MPOBOAMIACH KOMMYECTBEHHAA OIleHKA IPOTEKAHMA psAfia TIEPBUYHBIX U BTOPUYHBIX
XVMMYECKMX TIPOLECCOB B IONMYpPETaH-TONMM3OLMAHYPATHRIX II€HOIIACTaX C  LIE/IbI0
BBIAB/IEHNA UX BIVAHMA Ha IIPOYHOCTHbIE XapaKTEPUCTUKY IAHHBIX MaTEPUAIOB.

IJKCcnepUMeHTAIbHAs YacTh

Hcxoonvie peazerimuot

B kadecTBe KOMIO3MLIMM [JIi TOAY4EHMA MONMypeTaH-NONIMU30LMaHypaTHBIX
IIEHOIUTACTOB OBbUI VICIIONb30BAaH apOMATMYECKVI IIONMMU3OLMaHaT Mapky Voranate M229
(Dow, Hunepnanpsl), a Tak>ke CMeCh IMPOCTHIX MOMN3PUP-TI0INOIO0B, KPeMHUOPTaHNIECKOTO
nenocrabummsaropa (Evonik Ind., Tepmanus), Bogst u H-entana (X.Y., 9koc-1, Poccus) B
KayecTBe BCIIEHMBAKIINX areHToB, eHTaMeTwiguaTieHTpuamrta (Evonik Ind., Tepmanns)
¥ pacTBOpa alleTara Kajus B AUITUIEHITIKOIe (B MaccoBoM cooTHOIeHny 30:70, Evonik Ind.,
lepmanmsi) B KadecTBe KarTanu3aTopoB. KonmdecTBO BBOAMMOTO B KOMIIOHEHT
ITO/IMM30LMIaHAaTa BapbMPOBa/IM C LIE/IbI0 JOCTVDKEHMA 33[JaHHOTO M3OLMAHATHOTO MHJEKCA.
Taxk, 611K nonry4densl IIVIP nenomnactel ¢ msonmanaTHpiMy MHAEKCaMu oT 150 1o 400 ¢ marom
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B 50 egyuni. KonmdecTBo BBOAVIMOTO 8 KOMNOHEHT KaTalusaTopa TpuMepusauyyu (amerara
Ka/Insl) U3MEHS/IN B TEHIEHIUN, aHAJIOTMYHOM JI/IS TIO/IMM30IaHaTa.

Beibop penentypst [1VIP neH Ha OCHOBe IPOCTBIX HONMMI(DUPOB OHpERENSIETCS TeM,
YTO B MX MH(PAKPaCHBIX CHEKTpax IPAaKTUYECKM OTCYTCTBYIOT JHTEHCVBHBIE IIOJIOCHI
HOITIONeHNsI B OOJIaCTsX, KOTOpble MOTYT OBITb MCIIOJIb3OBAaHBI IIPV M3YYEHUU PeaKIiuii,
IIPOTEKAIIIMX B IIPOIlecce CUHTe3a I IOC/IeYIOIero XpaHeHNA MCCIeyeMbIX MaTepPIaIoB.

B kayecTBe a/ibTEPHATMBHBIX KATAIM3aTOPOB TPUMEPU3ALUYU  MCIOTH30BAIIN
2,4,6-Tpuc-(mmmeTmnamMuHoMer)geHorn, 3-(3,5-6uc(3-(aumermnamuno)nponw]-1,3,5-Tpuasus-
1-wn]-N,N-mumernnnpomnas-1-amut,  popmmar  2-TUAPOKCU-TIPOIMITPUMETUTAMMOHMS,
2-[(2-ruppoxcu-5-HoHWIeHVT) MeTVIMETMIaAMIHO |alieTaT HaTpu, 2-3TUITeKCAaHOAT
2-TUAPOKCUTIPOTIMITPUMETUIAMMOHMS, — alfeTaT Kamus, 2,2-guMeTtwinpornoHat-N,N,N-
TpUMeTWIMeTaHaMuHa U 2-3TwirekcaHoat kamus (Evonik Ind., lepmanns). Ilepeuncnentbre
I00aBKM MPeNCTaBIIs/IN CO00IT KaK YMCThIe BEIIECTBa, TaK I PACTBOPBI B JUITUIEHITINKOTE U
IUTIPOTIMIEHTTUKOJTE.

Jnst cunTtesa pudenmnkapboguummaa ObUIM MCIONb30BaHbl GeHnmm3onuaHar (Acros
Organics, benprus) n 3-metmn-1-¢pennn-2-poconen-1-oxcnp (Alfa Aesar, CIIIA) B kayecTBe
KatanusaTopa. OeHnnMn301MaHaT OYNIANN IIEPETOHKOI TPV OHVDKEHHOM JaBJIeHUN.

Bce ucnonp3oBanHble B pabore marepmanbl Oputn mpepgoctaBiensr OO0 «J3oman»,
r. Bnagumup.

Memoouxa cunme3a neHonnacmos

[lns  monmydeHuss o06pasloB IIEHOIUTACTOB HABECKM CMECOBOTO  ITOMMAGUPHOTO
KOMITOHEHTA IIOMeIa/N B CTEK/ISTHHbIE COCYbl 00beMoM 1000 cMm? 11 ;06aB/IsIN pacCUMTaHHOE
KOJIMYECTBO H-TIEHTAaHa, II0CJI€ 4YeTr0 CMECh MHTEHCUBHO IIepEMEINBA/IN B TEYEHME IBYX MUHYT.
Hanee B cucTreMy BBOAVIN NONMU3O0LMAHAT ¥ CMECh NepEMEINNBAIN B TEYEHME AT CEKYH],
PV IIOMOLIY aBTOMATIYeCKOTO cMecuTes pu ckopocty 3000 o6opoToB B MuHyTy. EMKOCTH
IUVIOTHO 3aKpbIBAMCh KPBILIKON, IIPefoTBpallas KOHTAKT BO3[yXa C (OPMMPYIOLIVMMCH
MEHOIUIACTOM. [[JIf1 IOZTHOTO MCK/IIOYeHNsA NPOHMKHOBEHMA BO3JyXa BHYTPb COCyZJa CTBIKU
KPBIIIKN 1 CTeK/Ia TOKpbIBamy napadpuuaom T-1 (JIykoion, Poccus).

Bropasa cepusa IIVIP nenonnacToB ¢ M30LMaHATHBIM MHAEKCOM 350, IOTy4YE€HHBIX IIPU
UCIIO/Ib30BAaHUY  Pa3IMYHBIX KAaTalIM3aTOpPOB TpuMepusanuu, OblIa CUHTE3MPOBaHA
QHAJIOTMYHBIM CIIOCOOOM, OJJHAKO BCIIEHMBaHNe IIPOM3BOAVWIM B IUIACTMKOBBIX CTaKaHaX
o6bemMoM 1000 cM® 6e3 JOTIOTHUTENBHON U30/IALY CPOPMIPOBAHHOTO IIEHOIIACTA.

Memoouxa VIK-cnexmpockonuueckoeo ananuza o6pasuyos

VIK-criekTpbl 06pasnioB perucrpupoBanmy Ha crnekrpomerpe Perkin Elmer FT-IR
Spectrum Two, 060py0BaHHOM a/IMa3HOJI IIPUCTABKOII HAPYIIEHHOTO IIOJTHOTO BHYTPEHHETO
orpaxenus (HIIBO). Cnextpsrl peructpuposanu B obnactu 4000-650 cm™ mpu TemmepaTtype
21°C c paspemenunem 4 cm'. [lna xaxporo cmexrpa mposogmwmn HIIBO koppexnuio u
aBTOMAaTMYECKYIO 0a3VICHYIO IHMIO.

KonmmyecTBeHHYI0 OIIEHKY pacXofa M3OLMAaHATHBIX IPYIII Ha 00pa3oBaHUe OCHOBHBIX
copepxamuxcsi B [IVIP meHommacrax IepBMYHBIX M BTOPUYHBIX IPOAYKTOB IIPOBOAVIIN
METOJIOM BHYTPEHHETO CTaHJapTa, ONMCAHHOrO B paborax [24, 25].
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Memoouxa anemenmnozo aHanusa

OJIeMeHTHBINI ~aH&IM3 CHHTE3MPOBAHHOTO  AVQEHIIKapOOAMUMIIA  IIPOBOVIIN
B Ka4eCTBe MOIOJHUTE/IbHOTO MHAMKATOpAa KOPPEKTHOCTM Pe3yIbTaTOB OCYIIEeCTBIEHHOTO
cuHTe3a. AHanu3 npoBoavy rpu nomoiny nprbopa PerkinElmer Series I CHNS/O Analyser
B COOTBeTCTBMM cO craHfaptoM ASTM D5291-21. 3HaueHMsA COOTHOIIEHUII 3/71€MEHTOB
B AaHA/IM3MPYEMOM BEIL[eCTBE ONPeJe/IsA/N 110 pe3ynbTaTaM TPEX He3aBMCUMBIX U3MEPEHMIA.

MemoOouxka onpedeneHuss Kaxcyuwseticss na0mHocmu

Omnpenenenne KaKyIencsa IMIOTHOCTU CUHTE3MPOBAHHBIX IEHOIUIACTOB IIPOBOAMIN B
cooTBeTcTBUM cO cTangapToM ASTM D1622, 15 yero u3 Ioy4eHHBIX MaTepUaloB BbIpe3ann
KyOudeckye obpasisl pazMmepoM 50MMx50MMx50MM. B paboTe npuBefieHbI CpeHIIe 3HAUYeHNA,
IIOJTy4YeHHBbIE IO pe3y/IbTaTaM AT He3aBMCUMBbIX MI3MEPEHUIL.

Memoouxka onpedenenuss npoUHOCMU HA CHAMUe

Omnpepenenne IPOYHOCTY Ha CKaTye NPOBOAVIN IO HAIPaB/ICHUIO BCIICHVMBAHVA Ha
YHUBEpPCa/IbHOI ycIbITaTenbHO MamuHe Roell/Zwick Z005 mpu ckopoctu aedopmarum
10 mM/MuH npy 10%-Hoit mHeTHOM fedopManyy B cooTBeTcTBUM ¢ MetogoM EN 826:2013.
B pamkax faHHOJ pabOTHI MPUBOAATCS OTHOCUTENbHbIE 3HAYEHNS IIPOYHOCTM Ha CXKaTue,
YJC/IEHHO paBHBlE OTHOLIEHNIO IIPOYHOCTY Ha CKaTMe K KBaJpaTy KaXyILIeics IVIOTHOCTU
obpasia neHomacra [26]. Pesynbprar ABiseTcsa cpegHNM 3Ha4eHUEM, PaCCINTAHHBIM 110 IATH
He3aBJCYMBIM VMI3MEPEHVIAM.

OcHoOBHasA 4YacTh

B pabore [24] Hamm mpeqyioKeHa MeTOAMKA KOJMYECTBEHHOI OIIEHKM pacxofa
M30LMAHATHBIX TPYNI Ha IPOTeKaHMEe OCHOBHBIX IIEPBUYHBIX M BTOPWYHBIX XMMMIYECKVX
IPOIIECCOB, MMEKIMX MeCTO BO BpeMs (opMupoBaHMs U XpaHEHUs MONUYpeTaH-
nommusonyanypatHeix (I1VP) nmenomnactoB. B Hacrosmeit paboTe B KayecTBE OCHOBHBIX
BTOPUYHBIX IIPOLIECCOB pPACCMATPUBAIOTCSA peakiuu o0pa3oBaHus autopaHATHBIX U
Kap6oxuuMyuaHbIX rpynn. OJHNM 13 TO0O0YHBIX (BTOPUYHBIX) IPOAYKTOB, COREPIKALIVIXCA B
3HAYNTETbHOM Kojn4uecTBe B coctaBe [1VIP meHommacToB, ABAsAeTCsA KapOoaunmua. AKTUBHOE
obpazoBaHye KapOOOVVMMIHBIX CBs3ell B xofe cuHTe3a [IVIP meH mmeer Mecto nuiub Ha
NO3JHMX OTallaX CUHTe3a, INpYU [OCTIDKEHMM B sAfpe GOPMUPYIOIIETrocss MHOMMMepa
TeMIepaTypbsl mopsjka 150 °C [27]. Beigensmommiicss B Xofe peakUuy YIJIEKUCTBI Ta3
IPUBOJUT K PE3KOMY yBeIM4YeHuIo obbeMa IeHomacTa. OIleHKa pacxoja M3oLMaHaTa Ha
o6pazoBaHye KapOOAMVMIIHBIX IPYIII TAK)Ke IIPefICTaB/IsIeT CYIleCTBEHHBIN MHTepec.

C 1e/1bI0 IPOBefieHNsI KOMNYIECTBEHHOI OLIeHKM COfiepKaHusA KapOOAMMMIHBIX TPYIII
B aHaIM3MPYeMbIX IIeHOIUIacTaX ObUla paspaboTaHa COOTBETCTBYIOIIAs METOAVKA,
Oasupymolascss Ha MeTOfle BHYTPeHHero craHpapra. KammOpoBKy mpeparaeMoro MeTopa
KO/IMYEeCTBEHHOJI OLIEHKM IIPOM3BOAVIIM B COOTBETCTBMM C METOJVKAMV, OIVCAHHBIMU B
paborax [24, 25]. CwuHres MofenbHOro audeHNIKApOOIUNMNULA OCYIIECTBIAIN B
COOTBETCTBMM C MeToAukoii, ommcaHHoyt Campbell u 0dp. [28]. KoppekrHOCTD
OCYILeCTBJIEHHOTO CUHTe3a MOKas3blBamy Hpu Imomouim Meropos JIK-crmekTpockommu u
9/IEMEHTHOTO aHajau3a (JaHHble TNpefcTaBieHbl B Tabn. 1). 3HadveHme KanmnOpPOBOUIHOIN
KOHCTaHThI cocTtaBuno 0,022+0,001.
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Ta6nuua 1. PesynbraTsl 971eMeHTHOTO aHAIM3a CUHTE3MPOBAHHOTO AM(eHIKapObofnmnmMma

MonekynsipHas popmyiia
Teoperuueckas OnpeneneHHas SKCIEPUMEHTAIBHO

C13HioN> Ci13.1Ho.8N2.0

3aBUCHMOCTD KOHLIEHTPAaLMy KapOOAMVMMUJHBIX I'PYIII OT M3OLMAHATHOTO MHJEKCa
KOMIIO3NIIUM IPpEACTAB/I€EHA Ha pUC. 1.
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Puc. 1. 3aBICHMMOCTb KOHI[EHTPALIMK KapOOAMMMIUTHBIX TPYILI OT M30LMAaHATHOTO MHAEKca obpasiia

Takum o6pasom, kommdectBo Kapbommmmupa B [IVIP meHommacte 3aKOHOMEpPHO
BO3pacTaeT C yBEIMYEHMEM MW3OLMAHATHOTO MHMIEKCA, YTO COIVIACYeTCs C BBIBOJAMMU
Bhattacharjee u dp. [29] BriocnencTBuy, BBUIY ZOCTaTOYHO PE3KOTO CHVKEHMsSI TeMIIEPaTypPhl
CHCTEMBI, IPEISITCTBYIOIETrO JaIbHeNIIeMy aKTUBHOMY IIPOTEKaHMIO ITPOoLjecca 00pasoBaHms
KapOOAMMMIIHBIX CBA3ell, KOHIIEHTpalys NOC/IeTHNX OCTaeTCA IPaKTUYeCK HeV3MEeHHOIA.

C uenbl0 NpOBefieHMsI KOIMYECTBEHHON OLIEHKM pacXofia M3OLMAHATHBIX TPYII Ha
IpPOTeKaH)e OCHOBHBIX IIEPBUYHBIX ¥ BTOPMYHBIX XMMWIYECKUX IPOIECCOB IPUHVMMAETCH
JONyIlleHe O TOM, 4TO Ha MoMeHT perucrpauyu VIK-crexTpos, crycrsa 10 MMHYT mocie
CMeIIeHNsA KOMIIOHEHTOB, BC€ TMJPOKCIIbHBIE TPYIIBI JCHONb3yeMBIX IIpM CUHTe3e
no/maGUpPoB ¥ BOABI yXKe BCTYIWIM B XMMMYECKOe B3aVIMOJEVICTBME C M3OLMAHATOM C
o0pasoBaHMeM ypeTaHa U IIPOM3BOJHOTO MOYEBMHBI (B Ja/lbHeliIeM Oy/eT 1CI0/Ib30BaThCs
TepPMMH MOYeBVHA). KOPpeKTHOCTh HaHHOTO NOMYLIEHVS ITOATBEPXKHACTCS OTCYTCTBUEM B
nony4yeHHbIX VIK-crekTpax aHamuTUYeCKUX II0/10C, XapaKTePHBIX [ BaIEHTHBIX KO/IeOaHMIT
TUIPOKCV/IbHBIX TPYIIIL.

Pacxop u3olLMaHaTHBIX TPYNI Ha 00pa3oBaHMEe OCHOBHBIX IEPBUYHBIX M BTOPUYHBIX
IPOAYKTOB B 3aBVICUMOCTH OT M30L[MIaHATHOTO MH/jeKCca KOMIIO3MIUY IIPeACTaB/IeH Ha puc. 2.
KommyectBo m3onmaHata, 3aTpaueHHOTO Ha oOpasoBaHMe ypeTaHa ¥  MOYEBMHBI,
B COOTBETCTBMM C IPMHATBIM BBbINIe [OIYyI[eHMeM, ObUIO OILeHEHO Ha OCHOBAaHUY
TEOPETUYECKNX PACUeTOB; KOMNYIECTBO HEIPOPearnpoBaBIINX M30IMaHATHBIX TPYIIIL, @ TAKXKe
M30LMAHATa, W3PACXOJOBAHHOIO B paMKax IIpoljeccoB oOpasoBaHuA amiodaHaTta,
KapboxmuMmIa 1 M30LMaHyparTa, pacCYNTaHO Ha OCHOBAHMM METOIMK, ONMCAHHBIX B PaMKax
pabots! [24].
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Puc. 2. 3aBucMMOCTb KOHIIEHTpAIUM M3OLVAHATHBIX TPYII, aKKyMyIMPOBaHHBIX B (OpMe aHaIMTUIECKUX
TPYIIIL, OT M30LMAHATHOTO MHJeKca IeHOIUIACTa

Vicxopst 13 TpefCTaBleHHBbIX HA PUC. 2 MaHHBIX, PAcXOf M30I[MaHaTa Ha obpasoBaHue
YPETaHOBBIX M MOYEBMHHBIX CBsi3ell 3aKOHOMEPHO YMEHBINAETCS C  yBeIMYeHMeM
M30LMAHATHOTO VHJEKCa KOMIIOHEHTA 13-3a YMEHbILIEHNUS MAacCOBOJl IOMM MONMOIbHON
KOMITO3MIMM B MCXOIHOI CMecu KOMIOHeHTOB. C yBenMdyeHMeM M30LMAHATHOTO MHJEKCa
KOMIIOHEHTa BO3pacTaeT pacXof M3OLMAHATHBIX TIPYNI Ha oOpasoBaHMe amiodaHarta,
KapOoauuMma u M30LyaHypara.

3aKOHOMEPHO, YTO C POCTOM WM3OLMAHATHOTO WMHAEKCA BO3PACTaeT KOIUYECTBO
M30LIMaHaTa, 3aTPayeHHOTo Ha 0Opa3oBaHme TpuMepa. TeM He MeHee, BAYXHO IPOBECTH OLIEHKY
KOHBEpPCUY M3OLMAHATHBIX TPYII, KOTOpble TEOPETHYECKM MOIIM BCTYIUTb B IIPOLECC
TpUMepU3aLMy ¥ TepeiiT! B M3oLMaHypar. Pacuer KOHBepcuM M30IMaHATa B M30LMIAHYPAT
IIPOVM3BOAWIN B COOTBETCTBUM C ypaBHeHMeM (1). OTMeTM, 4TO B pacyeTe He YIMTBIBAIOTCS
M3OLMAHATHBIE TPYIIbI, 3aTpaueHHble B paMKax IIPOTEKaHWs I[e/IeBbIX (IepBUYHBIX)
XUMMUYECKMX IPOLECCOB OOpa3sOBaHMs YPETaHOBBIX M MOYEBMHHBIX CBsi3eil. Tak, y4TeHBI
VICK/IIOYMTE/IPHO KOHI[EHTPALVM M3OLMAHATHBIX TPYII, KOTOpble IOTEHIMATbHO MOIIN
BCTYIUTD B IIPOLleCC TpuMepu3aryn. [JaHHas 3aBUCMMOCTb IIpefICTaB/IeHa Ha puc. 3.

C

NCO-Tpume

KonBepcusa = PP . 100, (1)
NCO—1p.BTOp.ID.

rie  Cncosmpumep — KOMMYECTBO M3OIMAHATHBIX TPYII, 3aTpayeHHbIX Ha oOpasoBaHMe

M30IMIAHYPATHBIX CBA3EN, @ CNcosup.sroprp.— KOMMYECTBO N30 MAHATHBIX TPYIIII, 3aTPAaY€HHbBIX B
paMKax IIpolieccoB oOpasoBaHMs a/UTOQaHATHBIX M KapOOAMMMMIHBIX CBf3€il, a TaKKe
HEIpOpearnpoBaBIIX M30LMaHATHBIX TPYIIIL

Vicxoma m3 TpencTaBleHHOM Ha puc. 4 3aBUCUMOCTYM, KOHBepCUA M3OLMaHaTa B
M30LMaHypaT YMEHbINAETCA C yBEIMYEHMEM M30LMAHATHOTO MHIeKca KOMIIOHeHTa. Cxoxnme
pe3y/IbTaThl ObUIM ITOTy4eHbl aBTOpamMy paboT [30-32]. ITo-BuauMoMy, mpoTeKaHme 60/bIero
KOJITYeCTBA BTOPMYHBIX XUMIYECKIX IIPOIIECCOB (B YACTHOCTH, aKKYMY/LALIVIM CYI[eCTBEHHOTO
KOJIVYeCTBa M30LMaHATHBIX TPy B popMe Kapbogunmuza u amnopaHaTa) Ipy YBeIUIeHUN
M30IIaHATHOTO MHJIEKCa CIIOCOOCTBYET BO3SHUKHOBEHMIO 3HAYNTETbHBIX IIPOCTPAHCTBEHHBIX
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3aTPY/IHEHU, CYIIEeCTBEHHO OCIOXHAIINX Ipolecc TpuMepusanuu. Hecmorpa Ha
TO, YTO C IIOBBIIIEHMEM U301 MIaHATHOTO MHJEKCA KOJIMYECTBO M30LMaHypaTa B CUCTEME PACTeT
(cM. puc 2), KOHBepCHA M30IIaHATA B I30L[MAHYPAT CYIeCTBEHHO CHYDKAETCS.

B Tabs. 2 mpepcTaBIeHbl MOKa3aTeNnM KaXKylelics INIOTHOCTY ¥ IPOYHOCTY Ha CKaTye
IOJTy4eHHBIX II€HOI/IACTOB. 3aBUCUMMOCTb OTHOCUTENIbHOM TIIPOYHOCTM Ha CXaTue OT
M30LIAHATHOTO MHJIeKca obpasiia IpeficTaBIeHa Ha pIC. 4.
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Puc. 3. 3aBUCHMOCTb KOHBEPCUM WM3OLMAHATHBIX Puc. 4. 3aBUCUMOCTD OTHOCUTENBHOI IIPOYHOCTY Ha
TPYNNl B M3OLMAHYPAT OT U3OLMAHATHOTO MHEKCA CKATHE OT u3ounaHaTHoro uHpekca [IVP nenormmacra
obpasia

Tabmuma 2. Kaxxymascs IIoTHOCTb U TPOYHOCTD Ha CxkaTie nonydeHHbIX [1VP nenonnacTos.

Un,y.e. 150 200 250 300 350 400
Y, Kr/m? 50.1 49.9 50.2 50.2 50.0 50.1
o, klla 188.4 223.8 277.5 314.6 349.7 378.3

Kak BujjHO 13 IIpefiCTaB/IeHHOI Ha puC. 4 3aBUCUMOCTY, B paMKaX pacCMaTpUBAeMOro
HaMJ [Mala3oHa 3HA4YEHUJ M3OLMAHATHOTO VHJEKCA, YBeIMYEeHUe [JAaHHOTO ITOKa3aTess
3aKOHOMEPHO IPMBOAUT K POCTY IIOKa3aTe/lss OTHOCUTEIbHON IIPOYHOCTM Ha CXKAaTue, 4YTO
cooTBeTCTBYeT BbIBoiaM Modesti u dp. [30]. BepositTHO, mopo6HBIT 3¢ deKT pocTUraeTcs
IJTaBHBIM 00pasoM 3a CYeT yBeIWYEHMs KOHIEHTpAaUM  TPeX(PyHKIMOHAIbHBIX
M30LMAaHYPATHBIX IPYIIIL, CIIOCOOCTBYIOLINX YBETNYEHNIO CTeIIeHY CIIMBKY (OPMUPYIOIIETOCs
neHoIvtacta. TeM He MeHee, BOIIPOC O BJIVISTHVM ITyOVHBI IPOTEKaHVsI BTOPMYHBIX XIMIIECKIIX
mporeccoB Ha (U3MKO-MeXaHM4yecKue Xxapakrepuctuku IIVIP meHommacTtoB ocraercs
OTKpBITBIM. OTMeTVUM, YTO B IPOAHAIM3MPOBAHHON IUTEpaType HaM He YAaI0Ch HailTH
JIAHHBIX O BIVMAHMU PAacCMAaTpPUBAaEMbIX IIPOAYKTOB IOOOYHBIX peakIVii Ha IPOYHOCTHBIE
XapaKTePUCTUKY OMNYPeTaH-IONMNNU301MaHYPATHBIX IIEHOIIIACTOB.

Kak ObU1o ckasaHO Bbllle, XMMU4YeCKas IPUPOZA Pa3IUYHBIX KaTalN3aTOPOB
TpUMepM3alMy M30LMaHaTa, MCIONb3yeMbIX Hpy cuHTese IIVIP mneHomnacroB, MOXXeT
CyLIeCTBEHHO pa3mmuarbcs. OTMeTMM, YTO [JaHHBIE HOOABKM SBIAETCA OTHOCKUTETBHO
cmaboceneKTVBHbIMU. Tak, OfVH M TOT >Ke KaTalusaTop MOXXeT B Pa3HON CTeIeHN
BO3/Ie/ICTBOBATb HA pAN WIM BeChb IepeueHb IIPOTEKAIIVX IEePBUYHBIX ¥ BTOPUYIHBIX

XMUMHNYECKUX IMTPOLECCOB. B AaHHOM cCi1y4ae 6YILYT JIMETb MECTO M3MEHEHNA KAaK XMMNYIECKOTO
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COCTaBa, TaK M BBITEKAIOI[ME U3 HEro M3MeHEeHMs (PU3UKO-MEXaHMYECKUX XapaKTePUCTUK
KOHEYHOTO IIPOAYKTA.

C uenpl0 eIVHOBPEMEHHOTO W3y4YeHUs BIUSAHMSA KaTaIM3aTOPOB TPUMePU3aLN
Ha IPOTEeKaHMe BTOPUYHBIX IIPOLIECCOB M IPOYHOCTHBIE XapaKTEPUCTUKM IIEHOIUIACTOB,
Obuta monyuena cepuss IIVIP meH ¢ wm3onumanatHeiM wmHAekcoM 350. B kauecTBe
KaTa/n3aTopoB HaMu OBbUIM UCIONb30BaHbl 2,4,6-Tpuc-(aumernnamuaomerwn)benon (1),
3-[3,5-6uc[3-(gumernnamuuo)uponnn]-1,3,5-rpuasun-1-un]-N,N-gumernanpomnan-1-
amue (II), dopmmar 2-ruppoxcu-mponmnrpumerwiammonus (III), 2-[(2-ruppoxcu-5-
HOHMWI(EHNT)MeTUIMETVIAMIHO |alieTaT HaTpuUA (Iv), 2-3TWITeKCaHoaT
2-ruppokcumnpomunrpuMmerwiammonusa (V), anerar xammsa (VI), 2,2-gumermnnponnoHar-
N,N,N-tpumernnmeranamuua (VII) u 2-srtmnrekcanoar kamus (VII). Tax, B mepeune
paccMaTpyBaeMBbIX KaTa/lIn3aTOPOB MPUCYTCTBYIOT TPETUYHbIE AMIHBI, 8 TAKXKe KapOOKCUIaThI
YeTBEPTUYHBIX AMMOHMEBBIX OCHOBAHUI 1 11[€/IOYHBIX METAJIIOB.

Yka3aHHbIe KaTaIM3aTOPbI TPYMEPU3ALY BBOAW/IVICH B KOMIIOHEHT, VICIIO/Ib3yeMBbII1 /I
CMHTe3a IIeHOIIACTa, B 9KBUMOJAPHBIX KomnmdecTBax (0.01 Mo/mb HeiicTBYIOIIETO BellecTBa)
KaK B BUJie YMCTBIX BeLIeCTB, TaK M B KayecTBE PAacTBOPOB B JMITWICHITIMKOJIE VU
JUIIPOIIVIEHI/INKOME. [MIAPOKCUIbHOE YNCIO WTOTOBBIX ITO/MOJIBHBIX KOMITO3MIUI OBIIO
YPaBHEHO IIOCPEACTBOM BBEIEHNUS 3a/JaHHOTO KOMMYeCTBa JVSTUIECHIIMKOIS, B TeX CIydasx,
KOTZa 3TO OBIIO HEOOXOAUMO.

[Tpy moMoIIy ONMCAaHHBIX BBIIIE METOAVK, CITyCTS 3aJaHHbIe BpeMeHHbIe IPOMEXXYTKH B
aHa/IM3MpYyeMbIX 00paslax ObUIM  OLIEHEHBl KOHLEHTPALMy  HeIpOpearupoBaBILIIX
M3OLMAHATHBIX TPYII, a TaKoKe TIPYII, 3aTpPayeHHbIX Ha OOpasoBaHNUe M3OLMAHYpaTa,
Kapboguumuaa u awrodanara. OnpeneneHHble 3HAUeHNsT KOHIIEHTPALMil JaHHBIX BeIMYUH

IIpefICTaB/IeHbI B TaOJL. 3.

Ta6muua 3. KoHUEHTpauy M30NMaHATHBIX TPYIIN, 3aTPAYEHHBIX Ha OOpasOBaHMe AHAIMTUYECKUX TPYII, B
obpasnax [TVIP nmenommacros

Bpens KaTanusarop
psepK, m | ap | anp | av) | m [ p | v | (vip
CocrNCO, MOJIB/KT
0.2 1.32 1.11 0.80 0.51 0.77 0.61 0.61 0.67
24.0 0.62 0.45 0.45 0.38 0.39 0.42 0.35 0.24
CnNco > kapSommmmuzy MOJIB/KT
0.2 0.40 0.40 0.58 0.60 0.68 0.76 0.70 0.78
24.0 0.40 0.40 0.58 0.60 0.68 0.76 0.70 0.78
Cxeo 5 nsouanypar, MOJIB/KT
0.2 0.52 0.73 1.04 1.01 1.09 1.27 1.19 1.34
24.0 0.54 0.76 1.07 1.05 1.13 1.31 1.23 1.38
Cnco 5 amnoanars MOTIB/KT
0.2 0.89 0.76 0.69 0.68 0.74 0.65 0.67 0.58
24.0 0.87 0.73 0.65 0.65 0.70 0.63 0.64 0.56

Tak, B Xofle BBIZEpP)KKM IEHOIZIACTOB, KOHI[EHTpalusA M30LMaHaTa, 3aTPAaueHHOro Ha
obpasoBaHye KapOOIVVMMUIHBIX CBsI3€il, OXKMIaeMO OCTaBalach HEM3MEHHOI, IO/ JaHHBIX

TPYIII, HepeXomAmux B (opMy M3oLuaHypaTa IIOCTEIIEHHO yBeIM4yMBaaach. J3oumaHart,
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aKKyMY/IMPOBAHHBIN B HEIIPOPEArVPOBABIIEM COCTOSHUNU U B popMe a/T0(aHATHBIX CBA3EL,
IIOCTETIEHHO PacXOfloBa/icd Ha IPOTSKEHUM AHA/IM3UPYEMOTO BPEMEHHOTO IIPOMEXYTKa.
B onpenesieHHOl  CTeleHM  [AaHHBI  pacXxof  OOYClIOBIeH 00pa3oBaHMEM  HOBBIX
M3OLMAHYPaTHBIX CBs3ell, OfHAKO Ooibllasg 4dYacThb [aHHBIX TPYNI BCTyHaaa BO
B3aJIMOJIeVICTBYIE C BJIATOJ BO3/IyXa I IOC/IEAYIOIINM 00pa3oBaHeM MOYEBIHHBIX CBS3eEIL.

B Tab5. 4 mpezncTaBeHa 3aBYUCUMOCTD IPOYHOCTH Ha CXKATHe U BBICOTHI TOJbeMa CToI0a

IIVP neHomnIacTa OT TUIIA MCIIO/Ib3YE€MOTO KaTaan3aTopa.

Ta6muua 4. 3aBucumocts coricTs [IVP meHommacTa oT THIIA MCIO/Ib3yeMOT0 KaTalnn3aTopa TPUMepU3aLun

Karanmusatop h, cm Y, Kr/™? o, k[la Oom, KITaxm®/kr?

I 97.0 63.7 394.2 0,097

II 128.3 54.8 347.6 0,116

III 129.6 45.0 266.8 0,132

v 130.8 50.8 354.0 0,137

\Y% 137.6 48.3 318.6 0,137

VI 143.8 48.2 324.9 0,140

VII 130.9 45.9 307.8 0,146
VIII 131.5 46.3 3374 0,157

OTMeTuM, YTO KaKyIasAcs IVIOTHOCTh, BBICOTA IOJbeMa ITOJTyYeHHBIX IIEHOIIACTOB U
IPOYHOCTb Ha CXKaTye IMOCIeIHUMX CYLIECTBEHHO M3MEHSIOTCS NPY IIepPeXofie OT OJHOTO
KaTajmsaTopa TpuMmepusanuu kK apyromy. Cyas 1mo BceMy, HabmogaeMas pasHUIA ABJIAETCA
CTIE[ICTBMEM U3 CYI[ECTBEHHO PpAa3HSAIIENCS KaTaTUTUYECKOV aKTMBHOCTY aHAIM3UPYEMbIX
BEIleCTB, IPOSB/SEMONl MMM II0 OTHOIIEHMIO KO BCEl COBOKYIHOCTM IIPOTEKAOINX
XMMUYECKUX MTPOI[ECCOB.

Takym 00pa3oM, COIOCTaBUB 3HAYEHMs IPOYHOCTHBIX XapaKTEPUCTUK IOTyYeHHBIX
IEHOITacTOB (Tab1. 4) ¥ KOHIJEHTPALVM pacCMaTpUBAeMBbIX Pyl (Tab1. 3), ObUIM IOCTPOEHBI
3aBUCHMOCTY M3MEHEHUS MPOYHOCTHBIX XaPAKTEPUCTUK IMEHOIUIACTOB OT UX XUMIYECKOTO
cocrasa (puc. 5).

Vicxonst M3 TpeACTaBIeHHbIX Ha PUC. 5 [JAHHBIX, MMEIOT MECTO [JOCTATOYHO YeTKIe
3aKOHOMEPHOCTY BIMSHMS XUMWYECKOTO COCTaBa [EHOIIACTa Ha €ro IPOYHOCTHBIE
xapaktepuctuku. OTMedyaercs, YTO OTHOCUTE/NbHAS MPOYHOCTh HA C)KaTue IEHOIIacTa
YBE/IMYMBAETCS C POCTOM CTEIleH) M3OLMAHYPATHOI M KapOOAMMMMUIHON CIIMBKY, B TO Xe
BpeM:I JaHHBIII TapaMeTp YMEHbIIAeTCs C YBeMUIeHeM KOTNYIeCTBa CBOOOJHOTO M301MiaHaTa
U HecTabWIbHBIX aTObaHATHBIX CBsI3ell B Marepuasne. [[aHHbIe BBIBOABI YaCTUIHO
COITIACYIOTCS ¢ pesynbraTamu paborel Modesti u Jp. [30], B pamMkax KOTOpPOJ aBTOPBI
3aK/TIOUM/IN, YTO YyBeNIMYEHME CONEp)KaHMs M3OLMaHypaTa B IIEHOIUIACTe IPUBOJUT K
YIy4LIEHNIO €ro IPOYHOCTHBIX XapaKTePUCTMK. TeM He MeHee, CIMIIKOM 0OJbIIoe
cofiep)kaHue M3OLMaHypaTa [O/DKHO IPUBOAKUTH K IOBBIIIEHMIO XPYNKOCTYM IIE€HOIUIACTA,
KOTOpOe HabIofaeTcsi B Caydae UMCTBIX IIOMM3OLMAHYpPAaTHBIX IeH. Takum obpasom,
HeoOXo#MMO cobmoaaTh GamaHC COflep)KaHUsl YPETaHOBBIX, M30IMaHYPATHBIX U OCHOBHBIX
BTOPUYHBIX TPYIII B COCTaBe Marepuaaa [yisg HPUAAHVS €My ONTMMAIbHBIX MPOYHOCTHBIX
XapaKTEPUCTUK.
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Puc. 5. 3aBucumMocTV M3MEHEHNUA MPOYHOCTHBIX XapaKTePUCTUK OT XMMMUIECKOoro cocraBa IIVIP-nmenommactos
CIycTs 24 Yaca I1ocjie CMeLIeHNs KOMIIOHEHTOB

B coorBerctBum ¢ opmymnoit (1) mia aHanu3aupyeMbIx 0Opas3LioB ObBUIM pacCYMTAHBI
3HaueHM KOHBEPCUM M30LMaHaTa B M30IMaHypaT. JJaHHbIe IpeACcTaBIeHbl B TAO. 5.

Ta6muma 5. KoHBepcusa msonmaHaTa B M30LMaHypaT IIpY MCIIOIb30BAaHMM PacCMAaTPUBAEMBIX KaTa/lN3aTOPOB

TpUMepM3aLNU
KaTanusarop I II III v \Y% VI VIl VIII
Konsepcus, % 22.2 32.5 38.9 39.2 39.0 42.0 42.1 48.3

[ToxasaHo, 4TO U3 IPOAHATM3VPOBAHHOTO NepeyHs J06aBOK Haubosee 3¢PeKTUBHBIMU
C TOYKM 3peHMA KaTansa Inpolecca TPUMePU3ALI ABIAITCA OPTaHNYeCKME CON 1Ie/IOYHBIX
META/ZIOB M YETBEPTUYHBIX AMMOHMEBBIX OCHOBAHMI, YTO COITIACYEeTCA C 3aAK/II0YEHUEM
Jianping u 0p. [33]. OrMmedaercs, YTO KaTaIM3aTOPOM, KOTOPBIN HAWIy4dmIMM 0Opa3oM
CIIOCOOCTBOBa/I  TIOBBINIEHMIO KOHBEPCUM  M3OLMAHATa B  M3OLUMAHYpaT, SBJISICA
2-3TWITEKCAHOAT KajauA UM, B MEHbIIEN CTEleHM, aleTar Kaaud U 2,2-AMMeTVIIPOIOHAT-
N,N,N,-TpuMeTnniMeTaHaMIHa, 4YTO COOTBETCTBYET BBIBOZIAaM, cfie/laHHbIM Lovenich u dp. [32].
Taxum 06pa3oM, KaTamM3aTOpbl Ha OCHOBE COJEN IIETOYHBIX META/UIOB JIYYLIMM 00pa3oM
KaTaM3UPYIOT IPOLECC TPMMEPU3ALNY, YEM COIM Y€TBEPTUMYHBIX aMMOHMEBBIX OCHOBAHMIA,
4TO COOTBETCTBYeT pesynbTaTaM pabor Dick u dp. [34] u Clift u dp. [35].

BbIBOI[bI " peKOMEHTannmn

ITpepnoskeHa MeTOMKa KOMMYECTBEHHOTO aHa/IM3a PacXofida M3OLMAHATHBIX TPYIII,
3aTpaueHHBIX B paMKax cuHTe3a [IVIP neHomnacToB Ha IpoTeKaHMe MPOLEeCCOB 00pa3OBaHMs
M30LMAHYPATHBIX, A/UIOQAHATHBIX ¥ KapOomMMMUAHBIX rpyni. IlokasaHo, 4TO C pocTOM
nsouMaHaTHOro uHpaekca I[IVIP meHoOmIacTOB MaKcuMajnbHasA BO3MOXKHasg KOHBEPCUA
M3OLMaHAaTa B M3OLMAHYpaT yMEHbIIaeTcd BBUAY BeCbMa aKTUBHOTO IPOTEKaHU
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HNPENATCTBYIOIIMX BTOPUYHBIX XMMMWYECKMX IpoleccoB. IIpoaHanmmsmpoBaHO BIuAHNE
PasIMYHBIX KaTaAM3aTOPOB TPMMEpM3aLUy M3OLMaHaTa Ha IPOYHOCTHBIE XapaKTEPUCTUKNI
HO/Ty4aeMbIX IIEHOIUIACTOB ¥ IIOJIHOTY IIPOTEKaHVA IIPOIecCOB 00pa3oBaHNsA M30LIAHYPATa,
amnodanara u kapbopummupga. [Tokasano, yto mpouHocth Ha COkarnme [IVP meHommacTos
BO3pacTaeT C yBE/IMYEHMEM CTENEeHNU M3O0LMaHypaTHON M KapOOAMMMMIHON CIIMBKU MU
YMEHbILIAETCS IPU YBEINYEHUN COMlepKaHM a/UIOaHATHBIX U OCTATOYHBIX M30I[MaHATHBIX
rpynn. Ha ocHOBaHMM NONTYy4eHHBIX JAaHHBIX, CPefill PACCMOTPEHHOTO IepedyHs H00OaBOK
HanOoJIbIlell KOHBEPCUM M30LMAHATA B MI30UMAHYpPaT YAAeTCA JOCTUYD IIPY UCIIONIb30BAHUN
2,2-guMmerninponnonaTa-N,N,N,-TpuMeTnn-meraHaMnHa, amerara M 2-3TUITeKcaHoaTa
Ka/uA B KaUeCTBE KaTa/M3aTopa TPMMEPU3aLy U301 aHaTa.
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Kniouesvie cnosa: AnHomauyus. Onpedenena B03MONHOCHIL UCNONb308AHUS  0MX00a
nuemenm, OKCUO Jene3d, — Memannypeu4eckoeo npoussoocmea AK06nesckoe0  20pHO-0002aMUMENbHO0
0mx00, nueMeHmHole KoMNIIeKCa, COOepaulezo OKCUO Jnenesad, 8 Ka4ecrnee sene300KcuoOH020 nusmeHma,
ceoticmea Komopwiti Moz vl 6bimb npedcmasner Kax AHAn02 yie CYUecmeyoulezo Ha poiHie

HeNe300KCUOH020 nuzmenma. Vccnedosanvl nuzmenmuvie c80ticmsa omxoda u
B03MOMHOCMb UCNONIL30BAHUA €20 8 Kadecmee Coulpvs 0N cuHmesa KpacHozo
HeNe300KCUOH020 NUzMeHma. ﬂaHbl pekomeﬁaauuu no NpuMeHeHUur noiy4eHHo20
npobyicma U noxKasama 603MONHOCMb HNPUMEHEHUSA €20 6 JAKOKPACOUHbLX
NOKPuIMUAX.

1A EUTUPOBAHNA:

Komocosa A.H., Kympsasues f.B., Tepemko A.E. IlomydeHme >Kene300KCHAHBIX NNIMEHTOB M3 OTXOAa
MeTaJUTypIiYecKoro IMpousBofcTBa // Om xumuu Kk mexHonouu wiae 3a wazom. 2024. T. 5, Bpim. 3. C. 37-43.
URL: https://chemintech.ru/ru/nauka/issue/5357/view

BBenenmne

Ha cerogHAIIHMII JeHb TOPHO-OOOraTUTE/NbHblE KOMOWHATBHI ¥ MeETa/UTypruvecKie
3aBOJIbI BBIPAOATHIBAIOT OOJIBIIIOE KOMMIECTBO OTXOJOB, COflepKaIuX sKeme30. [lepen Takumu
HOPefUpPUATUAMIU OCTPO CTOUT 3ajjadya yTUIM3AUMM CBOMX OTX0A0B. OIHUMM 13 BapMaHTOB
HepepabOTKY >KeIe30CofiepXKalMX OTXOJO0B META/UTyPIMYeCKUX IIPOU3BOLCTB SIBJIAETCS
VICIIO/Ib30BaHNe WX [y IIONy4eHMs >KeNe300KCHMAHBIX mmrmeHToB [1]. Oum obnmapgaror
XOPOLIYMY NUTMEHTHBIMYU CBOJICTBAMM, TAKMMM KaK YKPBIBMCTOCTD ¥ MaCJIO€MKOCTD, CBETO-
1 aTMOCPEPOCTONKOCTb.

3-3a pgedunmura MeTA/UIMYECKOTO >Ke/le3a IMOSIBUIACh HEOOXOAMMOCTh IIOMCKOB
QIPTEPHATMBHBIX CIHOCOOOB MONTyYeHUSI CBIPbsl [y IIPOM3BOACTBA >KEIE300KCUIHBIX
IUTMEHTOB. B KauecTBe OIHOTO 113 BApMAHTOB ChIPbS AJIs1 IOTyYEeHNs IATMEHTOB MOXKET OBbITh
PEKOMEH/IOBaH OTXOJ, METa/UTypPriuecKOTo IIPOM3BOJICTBA, COMleP KALINIT OKCUT XKeTe3a. B psne
UCCIIEOBATEIbCKUX  PabOT TMPOCTEXUBAETCS WMHTEPEC K IOAYYEHUIO U CO3J[AaHMIO
TEXHOJIOTMYECKOTO IIpOolLecca JIs MOTyYeHMsI )Kele300KCUIHOTO MUIMeHTa [2-17].
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V3 Bcero BpIIENEPEYNCIEHHOTO MOXXHO C/I€NIaTh BBIBOJ, YTO M3y4E€HME IOTy4eHUA
JKe/Ie300KCUHBIX IMIMEHTOB IIPOCTBIM TEXHOJOTMYECKMM CIOCOOOM U3  OTXOMOB
IIpOM3BOJICTBA ABJIAETCA aKTYa/lbHOM 3a/jaueil Ha CErONHALIHNN IeHb.

OO0BEKTHI UCCTIETOBAHMIT

[ monmydYeHMsl >KeNIe300KCHAHBIX IIMTMEHTOB B KadeCcTBe ChIPbs JICIOTb30Ba/Nach
Xeresocofepkaias pyaa kpacHoro nsera (JKPK) - oTxon, comepkammit OKCHUJ >Kese3a,
IpOU3BOACTBa SIKOBJIEBCKOTO ropHo-oboratutensHoro komiviekca (SIFOK). B kauectBe
obpasija CpaBHEHMs NNUIMEHTHBIX CBOJICTB ObII MICIIONb30BaH KPACHBIN >Ke/Ie300KCUIHBIN
nurmeHT (TY2322-166-05011907-98).

Bl McCmemoBaH  9/IeMEHTHBINI  COCTaB  )Ke/lMe30COoAepsKalllell  PyAbl  METOJOM
peHTreHodyopecueHTHOro aHamsa (cM. tabd. 1). Kak BupgHO 13 gaHHBIX Tabm. 1, kenesHas
PY#a COTEPXKUT [JOCTAaTOYHOE KOIMYECTBO >Kele3a, KOTOpoe, BepOsTHee BCEro, HaXOANUTCA B
okcupHoit ¢opme. CriefoBaTenbHO, TaKas pPyfa MOXeT MUCIIONb30BAaThCA JUIA IIOMYYEHUS
JKeJIe300KCYTHBIX IIUTMEHTOB.

Tabnuna 1. D71eMEeHTHBIIT COCTAB Xele30CofepIKaliell PyAbl

Cocras 27eMeHTOB, Macc. %
Fe Al P \4
41,376 0,022 0,156 0,022

PesynbTaThl NccIeoBaHUI

C LIENIbI0 OIIPpENE/IEHNA BO3MOXXHOCTY VCIIO/Ib30BaHNA PyAbl B KAYE€CTBE INTMEHTA (350171
IIPpOBENEHBI ICCTIENOBAHNA IMTMEHTHDBIX CBOJICTB U OLI€HKA €€ OUCIIEPTUPYEMOCTH. PesyanaTbI

VICC/Ie[OBAHMIT IUTMEHTHBIX CBOVICTB PYZbI IIPEACTaBIeHbI B TA0I. 2.

Tab6nuua 2. Viccnegosauus csoiicts JKPK

[Tokasarenp 3HayeHne
Pasmep gactui, MKkM 2,0

CopeprxaHue xernesa, % 75,55
MacnoemkocTs, 1/100 T 10,3
YKPBIBUCTOCTB, T/M? 55,5
CopeprkaHue BOLOPAaCTBOPUMBIX COIelt, % 1,30
pH BogHOII cycrieH3umn 7,46
Kpacsamas criocobHocTb, % 0,06

L*=14,60

IIBeTOBBIE XapaKTepuCcTUKY (KoopauHaTh! 1jBeTa B cucteme CIEL*a*b*) a¥=21,28

b*=46,88

ITokasano, uyro JKPK mnmMmeer oueHb xopolee 3HayeHME MACIOEMKOCTY, KOTOPOE MOXKET
o0ecreynTh  BBICOKYI0  KPUTUYECKYID  OOBEMHYIH0  KOHIIEHTpAl[Ml0  IUTMEHTa B
KOMIIO3MIJMIOHHOM MaTepyuaje VWIM HOKPBITUM. 3HAa4eHUs YKPBIBUCTOCTM COOTBETCTBYIOT
JKeTIe300KCHU/IHBIM NNUTMEHTaM HM3KOTO yYpOBHsA KadecTBa. CojeprkaHMe BOLOPAcCTBOPUMBIX
coneit M pH BOZHOII BBITSKKY >Ke/I€3HON PYZbl COOTBETCTBYET TPeOOBAHMAM /IS IUTMEHTOB,
OJJHAKO COfIep>KaHue BOJOPACTBOPUMBIX COJIeil [O/DKHO OBITh CHVDKEHO IIPOMBIBKOIL.
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Ho mpm 3TOoM oOTMedaeTcsi, 4TO Kpacsujas CIOCOOHOCTb O4eHb Huskasg, Bcero 0,06 %.
HeynosnerBopurenbHoe 3HaueHue Kpacsmeit cnocobHoctu mia pyabl ATOK cBsasano kak ¢
HEJOCTaTOYHO JVICIIEPCHOCTBIO, TaK M ¢ 60/lee HU3KOIM UMCTOTON TOHA. Taioke, MCXOAsA U3
OIIpefie/IEHHBIX KOOPAMHAT IIBETa, ITOKA3aHO, YTO >KEIE€300KCUIHASA Pyfa He COOTBETCTBYET
Tpe6OBaHNAM 110 IIBETY KPACHOMY >Ke/1e300KCUIHOMY IIUTMEHTY.

Ha puc. 1 npuBemena wmukpodororpadus >xenesHoil pynbl. VI3 pesynbTaToB
MMKPOCKOIIMM CJIefyeT, 4YTO Hajuuye OeIbIX BKPAIUICHUMII MOXKET Pe3KO OIPaHUYNUTDb
VICIIOZIb30BaHME 3TOr0 IIpOAYKTAa B KAa4€CTBE€ IMNIMEHTA, T.K. TaKMe€ IIPUMECU dYalll€é BCETO
00yC/IOB/IEHBI Ha/IM4VEM TPYHO AVICIEPTHpPYeMOTro KBaplia.

Puc. 1. Mukpodotorpadus sxenesnoit pyapr SAT'OK (oTpaskeHHBIN MOJSPU30BAHHBIN CBET, KOAKCHMaJbHOE
ocBelleHMe, yBemdeHne 800x)

Vcxopma u3 mpefcTaB/lIeHHbIX MCCIEOBAaHMIA, MOXKHO 3aK/IIOYUTh, YTO, BBUJY HU3KOIN
VMHTEHCUBHOCTY, HEYJOB/II€TBOPUTE/IbHBIX IUTMEHTHBIX CBOJICTB, >KEI€300KCU[IHASA Ppyfa
npousBopctBa SITOK He MoxeT ObITh MCIIONB30BaHBI B KauyecCTBe >KETE300KCHU/HBIX
IUTMEHTOB.

OpHMUM 13 BapMaHTOB JMCIIONIb30BaHNA OTXOJ0B OKCHJA JKejle3a ABJIAETCA IOTydeHNe NX
npy IepepabOTKe MPOAYKTA, COREPIKAIIero >KeTe300KCHMAHBIX IIMIMEHT, OO0JIajaloliuii,
JKeJlaTe/IbHO, TPaHCIAPEHTHbIMM CBoJicTBaMu. Hambormee pacrnpocTpaHeHHBIM CIIOCOOOM
IIOJTy4eHM s >Ke/Ie300KCH/IHbIX IMTMEHTOB SBJIETCS IIPOKaJIKa JKeIe30CoMiep Kalllero celpbs. B
CBSI3M C O9TMM ObIIa MCCIe[JOBaHa BO3MOXXHOCTb IONTY4eHVs IPOAYKTOB, O00Iafaiolux
INUTMEHTHBIMU CBOVICTBaMM, IPOKA/IKOJ 0OpasIjOB PYABL

Cunres nurmentoB u3 JKPK ocymectBisiics npokankoit B MydenbHON Ie4n Hpu
temrneparypax or 300 go 1000 °C. 3aBMCMMOCTb CBOJWCTB IPOAYKTOB IIPOKAJIKU OT
TeMIIepaTyphl NpefcTaBieHa B Tabm. 3. Hakpacky mpORYKTOB CMHTe3a B ITOJTHOM I[BeTe U B
pasberie IpencTaBIeHbI HA PUC. 2-7.
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Ta6muma 3. VccnenoBaHys NUTMEHTHBIX CBOJICTB IIPOAYKTOB CHHTE3a

IToxasarenn 300 °C 400 °C 500 °C 600 °C 800 °C 1000 °C
CpepHuil pazMep 4acTuIl, 2,9 3,80 2,8 4,40 4,1 7,1
MKM
HauseposATHeitmmnii pasmep 1,47 1,88 1,38 2,20 2,04 3,54
9acTHL, MKM
CopeprxaHue xernesa, % 59,83 66,11 33,0 64,35 36,0 25,0
MacnoeMKocTb, 1/100 r 51 16,5 12 11,5 12 11
YKpbIBUCTOCTB, I/M? 15,66 23,33 30 26,07 30 28
Copeprxkanue 0,017 2,5 2,4 2,35 2,08 2,56
BOJIOPACTBOPMMBIX COTIEN, %
pH BonHOI cycnensun 7,50 6,89 6,85 6,728 6,92 7,23
llBeroBble Xapakrepuctuku | I’=34,07 | [%=30,56 [=29,48 [=31,42 [=32,33 27,2
(KoopzMHATDI LIBeTa B a*=13,08 | a*=10,31 a*=10,81 a*=10,54 | a*=14,79 a*=11,27
cucreme CIEL*a*b*) b*=6,98 | b*=6,40 b*= 5,37 b*=7,05 b*=6,44 b*=4,12
c=14,83 c=12,13 c=12,07 c=12,68 c= 15,86 c=11,99
H=61,91° | H=58,17° | H=63,58° | H=56,22° | H=66,47° H=69,92°
Kpacsamas ciocobHocTb, % 20 76 72 68 56 24

Kax BupiHO 13 mpeficTaB/IeHHBIX HAaKPacoOK (CM. puc. 2-7) U JaHHBIX Ta0J. 3, MPOLYKTHI

CUHTe3a WuMelT Oojee HaCbIII€HHBIE KpaCHbeI n KOpI/I‘-IHQBbII?I OBe€Ta ¥ XOPOIIYIO
MHTEHCUBHOCTD.

Puc. 2. Hakpacku npopykTa cuHTesa npu temneparype 300 °C B monHoM 1iBeTe (cr1eBa) u B pasberie (cipasa)

Puc. 3. Hakpacknu nmpopykra cunTesa pu temiepatype 400 °C B monHoM 1BeTe (c1eBa) 1 B pasbere (cipasa)
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Puc. 4. Hakpacku npopykTa crHTesa npu temneparype 500 °C B monHoM 1i8ete (crieBa) u B pasberie (cpasa)

Puc. 5. Hakpacku npopykTa crHTesa npu temneparype 600 °C B monHoM 1iBeTe (cr1eBa) u B pasberie (cipasa)

Puc. 6. Hakpacku npopykTa cuHTesa npu temneparype 800 °C B monHoM 1iBeTe (cr1eBa) u B pasberie (cipasa)

Puc. 7. Hakpacku popiyKTa cuHTesa npu Temneparype 1000 °C B momHoM 1iBeTe (creBa) u B pasbere (crpasa)
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Tepmuueckn obpaboranusle npoaykTsl or 300 °C mo 1000 °C o06majaloT CXOXUMU
NUTMEHTHBIMM XapakKTepucTukamu. IIpym MakcumanbHOJ TeMIiepaType IPOKaJKM IMPOAYKT
uMeeT 6ojee HM3KYIO YKPBIBMCTOCTb U 0ojlee BBICOKYI0O MAacC/IO€MKOCTb IO CPaBHEHMIO C
obpasuom 6e3 mpokamku. ITO OOBACHAETCA Oojee KpyImHbIM pasMmepoM vactur. O6paser,
HOJTy4YeHHbIT npu Temnepatype 400 °C, o cBOMM XapaKTepMUCTMKaM Haubosee OIM30K K
atanony u JKPK 6e3 mpokanku. ITokasaHo, 4YTO IpOKa/iKa I03BOJIAET MOBBICUTD KPaCAIIYIO
CIIOCOOHOCTD M Y/IyYIINTD YKPBIBICTOCTh MUTMEHTOB, CHU3UTD VX MAaC/I0eMKOCTb. VI3 maHHbBIX
Ta6/MMIbl BYUJAHO, YTO HAWIYYIIMMM IIMTMEHTHBIMM CBOJICTBaMM OO/ajjaeT IPORYKT,
nojy4eHHbl mpokankoit mpu 400 °C. IloBblieHne TeMineparypsl pokanky Beiue 600 °C He
3¢ dexTUBHO, T.K. IPOAYKTBHI IIOJyYeHHble Npyu Oojiee BBICOKOI TeMIlepaType, O0/IajjaioT
XyJUIMMY 3HaY€HNAMY INTMEHTHBIX CBOJICTB.

Takyum 06pasoM, HaVTy4IIMMY IMTMEHTHBIMY CBOJICTBaMU 00JIafiaeT MPOLYKT CUHTe3a
npoxankoii npu 400 °C.

3akimroueHne

B xope mpoBeEeHHBIX MCCHAENOBAaHMII II0Ka3aHa BO3MOXXHOCTb MCIIO/Ib30BaHUA
JKe7e30Co/ieprKalllero OTX0/la META/UTyPriudeCcKMX MPOU3BOJCTB B KAUECTBE ChIPbs /1A CMHTE3a
’K€I€300KCHU/IHBIX IUTMEHTOB METOOM IIPOKAJIKIL.

bbum usydyensl cBOJICTBA MPOAYKTOB IPOKAIKM PyAbl IIPY PasIMYHBIX TeMIIEpaTypax.
[TokazaHO, 4TO IIO/Ty4eHHble NUTMEHTBHI OOTAAIOT XOPOLIEN KpacAlleil CIOCOOHOCTBIO U
YKPBIBUCTOCTBIO IUTMEHTOB, HM3KOJ MACIOE€MKOCTbIO. YCTaHOBJIEHO, YTO HaMIy4IUIVMMU
INUTMEHTHBIMU CBOJICTBaMM OO/ajiaeT IIPOAYKT, IOMy4eHHBII mnpokankoir mpu 400 °C.
JlanmpHeliee yBeMM4YeHMe TeMIEpaTypbl HpOKalIKM He 3(QQeKTMBHO ¥ He IPUBOAUT K
YIY4IIE€HNIO IUTMEHTHBIX CBOVICTB.

[TomyueHnHble B XOfe WCCIEOBAHMII >Ke/Ie300KCUIHbIE IIMIMEHTBI MOTYT OBITH
PEKOMEH/IOBAaHBI K ampoOanyuy B KadecTBe IUIMEHTOB I OKPacKM LIeMEHTa, TPOTYapHOI
IUINTKY, TAKOKPACOYHBIX MAaTepUAJIOB, a TAKXKe I/ OKpacKy Oymaru B Macce.
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BBenenne

B Hacrosmiee BpeMs BaKHENIIMM JICTOYHMKOM 3arps3HEHVS] OKPY)KAIOLIeil Cpefbl
ABJISIIOTCSL VIOHBI TSDKEJIBIX METAJ/UIOB, COfiepyKallyiecss B IIPOMBIIUICHHBIX CTOYHBIX BOZAX
OpefUpUATUIL  Pa3AMYIHBIX  OTpaciaeil  IPOMBINUIEHHOCTM, BK/IOYAs  XUMUYECKYIO,
HeTeXMMIYeCKyI0, TOPHOLOOBIBAOILYIO 1 [ip. TsKesble MeTa/lIbl CIIOCOOHBI HAKAIUIMBATHCS
B OKpYXalolleil cpefe, IOCKONbKY, B OTIMYME OT OPraHMYeCKMX 3arpsi3sHUTENeNt,
He pas/araloTcs MUKPOOpraHusMaMil. Bbicokoe comepskaHme TSDKEIbIX METa/IOB B 00beKTax
9KOCUCTEMBI, TaKMX KaK pAacTeHMs, BOJOEMbl, II0YBAa, CIOCOOCTBYIOT MX HAKOIUIEHUIO
B IMTHEBOII BOJe, INIIEBOM ChIpbe ¥ IPOAYKTaX IMUTAHWs, C KOTOPBIMM OHM IONAfA0T
B OpPTaHM3M Ye/I0BeKa, TeM CaMbIM HAaHOCS Cepbe3HBIN Bpef 37l0poBbIo [1-2].

Tokcmyeckoe fieficTBME TSKENBIX METAIOB HOCUT HeCTlenM(pUIecKmil XapakTep, OHI
CIIOCOOHBI COENMHATBCA ¢ Oenkamm, HyKreoTupamy, kodepmeHtamu, dochommnyumamun,
T.e. IIPAKTUYECKV CO BCeMV TUIIAMU BELIeCTB, YYacTBYIOLIIMM B MeTabommn3Me KIeToK [3].

OpHMM M3 CHIBHENIINX IO AeCTBUIO M Hambojee paclpOCTPaHEHHbIM XMMIYECKUM
3arpsisHEHMEM ABJIAETCS 3arpsA3HEHMe TsDKeNbIMU MeTataMu. K TsDKenbIM  MeTaiaM
oTHOCcATCS Gojee 40 XMMMYECKUX 3T€EMEHTOB Iepuopmdeckoit cucremsl [I.VI. MeHneneesa,

© A. . KocroeBa, A. {I. EBnoeBa, A. I'. AxtanueBa, 2024
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OT XHMHH K TEXHOTOTHH TOM 5, BbINYCK 3, 2024

Macca aTOMOB KOTOPBIX COCTaBJIsAeT CBbIlle 50 aTOMHBIX eIMHMI. JTa TpyIa 3/eMEHTOB
aKTMBHO Y4YacTBYyeT B OMOJOTMYECKMX IIpOlleccaX, BXOAS B COCTaB MHOIMX (pepMEeHTOB.
['pymnma «TspKeIbIX MeTa//IoB» BO MHOTOM COBIIQJJaeT C IOHATIEM «MUKPOSTIEMEHTBI».

TspKermble MeTa/Ibl TOCTYNAIOT B OKPY>KAIOLIYIO CPely B XOfie pabOThl aBTOTPAHCIIOPTA,
a Tak)Ke IPY VICTYPAHUM JOPOXXHOTO MOKPBITHA. B pesynbraTe BBIOPOCOB BBIXJIOIIHBIX Ia30B
13 aBTOMOOVIPHBIX JBUTraTeseil aTMocdepa 00OralaeTcss pacCesiHHBIM CBUHIIOM, KaJMIUeM,
IIHKOM, JKele30M U [APYIMMM MeTa/UIaMM, OCEeHAIOLUIMMM Ha IIOBEPXHOCTb IOYBBI B
IIPUJOPOXKHOM 30HE.

B cocTaB BBIX/IOHBIX Ta30B BXOISAT YTapHBIN ra3, OKCUAbI a30Ta U CEPBI, YI/IEBOLOPOLDI,
COENVMHEeHMsI TSDKENbIX METa/UIOB — BeIIeCTBA, YPE3BbIYAIHO TOKCUYHBIE [JI OKMBBIX
OpPraHM3MOB. DTI BelljeCTBa BOBJIEKAIOTCSI B KPYTOBOPOT BEI[eCTB, MOIMAJAI0T B OPraHM3MbI
pacTeHuit, )XUBOTHBIX U YelloBeKa [4].

TspKermble MeTa/IIBI yoKe ceif9ac 3aHMMAIOT BTOPOE MECTO II0 CTENIeHM OTIACHOCTH, YCTyTIasa
HNeCTUIU/IaM ¥ 3HAYNMTE/IbHO OIlepe)kas TaKiue M3BECTHbIE 3arpsA3HUTENN, KaK J[BYOKNChb
yIleposia U cepbl. B mepcrekTuBe OHM MOTYT CTaTh 00jee ONAacHBIMIY, YeM OTXObI aTOMHBIX
9NIEKTPOCTAHINIT ¥ TBEpAble OTXOABl. 3arpsA3HEeHNUe TsDKEMBIMY MeTa/UIAaMU CBSA3aHO C UX
IIVPOKUM VICIIOTIb30BaHNEM B IIPOMBIIIIEHHOM IIPOM3BOJICTBE. B CBA3Y ¢ HeCOBepIIEHHBIMU
CMCTeMaMy OYVICTKY TsDKeJIble MeTa/UIbl IIOIAIAloT B OKPY)KAIOLIYI0 Cpefy, B TOM 4YMuC/e B
IIOYBY, 3aTPA3HASA U OTPAB/LAA ee.

B Hacrosmee BpeMsa B Poccum 1 oLleHKY 3arps3HEHMs IIOYB TSDKEIBIMM MeTaIaMu
VICTIOIB3YIOTCA KaK O(QUIANIbHO Off0OpeHHbIe, TaK ¥ He MMerone o(puimaaIpHOro craTyca
HopMaTyBbl. OCHOBHOe MX Ha3HaueHMe — He [OIYCTUTh IOCTYIUIEHWS B V30OBITOYHOM
KOJIYeCTBEe AHTPOIIOTEHHO HAaKAIUIMBAIOUIMXCSA B IIOYBE TBEPABIX META/UIOB B OPraHU3M
Ye/IoBeKa 1M TeM CaMbIM M30eXXaTh MX HEraTMBHOTO BIMAHVA. TsDKeble MeTa/UIbl He TOTBKO
HEraTVBHO BJIVSIOT Ha PacTeHNMsA ¥ Ha IIOYBEHHO-TPYHTOBbIE BOJBI, HO M Ha caMy IIOYBY.
Oco6eHHO BOCIIPUIMYMBBI K BO3/JEIICTBIIO TsDKE/IBIX 9/IEMEHTOB II0YBEHHbIE MUKPOOPTaHM3MBI,
BO3MO>XHBI TaKXKe yXypueHue ¢pocaTHOroO pexxuma 1 moreps rymyca [5-7].

VccnenoBaHye IIOYBEHHOTO IIOKpPOBA Ha COflepXKaHME TsDKENIBIX METa/UIOB VIMeeT
00/IbIIIOe TIPaKTUYeCKOe 3HaYeHMe. Tak Kak TsDKeJIble MeTa//Ibl MOTYT HOCUTb HeraTHBHBII
XapakTep, He0OXOAMMO, 4T0OBI UX cofeprkanue Bxoauo B [IJTK. ITonydeHHble JaHHBIE MOTYT
CTaTb OCHOBOII /11 MOHUTOPMHIOBBIX MCCIEOBAHNUI ¥ KOMIIIEKCHON OLIeHK) [OYBEHHOTO
HoKpoBa. TaKk)Ke pe3y/nbTaThl MUCCIEJOBAHV MOTYT IIOCTY)XKUTb OCHOBOI 1 I/Is1 IUIaHa PaboT 1o
CHIDKEHUIO KOHI[EHTPALVY TSDKEJIbIX METAaIOB.

ITenb paboOTHI — OLIpefeINTD BIVsIHIE aBTOTPAHCIIOPTA Ha IIOYBEHHBIIT COCTAB ITaXOTHBIX
3eMesb. [l 5TOro BBIOpaH yIacTOK 3eMJIM, PACcIIONIOKEHHBIN Ha Tepputopuy roposa CyHxka
BO6/mu3u QepmepanbHoit Tpacchl «KaBkas», 589 kM. Heobxogumo BBIABUTD cOfiep)kaHMe MOHOB
TsDKenbix MeTa/uioB (Zn, Cd, Pb m Cu) B mouBe MeTOZOM aTOMHO-aOCOPOLMOHHON
CIIEKTPOCKOIINIL.

J1)14 BBIIOTHEHMSI IOCTAB/IEHHO eV HeOOXOAMMO PelINTD C/IeAyIoIe 3a/jau:

1) i3yuntp  mpuMHOUI ~ pabOTBI  aTOMHO-a0COPOIIMIOHHOTO  CIIEKTpOMeTpa ¢
anekTporepmudeckoir arommnsanneit «<KKBAHT.Z».

2) OnpenenuTb KOHLEHTPALVIO KaXXIOT0 TsDKeoro Metaia (Zn, Pb, Cd, Cu) B o6pasiax
II0YB, B3ATHIX Ha paccTosiHuM 5, 10 1 15 MeTpoB OT aBTOMOOWM/IBHOI JOPOTH.

3) OueHNUTD CTeleHb 3arpsA3HEHHOCTY BBIOPAaHHOTO 0ObEKTA.
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HNcTounukm 3arpsA3HE€HNA IIOYB TAXKEIbIMM META/VZIaMU ¥ WX BINAHHNE Ha

OKPYXKAaIIIYI0 CpE€NyY 1 HA 3JOPOBbE Y€TOBEKA

3arpsAsHeHNe — 3TO BCE TO, YTO MOABJAETCA HE B TOM MeCTe, HE B TO BPeMs I HE B TOM
KOJIMYECTBE, KAKOE HEECTECTBEHHO /1A MPUPOJIbI, YTO BBIBOJUT €€ CUCTEMBI U3 PaBHOBECU,
OT/IMYAeTCsI OT HOPMBL. 3arps3HeHMs IIOfpasfeNAlTCs Ha IpUPOAHbIe (BbI3BAaHHBIE
€CTeCTBEHHbIMM IIPMYMHAMM) U aHTPOIIOTeHHbIe (CBS3aHHbBIE C [eATe/IbHOCTBIO Ye/OBEKa).
HenocpencTBeHHBIMM — O0ObeKTaMy  3arpsi3HEHMsI COy)KaT —arMocdepa, Boja, IOYBa.
KocBeHHBIMM ~ OObeKTaMy  3arpsA3HEHMS  OKa3bIBAIOTCA  pPAcTeHMsA,  IKUBOTHBIE,
MUKPOOPTaHU3MBI, 4elOBeK [5-6].

XUMHUYecKoe 3arps3HeHMe — YBEIMYEHME KONMMYECTBA XMMUYECKUMX KOMIIOHEHTOB
OIIpefieNIEHHOI Cpefibl, a TaK)Ke IPOHMKHOBEeHNUeE (BBefieHMe) B Hee XMMIYECKUX BEIeCTB B
KOHIIEHTpalVAX, IPEBBIIIAIIINX HOPMY M/IM HE CBOVICTBEHHBIX €11. XMMMIYECKIEe 3aTPA3HEHNA
OTHOCATCA K Hanbojiee YacTo peamn3yeMoMy BUJY 3arpsA3HEeHNIT, IIPOVN3BOVMBIX BCIICCTBIE
MHOT000pPa3HOI XO35VICTBEHHOI IeSITeIbHOCTH Ye/IOBeKa. ATEHTBI XMMIYECKMX 3arpsI3HEHMI
BKJIIOYAIOT B Ce0s1 IIMPOKMII CIIEKTP XUMUYeCKux coeguHeHuit. [To manHbiM Bcemupnoit
opranusanum 3sppasooxpaHenns (BO3), takux coeguHeHnmit okono 500 ThIC., M3 KOTOPBIX
0K0710 40 THIC. — Bpe[JHbIE BEl[eCTBA ¥ OKOJO 12 ThIC. — TOKCUYHBIE [4, 6].

3arpsasHeHMe TAKEIbIMU META//IaMy MOYKET IOBIMATDH Ha BCI0O OKPY>KAIOLIYIO Cpefly, HO
cepbe3Hasl J9KOJNOTMYECKas IMpobieMa M caMble INTEIbHbIE IOCNIEHCTBYUS YeT0BEYeCcKOll
NeATENIbHOCTY — 3arpsA3HeHNe 1ToYB. HaKomlenne TsKebIX METa/VIOB B ITOYBE IIPOMUCXOINUT B
pe3y/IbTaTe JOOBIYM, IVTABKY META/VINYECKUX Py, IPOMBIIIIEHHBIX BBIOPOCOB U IPYIMEHEHNA
HeCTUIVOB, Tepobunnaos 1 yrobpennit. Meramisl, Takue kak Cd, Cu, Pb, Zn u MeTammonzmsr
(HampuMep, As), CUMTAIOTCS 3aTpPSASHUTENIAMMU OKPY)KAIOIIeil Cpefbl BBUAY UX CTOMKOCTH,
OMOaKKYMY/IATUBHOCTU M CIOCOOHOCTM OKasblBaTbh Cepbe3HOe HETaTMBHOE BO3[EIICTBME Ha
3I0pPOBbe YeJIOBeKa ¥ OKpy»Karollyio cpeny [7].

BanoBoe copep>kaHue TSXKE/NIbIX METAJZIOB B €CTECTBEHHBIX HE3aTrPsA3HEHHBIX IIOYBAX
00YCIOBTIEHO MX KOHIIEHTpaIuell B MCXOJHOJ MAaTepUMHCKON IIOpPOfie M HAXOAMUTCSA IIOf
B/IIMAHMEM II0YBOOOPA3OBATE/IbHBIX IIPOLIECCOB M IIOYBEHHBIX XapaKTEPUCTUK, TAaKMX Kak
COJlep>KaHMe OPTaHMYEeCKOTO BEILeCTBa, PeaKLMsA Cpefibl, I'PAaHY/IOMETPUYECKUII COCTaB.
OpHako YpOBEHb TsDKENbIX META/UIOB B HACTOAIee BpeMsA M3MEHEH II0fl BIUAHMEM
aHTpoIoreHHOro ¢axkrTopa. B mpepenax TOPOACKMX TEPPUTOPUII IIOYBBI IOABEPTAIOTCS
XVMUYECKOMY, OMOJIOTMYeCKOMY U pai0aKTUBHOMY 3arpsisHeHuo [8]. Ocoboe BHMMaHue B
OIIEHKE XVMMMYECKOTO 3arpA3HEHNA IOYB Y/IENAETCA 3arPASHEHMIO TAXXE/IBIMU META/ITIAMU U
OpPraHMYeCKMMM TOKCMKAaHTaMU. TspKejlble MeTa/Ibl OTHOCATCA K IIPUOPUTETHBIM
3arpsA3HAIONIVM BellleCTBaM, HaO/TIofieHNA 3a KOTOPBIMY 00513aTe/IbHBI BO BCEX Cpefiax.

OCHOBHBIM IIOKa3aTe/NeM, XapaKTE€PU3YIOLMM BO3/IEMICTBIE 3arPA3HAININX BEIIECTB HA
OKPY)KAIOIIYI0 IPUPORHYIO Cpefy, ABIATCA IpefiellbHO JoryctuMan KoHneHTpanys (IIK).
C mosunum 3KONOTMM NpPeebHO NOINYCTMMble KOHILEHTpaluy KOHKPETHOTO BellecTBa
IPEICTAaB/IAIT COO0I BepXHMe IIpefie/ibl MMMUTUPYINX (PAKTOPOB Cpenbl (B YacTHOCTH,
XVMUYECKUX COeJVHEHNI), IpY KOTOPbIX MX COfiep)KaHMe He BBIXOAUT 3a JOIyCTMMBbIe

I'paHNIbI 9KOJIOTMYECKOIM HUIIN YeToBeKa.
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OpnentupoBovHo gomycrumble koHneHTpaunu (OJJK) Tsokenbix MeTaioB B IOYBAX €
pasnuuHbIMKM  (PUSUMKO-XMMUYECKMMM  CBOJICTBaMM  (BajioBOoe  CoOfepyKaHue, MI/KT)
(momonuenue k Nel x mepeunto IIJK m OJJK Ne6229-91) pmnsa omnpepenseMbIX 3/1eMEHTOB
CTIeRyIOLIe: 1A TI0YB, O/M3KUX K HEMTPaIbHBIM (CYI/IMHICTBIE M TIMHUCTBIE) Zn - 220 MI/KT;
Cd - 2,0 mr/kr; Pb - 130 mr/kr; Cu - 132 mr/kr [18].

Ot aBTOTpACC B TOYBY ITOCTYINAIOT CBUHEL], KQ]MIIT, XKeJIe30, HUKe/b, [IVHK, MapraHell I
fpyrue smeMeHThl. CBUHEL] — IEPBBIN 9JIeMEHT, KOTOPbII HEOOXOVMO pacCMaTpUBaTh NP
OlleHKe B/IMSHMS TPAHCIOpTa Ha cocTossHMe moyB. [lIMpoKoe MCIONMb30BaHME B KauecTBe
100aBKM K OEH3VMHY TETPAasTUICBUHIIA IPUBOJUT K TOMY, UTO IIPYU €r0 CTOPAaHUM OKOMIO 75 %
cofiep>Kallerocsi B OeHsMHe CBMHIIA BBIJIE/ISIETCS B BIJE a9PO30JIs U paccemBaeTcsi B Boszyxe [8].

Ceuney. Hanbonee cepbe3HbIM UCTOYHMKOM 3arpsi3HEHSI CPefibl OOMTaHUS OPTaHN3MOB
CBUHIIOM SIBJISIIOTCSL BBIXJIONIBI aBTOMOOW/IBHBIX JIBUTATeNIel. AHTUETOHATOP TeTPaMeTIUI —
VIV TETPAsTWICBYUHEL — [OOaBIAIT K OONBIIMHCTBY OeH3MHOB, HaumHas ¢ 1923 r.,
B KojmuectBe okono 80 mr/n. Ilpm pBuokeHmm aBTOMOOWIA OT 25 ;0 75 % 9TOrO CBMHIA
B 3aBJMCUMOCTY OT YC/IOBMII [BVDKEHVs BbIOpachiBaeTcss B aTMocdepy. CBuHel| He sIBJISIETCS
JKUSHEHHO HeoOXOAMMBIM 3meMeHTOM. OH TOKCMYEH ¥ OTHOCUTCS K I K/accy OmacHOCTHL.
Ero Heopranmdeckye coefMHEeHMs HApyIIAlOT OOMEH BEIIeCTB M SABJLIOTCS MHIUMOUTOPaMu
¢depMeHTOB (IOZOOHO GONBLIMHCTBY TsKENBIX METa/UIOB), 6/10KupytoT —SH rpynme! 6e1Kos,
BBI3BIBAIOT OTPABJICHNS, IOPAXKEHSI HEPBHO CUCTEMBI.

Kaomuii u yunx. Kagmunit, [UHK ¥ Me[b SIBJISIOTCS Hanbosee BaXKHBIMM MeTa/IaMU TIPY
U3y4eHUY IPoOIeMbl 3aTPs3HEHNI, TaK KaK OHM IIMPOKO PacIpOCTPaHEHBI B MUpe U 06/1ajaloT
TOKCUYHBIMM CBoJicTBamu. Kagmuit 1 uMHK (Tak ke KaK CBMHeI] M PTYTb) OOHapy>KeHBI B
OCHOBHOM B CynbduaHBIX ocankax [5, 8, 9]. B pesynbpraTe arMocdepHBIX MPOLECCOB ITU
3JIeMEeHTBI JIETKO II0NaaloT B OKeaHbl. KagMuit 06/1afiaeT OTHOCUTENBHO BBICOKOII TIETY4eCThIO,
II03TOMY OH JIETKO IIPOHNUKaeT B arMocdepy. VcTounmKM 3arpsasHeHnsA aTMOChephl IVHKOM Te
XKe, 9TO ¥ KajmueM. lIMHK HauMeHee TOKCMYEH M3 BCEX BbINIENEPEYNMCIEHHBIX TSXKEIbIX
MeTa/ZloB. TeM He MeHee BCe 3JIEMEHTbI CTAHOBATCH TOKCUYHBIMM, €C/IM IIOINAJaloTCA B
M30BITKE; IIMHK He ABIAETCA UCKIoYeHneM. KagMuit HaMHOro TokcumuHee nuHKa. OH 1 ero
COeNVMHeHMsI OTHOCATCA K I kmaccy onacHocT. OH NPOHMKAET B 4e/IOBEYECKMIT OPTaHU3M B
Te4deHJe IPOJO/DKUTENBHOTO Hepyuofia, OIOKMPYeT CynbPruapuiHble TPYINbl (PepMeHTOB,
HapylaeT oOMeH >Xele3a M Kajabplys, a Takke cuHTe3d [JHK. BapixaHue Bosgyxa B TedeHMe
8 4acoB NPV KOHILIEHTpALMU KafiMuA 5 MI/M’ MO>KeT IIpuBecTi K cMepTn [9, 18].

Medwv. Menp 0OHapy>KMBAIOT B CY/IbMUIHBIX OCAIKaX BMECTe CO CBUMHIIOM, KaJIMueM U
yHKOM. OHa IPUCYTCTBYET B HEOOMBIINX KOMNYECTBAX B IITHKOBBIX KOHI[EHTPATaX Y MOXKeT
IEPEHOCUTbCST Ha OOJbliMe PacCTOSHUS C BO3AYXOM UM Bopjoit. IlornomjeHne OOIBIINX
KO/IMYECTB Me[y 4elOBEeKOM IPUBOAUT K Oone3Hy BuibcoHa, mpu 3TOM M3OBITOK Mequ
OTK/IafIbIBAeTCsl B MO3TOBOJ TKaHU, KOXKe, Ie4eHM, HOKeTyLo4Hoit Kenese. OcobeHHOCTI
JeiCTBMSL Me[y Ha OpraHM3M: IIOBBIAET KJICTOYHYI0 IIPOHMIAEMOCTb, WHIMOMpYeT
IlyTaTMOH-PeyKTasy, Hapymaer MerabommsM, B3ammopeiictByss ¢ -SH, NH,, u COOH-
rpynmamu [8-9].
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3KCIICPI/IMCHTa}IbHa}I qacThb

B pmanHOIT paboTe [ NMpoBefeHNUA aHaIM3a Ha COJEp>KaHME METAIOB B PAacTBOpax
IIOYBEHHBIX BBITSDKEK OBUI IIPVMMEHEH aTOMHO-abcopbumonHslil criekrpomerp «KBAHT-Z».
Cnexktpomerp aromHo-abcop6rmonnent «KBAHT.Z» mpennasHadeH [y HpOBeeHNs
KOJIMYECTBEHHOTO 9JIEMEHTHOTO aHalu3a >XUAKUX HpoO pasjIM4HOrO IPOVICXOXKAEHMS U
cocraBa. [IpyMHIMI [eiCTBMA CIEKTPOMETPOB OCHOBAaH Ha METOME 9/IE€KTPOTEPMIYECKON
aTOMHO-abcop6ionHo (AA) ciekTpoMerpuu [16]. AHanusupyemas mpoba mcnapsercs B
rpaguToOBOII TPyOUaTOil Ileuy, HarpeBaeMoil 3/MeKTpUYecKMM TOKOM. CBOOOJHBIE aTOMBI
OIIpefie/IsIeMOTO 9JIeMEHTa IIOTVIOWIAI0T PEe30HAHCHOE M3/y4eHue, IMpuYeM MaKCUMalbHOe
HOITIOIeHNe TTPOMCXOAUT Ha aHAUTUYECKON PE30HAHCHON CIEKTPATIbHOI NMHUY, KOTOpast
00bIYHO ucnonb3yercs A AA uamepennit. ['paguroBast meub pacrojaraeTcsi B IpOJOIbHOM
IepeMeHHOM MarHUTHOM 1osne [13-14].

ArtomHO-abcopbunonHas crekrpodoromerpus (AAC) M03BOJAET ONpeNe/ATh BaTOBOE
copepxannue Si, Al, Fe, Ca, Mg, K, Na, Mn, Ti B mo4sax, MHOTUX OMO/IOIMYeCKM Ba>KHBIX
MMKPO3JIEMEHTOB (Ba/loBOE COfiepKaHMe U MOABIDKHbIe popMbl) - Zn, Cu, Co, Ni, Cr, V u gp.
OTMM MeTO[JOM MOXKHO OIIpeleNnTb OOMEHHble OCHOBaHMA U €MKOCTb IOIJIOIeHNA,
MICCTIeIOBATh COCTaB M KOMMYECTBO BOJOPACTBOPUMBIX KaTMOHOB B NoyBe [15]. OCHOBHBIMU
O0COOEHHOCTSAMU SIB/IAIOTCS YHUBEPCATBHOCTb M CENIeKTUBHOCTb. AHanm3arop, Omaropmaps
CBOE€JI BBICOKOJI CENeKTUBHOCTY, IIO3BOJISET OIpPeNeNnsiTh COAep>KaHNe IIMPOKOro Kpyra
3JIEMEHTOB B IIPOOAX CaMOT0 Pa3HOTO COCTaBa — 6e3 WJIU ¢ MMHUMAJIBbHOI IIPOOOIOATOTOBKOIA.
AAC ¢ 9TA (c anekTpoTepMUYecKOV aTroMm3aluei) M KOPPEKTOPOM HECEeIeKTVBHOTO
HOITIOIeHMsI BO BCeM MUpe IpU3HAaH B KayecTBe pedepeHTHOTO MeTOfa IIPY OIpefie/ieHnN
MaJIBIX COJlep)KaHUII 3JIEMEHTOB B IIPO0ax CI0OXHOTO COCTaBa. YIIpaBJieHUE IIPOLIECCOM
u3MepeHus 1 06paboTKa Moy4eHHOI MH(POpMaLyy IPOU3BOJUTCSA C IIOMOIBI0O KOMIIBIOTepa
C YCTaHOBJICHHBIM IIPOrPaMMHBIM OOecIIeueHeM.

Omnpepenenne Zn, Cd, Pb 1 Cu MeTomom aToMHO-a6COpOMOHHOI CIIEKTPOMET P

Meton aTOMHO-aOCOPOILVIOHHOTO CIEKTPa/JIbHOTO aHalM3a OCHOBAaH Ha SBJICHUN
HOIJIOLIEHN PEe30HAHCHOTO WU3/Ty4eHMsA CBOOONHBIMM aTOMaMM 3IeMeHTa. [ KaKmoro
3JIeMEeHTa CYILIEeCTBYIOT OIpeJie/IeHHble pa3pellleHHble COCTOSHNA — 9HEpreTYecKye YPOBHIL.
CreoBaTe/IbHO, IS KXX/0TO 3JIeMEeHTA CYLeCTBYIOT OIIpe/ie/IeHHbIE [IVHBI BOTH V3/Ty4eH
U roryiomenus [14].

B AA usMmepeHUN MCIO/Nb3YIOTCA Pe30HAHCHBIE JVMHUY, COOTBETCTBYIONINE TIePeXOfaM
aTOMOB C HeBO30Y>K/IEHHOTO YPOBHs Ha BO30y)X/JeHHbIe ypoBHM. [IepeBoj IpOOBI B COCTOsIHME
aTOMHOTO Iapa IPOM3BOAUTCA B aHAIUTUYECKON sdeiike (rpaduToBON Tpybuaroil medn)
9/IEKTPOTEPMMUYECKOTO ~ aTOMM3ATOpa, HarpeBaeMoil [0 TeMIeparypbl —aTOMM3AIUK
OIIpefie/IIeMOTO  9/IeMeHTa II0 CHElMATbHON TeMIepaTypHO-BPEeMEHHOI IIporpamMMe,
BK/IIOYAIOIIell BBIIApMBaHMe HPOOBI IO CYXOrO OCTaTKa, €ro O30/IeHMe M aTOMM3AIMIO,
COIIPOBOXKJAIOIYIOCS M3MepeHMeM aOCOpOIVIOHHOCTM MeTaUla Ha ero pe30HaHCHON
CIIEKTPAJIbHON JIMHNM, M3/Ty4aeMOii COOTBETCTBYIOIIEl /IaMIION C IMOJBIM KaTtopmoMm [13,17].
YcnoBuA npoBemeHMA M3MEpeHMiI Ha aTOMHO-abCOpOLMOHHOM CIIEKTpodoTOMeTpe ¢
aTomm3anyeil B rpaduToBoii koBete 1 Zn, Cd, Pb u Cu npusenens! B Tabi. 1.
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OT XUMHUU K TEXHOJIOTHH [ITARETNIIFANNY

Ta6nmuua 1. YcnoBus npoBeneHus aHanmsa

TOM5, BbINYCK 3, 2024

dneMeHT Inuua Bonuel, M | Ilupuna menu, HM Tewmeparypa Tewmeparypa
o3onenus, °C arommsanmu, °C
Cd 228,8 0,2 800 1400
Cu 324,8 0,7 1200 2400
Pb 283,3 0,2 1300 2200
Zn 213,9 0,2 700 1600

OcHOBHBbIE 3TAIIbI ONpOBENEHNA NCCIENOBAHIA

1. [TpueomosneHue 2padyupo8oUHvix pacmeopos

Paboune rpagynpoBOYHbIE PAaCTBOPHI FOTOBAT B MEPHBIX KOJIOAX ITOCTIEZOBATETbHBIM
pasbaBnenueM. [[s pa3baBieHns IPUMEHAIOT a30THYIO KMCTIOTY C MAaCCOBOJ KOHIIEHTpaIyeit
0,1 monb/mMm>.

[Ipu npurorosneHNy pabounx rpafyupoBOYHBIX PaCTBOPOB OepeM pacTBOP OCHOBHOTO
ob6peMma (Zn - 1,0 mr/om?, Pb - 1.0 mr/gm?, Cu - 0.50 mr/pm?, Cd - 0.50 mr/am®) B MepHBIe KOTOBI
100 cM’ 1 1OBOJMM IO METKM a30THON KMCIOTONM C MacCoBOI KoHLeHTparmeit 0,1 Momb/am?,
VI TIATE/IBHO IepeMeIBaeM. A3OTHYIO KMCIOTY ¢ KOHIeHTpanueii 0,1 Monb/om? VICIIOTIB3YIOT
KaK ()OHOBBIIT pacTBOP IIPM YCTAHOBJICHUY IPafyVPOBOYHON XapaKTePUCTIKIL.

B MepHBIe KONIOBI C IpalyipOBOYHBIMYU PacTBOPaMy HO0ABIIAIT KOHIEHTPUPOBAHHYIO
cepHYI0 KucnoTy u3 pacdera 0,5 cm’ Ha 10 cM’ rpafypoBOYHOTO pacTBOpa.

[IpuroroBnenue pabo4nx rpagyMpOBOYHBIX PACTBOPOB /I aHA/IN3a II0YB IIPOBOJMUTCS
B COOTBETCTBUMU C TabIIL. 2.

Ta6muma 2. 3HayeHNA pabo4MX IpagyrpOBOYHBIX PACTBOPOB /IS aHA/IN3a IOYB

Maccosas OT6upaemblit 06’beM IIPOMEXYTOYHOIO PACTBOPA, MM
HanmeHnoBaHue KOHI[eHTpalus Homep pabouero rpagynpoBOYHOrO pacTBopa
MeTasia JCXOJHOTO pacTBOpa,
5 1 2 3 4 5
mr/om
Menpb, cBUHeI, IIMHK 2,0 20 50 100 200 400
Kagmunit 0,5 4 10 20 40 80

YkaszaHHbIe B Ta0/1. 3 00beMbl IIPOMEXYTOYHBIX PaCTBOPOB KaaMMs, Me[y, CBUHIA U
I[MHKa C MaccoBO¥ KoHIeHTpauei 2,0 u 0,5 Mr/amM’ oTOMpPaT ¢ IOMOIIBIO J03aTOPOB THUIIA
JIIB-1 co cMeHHBIMM HAaKOHEYHVMKAMM ¥ BHOCAT B MeEpHble KOJIObI COOTBETCTBYIOUIUX
BMECTVIMOCTEI, JOBOZAT 10 MeTKM (POHOBBIM PaCTBOPOM I TIePEMEIBAIOT.

JI151 X0/moCcTOro M3MepeHnA KOHIIEHTpaluii META//IOB B I0YBaX HaBECKY aHA/IM3UPYeMOIi
IpOOBI MAaccoil 2 T MOMEIAIOT B CTEK/IAHHBIN CTaKaH, IpuInBaloT 10 cM? a30THO KUCTIOTHI €
MOJIApHOI KOHIleHTpamyelt 0,5 Monb/aM’, HepeMelMBAlOT J HarpeBaloT CMeCh IIpH
temmepatype 90 °C. 3ateM OoTGUIBTPOBBIBAIOT NMPOOY Yepe3 OYMa>kHBIN (WIBTP B MEPHYIO
Kooy Ha 100 cM’ 1 OBOZAT 00 beM pacTBOpa 1O METKM OMANCTU/UIMPOBAHHOI BOJOI.

2. ITodeomoska npobuvl k aHanuy

[Tepex n3MepeHreM KOHIIEHTpALMM MeTa/1a B IpoOupKy JineHnopda BMECTUMOCTDIO
2,0 cM® BHOcAT mosatopoMm Tuma [II1B-1 pacTBOp cooTBercTByMOIIEero Mopudukaropa (mis
KagMus, Megu v cBuHIA 1o 20 Mkr/cm® Pd, a st nmaka 100 Mxr/cvm® Mg) 1 1oBoAAT 06'beM 10
METKM ITOJITOTOBJIEHHOJ XOJIOCTON MpPOOOI U IepeMelnBaioT. [lepecunTIBalOT Ha CpefHee
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coflep)KaHue MeTa/yla B OfHOM ¢uibTpe. IDTO 3HAYeHNe BBIUMTAOT U3 pPe3yIbTaTOB,
HO/Ty4eHHBIX IPY aHa/I3e Ipob PacTBOPOB.

3. Iloozomosxa AAC c anexmpomepmuueckoti amomusayueti

AAC roroBaT K paboTe 1A M3MepeHMs MAacCCOBBIX KOHIIEHTpPAIVii MeTa//IOB B
COOTBETCTBUY C PYKOBOACTBOM 110 aKcImyaTauyy AAC.

IlosupoBaHye Ipo6b!I B rpaduTOBYIO KIOBeTy fo3aropoM Tuma JII1B-1 n TemneparypHo-
BpeMeHHasA IporpaMma Harpesa aTomusaropa AAC i/ usMepeHns MacCOBOI KOHI[eHTpalun
MEeTaJUIOB BBIOMPAIOTCS TaK)XXe B COOTBeTCTBMY ¢ Iporpammoint AAC [15, 16].

To ectp mporpamMma aBTOMAaTHMYeCKM YCTaHABIMBAeT HEOOXOAVMYIO TeMIlepaTypy U
BpeMs NPOBEJIEHNA U3MEPEHNA /I KaXKI0r0 MeTajlIa COOTBETCTBEHHO.

4. Yemanoenenue epadyuposoutvLx 3a6uUcumocmeri

BBIMOMHAIOT TpY M3MepeHMsI TPV aTOMU3ALMY TPagyNPOBOYHOrO 0bpasia ¢ Hy/IeBoil
KOHIIEHTpalueit MOHa MeTa/ula (xonocrast mpoba) M He MeHee TpPeX WU3MePeHUil IMpu
aTOMM3aLMy TPALYNPOBOYHBIX 00PA3LI0B B IOPSI/IKE BO3PACTAHNS X KOHIIEHTPALMIL.

ITo mO/My4eHHBIM CPEeHUM 3HAYEHMSIM AaHATUTUIECKOTO CUTHA/IA XOMOCTOI IPOOBI 1
TPaflypOBOYHBIX 00pa3LoB IO Iporpamme o6paboTky faHHBIX AAC pacCYMTBIBAIOTCA
TPaflypOBOYHbIE 3aBUCHMOCTI IJIsI KQKZOTO MeTa/Ula METO/JOM HaMMEeHbUINX KBaIpaTOB B
KOOp/IMHATaX: KOHI[EHTPAlVsl MeTa/Ula B MKI/OM® — Be/IMYMHA aHATUTUIECKOTO CUTHAla B
eMHNIAX a0COPOLMOHHOCT.

5. Ilopsdok 6b1nMONHEHUS UsMepPeHUTi

Hna spimonHenusa wusmepenuii Ha AAC NIPUTOTOBIEHHBINI PacTBOp [O3UPYIOT B
rpadUTOBYIO I1eYb ¥ BHIOTHAIT M3MEPeHVe MacCOBOI KOHI[EHTPALMY Ka>KIOTO MeTajlla 110
coorBercTBylolell nporpamMme AAC. IloBTOpAIOT M3MepeHMe M 3HAYeHMSA MacCOBOI
KOHI[eHTPalUMl MeTa//la YCPEeJHAIT, €C/IM PacXOXKAeHMe MeXJYy HUMU He IIpeBbIlIaeT
Be/IMYVHBI IIpefieia HOBTOPsAEMOCTH.

3areM 1O TpafyMpOBOYHOI XapaKTepUCTMKE HAXO[AAT 3HA4YeHMe MacCOBOII
KOHI[EHTPalUM OIIpefe/NseMOro 3/eMeHTAa B aHA/JIM3MPYEMbIX M XOJOCTOM pacTBOpax IIO
CpefiHeMY 3Hau€HUIO BBIXOJHOTO CUT'HAJIA.

3HaYeHMe MaccoBOJ KOHLeHTpauuy sneMeHTa B pacTBopax (Cui, Cy2 — IapajuieNbHbIe
onpepenenus u Cx) IpU UCIIONIb30BaHNY IIPOIPAMMHOTO obecriedeHnst Mpubopa yKa3bIBaeTCs
aBTOMAaTUYECKI.

Berunciasitor cpeaHee 3Hau€HHME MAcCOBOM JIOIM 3JIE€MEHTa A JIBYX OIpeAeICHUi
(X44) o popmye:

XAAC1 4 YAAC,

gane == 2 ()

VI IPOBEPAIOT IPUEMIEMOCTD PE3y/IbTAaTOB IApa//IeIbHBIX OIIPENE/IEHNI 10 YCIOBUIO:

XAAC, _ yAAC,
-100 < d, (2)

XAAC

rie d - HOpMaTuB (IIpefiell TOBTOPSIEMOCTM Pe3y/IbTAaTOB Iapa/jIeNIbHbIX OIpeleneHuin);
d=30% [16].
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Pesynbrarnl aHanmsa

IToryyennple B XOJ€ aHalIM3a YNMCAOBblE 3HAY€HUA KOHIIEHTPAaLMii METAJlIOB,
COZiep>KaIMXCsl B IPo0Oax MOYB, B3ATHIX HA pacCTOsIHMM 5, 10 11 15 MEeTpOB OT JOPOTH, YKa3aHbI
B Ta6I. 3.

Ta61mua 3. UncnoBble 3HAUEHUS KOHIIEHTpalM ONIpEeNe/NAE€MbIX META/IZIOB B 06pa3uax II04YB

YucmoBble 3HaYeHNsT KOHIEHTPAIUI METAUIOB B 00pas1ie MOYBBHI,
OTOOpaHHOIT Ha PACCTOSIHUM 5 METPOB OT {OPOTH

3HaveHMe XO0CTO Hawubornee 6muskue Cpennee apudmernieckoe
HanmeHnoBaHMe MeTaia
po6sI 3HAYEHMs 3Ha4YeHMe
Cu 0,069 0,264+0,395 0,330
Pb 0,160 0,690+0,520 0,605
Cd 0,013 0,035+0,010 0,027
Zn 0,046 0,680£0,557 0,619

YucmoBble 3HAaYeHNsT KOHIEHTPAIUII METAIUIOB B 00pasiie mOYBBHI,
oT0O0paHHOIT Ha paccTossHNM 10 MeTPOB OT FOpOTH

HaumMenosanue mMetania 3HayeHMe XOMOCTOM Hanb6onee 6mmskne Cpepnree apudmMerniecKoe
po6bI 3HaYeHUs 3HauYeHue
Cu 0,069 0,270+0,341 0,306
Pb 0,160 0,645+0,523 0,584
Cd 0,013 0,019+0,024 0,021
Zn 0,046 0,462+0,414 0,438

YncnoBble 3HaYeHNsI KOHIEHTPAINIT META/UIOB B 06pasiie IOYBbI,
OTOOpaHHOIT Ha PacCTOSIHUY 15 MeTpPOB OT Boporn

3HayeHMe XOMOCTOM Hanb6onee 6mmskne CpepnHee apudmMeTnieckoe
HaumMenosanue mMetania
HIpo6LI 3HaYeHUA 3HauYeHue
Cu 0,044 0,283+0,305 0,294
Pb 0,105 0,525+0,498 0,517
Cd 0,023 0,011+0,013 0,012
Zn 0,031 0,423+0,460 0,428

[TocnemHuM feiicTBMEM € TOMOLIBI0 GopMy/ 1 1 2 BBIYNMC/IEHBI TIO/TyYeHHbIE YMCTIOBbIE
3HA4YeHVs], yKa3aHHble B TAO/MI[aX BBIIIE, U [OTy4eHbl CIeAYIOlyie OKPYITIeHHbIE CPefHIe
3HAYEHM IS KOKIOTO OTeIbHOro MeTaia (Tao. 4).

Ta6muua 4. CpenHue 3HaYeHNsI MACCOBOII HO/IM OIpefesieMbIX META/UIOB

Meransl, Cpennee Merannsl, Cpepnaee Meransl, Cpepnaee
copepKalyecs B 3HaYeHne, cofep KaImecs 3HaYeHMe, cofiep>xamyecs B 3HaYeHNe,
mpobax IIOYB Ha | BBIYMC/IEHHOE | B Ip00ax MOYB | BBIYMC/IEHHOE | IMpO0Oax IOYB Ha | BBIYMCIIEHHOE
paccrosiHun o popMyiaM | Ha pacCTossHMM | 10 popMyrTam paccTostHUM 1o popmynam
5 MeTpoB OT 1n2 10 MeTpOB OT 1n2 15 meTpoB or 1u2
Toporu noporu noporu
Cu 39,7 Cu 23,2 Cu 7,5
Pb 28,1 Pb 20,9 Pb 52
Cd 59,3 Cd 23,8 Cd 16,7
Zn 19,9 Zn 10,9 Zn 8,3
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B pesynbraTe mpoBefieHMs aHa/lM3a Ha aTOMHO-aOCOPOLIMOHHOM CIIEKTpOMeTpe ObLIo
OOHapy>KeHO, 4TO B IpoOax IMOYB, PACHONOXEHHBIX O/MMke K aBTOTPAHCIIOPTHON [jopore
(Ha paccTOsIHMU 5 METPOB) COflep)KaHVe MeTaIOB OOJIbllle, YeM B IPOOAX IMOYB, HAXOAAINXCS
Ha pacctosiHuy 10 u 15 MeTpoB ot goporu. [1o cpaBHEHNIO ¢ OPMEHTUPOBOYHO HLOIYCTUMBIMU
koHnentpanusamu (OIK) n npenenpHo-gonyctuMbiMy KoHteHTpanysamu (I1JJK) mokasarenn
He ITPEBBILIAIOT 3HAYEHIS JOMYCTUMBIX KOHLeHTpauuii (mepedens [TIK n OIK Ne6229-91 [17]),
HO Ba)XHO CHe/NaTbh BBIBOJ O TOM, YTO aBTOTPAHCIIOPT OKasblBaeT CHJIbHOE BJIVIAHME Ha
3arpsisHeHMe II0YB, PaCIION0>KEeHHbBIX BOINM3Y aBTOJOPOTH.

Bonee HarmAmgHO  pe3ynbTaTbl  /1a0OPaTOPHBIX ~ AHAMM30B  METOAOM  ATOMHO-
abCOPOIMOHHOTI CIIEKTPOMETPUY TIPeICTaB/IeHbI Ha puc. 1.
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Puc. 1. 3HaueHne pe3ynbTaTOB MTa0OPATOPHBIX aHAIN30B METOJIOM aATOMHO-a0COPOLIMOHHOI CIIEKTPOMETPUN
3aknrouyenue

IIpu coBpeMeHHOM pa3BUTUV aBTOMOOVIIBHO ITPOMBIIIIEHHOCTY U IIOCTOSIHHOM POCTe
qJIC/Ia aBTOMOOWIEN OTpMILIATe/IbHOE BO3/IEJICTBIIE aBTOTPAHCIIOPTA Ha OKPY>KAIOIIYIO Cpeay 1
Ye/lloBeKa OINYIaeTcss Bce Oojee OCTPO, YTO IPUBOAUT K HEOOXONUMOCTYM HeTaTbHOTO
U3y4eHMs BCEX acCIIeKTOB 3TOrO BOIIPOCA, pa3pabOTKM CUCTeMbl MOHWTOPMHTA U IIOVICKA
pelLIeHNiT IT0 MUHMMU3AIUY BPEJHOTO BIVSHMUA.

[ToBbllIeHMe OCBEZOMIEHHOCT U BHUMaHIe K TaHHON Ipo6jieMe HeoOXOVIMbI, YTOObI
obecrieunTh 6€30IaCHOE OKpY’Kalolllee IPOCTPAHCTBO M COXPAaHMUTDb 3[JOPOBbe OYAYLIVX
ITOKOJIEHUIA.
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Anunomauus. Hanuuue anmubuomuxos 6 C6A3U ¢ HOBblUeHUEM UX
NPOMbIUITIEHHO020 NPOUZBOOCBA 6CE HAU4e PeUCPUPYECs 6 CHOYHBIX 6004X,
nousax, spyHmosoti u numoveeoli 60de. B cesA3u ¢ amum ouucmxa okpyxaroused
cpedv. om  papmauesmuveckux npenaparmosé - O00HA U3  AKMYATbHbIX
axonoeuneckux 3aday. Cunmes adcopOeHmOo8 U3 PasIuU4HLIX U008 CLIPbA
UCNONL30BAHUEM — MEMO0068 — MEeXAHOXUMUHECKOU —aKmueayuu  no3eosnsem
CYUecmeeHHo NOBbICUMD COPOUUOHHYI0 CNOCOOHOCHb 0aHHO20 Mamepuana 3a
cuem HAKONJEHUS 8 Kpucmannuueckoi cmpyxmype adcopbenma dedekimos
pasnuunozo  pooa. Benmonum-yenepoonuiil KoMnosum nomyuen
€ UCNOML30BAHUEM PONIUKO-KOTIbUEBOL 8UOPOMENLHUUDL C COOMHOUEHUEM Y20Tb-
benmonum 30 : 70 u 50 : 50. O xapakmepe 63aumoOeticmeus mexoy yenem u
OeHMOHUMOM ~ CYOUnU N0  USMEHEHUI) NOBEPXHOCMU U NOPUCIMOCHIU.
Ilo napamempam nopucmoii cmpykKmypvl 00pa3y06 YCMAaHOBNIEH0, IO
MEXAHOXUMUYECKAS AKMUBAUUS CMeCU CONPOBOHOAEMCs 83aumooericmeuem
Men0y KomnoweHmamu. VIsyuenoi cmpyKmypHO-XUMuHecKue USMEHEHUS 6
npoyecce mooudpuxayuy OeHMOHUMA AKMUBUPOBAHHLIM YeleM C HOMOULDIO
AHANU3A KONEOAMENbHLIX CNeKMPO8 Yes, UCXOOH020 U MOOUPUUUPOBAHHOZ0
o06pasyoe anomocunukama. Pesynvmamut uccnedosanuti adcopoeHnos mermooom
UHPPAKPACHOTI CNEKMPOCKONUYU YKA3bIBAIOM HA NOSB/IEHUE NOTIOC NOIOUAEHUS,
xapaxmeproix 0ns xonebanuii ceaseii Si-O-C. Mccnedosana copOyuonHas
CNOCOOHOCMY MEXAHOXUMUUECKU MOOUPUUUPOBAHHO20 AKMUBUPOBAHHBIM YeTIem
Haw-Canaxnunckozo  6eHmoHuma, NPpupooHo20  eNUHUCINO20 — MUHepana,
10 OMHOWEHUIO K Mempayukaun eudpoxnopudy. Msyuena xunemuxa npoyecca.
Ilokasano, umo copOuus mempayuxknuna udem 00CMAMOUHO Obicmpo.
Bovickasanvl cooOpaseHus 0 803MONHBIX MEXAHUBMAX NPOMEKAHUS Npouecca:
xemocopOyuu  3a  cdem  OOHOPHO-AKUENTNOPHO20  63AUMOOELICEUA U
UOHOOOMEHHDIX NPOUECCOB.

1A EUTUPOBAHNA:
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BBengenue

DeHTOHMT - C/IOMCTBINI QIIOMOCWIMKAT, IIMPOKO pAaclpOCTpaHeH B IPUPOJE,
BpIpakaerca ¢opmynoit AL[SisO1](OH),nH,O, comepxut He MeHee 70% MuHepama
MoHTMopwtonnta [1, 2]. K Hambormee cyljecTBEHHBIM NOCTOMHCTBAM I3TOrO COpOeHTa
OTHOCATCA  IIMPOKOE  pacHpoCTpaHeHMe ¥  JOCTYIHOCTb, [IeIIeBM3HA, BbICOKaf,
TePMOCTOKOCTD, a TaKKe BO3MOXKHOCTb M3MEHEHMS €r0 TeXHOJIOTMYECKNX ITOKa3aTesell 3a
CYeT MeXaHOXVMMIYECKOI ¥ MOAMUKALVIIL.

OpHMM M3 CIOCOOOB IONyYeHMsT HAaHOKOMIIO3WTOB Ha OCHOBe OEHTOHWUTA SBIIAETCS
MOAM(UKAIVA AMTIOMOCHIVKATA. BBe#eHMe IIOCTOPOHHMX HAHOYACTHUI] CIIOCOOCTBYET
Pas3pyIIEHMIO MepapXNIecKoll CTPYKTYpbl, 00pa30BaHHOI B pe3y/IbTaTe CIAMIIAHNA OTHE/TbHBIX
KPUCTAUINTOB C/I0€BOTO CYIJIMKATA, Y MOXKET IIPUBECTY K U3MEHEHMIO TeKCTYPHBIX U PU3MKO-
XUMMYECKUX CBOJICTB IIOJIy4YeHHOro KommosuTa. Cpemyu MCIONb3yeMbIX MOAM(UKAaTOPOB
VHTepeC MPeCTaB/IseT aKTYBYPOBAHHBIN yTOJIb.

BecbMa MHTepecHOI IpefCcTaBAeTCA 3aa4da CHTe3a aficOPOSHTOB 113 pa3/INYHbIX BUTOB
CBIPbsA C UCIIONIb30BAHNEM METOIOB MEeXaHOXMMM4YecKoi aktuBanuy (MXA). 9To mo3BomuT
CyILIeCTBEHHO IIOBBICUTD COPOLIMOHHYIO CIIOCOOHOCTD JAaHHOTO MaTepasa 3a C4eT HAaKOIIEHVST
B KPUCTAUINYECKOII CTPYKType afcopbeHTa HeeKTOB pasIM4HOrO poja Y yBeINYeHMs YICIa
KJC/IOTHBIX IJeHTPOB Ha UX IOBEPXHOCTH [3, 4].

B mporjecce NMpOMBINIIEHHOTO IIPOM3BOACTBA AHTUOMOTMKOB BO3HMKaeT IpobieMa
CTOYHBIX BOJ], 00pa3yommxcsi B OONBLUIOM KOMMYECTBE IPU IPOBEAEHNM TEXHOTOTMYECKOTO
npouecca. IIo 06beMy NIPOMBIIITIEHHOTO IPOM3BOACTBA M SKOHOMUYECKMM IIOKa3aTelsiM
aHTMOAKTepyalbHble  IIpelapaThl  3aHMMAIOT IlepBOe MeCTo B  oObeMax  Bceil
dapmaneBTIYECKOl TNPORYKLUMHU. brarojaps IIMPOKOMY CIIEKTPY aHTMOAKTEepManTbHOTO
IEeNICTBUA TeTPALMK/INHBI, HauMHaA ¢ 1948 roja 1 1o HaCTOAIEro BpeMeHU, IPUMEHAIOTCA B
Me#MIMHEe ¥ BeTepUHApMM IpPU JIeYEHUM PpaA3IUYHBIX 3a00/IeBaHUIL: ITHEBMOHUM,
XPOHUYECKOTO OPOHXITA, YTPeBOIl Chlly, OpyILenesa, Kokmoma u ap. [5]. C KaXgpIM rofoM
BCe Yallle Ha/l4ye aHTMOMOTMNKOB (B YaCTHOCTH, TeTPALMK/INHA) PETUCTPUPYETCSA B CTOYHBIX
BOJIaX, I0YBAX, [PYHTOBO U IIUTbEBOI BOJe. B CBA3M C 3TUM OYMCTKA OKPY>KAIOLIEN CPeJbl OT
(dapMaleBTIYeCKX NTPeNapaToB — OJHA 13 aKTya/IbHBIX 9KOJIOTMYECKUX IpobieM [6, 7].

Ilenpio HacTOsAIIEN pabOTHI SABIACTCS MOTydYeHNe KOMIIO3UTOB HAa OCHOBE OEHTOHNTA U
aKTVMBJMPOBAaHHOTO VI/IA MEXaHOXVMUIYECKMM MeTO[OM, VICCIefOBaHME VX COPOIVOHHBIX

CBOJICTB IO OTHOILIEHUIO TeTPALVK/INH IMIPOXIOpULA
IKCcIepUMeHTAaIbHAs 9aCTh

B pabore mcnompsosan [amr-CamaxiMHCKMiT OEHTOHUT — IIPUPORHBIN IIMHUCTBIN
muHepai. [InotHoCTh 2,18 r/cM’. VIoHOOOMeHHast eMKOCTb IIMHBI OT 75 o 120 Mr-9k8/100 1
IIMHBL. B KadecTBe Mopm¢uIMpyoero BelecTsa ObUI IPUMEHEeH aKTVBJMPOBAHHBIN YTOb
mapku BAY-A TOCT 6217-74 [8, 9].
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B xauecTBe cOopOMpyeMOro BelecTBa MCIO/Nb30BaH TETPALMKIVHA TUAPOXIOPUL,
NleKapCTBeHHBIN mpemnapat B ¢popme tabnetok (mpousBoautens OAO «buoxmmuk», Poccus).
TerpauuMkIuH mpencraBisieT co60il KOHZEHCHPOBAHHYIO CUCTEMY, COCTOSIIYIO U3 YeThIpex
YaCTMYHO TMIPUPOBAHHBIX OEH30/IbHBIX KOJIEll.

YHenbHYI0 INOBEPXHOCTb IJIMHBI, IIOyYEHHBIX A/[COPOEHTOB OIpeRe/sii MeTOHOM
HI3KOTeMIIepaTypHOII afcopOLmy 1 fecopOimy napoB a3oTa Ha mpubope Sorbi-MS. ITnomans
HOBEPXHOCTY BBIUMC/UIM 10 ypaBHeHuio BT [10]. O6umit o6beM MOp amrOMOCUIMKATOB,
pacripefiesieHye Iop IO pasMepaM PacCUMTBIBAIN C IPUMEHeHueM Mojenu Barrett-Joyner-
Halenda (BJH).

VMHdpakpacHas CIEKTPOCKONMs MCCIeAYeMbIX aicOPOEHTOB IPOBOAMIACH METOJOM
nuddysHoro orpakerns Ha VIK-Dypbe ciekrpomerpe Tensor 27. [JaHHBII Ipr6Op ITO3BOIAET
IIOJTy4aTh CIIEKTPHI B uanasoHe ot 4000 cm' o 400 cm'.

Ha ocHOoBaHMM MIMEIONIVIXCS TUTEPAaTYpPHBIX JaHHBIX [11] chie/aH BBIBOJ, YTO B KMCIION
cpelle TeTpaLMKIMH Hambojiee CTaOWIeH, B IeJIOYHOJ pasjaraercs, a B cpee, OMM3KOIM K
HeTpaNbHOI, NoABepraeTcsa rugponnsy. IloaToMy B JaHHOM SKCIIepUMEHTE UCIOIb30BaIN
KJC/IbIe PacCTBOPBI TETPALMKINHA. VI3ydeHue copOIy TeTpauyKInHa 6€HTOHUT-YTI/IePOJHBIM
a/ICOPOEHTOM OCYIIECTB/IS/IV B CTATMYECKOM peXKMMe IIpU KOMHATHOM TeMnepatype u pH=1.1.

V3 mcXomHOro pacTBOpa TeTpauMKIMHA OTOMpamy 25 cM® pacTBOpa B XMMMYECKMUI
CTakaH, BHOCYIN B Hero 0.5 T copbeHTa 1 BBIIep)XKMBA/IM TIPY [TepeMellIBaHIY OTIpefie/IeHHbIe
IIPOMEXYTKM BpeMeHU, fanee ¢aspl pasgensmi. HavanpHas KOHLEHTpaLus aHTUOMOTUKA B
pactBope cocrasiana Co,=0,0165-10° Mmonb/n. COpOIVOHHBIN IpoIlecc KOHTPOIMPOBAIN IO
M3MEHEHNIO ONTUYEeCKON IUIOTHOCTM pacTBOpa, KOTOPYI  OIpefe/ sl  MEeTOIOM

criekTpodoTomerpun npu A=262 um (crekrpoporomerp U-2001, USA).
O6cyxeHNe pe3y/TbTaTOB

BeHTOHUT-YITIepORHbIN KOMIIO3UT OBLI ITOTY4€eH C MICTIO/Ib30BAaHIEM POJIIKO-KOIbLIeBO
BubpomenbHnibl VM-4 ¢ dacrotoit Konebanmit 930 MMH' ¥ 9HEPrOHANPSIKEHHOCTHIO
5,4 kBr/kr, Macca 3arpy>xaemoro marepuana 40,0 r. Bpema akrupauym 15 munyT. Ilomyyens
00pas1ibl ¢ COOTHOIIEHMeM yronb-6eHToHuT 30 : 70 11 50 : 50.

O xapakTepe B3aUMOJEIICTBUS MEXAY yITIeM M O€HTOHUTOM CYAWIM IIO M3MEHEHUIO
MOBEPXHOCTY M MOPUCTOCTHU. YfeNbHas IOBEPXHOCTb YINA cocraBmgeT 1070 m/r, a y
6eHTOHMTA — 26 M?/T (Tabs1. 1). YaenbHas MOBEPXHOCTh KOMIIO3UTA PACCYMTHIBATIACH C YIETOM
COOTHOILIEHVsI KOMITOHEHTOB ¥ COIIOCTABJISIIACh C M3MepeHHOI1 (00p. 3, 4).

YrenbHas IOBEpXHOCTD aICOPOEHTOB ITOC/Ie MEXaHOXVMMIYECKOJ aKTHBAIIMI BO3pacTaa
[0 CPAaBHEHUIO C pacyeTHON s obpasua 3 Ha 11%, mna obpasma 4 Ha 3%. AHamormyHble
pes3y/IbTaThl HaOMIOAAMNCh NIPY COMOCTAB/ICHMN BeMMYMHBI 00Ielt mopucroctu. IIpupoct
0011[eiT ITOPUCTOCTH IS TPeThero obpasma coctaBul 19%, ajia yerBeproro — 17%.

O™  QaxThl YKasplBAalOT HA TO, YTO MEXaHOXMMMYECKas aKTUBAIMA CMecu

COIIPOBOXOAETCA B32U/[MO,‘[[€I7[CTBI/I€M MEXOY KOMIIOHCHTAaMI.
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Ta6muua 1. TTapameTps! HOPUCTOI CTPYKTYPbI 00pasLoB

O6pasen
[MTapamerp AXTUBMPOBaHHBIN Yronb : 6eHTOHUT | YTO/b : GEHTOHUT
bentonut
yTonb 30:70 50:50
Ne o6pasrja 1 2 3 4
YenbHas IOBEPXHOCTD, M2/T 1070,0 26,1 373,8 562,7
O6wuit 06beM mop, M/t 0,519 0,048 0,225 0,331
O6bem Mukpormop, cM*/t 0,390 OTCYTCTBYIOT 0,091 0,176
O6beM Me30- 1 MaKpoIop,
0,129 0,048 0,134 0,155
oM’/

ndopmaumss o xapakTepe CTPYKTYPHO-XMMMYECKMX W3MEHEHUII B IIpolecce
MopupuKanyy OeHTOHWTA aKTMBMPOBAHHBIM yIIeM ObUla IIOJIyYeHa IIpM aHa/Iu3e
KO/e6aTeIbHbIX ~ CHEKTPOB  yIJISI, MCXOZHOTO M MOAMQUIMPOBAHHOIO  00pasljoB
amoMocumkara (puc. 1).

Ha VK-crextpe aktmBupoBaHHOro yriasa (puc. 1, obp. 1) oTMedaeTcs HZOCTATOYHO
MIMPOKasA I0/I0cCa B JianasoHe BoaHOBoro ymcna 3200-3600 cM™', koTopas XapakTepHa A
ceasu O-H. I'mpapokcwiabHble (PparMeHTBI ABAIOTCA COCTAaBHBIMU YacTAMM, HAIpUMep,
(heHONMbHBIX ¥ KapOOKCWIBHBIX Ipynil. Kpome Toro, aTo MOTyT OBITH KOJIeOaHMSI B MOJIEKY/Iax
amcopbupoBanHoit Bopbl [12]. B obmactu 2850-2950 cm™! HaXO[ATCS HOMTOCHI, OTBEYAOIINe
BalleHTHBIM KonebauusM c¢Bsasu  C-H, pedopmaioHHBIM KoNeOaHMAM 3TOM  CBSA3YU
cooTBeTCcTBYeT monoca 1395 cm'. Heckonmpko monmoc B uHTepBane 1600-1760 cm™
XapaKTepyU3yIOT BajleHTHbIe Komebauus cBsa3y C=0 B KapOOKCU/IBHBIX ¥ KETOHOBBIX IPYIIAX.
B sToM ke pailoHe HaXOMATCA IIOJIOCHI, COOTBETCTByMomMe KonebaHuaMm cBsasu C=C B
apoMaTnyeckoit cucreMe. ITomoca 1090 cm orBeuaer KonebanusaM cBsasu C—O B adUpHBIX U
CIMPTOBBIX IPynIyMpoBKax [13].
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Puc. 1. VIK-crektper: 1. — aKTUBMPOBAHHBI Yromb; 2. - GeHTOHUT, 3 — yromp : GenroHur = 30 : 70;
4 - yrons : 6enToHut = 50 : 50. Bpemst MexaHOaKTUBALMY 15 MUHYT.
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Kak m B cayyae ¢ aKkTUBMPOBAHHBIM YIJTIEM, Ha CIEKTpPe JICXOJHOTO OeHTOHMTA
(puc. 1, 06p.2) Habmogaercs mmpokas momoca B obmactu 3400-3700 cm! ¢ pgByMHA
akcTpemyMamu. [lomoca 3424 cm!' orpaxkaer komebanus csasu O-H B Monekynax Bopbl,
a3630 cM! cBuEeTenbCcTBYeT O KomebaHMAX 9TOM cBA3M B cwraHomax Si-O-H [14].
Hamnume crpykTypHOiT Bombl mopTBeprkpaercss monmocoit 1630 cm™ [15]. Ilmk B obmactu
1044 cm™! cooTBeTcTBYeT KomebaHMAM cBA3u Si-O B amoMOCHIMKATe, a TakKe HeOOnblye
nonocel 794, 465 m 521 cm!' xapakrtepusyoor komebaHma caseit Si-O-Si m Al-O-Si
COOTBETCTBEHHO [16].

VK-cnekTpbl 00pa3lioB, IIONy4e€HHBIX IIPM COBMECTHON MeXaHU4YeCKoil 00paboTke
aKTVBUPOBAHHOTO YI/IA U 6eHTOHUTA (pUc. 1, 00p. 3 1 4), IEeMOHCTPUPYIOT MOJIOCHI, KOTOPbIE
XapaKTepHbI A1 000MX 3TUX MaTepUanoB. B mepByio odepelb CTOUT OTMETHUTD MICI€3HOBEHIIE
nonocel 3630 cM', YTO MOXXHO OODBACHUTL B3aMMOJENCTBMEM YINIA M ATIOMOCHUIMKATA
IIOCPEeJCTBOM CMIQHONBHBIX TPYIIIMPOBOK, B pe3y/lbTaTe 4ero MOTYT 00pa3oBaTbCsA CBA3NU
Si-O-C (1232 cm™) [17]. BeposiTHa 1 KOHJEHCAIA HECKOTIBKMX CU/IAHONIBHBIX )ParMeHTOB C
nonyyeHueM cuaokcaHoB Si-O-8i. OTmeuaercss Takke IOsABIE€HME HECKOIbKMX IIO/IOC B
obmactu 3700-3900 cm™, oTpaxaromux konebanus csasu Al-O-H. ITo Bceit BuaymocTy, npu
MeXaHMY€eCKOJ aKTMBALY IPOVICXOJUT BBITECHEHNIE U ITepeCTpoliKa BakaHcuii A OH-rpynm,
YTO COIJIACYeTCsl C YMEHbIIeHUeM MHTeHCMBHOCTH mojnockl 1630 cm'. O6pasoBaHue
JIOTIOTHUTEIbHBIX (PYHKI[MOHATBbHBIX IPYIII, KOTOpble MOTYT BBICTYIIaTb B POIM aKTUBHBIX
IIEHTPOB, IONIOKUTETIbHO BJMseT Ha afcopOIVOHHBle cBONicTBa. Ha cmekrpe obpasuma 4
IPAaKTUYEeCKM IIONTHOCTBIO OTCYTCTBYIOT IONOCHI B obmactm 2850-2950 cm!, a wmx
VMHTEHCUBHOCTb Ha CIIeKTpe obpasia 3 CHIDKeHa. JTO MOXXeT CBUJETENbCTBOBATbH 00
OKIIC/ICHNMM aKTVBYPOBAHHOTO YIJIA, B pe3y/IbTaTe 4ero MOryT 00pa3oBaThCA JOIOTHUTETbHbIE
KICTIOPOZicofiep>Kalllyie Ipynmbl. Tak, OTMedaeTcs IMOAB/IEHME HOBBIX Ionoc nmpu 1570 u
1310 cm™, uTo Hambosee BEIpaXKeHO y oOpasua 3.

Cop6myonnyio eMkocTb (CE, MOb/T) 6€HTOHUT-YTONIBHOTO aficOPOEHTA IT0 OTHOIIECHIIO

K TETPALMKINHY OLI€HMBAa/IN COTTAaCHO (bopMy)Ie:

(CI/ICX - COCT) XV
m

CE =

rie Cyux — KOHIIEHTpAIVs TeTpaluKIMHA 10 copOuuy; Coom — KOHIIEHTpPAIVA TeTPaLlMKIMHA
nocrne copbunu, Monb/cM’; V — 06beM pacTBopa, 13 KOTOPOTo IIPOBOAIN copOiuio (25 cm?);
m — macca copbenTa (0.5 ).

ITo paccuntanubiM 3Ha4eHMAM CE 1 Cpopn CTpOMIN M30TEPMBI COPOIIMN TETPALIMKINHA
UL pa3MMYHBIX IIPOMEXYTKOB BpeMeHM. [lomydeHHble KMHETYeCK/e KPYUBbIe 3aBYICHMOCTH
copbunonnoit emxkoctu (CE) ot BpeMeHM copOLuy pyBefieHbl Ha puc. 2.

Ha ocHOBaHWMM aHa/nM3a IIOJTyYEHHBIX Pe3y/IbTaTOB MOXXHO 3aK/IIOYNUTDb, YTO IPOIECC
copOIMM TeTpaUMKIMHA Ha COpOEeHTe WJeT JOCTaTOYHO OBICTPO, B OCHOBHOM B TeuYeHMe
nepBoli MUHYTHL [lamee Ipoljecc HacbllleHusA copOeHTa 3amepisgercss u K 30 MUHyTaM

IMPpaKTN4IE€CKN HE U3MEHAETCS, TO €CTh IIPOMCXOAUT HaCbhll€HNIE c0p6eHTa.
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Puc. 2. Kpussle copOiyn TeTpaukinHa. 1. — akTHBUPOBAHHBIIL YTO/b; 2. - OEHTOHUT, 3 — yro/b : 6eHToHuT = 30 : 70;
4 - yronb : 6enTOHNT = 50 : 50.

MexaHuaM afcopOLMM TeTPaLMKIMHA KOMIIO3UTOM B KUC/ION Cpefle MOXXHO OIMCAaTh
CIeyIIMM 00pa3oM: IPOTOHMPOBAHHAS [UMETIMIAMUHOTPYIIIA TeTPALMK/INHA, MMeIoIiasn
BaKaHTHYI0 OpOMTamb, CIOCOOHA KOOPAMHMPOBATHCS C N-3/IeKTPOHAMM CUJIAHONBHBIX U
CHJIOKCAHOBBIX IPYIIIL, IIPUCYTCTBYIOIINX B COCTaBe OEHTOHNUT-YTO/IBHOTO aficopbenTa. Tak, MexXmy
aKIIeIITOPOM 9/IeKTPOHHBIX IIap — ITOJIOXKUTENbHO 3apsDKEHHBIM aTOMOM a30Ta TeTPALMK/IVNHA
¥ JOHOPOM 9JIEKTPOHHBIX IIap — KUCTIOPOJIOM CYJIAHO/IBHBIX U CYJIOKCAHOBBIX IPYIIII COpOeHTa
BO3MO>KHO JJOHOPHO-aKIIeNTOpHOe B3auMopeiicTBye. [I0oOHbI MeXaHN3M ONNCaH B paboTe
[18], B KOTOpOII B KadecTBe COpOEHTa JICIO/Ib30Ba/lach IPUPOJHASA OINOKA, COflep)Kallasd,
TaK >Ke, KaK M KOMIIO3UT, CUIaHO/IbHbIE ¥ CUIOKCAaHOBBIE TPYIIIbI, @ COPOATOM BBICTYIIAI
TerpauykauH. OJHAKO, YYUTBIBasA, YTO COPOLMS TETPALVIK/IVMHA OCYLIECTB/IIETCS U3 KUCTION
cpensl (pH=1.1), Heb3s1 MCKITIOYUTD ¥ MIOHOOOMEHHBII MEXaHV3M, CBSI3aHHBIN C 3aMellleHIeM
COpOMpyeMBIX Ha TIOBEPXHOCTY afiCOPOEHTa IPOTOHOB Ha VIOHBI TeTpalMKInHa [19].

BriBoabl

ITpoBeeHO MexaHOXMMUYecKoe MopuduUUMpoBaHue OEHTOHWTA AKTMBMPOBAHHBIM
yIZIeM U TIONy4eH KOMIIO3UT YrO/Nb-O€HTOHUT. YBelIWYeHNUe YAeIbHON IOBEPXHOCTM M
MIOPMCTOCTY N1OC/I€ MEXAaHOXMMMYECKOI aKTUBALMY 10 CPAaBHEHMIO C pacueTHOM yKa3bIBaeT Ha
B3aUIMOJIe/ICTBIe MeX[y KoMIoHeHTaMM. VIK-crmekTpockommeil yCTaHOB/IEHO 0Opa3oBaHIMe
JIOTIO/THUTENIbHBIX (PYHKI[MOHATBHBIX IPYIII, KOTOpble MOTYT BBICTYIIaTh B POJIM aKTVBHBIX
LIEHTPOB, YTO HOTOKUTETBHO BIUACT Ha a[ICOPOLIMOHHbIE CBONICTBA. [I0Ka3aHO, YTO KOMIIO3UT
yronb-6eHTOHUT o0671ajaeT BBICOKON COPOIMOHHOV aKTMBHOCTBIO IIO OTHOLIEHMIO K
JIeKapCTBEHHOMY IIperapary — TeTpaliKIrHa rupoxnopup. [TonydyeHHble maHHbBIE MOTYT OBITH
HO/Me3Hbl Ipu paspaborke 9¢((eKTUBHBIX COPOEHTOB IIPM OYMCTKE CTOYHBIX BOJ
dapMareBTYeCKNX IpefIpUsATHIL.
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HpaKTI/I‘{eCKaH qaCTb p2160TbI BBITIOJTHEHA B paMKaX TOCYJapCTBEHHOTO 3aJaHMA Ha

BoinonnHeHre HVIP (mpoekt Ne FZZW-2024-0004) m ¢ MCIONb30BaHMEM PeCYPCOB LIEHTpa

KOJUIEKTVMBHOTO II0/Ib30BaHNA Hay4YHBbIM obopynoBanueM VIIXTY.
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Kniouesvie cnosa: Anunomayus.  JlanHoe  uccnedosanmue — HANpaeneHo  HA  pa3padomxy

JIbHAHOE 60TIOKHO, UOHBL  MOOUPUUUPOBAHHO20 COPOEHMA U3 0MX00068 NPOUIBOOCINEA /IbHA U U3YHeHUe e20

Mmedu, maypum, copouus,  copéyuoHHbix ceoticme no omuowenuro k uonam Cu (II). Moouduxayus

MoOuPuKayus nposodunace 6 06a Imand, NEPevIM IMANOM AGANOCH OKUCTIEHUE UeTIIOI03bl
JILHAHO20 B0/I0KHA MeMAanepuoOarmom Hampus 00 OuanbO0e2UOUenII0N03bl, 81MOPOL
aMAan COCMOAN 6 NPUCOEOUHEHUU MAYPUHA OA NOBbIUEHUS COPOUUOHHBIX
xapaxmepucmux mMoouPuyuposanroezo copbenma. Ilpedcmasnenvt  ycnosus
nposedeHUs peaKyuu nepuo0amHoz0 OKUCTIEHUS IbHAHO20 80/I0KHA U 00pabomku
nonyueHHol  Ouanvoesuduennonosv. maypurnom. OnpedeneHvt copOyUOHHDbIE
Xapakmepucmuku MoOUPUUUPOAHHO20 cOpOeHma 6 CPABHEHUU C UCXOOHBIM
TIbHAHDIM 80710KHOM. Kunemuueckue uccnedosanus no3eonunu ycmanosumo epems
docmusiceHUss COpOUUOHHO20 PABHOBECUS 68 2emepPodasHoll cucmeme «B0OHDBLL
pacmeop conu memanna - copbenm» U onpedenumv nNOPAOOK peakuuu ¢
UCNONMb3068aHUeM MOOesieli KUHEMUKU 1Ce600nep6020 U ncego08mopoeo nopsokos.
VIzomepmot copbuyuu, nonyuentole 6 xo0e IKCHEPUMEHNO08, Obiy 06pabomanst no
modenu Jlenemiopa. IIpedenvHas cOpOUUOHHAT EMKOCINb O CPABHEHUIO ¢ UCXOOHDBIM
JIbHAHDIM 807I0KHOM 8bIPOCAIA 8 3 pasa. YiyuuieHue pasHOBeCHbIX U KUHEMU1eCKUX
XAPAKMEPUCUK TIbHAHO20 B0TOKHA NPOUCXOOUM 8 Pe3ynbmame NOsBeHUS 8 20
cmpykmype HO8bIX COPOUUOHHBIX UEHMPOS, 4O NOOMeepHOaemcs OaHHbIMU
VK- cnekmpockonuu.

JUIs HUTUPOBAHNA:

Huxudoposa T.E., CodponoB A.P. CopOumoHHBle CBOJICTBA HOBOTO MOAM(MULMPOBAHHOIO CcOpOeHTa
U3 NbHAHOTO BONOKHa // Om xumuu k mexHonoeuu wiae 3a wwazom. 2024. T. 5, spm. 2. C. 61-71
URL: https://chemintech.ru/ru/nauka/issue/5357/view

BBengenue

B mnacrosimjee BpemMsA OCHOBHBIE 3arpASHUTENM BOJHBIX PECYPCOB BK/IIOYAIOT MOHbI
TSDKEJIBIX META/IOB, COflepyKalliyecs B IPOMBIIIJIEHHBIX CTOKAX NPeANPUATUN XUMUYIECKOI,
HeTeXMIYECKOil, TOpHOROObIBAaIOLIel M JpyrMX oTpacieil. Tsokenble  MeTalIbl
HAKaI/IMBAKTCA B OKPYXXAWOLEN cpefie, TaK KaK, B OTAMYME OT OPraHMYECKUX BEIIECTB,
He pa3JlaraloTcsl MMKpOOPraHM3MaMM. BpICOKME KOHIIEHTPALMM TSDKEBIX META/UIOB B CTOKAX
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IpefIpUATUI IPUBOJAT K VX HAKOIUIEHUIO B IINTheBOJ BOJE, MUIEBOM ChIpbe 1 IPORYKTAX
NNTaHNA, YTO, B CBOIO O4Yepelib, BefleT K VX HAKOIUICHMIO B OpraHM3Me YelloBeKa, MPUINHAL
3HAYNTE/IbHBII Bpef 3I0POBBIO.

Tokcnyeckoe HeVICTBUE TSDKENMBIX META/UIOB XapaKTepPU3YeTCs HeCHelypUIHOCTbIO,
TaK KaK OHU CHOCOOHBI CBS3BIBATBbCA C OelKaMy, HYKIeOTHAAaMM, KopepMeHTaMM,
dbochommmumamMy U MPaKTUIECKV BCEMU BeIeCTBAMM, YYAaCTBYIOLIVMMU B MeTaOOIMYeCKUX
nporeccax B opranusme [1, 2]. 9to obycnoBnuBaeT HEOOXOAVMOCTb pa3pabOTKM HOBBIX U
6onee 3pPEeKTUBHBIX METOJOB OYMCTKM BOABI ¥ BOJHBIX PacTBOPOB OT JVIOHOB TSDKEJIBIX
MeTa/U10B. COBpeMeHHbBIe TeXHOIOTMM YHA/ICHN TAXKE/IbIX MeTA/VIOB BKIIOYAIOT XMMIYECKOe
OCaXKJieHJe, BOCCTAHOBJIEHNE, 3JIEKTPOKOATY/IALNIO, 9JIEKTPOAManu3, OOpaTHBI 0CMOC,
MeMOpaHHYI0 (QUIbTpAIIO, MOHHBI 00MeH M amcopbumio. Cpefy 3TUX METOJOB COpOIVISA
ABJsETCsT Hambosiee pacIpOCTpaHEHHON Onarofapsi BBICOKO 3(QQEKTUBHOCTU U IIPOCTOTE
npuMeHeHus [3].

B mocnmegHue roppl 0coOBIil MHTEpeC BbI3bIBaeT pa3paboTKa COpOEHTOB Ha OCHOBE
HOOOYHBIX MPOAYKTOB WIM OTXOHOB CENTbCKOTO XO3SJCTBA, TEKCTWIBHONM ¥ IIeJUIIOIO3HO-
O6ymaxHoit mnpompinvieHHOCTH [4]. IlomMumo 61M0cOpOEeHTOB Ha OCHOBE HaTypaIbHBIX
KOMIIOHEHTOB CYIIeCTBYeT OOJbIIOe KOMMYECTBO CUHTETUYECKMX COpPOEHTOB, HAlpyuMep,
Ha OCHOBe Ieo/mnTOB [5]. OCHOBHBIE IPEVMYIIECTBA JMCHOIb30BaHMS OMOCOPOEHTOB IS
yHa/leHs MOHOB TSDKEJIBIX META/IIOB 110 CPAaBHEHMIO C TPAAMLIVIOHHBIMY METOJaMI BKIIOYAIOT
6oiee HM3KYIO CTOMMOCTD, JOCTYIIHOCTD, IIPOCTOTY yTau3anuy, 3pQPeKTuBHOCTb OYUCTKY,
BO3MOXXHOCTb pereHepaumm copbentoB. K mpemmymiectBaM cOpOEHTOB Ha OCHOBe
CE/IbCKOXO3AJICTBEHHbIX OTXOfIOB OTHOCATCA MX BO30OHOBJIAEMOCTb M SKOJIOTMYECKas
0€30IaCHOCTb, IIOCKONIbKY OHM SBJIIAIOTCA 9KOMOIMYECKM YNCTBIMM ¥ OVOTOTMYECKN
HEJTPA/JIbHBIMY 110 OTHOIIEHNIO K OYMIaeMbIM cpefiaM [6]. OmHaKo cOpOEeHTHI B HATMBHOM
COCTOAHMU OONaflal0T, KaK IPaBIMIO, HEBBICOKON COPOIMOHHON €MKOCTBIO, YTO Je/laeT
aKTya/bHOV  3ajayy  Mojudukanmym  COpOEHTOB ~ Ha  OCHOBE  BTOPMYHOIO
I1eJUTI0I030COIEPKAIIETO ChIPbA.

[l TOBBINIEHUsA COPOLMOHHONM CHOCOOHOCTM LIe/UII0IO30COAEPIKAINX COPOEHTOB
NPUMEHAITCA pPas3IMIHble METOAbl MOAMUKAIVM, BKIOYAs XUMMIUYECKue, (QU3NIecKue,
¢dusuko-xummyeckue u 6uoxummaeckue [4]. B pabote [7] mpepnoskeH MeTop yaaneHns MOHOB
TSDKEIBIX ~ METa/UIOB M3  BOJAHBIX  PacTBOPOB € JCIO/NIb30BaHMEM  I[€JUIIOJIO3BL,
MO UIVIPOBAHHOI NOMMATHUIEHIIONNAaMUHOM. COpOeHT, TO/TyYeHHBIIT IIyTeM TepMUIeCKO
06pabOTKM PUCOBOII Ty3IH, EMOHCTPUPYET BBICOKIE COPOLIVIOHHbIE CBOJICTBA II0 OTHOLIECHWIO
k monam Memy (II) m umuxa (II) [8]. IlepcrmekTMBHBIM HallpaBjieHMEM B pas3paboTke
IIeJUII0NIO3HBIX COPOEHTOB SAB/ISAETCA IONy4eHVe IIPUBUTHIX COIONMMEPOB ILIE/UIIONO3bI C
pasIMYHBIMY MOHOMepamu [9].

B nocnenHue rofpl BHUMaHMe MCCIeOBaTeNell IPUBJIEKaeT IbHAHOE BOIOKHO, KOTOpOe
IPOM3BOANUTCS B OONMbIIMX OOBbeMaxX KaK B Halllell CTpaHe, TaK M 3a PyOeXOM, a TakKe
pasnuyHble MPOAYKTHI ero mepepaborku. [d cospmaHMst COPOEHTOB MOXKHO MCIIO/Ib30BAaTh
MOAMQUIIVPOBAHHbIE OTXOABI IPOM3BOACTBA JIbHAHON MykM [10] M KOpOTKOe JIbHSIHOE
BOJIOKHO, SIBJIAIOIIEeCs] OTXOIOM IepepabOTKy JIbHAa. DTO BOJIOKHO BKJIIOYAET IIE/UII0JIO3Y,
reMMUILeJUTIONO03Y, JIATHUH, IIeKTVMHOBBIE BeI[eCTBa ¥ HAPYrue KOMIIOHEHTBI, COfiepyKallye
pasHooOpasHble (YHKIMOHATbHbIE TPYIIbI, OKasblBAIOLIMe 3HAYMTETbHOE BIIVAHNE Ha
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IIPOLIeCC aficOPOIMY IOHOB TSDKEIBIX METa/UIOB. Y CTAHOBJIEHO, YTO PAiNYC TUAPATUPOBAHHOTO
JIOHA, 3/IEKTPOOTPUILIATEIBHOCTD U B3aUMOJEVICTBYIE VIOHOB C (DYHKIVIOHAJIbHBIMYU I'PYIIIaMU
(-COOH, -OH, -OCHs) sBnswoTrcs KmodeBbIMU (GaKTOpaMMy, BIUSAIOIMMU Ha IPOIecC
6nocopb1yy, 3¢ eKTUBHOCTh KOTOPOTO TaKXKe 3aBUCUT OT pH BOZHOrO pacTBOpa, BpeMeH!U
KOHTAKTa, ICXOZHOJ KOHILIEHTPAIVV MeTa/UIOB 1 KOHI[eHTpauuy camoro 6uocopbenra [11-12].
[lnA moBBIIIEHNS COPOLMOHHONM €MKOCTM JIbHAHOTO BOJIOKHA €ro, aHaJIOTMYHO [PYIUM
11eJUTI0JIO3HBIM MaTepyajiaM, MO>KHO MOAVUIIIPOBATh Pa3IMYHbIMK MeTofamu [13-15].

Ha ceropHsALIHMII IeHb B pa3/IMYHBIX CTPaHaX OTMeYaeTCsl TeHAEHIMS K VICIOTb30BaHNIO
OJJHOJIETHMX PAcCTeHUI KaK MCTOYHMKA LIe/UIIONO3bI (JIeH, KYT, KOHOIUISA, KeHad u T.4.) [13].
B Hamieit crpaHe /leH ABJIAETCS OCHOBHBIM KOHKYPEHTOM X/IONKa. B mocnenHee Bpems
HaOJII0faeTcsl POCT IPOM3BOACTBA TEKCTMIBHON IPOAYKLIMM U3 JIBHAHBIX BOJIOKOH,
YTO COIIPOBOXKJAETCS yBE/MMYEHMEM KOIMYEeCTBA OTXOHOB 3TUX IIPOM3BOJCTB, TaKUMX Kak
KOpPOTKJe BOJIOKHA J OffpeBeCHeBIIIast YacTb cTeOelt IbHa (KOCTpa), KOTOpbIe NPeNCTaB/IsAI0T
co0071 aIbTepHATVBHBII MCTOYHUK 1[eJUTI0IO3BI.

Ilenmonosa (kmeT4aTKa) sIB/IACTCSA OFHMM M3 CaMbIX PAacPOCTPAHEHHBIX IPUPOJHBIX
IO/MMMEpPOB ¥ OCHOBHBIM KOMIIOHEHTOM KJIETOYHBIX CTEHOK pacTeHmil, obecrednBas
MEXaHMYEeCKyI0 IIPOYHOCTb M 9JIaCTUYHOCTb PACTUTENbHBIX TKaHell. MaKpoMOJeKy/Ibl
LIeJUTIONIO3Bl  COCTOSAT M3 9JIeMEHTAapHBIX 3BeHbeB D-Imoko3bl (B IypaHO3HON (opme),
COEIVHEHHBIX 1,4-B-I7MKO3UIHBIMY CBS3SIMIA B IMHEIHbIe Hepa3BeTBICHHbIE LIETIN.

PaspaboTka I1e/UTI0/I03HBIX COPOEHTOB M MCCIefOBaHME WX COPOLMOHHBIX CBOVICTB
IPEeJiCTaBIIAIT COOOJ BaXKHYI0 IIPAKTUMYECKYI0 M Hay4yHylo 3amady. Ilomck coemmHeHmit ¢
BBICOKOJI COPOIMIOHHOM CIIOCOOHOCTBIO IT0 OTHOUIEHNIO K Ts>KE/IBIM MeTa/UIaM U CO3[jaHue Ha
X OCHOBE HAIIOJHUTENeHl i1 BOJOOYMCTHOIO OOOPY[OBAaHNA SABJIAIOTCA AKTYaJIbHBIMU
HaIpaBJIeHNAMY ccenoBanmit. Ilemmonosa BeI3bIBaeT OO/IBIION MHTepeC O1arofapsi CBOUM
IpeIMyIIecTBaM, TaKVM KaK JOCTYIIHOCTb, BO30OHOB/IAEMOCTD I O110pa3/IaraeMocCTb.

Ilenplo DaHHOTO MCCNIEOBAHMS SABJISIETCS CO3JaHVe HOBOTO IeJUTI0JIO30COEPIKAIEero
copbeHTa Ha OCHOBE JIbHAHOTO BOJIOKHA ITyTeM MOAVIPVKALNU TaYPUHOM I YIy4IIeHUA ero
COPOLIMIOHHBIX CBOVICTB.

IKCIepUMeHTAaTbHAs 9aCTh

B kadecTBe 0OBeKkTa ucCreoBaHMS OBUIO BBIOPAaHO KOPOTKOE JIbHSHOE BOJIOKHO
(TOCT 9394-76), mpepcraBysAomee coO60l BTOPUYHBIA IPOAYKT IIepepabOTKM JIbHSAHON
IPOMBIIITIEHHOCTY CTIeAYIOIIero cocTaBa, %: (1emonosa (75-78), remurenonosa (9,4-11,9),
nuravH  (3,8), mekTMHOBBIe BemjectBa (2,9-3,2), BockooOpasHble BemiectBa (2,7),
a30TcojeprKallye BelllecTBa B pacyete Ha 6enku (1,9-2,1), MuHepanbHble Beectsa (1,3-2,8) [16].

Mopudnnupyromum arentom cayxun Taypun (IUPAC: 2-ammHo3sTaHCynbOHOBasA
KUCTIOTa) — cepocofiepkamtasg aMmuHokucnora. Cynbdorpynma ABAAETCA TOCTaTOYHO
aKTVMBHBIM COPOLIMOHHBIM LIEHTPOM, YeM 1 00YC/IOB/IeH BBIOOD JaHHO aMMHOKMCIOTHI [17].

[ O4MCTKY OT IIpyMeceil ¥ MTOBBIIEHNsT COPOLMOHHOI CIIOCOOHOCTY JJAaHHBI 00 BEKT
npensaputenbHo KunAtumu ¢ 10%-m pactBopom NaOH. Bpemsa Bbiiep>KKM cOCTaBIIAeT
30 MMHyT, Ipu 3TOM MOAYIb pacTBop/copbeHT paBeH 20. 3aTeM COpPOEHT IIPOMBIBAIN
IVICTVIIVPOBAHHOM BOZOM [0 HelTpanbHOro pH 7 u BbIcylmBamm 50 MOCTOSAHHOTO Beca.
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HanHbII cmocob6 MopnduUUMPOBaHUA ITBHAHOTO BOJIOKHA TAypMHOM COCTOMUT M3 JBYX
OCHOBHBIX 3TaIlOB:

® OKIIC/IEHNE IIe/UTI0I03bI IbHAHOTO BOJIOKHA METAIlepyoAaTOM HaTpuA ¢ 00pa3oBaHeM

IVa/IbIeTUALIE/UTIONIO3bI;

o MomudUUMpPOBaHINE AVA/IbET/LIE/ITIONO3bl TAYPUHOM.

[lna mpuroToBeHMsa pa3baBleHHBIX PAacTBOPOB JCIO/Nb30Ba/ACh AVICTV/UIMPOBAHHASA
BOJIA.

ITpepnBapuTenbHO OYNILEHHOE BOTIOKHO (2,5 T) cMemmBanu ¢ 250 mi 0,1 H. pactBopa NalO..

Peakuuio mpoBopAT B TedeHMM 48 4acoB NpM IMEPUOANYECKOM IIE€pPEMEIIVBAaHUN B
Henpo3pavyHoil Konbe, mpu Temmeparype 23-25 °C u pH 3-4, mOCKO/IBKY OKMCIUTENTbHbIE
CBOJICTBAa MeETANlepMOfiaTa IpPOABIAITCA MMeHHO B Kucmon cpege. Ilpm pH Bbime
4,6 MeTarepuo/aT IpeBpaljaeTcsa B HepaCTBOPYIMBIIN ITapanepuozar.

[To oxOHYaHMM peakIuM NEepPUOJATHOTO OKNIC/IEHNSA HepacTBOPUMYIO (ppakiuio
OT(MIBTPOBBIBAIM OT PAaCTBOPA IMIPOLYKTOB PeaKIMM 1 ITOC/Ief[OBAaTebHO IIpoMbIBamy 1-1,2 11
BOABl C HOOaBIeHMEM pacTBOpa CONMAHON KucmoTel fo pH ~ 1, sarem 1-1,2 1 cmecn
anetoH/Boga: 1/8 n B kone 1-1,2 1 AMCTUIIMPOBAHHO BOABI.

CrepyomuM 3TanoM MOAMGUIVPOBAHNUA IeJUII0NO3bl JIbHAHOTO BOJIOKHA SBVJIACDH
00paboTKa a/IbAeTNAHBIX IPYIII OKMCIIEHHOTO JIbHAHOTO BoloKHA TayprHoM (C,H;NOsS).

HaBecky 06pab0oTaHHOTO BOIOKHA C COfiepKaHMeM albJeIrMAHbIX rpyni 8,8% maccoit 2 T
HIOMeLIaIN B KOOy, cofepskalyto 5%-it pacTBOp TaypuHa (MOmyIb copbeHT : pacTBop — 1 : 50).
KosnmaecTBo anbiernaHbIX IPYIII ONIpefie/IsIN JI0OMEeTPUYeCKIM METOJOM, ONVICAaHHBIM B [18].
[Tponecc MmognduumpoBaHNs MPOBOAAT B TedeHMe 45-60 muH mpu temmepatype 60-70 °C u
pH 7-10, npu HempepplBHOM mnepeMemnBaHuu. Ilocime oxmakpmeHuA IPOLYKTHI peakLuu
IIPOMBIBA/IV AUICTU/UIMPOBAHHO BOZOM 1O HEMTPAIbHOM peaKLUML.

Vcnonp3yemoe obopynoBanme: crekrpoporomerp U-2001 (Smonms), aromHo-
abcopbuyonnslit ciektpomerp 210 VGP, MK-cnekrpomerp Avatar 360 FT-IR E.S.P.

KuneTuky copbumm MOHOB TSAXKe/IbIX META/UIOB MCC/IEOBAIN B CTATUYECKUX YCTOBUAX
IpY IepeMelIVBaHUy METOIOM OTpaHNYeHHOro obbeMa pacTBopa [19].

CopOIVIOHHYI0 €MKOCTb COpOeHTa B KaXK/blil KOHKPETHBII MOMEHT BpeMeHU T

paccuuThIBaNM 110 Gpopmye:

I7ie q — COpOLMOHHAsE eMKOCTb, MI/T;
Co — Hava/IbHasi KOHLIEHTPALVA IOHOB MeTaslIa, MI/JI;
C; — KOHIIEHTpALVIsl MOHOB MeTa/UIa B MOMEHT BPeMeHU T, MI/JI;
m — Macca HaBeCKu COpOeHTa, T;
V - 06beM pacTBopa, MII.
CrereHb M3BIEYEHNA O OTIPENEIIANN CIEAYIOMNM 06pa3oM:
a= —COC ‘. 100%
0
ITpu cHATUY M30TepMBI COPOLIMY B YCTIOBMSX YCTAHOBMBIIETOCS PABHOBECHS B CIICTEME
OIIpefie/IsA/I PaBHOBECHYIO KOHIIEHTPAIMI0 MOHOB MeTajlia B pactBope (C) M paccunThIBanIu

PaBHOBECHYIO COPOIIVIOHHYIO €MKOCTD:
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Co—C
A=2—"1y,
m

rie A - paBHOBeCHasl COpOLIMIOHHAS €MKOCTb, MOJIb/KT;
C - paBHOBeCHas KOHIIEHTpalMsl MOHOB MeTaJljIa, MOJIb/ L.

OTHOCuTENbHAsA MOTPENIHOCTh SKCIIEPUMMEHTOB PAacCYMThIBaZach Ha OCHOBAaHUU
9KCIEepPUMEHTA/IbHBIX [AaHHBIX, B KOTOPBIX KaKJas TOYKA IpeAcTaBIfeT coboil cpeprHee
3HaYeHIe U3 [IBYX apa/UIe/IbHBIX OIbITOB [20]. ITorperrHocTs sKcrepyMeHTa He npeBbiniana 10 %.

VlccnemoBaHme IpOBEIEHO C MCIIONb30BaHMEM pecypcoB lleHTpa KOJIEKTMBHOTO
NI0/Ib30BaHMA HayIHbIM obopynosanueM VITXTY.

OcHoBHasA YacTh

B xadecTBe OKMCINTENA BBIOpAH MeTallepMoOAaT HaTpuUs, TaK KakK, B OT/IMYMeE OT JIPYIUX
OKMC/IUTEel, TAKMX KaK TUIOXTIOPUT HATPUA, IEepPeKICh BOJOPOZA, 030H, OMXpOMAT Kayud,
IepMaHTaHaT Kavs U T.J., MeTallepuoAaT HaTpus obmasjaeT crennpuIHOCTbIO, He pa3pbIBast
IO/IMIMEPHBIX 1jeTIell MOEKYJIBI LieTTI0/103bl. MeTanepuopat HaTpusA Bo3zeiicTByeT Ha ise -OH
rpymmsl npu C; n Cs ¢ 06pasoBaHueM aIbAeTMIHBIX TPYIII ¥ Hapa/lebHbIM paspeiBoM C-C
CBSA3U MEXJY HUMM, 00pasys AuanbIernALe/UIIoN03y. Peakiuo OKICIeHna IPOBOAVIN TIpU
pH 3-4, MOCKO/IbKY OKMCINTENbHBIE CBOJICTBA IIEpMO/IaTa IPOABIAIOTCA B KICIOM cpefie. [Ipn
pH Bbimie 4,6 MeTaniepMofaT HaTpXsA IpeBpalllaeTCs B HEPaCTBOPMUMBII Mapanepuogar. Cxema
OKVICTIEHUA ILe/UTIONIO3bl MeTAallepMofaTOM HaTpusA IpefcTaBleHa Ha puc. 1(a). [lamee
HONTYy4eHHYI0 [VajIbJernALe/UII0/Io3y o0pabaTbiBamy TaypuMHOM, KOTOpbII mpu pH ~7
HAaXOZIMTCS B COCTOSIHMY LIBUTTep-MoHa (puc. 1 (6)):

L OH H o oH (a)
S N | o  Nao, N\ o
O  H N N > O H H H N
S pH 3-4 | |
OH Ho|n o] O H
uennonosa p,manb,qermuu,enmonoaa
(0)
C,H 7NO3S
pH71O
60-70 °C
nanbgeru, enJfirno3a
Avansgernay H2 \;Hz
H, CH,
0=5=0 0=$-0
d)Na d)Na

Puc. 1. CxemMa OKMCIIEHUS L€/UIIONIO3bl METAIIEPMOLATOM HATpUs ¢ 00pasoBaHMeM AMaIbAEeTMALEIUIIONO3bI (2)
U IIPUCOEAVMHEHNA K IMajIbJeTUALeIIII0N03e TaypuHa (6)

[l onpeneneHysi KNHETYECKUX XapaKTePUCTUK MOAUPULIMPOBAaHHOTO cOpOeHTa ObIIN
HOJTy4eHbl KMHeTudeckye Kpusble copbuyy noHoB Cu(Il) us BogHOTO pactBopa cynbdara
Mefil VCXOJHBIM JIbHSAHBIM BOJIOKHOM ¥ BOJIOKHOM, MOAMGUIVPOBAHHBIM TaypUHOM.
Pe3ynbTaThl 9KCIIepUMeHTa IpeJiCTaB/IeHbl HA PUC. 2.
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—— OQuHIIeHHOE JIHAHOE BOJIOKHO
—@— JIbHSHOE BOJIOKHO, M, P

4 6 8 10

Bpewmst (MuH)

Puc. 2. Kunernueckne KpuBbI€ COp6LU/IM MOHOB M€N 13 BOAHOTO paCcTBOpa MCXOAHBIM 1 MOI[I/I(bI/II.U/IpOBaHHI:-IM

JIbHAHBIM BOJIOKHOM

O6paborka kmHeTHYeckux KpuBbIX copbumm moHoB Cu(ll) MCXORHBIM BOTOKHOM M1

MOIVUIIVIPOBAHHBIM  COPOEHTOM

B paMKax MoOfe/ell KMHETUKM IICEBJOIEPBOrO M

IICEeBJJOBTOPOTO MIOPSAKOB NpeACcTaBIeHa Ha puc. 3 1 4 u Tabmuie 1.

0,54

12(Q.-Q)

2,01

B OuHIIEHHOE JBHIHOE BOJIOKHO
®  JIbHSHOE BOJIOKHO, MOJH(HIIMPOBAHHOE TayPHHOM

2,5

o 4
[N}
w

Bpems (MuH)

Puc. 3. Kunernka TIICEBAOIIEPBOro IIOpsAAKa COP6I_U/IM MOHOB Me€nM M3 BOAHOTO pacTBOpa WMCXOOHBIM U

MOJII/I(I)I/II.U/IPOB&HHI)IM JIbHAHBIM BOJIOKHOM

)
o
.

IS
1

t/Q; (MuH-MI

B OuHILIEHHOE JIbHAHOE BOJIOKHO ‘
® JIbHsiHOE BOJIOKHO, MOAH(HIMPOBAHHOE TaypHHOM|

2 4 6

% -
o

Bpems (Mun)

Puc. 4. Kunernmka IceBLOBTOPOrO MOpsAKa COpOLMM MOHOB MeNM M3 BORHOTO PAaCTBOPA MCXOZHBIM MU

MO,ZII/I(I)I/I].U/IPOBaHHI)IM JIbHAHBIM BOJIOKHOM
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Tabmmma 1. Pesymbrartel 06pabOTKM KMHETMYECKMX KPUBBIX COpPOLMYM MOHOB MefM M3 BOZHOTO PAacTBOpa

MICXOOHBIM MO,ZII/I(l)I/H.H/IpOBaHHbIM JIbHAHBIM BOJIOKHOM MOJECIAMNU XMMUYECKOV KMHETUKI

HarusHoe MopuduiupoBanHoe
Kunerndeckas Mopenb PesymbTaTel 06paboTky
TbHAHOE BOTIOKHO JIbHAHOE BOTIOKHO
qe, MI/T 0,740£0,090 0,07+0,002
TICEBJIOIIEPBOTO MOPAAKa ki 1/mun 0,244+0,030 0,00031+0,0001
R? 0,95 0,82
Qe MI/T 0,736+0,050 1,4+0,070
IICEBIOBTOPOTrO IOPsIfiKa ks, /(Mremum) 1,028+0,400 2,99+0,500
R? 0,99 0,99

[na  ompeneneHuss MaKCUMAaNIbHOJ COpPOLVIOHHON eMKOCTH (Ax) MCXOZHOTO U
MOZMUIMPOBAaHHOTO BOJIOKHA OBbIIN NOTy4eHbI M30TepMbl copbiyy nonos Cu(1l) 3 BogHOTO
pacrBopa pu 293 K. OxcniepuMeHTaIbHbIe U30T€PMBI IIPe/ICTaB/IeHbI HA PUC. 5.

|—— OuMmeHHOE THHAHOE BONOKHO
2,09  |-® Jbusmoe sosoxno,

n
1

A (MOITB/KT)
=
1

T T T T T
0,01 0,02 0,03 0,04 0,05

C. (monb/m)

Puc. 5. MSOTCPMBI C0p6I.U/II/I VMOHOB Me€NN M3 BOJHOTO pacTBOpa MCXOAHBIM M MOHI/I(bI/II_U/IpOBaHHbIM JIbHAHBIM
BOJIOKHOM

Pesynbratbl 00paboTKM mM30TEpM copOLMM MOHOB Memy Io Mopeny JleHrMmiopa
IpUBeIeHBI Ha puc. 6 1 B Tabnnie 2.

0.06 B OunuienHOE NBHAHOE BOTOKHO
’ ® JlbHsAHOE BOJIOKHO, P!

T T T T T
0 0,01 0,02 0,03 0,04 0,05

C.(Momb/)

Puc. 6. O6paboTka M3oTepM copbLUM MOHOB MeAM 13 BOJHOTO PAacTBOPa MOAU(UIVPOBAHHBIM COPOEHTOM
Y MCXOJHBIM BOIOKHOM
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Ta6nuua 2. [Tapamerpsr 06paboTKM U30TEPM COPOLIMY IOHOB MENY VICXOHBIM I MO UIIMPOBAHHBIM JIbHSIHBIM
BOJIOKHOM I10 Mofenu JIeHrMopa MeTo[JOM HaIMEHbIINX KBaIpaTOB

K
Copbent 1/AxK 1/Ax 0obumert A, MOJIB/KT
KOppenAInm
Vicxomnoe
0,00129+ 2,9-104 1,46+ 0,02 0.99 0,68
JIbBHAHOE BO/IOKHO
M
OMMPUUUPOBAHKOE | ) 1o 1 g 8101 0,49 + 0,04 0,99 2.04
BOJIOKHO

YnydureHue afcOpOLMOHHBIX CBOVICTB JIBHAHOTO BOJIOKHA, MOAM(UIVPOBAHHOTO
TaypUHOM, OOBSCHSETCS IOSB/IEHNEM B pe3y/lbraTe 0OpaOOTKM HOBBIX (YHKI[MOHATBHBIX
TPYIII B CTPYKType BOJIOKHA, KOTOpble 9(p(eKTHBHO CBS3BIBAIOT MIOHBI TSDKE/IBIX METAJIIOB.
Il BBIAB/IEHVST TaKMX M3MeHeHMil ObUmM monmydeHbl VIK-CIEKTPBbI OYMIEHHOTO JIbHSAHOTO

BOJIOKHA JI0 U ITOCTIe MOAMpUKanmUy TaypuHoM (puc. 7).

JIbHSHOE BOJIOKHO
JIbHSIHOE BOJIOKHO, MOIU(DUIIMPOBAHHOE TAyPHHOM

[Ipomnyckanue, %

0 -

T T T T T T T T T T T T T 1
4000 3500 3000 2500 2000 1500 1000 500
BosHOBOE unCIIO, M

Puc. 7. MK—CHCKTPI)I NCXOOHOTIO N MOI[I/I(bI/II_U/IpOBaHHOFO JIbHAHOI'O BOJIOKHA

Kak BupHO M3 puc. 7, B pesynbrate MoauuiupoBaHus COpOEHTa CylleCTBEHHbIE
u3MeHeHus HabmopaoTcs B obmactm 1750-1650 cM™?, rie NposBIAITCI KonmeGaHMs
Kap6oHWIbHON rpymmbl. Tak, monoca 1739 ¢cM' B CleKTpe MCXORHOTO JIBHSAHOTO BOJIOKHA
cMeliaeTcsi B IojioKeHue 1736 cm! B crekTpe MOAMQUIMPOBAHHOTO JIBHSHOTO BOJIOKHA.
9TO OODBSACHAETCSA TeM, YTO B pe3y/abTaTe OKVICIEHMs IIe/UIIOIO3Bl JIbHA MeTallepuoaTOM
HaTpysA IPONCXOANUT OOpasoBaHNe ajbJerMIHBIX TPYI, KOTOpble Hajee YYacTBYIOT BO
B3aVIMOJZIEICTBUM C TaypMHOM, KaK ITOKa3aHo Ha puc. 1 (a, 6). B obmactu 1690-1635 cm™
IPOSIB/IAIOTCA TakoKe KomebaHms cBA3y C=N B HelIpele/IbHBIX a30TCO/ePIKAIIMX COeAVHEHMAX,
O 4YeM CBUJIETe/IbCTBYeT IIOsIBJIeHMe HeOONbIIoro mnmka npu 1649 cm' B crekrpe
MOAMQUIIVPOBAHHOTO COPOEHTA.

Vsmenenus B obmactum cmekrpa 1650-1620 cm™ m 1300-1000 cm™ 00ycimoBIeHBI
nepopMaIVIOHHBIMM ¥ BaleHTHbIMYU KojeGaHusimu cBsasu C-N. ITonmoca u3 momosxeHust
1635 cM™ B CHeKTpe MCXOJHOTO JIbHSAHOTO BOJIOKHA CMeNaeTcs B IONOXeHue 1625 cm!
B CIIeKTPe BOJIOKHA, MOAM(UIVIPOBAHHOTO TaypMHOM, a mojoca mpu 1159 cm™' B crekTpe
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HeMoAu(UIMPOBAHHOTO JIbHA MposABsAeTcsa npu 1171 cm™' B criekTpe MOguUIPOBAHHOTO
obpasua. IloaToMy MOXHO YTBepXJaTh, 4TO NpU MOAMPUUMPOBaHMM COpOEHTa Ha ero
MIOBEPXHOCTY IIPOVCXOMUT 3aKpeIlIeH)e a30TCo/iep Kalllero COeMHeHNA.

Pagmuumsa B obmactsx 1100-1000 cv' u 880-840 cm!' MK- creKTpoB MCXOEHOTO 1
MOAMUIVIPOBAHHOTO JIBHAHOIO BOJMOKHA 00ycimoBieHsl konebanmamu C-SOsH rpynmer un
cBasn S-O [21], 3 4ero MO>KHO CeaTh BBIBOJ O MPMCOEANHEHNN CYIb(OTpyIII B Ipolecce
Mopudunyposanud. IlogTBepx/jeHNeM NPUCOEAMHEHNA CyTb(OTPYHI CIY>KUT CMeIeHe
IIKOB B CIEKTPe JICXOJHOTO JIbHAHOTO BOJIOKHA 13 monoxkeHmit 1113 cm™ m 879 oM,
COOTBETCTBEHHO, B Toto>keHus 1103 cm™ u1 899 cM™ st MoguuIpoBaHHOTO cCOpOeHTa.

Takum o6pasom, pesynbratbl JIK- cHekTpockommy IOATBEP)KAAIOT, 4YTO IIpU
VICTIO/Ib30BAaHUY  IPEIOKEHHOTO  CIocob6a  oOpabOTKM — IpOTeKaeT  XMMUYeCKoe
B3aMMOJIEVICTBYE MOAM(DUUMPYIOUIX areHTOB C LE/UII0NI0301 JIbHAHOTO BOJIOKHA,
OpUBOJsAlllee K IOABIEHUIO B IIpoliecce OKMCAEHMS JIbHAHOTO BOJIOKHA MeTallepuofiaTOM
HaTpyA abJeTMJHBIX TPYIII, K KOTOPbIM 3aTeM IPOMCXOAUT IIPMCOeNHEHNe TaypIHa.

B mpoiecce MopuduUMpOBaHMA Ie/UTI0N03a JbHAHOTO BONOKHA IOCTENOBAaTeTbHO
IpeBpaliaeTcs B JUasIb/leTU/ILe/UII0N03Y, 3aTeM — B IIPOM3BOJHOE COENMHEHNE C TayPMHOM.
9T0 00yClIOBIMBaeT MOsSB/IEHNE HOBBIX COPOLMOHHO-aKTMBHBIX TPYIII B CTPYKType
COpOEHTOB, CIOCOOHBIX 3P (HEeKTUBHO CBA3BIBATD MOHBI TsDKENIbIX MeTa/IoB. [Ipoiecc copbiumn
nonos Cu (II) mpoucxopuT 1o MexaHu3My, IOKa3aHHOMY Ha cxeMe (puc. 8):

! }
\

ch, S om
| i |

CH,

; . |
0S¢ o —S=0
07/ So

Puc. 8. Cxema cop6uun noxoB Cu (II) MoguduuypoBaHHBIM COPOEHTOM

BriBonb1

B xome manHOrO MccnemoBaHus ObUT paspaboTaH HOBbIN 3(hGEKTUBHBIN COPOEHT s
U3BJICYEHNSI MOHOB TsDKEJIBIX META/UIOB M3 BOJHBIX PACTBOPOB ITyTeM MOAVI(UIVPOBAHNA
KOPOTKOTO JIbHAHOTO BOJIOKHAa TaypUMHOM C IpPeABApPUTENIbHBIM OKVCIEHVEM IIeJTI0/I03bI
JIBHAHOTO BOJIOKHA JI0 AVa/IbAETU/ILIeTIII0IO3BL.

Beimm mccnemoBaHbl KMHeTMKa ¥ paBHOBecue copbuuy monoB Cu(Il) m3 BopgHBIX
pactBopoB CuSO,. Kunernyeckue KpuBble cOpOII MOHOB Mefiy b 06pabOTaHBI B paMKax
MOJiesiell ITICEBJONEPBOrO ¥ IICEBIOBTOPOro MOpsfkoB. Hambomee KOppeKTHO Ipolecc
CopOLMM ONVCBIBAETCS MOJIE/IBIO IICEBJOBTOPOTO IOPS/IKA.

YCTaHOBJ/IEHO, UTO 3KCIIEpUMeHTaIbHbIe M30TepMbl copbiun 1noHoB Menu(Il) xopomro
ONMCBIBAIOTCA ypaBHeHMeM Jlenrmiopa. O6paboTka M30TepM B JIMHENHON QopMe 3TOro
yPaBHEHM TI03BOJIM/IA OIIPEe/IUTD IIPee/IbHYI0 COPOLMIOHHYI0 eMKOCTb TbHAHOTO BOJIOKHA,
MOV QPUIMPOBAHHOTO TAypMHOM, KOTOpast cocTaBmia 2,04 MOJIb/KT.
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IIpencraBnennnle VIK-CIIEKTpBI CBUJETENBCTBYIOT O MPOM3OLIEAUINX B IpoOIecce
MOAMGUIVIPOBAHUA WU3MEHEHMAX B  COCTaBe JIBHAHOIO  BOJIOKHA, OKMUC/IEHHOTO
MeTalepuogaToM HaTpuA M MOAMGUIVPOBAHHOTO TAypPMHOM, IO CPAaBHEHMIO C MCXOHBIM
JIbHAHBIM BOJIOKHOM.
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B/IMAHUE IUCIIEPCUI HA COITPOTUB/IEHUE
ITAPOITPOHMIIAHNIO AKPWIOBBIX TEPMETUKOB

A. A. llluxyHosa, O. V1. Hukonaesa

Amnacracua AnekceepHa llluxyHosa, ctygent; Onbra lIBanoBna Hukonaesa, K.X.H., JOLEHT
VIBaHOBCKMII TOCYapCTBEHHBIN XMMIKO-TEXHOIOTMYECKII YHUBEPCUTET, VIBaHoBO, Poccus
shikun-nastya@yandex.ru; olgynjal 975@mail.ru

Knrouesvie cnosa: AHHomauwI. AKpu/zoswe cepmemurku 8 HacmoAulee epems aKmueHo
2epmemuKu, aKkpunosvie NONL3YIOMCA  CNPOCOM  HA MUPOBOM  pblHKe U3-3d  IKO/IO2UUHOCMU
bucnepcuu, conpomuseneHue mamepuanos, npocmomol 6 NPUMEHeHUU U Huskoti cmoumocmu. Cocmaswt
naponpoHUUaHuo, ceoticmea MAKux mamepuanos NoCmMoAHHO COBEPUIEHCMBYIOMICA, UMO N0360714em He

MONILKO YIYHUMUMb UX KAHeCtB80, HO U CHUSUMb UX CeOecmoumocmp nymem
10060pa HOBbIX KOMNO3ULUULL OIS UX U320mosnerus. B nacmosweii pabome
NOMyueHbl AKPULOBble 2epMerUKl, 6 KOMOPbiX MEHANACh NONUMEPHAS
0cHo8a. B kauecmee nonumepHoti 0cHO8bL ObLIU UCNONL308AHB AKPUTIOBDLE U
CMUpPOnAaKpunosvie OUCNePCUY, NONYHeHHble MemoO0OM IMYNTbCUOHHOTE
nonumepusayuu. B ocHose NOMYyueHUS CcAMUX 2epMEMUKOs  JeHUm
MexaHuueckoe cmeuleHue KOMNOHEHMO8 peuenmypvl U OanvHeliuiee Ux
oucnepeuposanue 6  Oucconveéepe Dispermat  VLOK.  OcHoséHoim
onpedensemMvivM NAPAMEMPOM S6JITEMCS CONPOMUBTIEHUE NAPONPOHULAHUI
Cn0A  mamepuand.  AHANU3  Pe3yIbMAMmos — nokaAsam, — 4mo  Ha
NAPONPOHULAEMOCTND 2EPMEMUIUPYIOULe20 MAMEPUATA BIUSEM He MONbKO
npupoda NONUMEPHOL OCHOBbLI, CHeneHv ee CUUBKU, HO U Mum, u
KONUYeCMB0  UCNONb3YeM020 — HANONHUMENA.  YCMAHO08/eHo, YO ¢
yeenuueHUeM — MUHUMAZIbHOL — memnepamypv. — nieHkoobpazosamens,
easkocmu u pH Habmwdaemcss ysenuuenue npouHocmu npu paspoise.
CpasHusas: 06pasypl eepMemuKo8 no cyxomy oCmamxy, 8bisICHIEMC, Ymo
meepdocmv no Illopy ysenuuusaemcs y 06pazyoé ¢ menvwum %

nokasamersns.

TS EUTHPOBaHMA:

IInxynoBa A.A., Huxomaesa O.J1. BnusHme amcrepcuit Ha CONpPOTUB/IEHME MAPOIPOHMIIAHMIO aKPUIOBBIX
repmeTukoB //  Om xumuu K mexHonozuu wiae 3a waeom. 2024. T. 5, Bpm. 2. C. 72-77
URL: https://chemintech.ru/ru/nauka/issue/5357/view

BBenenue

repMeTI/IKI/I Ha OCHOBE€ IIOJIMMEPOB CETONH UTPAIOT BaA’)KHYIO POJ/Ib ITPAKTMYECKN BO BCEX

obmacTax IIPOMBITITIEHHOCTU. OcHOBHOIT 06beM X HOTpe6}IeHI/IH IIpUXOOUTCA Ha CTPOUTEIbCTBO
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1 aBTOMOOW/IECTpOeHe /ISl TepMeTU3alM OKOH, Pas3INYHbIX IIBOB. BMecTe ¢ TeM, repMeTUKY
HAaXOJAT IpUMEHeHMe [JIs1 pelieHus OOJBLUIOTO CHEeKTpa OBITOBBIX Ipob/eM, Hampumep,
repMeTM3alisi CTEHOBBIX IIPOEMOB, JBEPHBIX 6/10K0B. Cpefiyt TaKMX IOIMMEpPHbBIX MaTepPUaIOB
Ha MMPOBOM pPbIHKe aKTMBHO IIOJIb3YIOTCSI CIIPOCOM aKpUIOBbIe repMeTuky [1]. AKpuaoBbie
TepMETUKM — OJHV U3 CaMbIX SKOTOTMYHBIX MaTepuajaoB, IPOCTbl B IPUMEHEHUN, CTOSAT
MEHbIlle, YeM MHOTMe Jpyrue BMAbI IePMETMKOB, YTO JelaeT MX JOCTYIHBIMU s Oosee
mypokoit ayguropuyu. OHY M3TOTaBIMBAIOTCA Ha OCHOBE BOJHBIX AVMCIEPCUII aKpPUIOBBIX
(co)monMMepoB, He COLIEPIKAIIX B CBOEM COCTaBe PACTBOPUTETIEN 1 KaKMX-T1O0 TOKCHYHBIX
BEIIIeCTB, I09TOMY M SIB/IAIOTCS He BPEIHBIMI JIA 3l0POBbs YeoBeKa [2-6].

Il cospmaHMst aKpUIOBBIX €PMETUKOB B IIEPBYI0 Odepenb IMOROMpAeTCs JUCIIepPCHs.
Otr Hee 3aBMCUT OOJBUIMHCTBO CBOJICTB TOTOBON IPOAYKLMYU — (PUSMKO-MeXaHIYeCKue
IIOKa3aTe/nmy, MapONPOHNUIIAEMOCTb, BOROIOINOLIEHNE ¥ T.K. AKPWIOBBIE HIMUCIEPCUN
HOTY4alOTCsI METOZIOM SMY/IbCYOHHON monmuMepusauuu [7, 8]. OZHMM M3 OCHOBHBIX
IIapaMeTpoB, IO KOTOPOMY OL€HMBAeTCs IPUIOJHOCTb PpeLeNTypbl TepMeTHKa i
repMeTM3alM/ ILIBOB, SBJSETCA MApONpPOHNULAaeMOCTb. CONPOTHUBIIEHNE MaPOIPOHUIIAHNUIO
IIOKa3bIBaeT, KaKoe KOIMYECTBO BOJSHOTO Iapa IPOXOANUT Yepe3 MOBEPXHOCTb repPMeTHKa B
TedyeHye BpeMeHN. Peryupys TOMINMHY C/1051, MO>KHO ITOJIy4aTh Ha HeM TI000€e COIIPOTUBIIeHIe
napornpoHunanuio. CormacHo Tpe6oBaHNAM K BHYTPEHHEMY CJI0I0, 3HaYEeHVE COIPOTBICHMS
HapOIPOHNIIAHNUIO TOJDKHO ObITh He MeHee 2,0 (m*-u-ITa)/mr.

B Hacrosilliee BpeMs Ha pBIHKe IPEACTaBIe€H [JOCTATOYHO LIMPOKUII aCCOPTUMEHT
repMETMKOB Ha OCHOBe aKpWIOBBIX aucrepcuit. ORHAKO, MCHIBITAaHWS CONPOTUBIIEHNS
[apPOIIPOHMIIAHNIO Ha M3BECTHBIX MapKax repMeTMKOB II0Ka3anu HU3KNe 3HaYeHNs, JIeXKallye
B uHTepBame 0,24-0,25 (m*wlla)/mMr. OTu pesynbTaTbl MHULIMMPOBAIM paspaboOTKy
COOCTBEHHOTO IPOAYKTA C 3aJaHHBIM 3HAYEHMEM COIPOTUBJIEHVS IAapPOIPOHNUIIAHNIO, U

usydeHne (pakTopoB, BIMAIOIINX Ha IaHHbIN II0Ka3aTe/b.
IKcnepuMeHTanbHasA 9acTh

H}IH IMOTy4YeHNA TEPMETUKOB MCIO/Ib30BaIN 6a30Bblil COCTaB, U3MeHseMOJ 4YacCTbio

KOTOPOTO sIBJISIIACh MO/IMMepHas OCHOBa (Tabt. 1).

Ta6muma 1. O61uit BU peLenTyps! repMeTuKa

HaumenoBanme KOMIIOHEHTa Copep>xanue, %
Hucnepcun 1-14 38,44
DynxuMoHaNIbHBIE JOOABKU 0,85
Hanonaurenn 54,91
[Tnactuduxarop 5,00
3arycTturenb 0,80
Bcero 100,00

B xauecTBe onnMepHOI OCHOBBI ObUTN BbIOpaHbl cTHponakpunoBsie (CA) u akpumoBbie
(A) mucriepcuy OT pasHBIX OTEYeCTBEHHBIX IpomsBopuTeneit. B Tabnmmuax 2 u 3 npuBeneHs

MI3BECTHDBIE XaPAKTEPUCTUKY JAHHBIX IVICTIEPCUIL.
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Ta6muua 2. V3BecTHbIe XapaKTepUCTUKY IpOMbINIIeHHbIX CA aucnepcuii

TOM5, BbINYCK 3, 2024

Homep
ITokasarenp
1 2 4 7 9 10 11 12 14
Cyxoii ocTaTok, % 50 50 59 57 50 57 50+1 50+1 49-51
MTIL °C 5-7 0 <0 <0 20 <0 0 0 20
T, °C H -7 -8 -6 32 -6 -31 -18 23
Bsaskoctb 1Mo 100- 4000- <500 150- 8000- 500- 500 - 500 - 5000-
Bpyxkdunbzy, mlla-c 500 11000 1200 15000 1500 1500 3000 16000
7,5- 6,5- 6,0- 7,5 -
pH 8 7,0-9,0 8 5,0-8,0 | 7,0-9,0
9,0 7,5 9,0 8,5
250-
Pasmep yactui, Hm 130 100 400 H <100 H 150 H H
Ta6muua 3. VIsBecTHbIE XapaKTePUCTUKY IIPOMBILIIIEHHBIX A fycIiepcuii
Homep
[Tokasarenp
3 5 6 8 13
Cyxoit ocTaToK, % 60 69 48 65 62+1
MTTII, °C <0 0-4 17 0-4 5-23
T, °C H -43 13 -40 7
Bsaskoctb o bpykdunnay,
550-950 150-500 200-900 H 40-250
mlla-c
pH 7,5-8,5 6,5-8,5 7,5-8,5 4,0-5,0 6,4-7,2
Pasmep vacruw, HM 200-400 H H H H

B ocHOBe monmy4eHNusa Kak CTUPONTAKPUIOBOTO, TaK M aKPMIOBOTO I'€PMETVKOB JIEXKAJIO
MeXaHM4YecKoe CMellleHleé KOMIIOHEHTOB peLleNITyphl U AajbHelllllee UX AMCIEpPTMPOBaHKe B
nucconbBepe Dispermat VLOK Bmectmmoctbio 2 1 (MomHOCTh pBurarens — 1000 Br;
perynupyemas pabodas ckopoctb 20-6000 06/muH) [9].

B3Bemennble HaBecky gycnepcun (1-14), pyHKIMOHANIBHBIX 00aBOK (IIEHOTACUTENS U
[VICIIepTaTopa) IMOMELIAIN B JIeXY, BKIIOYAIM MepeMellNBaHue Ha 15 MMHYT Npu HMU3KUX
oboporax ¢pe3sl M Banma aucconbBepa. [locie mMmonydeHMs OJHOPOZHOM MacChl B JEXY
3arpy>kKaiy OIpefie/IeHHOe KOIMYEeCTBO HAIIOMHUTEIA, IIPU 3TOM 000POTHI Bajla COXPAHS/IN B
HIDKHEM J[i/anasoHe, a OOOpOTHI (pe3bl YBEIMYMBAIU B 3aBUCUMOCTY OT BS3KOCTYU
PeaKUMOHHOI Cpefbl [0 HOCTIDKeHMsT obpaszoBanusi BOpoHKM. C MOMeHTa 00Opa3soBaHUsA
BOPOHKM IlepeMellVBaHMe OCYyLIecTBIs/IM B TeueHue 30 MMHYT JO OZHOPOJHON MaccChl
repMeryka. CrregyomyM sTarnoM 6bUI0 HobaB/ieHMe 3aryCTUTENS B JeXY IIPY YacTOTe Baja
25-30 06/MmuH, a ¢ppe3a BKIIOYATACh HA TTIOTHYI0 MOLTHOCTD Y IlepeMellIVBaHle IPOIO/IKAIOCh
40 MyHYT. BA3KOCTb TepMeTIKa HaYMHA/IA B 3TOT NIEPUOJ] CMJIBHO BO3PACTATh, YTO IPUBOANIO
K ero HarpeBy ¥ HeoOXONVMOCTY KOHTPOMMpOBaTh Temreparypy fo 35 °C. ITnactudukarop
nobaByA/IcA Hmpy 4yacToTe Bama U ¢pe3bl 10-15 06/MMH ¥ JanbHeNIIeM IepeMelIBaHUN
B TedeHMe 15 MuHyT. [OTOBBINI TepMeTUK BBITPYXKajJCA U3 [UCCONbBepa U IepefaBacs
B KapTPUIDKY /1 XPaHEHM L.

Omnpepenenne  CONpPOTUBIEHUA
coorBercTtBuu ¢ TOCT 25898-2012.

OmnpeneneHre MPOYHOCTHBIX CBOVICTB T'€PMETMKOB IPM PACTSHKEHUM IPOBOAWIN B
cootBerctBum ¢ TOCT 21751-76.

IMAapONIpOHULIIAHNI0 T€pPMETUKOB nmpoBognam B
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Omnpepenenne TBepmocT repmerukoB no Illopy A mpoBogwium Ha TBepAoMepe B
cootrBercTBuu ¢ [OCT 263-75.

PesyanaTbl IKCIIEPMMEHTA U X 06CY)KI[CHI/IC

[ia  monydeHus TepMETMKOB JICIONb30BAaHBI aKPWIOBble ¥  CTUPOTAKPUIOBbIE
pucniepcvn. Pag CA pucnepcuii, pefCTaBlIeHHbIX B Ta0J. 2, OTMYaeTcsA IO TeMIepaType
crexnoBanus (T.) — ofHOMY M3 ITOKas3aTeseil, KOTOPBIl II03BOJIAET OLEHUTDb COZEpKaHe
CTHposa B fucnepcyn. YeM BbIlIe 9TOT IOKa3aTesIb, TeM 60JIblle, COOTBETCTBEHHO, CTUPOJIA B
pucrepcyn. [lycriepcyy OTIMYAOTCA 110 BA3KOCTY Y IO pa3Mepy 4acTul,

Cepust gucnepcuit A, IpefcTaBIeHHBIX B Ta0J. 3, TaKKe OTIMYAETCSA IO ITOKa3aTessiM
MVHVMaJIbHON TeMIlepaTypbl IeHkoo6OpaszoBarenss (MTII) m Te, KoTOpble IOKa3bIBAaIoT,
Kakye BO3MOXXHBI MOHOMEPBI B COCTaBe IMCIEpPCHMM ¥ OOKOBBIe IieNM IIOMMEPHON
MakpoMosieKybl. [Tpy yBemueHny IMHBI el MaKpOMOJIeKy/IbI HoBbIIIaeTcs T., monumepa,
YBE/IMYMBAETCS TBEPOCTb M OTHOCUTENbHOE YAJIMHEHME IIEHOK BCIEACTBME BO3pAcTaHWUA
CTeIleHV KPUCTa/UIMYHOCTY Homu(MeT)akpuaaTtoB. A TrepMeTMKOB OOBIYHO VCIIOTb3YIOT
IPOAYKTHI, IIOMTyIeHHbIEe TP COMOMMMEPU3ALINI «MATKMX» MOHOMEPOB C HU3KIM 3HaYeHUEM
Ter (6yTHn- M 3TWITEeKCUIAKPWIAT) C «TBEPABIMM» MOHOMEpaMU € BBICOKON To (OyTwmin- m
MUTeIMeTaKpuiar). Takoe coueTaHue MO3BOJIsET NOMy4YaTh cononumepsl ¢ Te; 0-40 °C [10-12].

OpHMM M3  OCHOBHBIX  IIapaMeTpPOB,  KOTOPBII  OLIEHMBAeT  IPUTOJHOCTDb
paspabaTbiBaeMOll peLeNTypbl IepMeTM3MPYIOLIero MaTepuana /i TepMeTH3alyy IIBOB,
ABNsAeTcA conpoTusienne maponpornuannio [13]. Cymuocts MerTopa ero ompepenenus
3aK/II0YAETCs B CO3[JAHMY CTALIMIOHAPHOTO IIOTOKA BOJSTHOTO ITapa yepes VICC/IeRyeMblii oOpaser)
U OIpele/leHN) VHTEHCUBHOCTY 3TOTO IIOTOKA. /i1 HaHHOTO MCIIBITAHMUS TOTOBMIM [Ba
obpasia MaTepyuasaa KBaJpaTHOTO CEYeHNs CO CTOPOHO pasMepoM 100 MM ¥ TOMIIVHOM 5 MM.
BHavane ompependnach IUIOTHOCTb IIOTOKAa BOJAHOTO IIapa depe3d obpasel] A/ Bcex
repMeTMKOB g (Tabm. 4, 5).

Ta6muua 4. II7T0THOCTb IIOTOKA BOASIHOTO Mapa depe3 obpasels /st repMETUKOB, cofepxaiinx CA fuciiepcuio

Howmep ir | or | o4 7T or 10T 11T 121 14T
AT, 4 24
A, M 0,002
Am, mr 1055 | 125 145 | 1265 | 111 134 246 200 141
g mr/(em?) | 18502 | 21922 | 25430 | 22185 | 19467 | 2350 | 4305 | 3516 | 2472

Ta6muua 5. III0THOCTD IOTOKA BOASIHOTO Mapa Yepe3 obpasels st TePMETUKOB, COIEPIKAIINX A FUCIIEPCUIO

Howmep 3T 5T 6r 8T \ 137
AT, 4 24
AWM 0,002
Am, mMr 33,5 190,5 85,5 325,5 90
g, Mr/ (M) 587,5 3340,9 1499,5 57085 1578

/13 maHHBIX Tab/NL 4 ¥ 5 BUIHO, YTO IVIOTHOCTD ITIOTOKA BOZSTHOTO ITapa yepe3 oOpaser) g
nna repMmeruka 3, cofepikalero akpuWIOBYI HAMCIepcuIo, camasg Huskasg. CormacHo
TpeOOBaHNAM K BHYTPEHHEMY CJIOI0, 3HaYeHUe COIPOTMBJICHNA NapOIPOHNIIAHUIO TO/DKHO
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ObITh He MeHee 2,0 (Mm*-u-ITa)/Mr. OnpenennuB CONpPOTHBIEHVIE TAPOIPOHNUIIAHNUIO Y TEPMETUKOB
CO BCEMU JVICIIEPCHSIMU, OBIIO YCTAaHOBJIEHO, YTO MIMEHHO /sl repMeTrKa 31 9ToT mokasaresnpb
caMbli1 BbICOKMM 2,38 (m2-u-ITa)/mr (Tabmn. 6, 7).

Tabmuma 6. ConpoTuBIeHNe TapONPOHNLIAHNIO TEPMETKOB Ha OCHOBE A AVICIIepcuii
Homep 3r 5T 6r 8r 13T
R, (m*w-Ila)/mr 2,38 0,41 0,78 0,28 0,87

ComnpoTusnenne naponpoHunanuio B pAagy CA pucnepcuii Bo3pacTaeT ¢ pocToM T,
kpoMme repmerukos 10T, 11I' u 12T (Ta6n1.7), KoTOpas B CBOIO OYepefb OYEBUIHO HAIPIMYIO
CBsA3aHa C COflepKaHMeM CTUPOJIA B IUCIIEPCUMN.

Ta6muua 7. ConpoTuBIeHMe IapOIPOHUIIAHNIO TePMETUKOB Ha ocHoBe CA pucnepcui
Howmep 1T 2T 4T 7T or 10T 11T 12T 14T
R, (m?-a-Ia)/mr 0,67 0,53 0,48 0,56 0,63 0,58 0,3 0,38 0,55

Takum o6pasom, U3 aHammsa pe3yabTATOB C/IEAyeT, YTO Ha IapOIPOHMUIIAEMOCTDb
repMeTU3VPYIOLIET0 MaTepHaa BIMAET He TONIbKO IPUPO/ia IIOIMMEPHON OCHOBBI, CTEIIEHD €€
CIIMBKM, HO, BEPOATHO, TUII U KOIMYECTBO HATIOTHUTENA.

OTcyTcTBUE B MUTEpaType HeOOXOAMMBIX JAaHHBIX O (PU3UKO-MEeXaHNYeCKIX CBOMCTBAX
aKpWIOBBIX TePMETVKOB OOYCIOBMIO IIpOBeJeHNe 3KCIIEPMMEHTOB IO UX OIIpefie/IeHNUIO.
CyIIHOCTb METOJ0B OIpefie/leHNs MPOYHOCTU IPYU PaspblBe M OTHOCUTENbHOTO YAIMHEHNA
IV pa3pbIBe 3aK/II0YA/IaCh B PaCTsHKEHNM 00pa3IioB C MOCTOSHHON CKOPOCTBIO IIPY 3aJaHHON
TeMIIepaType [O paspblBa, VI3MEPEHUM CWIbl M YAJIVHEHNUsA obpasia Ipu paspblBe U
BBIYVMCIIEHUM OTHOCUTE/IBHOM OCTaTOYHON fedopmauyy 1nocme paspbiBa.  OO6pasiisl
Bblpy6am/[c1) B BUJi€ JIONMATOK JAMHHOM 115 MM, mupuHOM 19 MM M TOMIMHON 2 MM.
Omnpepenenne tBeppoctu no Ilopy 3akmroyanoch B M3MEpPEHUM CONPOTUB/IEHNA MaTepuana
HOTPYXeHMI0 B Hero uHpeHtopa. OOpaser| M1 MCIBITAaHUA HPEACTaBAn co00il maitby c
Hapa/UIeIbHBIMM  IUIOCKOCTAMM TOMIINMHON 6 MM. PesynbraTel mccnemoBaHmit ¢uU3MKO-
MeXaHUYeCKNX IToKasaTeseil BceX FepMeTVKOB CYMMMPOBAHBI B Tabmmmax 8 u 9.

Ta6muma 8. PusyKo-MexaHMYeCcKe I0KasaTe/ TepMeTHKOB Ha ocHoBe CA ucriepcnit

Homep
1T 2r 4r 7T or 10l 11T 12T 14T
[TpouHocTs mpu paspeiBe, H/mm? | 2,43 4,73 0,18 1,77 4,83 0,6 2,96 1,12 3
OTH. yomHeHue npu paspoise, % 136 71 103 145 54 148 116 118 94
Teeppocts o lopy 61 73 4 52 58 32 54 46 76

IToxasaTtenb

Ta6muma 9. PusyuKo-MexaHUYecKe I0KasaTe/I TepMeTUKOB Ha OCHOBe A IuCIIepCcuit

Homep
IIokasaTenp
3r 5T 6r 8T 13T
ITpouynocTs mipn paspeiBe, H/mm? 1,85 0,67 5,68 2,04 2,6
OrtH. yonuHeHne 0py paspoiBe, % 62 39 37 164 82
Teeppocts no Illopy 66 35 70 48 60

CornacHO HOJTy4YeHHBIM fAaHHBIM (Tabn. 8), ¢ yBemumuenmem MTII, Bsskoctu m pH
HaOJII0faeTcsl yBelMM4eHNe IIPOYHOCTM IIPpU paspbiBe, KOTOpas, BEPOATHO, CBs3aHA
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C yBEIMYEHMEM COJIeP>KaHMA CTUPONa B pucnepcun. IlokasaTenb OTHOCUTETBHOTO YI/IMHEHNA
IIPY paspbIBe 110 CPABHEHUIO C ITOKa3aTe/TAMM IPOYHOCTY YMEHbIIAETCH.

CpaBHuBasg 00pasnbl IO CYXOMY OCTaTKy, IHIPMXOAVM K BBIBOAY, YTO JIYYIIVMU
MPOYHOCTHBIMU TOKa3aTeNAMM OO/MafjaloT TepMeTHKy ¢ MeHbImM %. TBeppgocts mo Ilopy
TaKOKe YBEMINMBACTCA y 00pas3IloB, Y KOTOPBIX B IUCIIEPCHAX COIEPKIUTCA MEHbIINI % CyXOro
ocCTaTKa.

BoeiBoabl

Pe3ynpTaThl MCCTE[OBAaHMII [JAIOT OCHOBaHME IIOJIaraTh, YTO, MOCKO/IBKY IIOKa3aTenb
«COTIPOTUBJIEHNE MTAPOTPOHUIIAHNIO» SIBJISIETCS] OFHUM 13 OCHOBHBIX JIJIS1 TepMETUSUPYIOIINX
MaTepuanoB, JCIOMb3yeMbIX [ 3afe/lKM IIBOB pAasTMYHBIX V3/I0B, OI[eHKAa KadecTBa
paspabaTbiBaeMOll pelenTyphl OIpefie/inach II0 JaHHOMY II0Kas3aTemo. B mporecce paboTst
UCCNIeOBA/IOCh BVMSIHME THUIA OMCHEPCHY, UX (PU3MKO-MEeXaHWYeCKUX CBOVICTB Ha
CONPOTUB/IEHIE MAPOTPOHMUIIAHMIO TePMETUKOB. B mrore Obita BbiOpaHa oNTMMaabHas
perentypa repMeTHKa, 3T, 00/1a1ar01ero ITOBBIIIEHHBIM COTIPOTHUBIIEHNEM
napornpoHnannio — 2,38 (m*u-Ila)/mr.
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Introduction

Thiosemicarbazides have been of considerable interest for synthetic organic chemistry for
many years. They are widely used for the synthesis of nitrogen- and sulphur-containing
heterocyclic compounds due to the presence of several active reaction centres. The ability of
thiosemicarbazide to form complexes with cations of iron, zinc, copper, nickel, and other metals
plays an important role in biological processes. It determines a wide range of biological activity
of its derivatives. Among them are substances with antitumour, antimicrobial, antiparasitic,
insecticidal, antioxidant, and antiatherosclerotic effects [1]. Iron is an essential microelement
for the majority of vital functions of living organisms, such as oxygen transport, DNA synthesis,
participation in effector mechanisms of immunity, etc. The microorganisms also require
ferrous iron. Bacteria, by consuming iron from the environment, acquire the ability to better
resist unfavourable factors. According to many studies of pathogenic bacteria, many genes
responsible for pathogenicity areiron regulated [2].

The review paper [3] systematises data on the synthesis, structure, stability of complex
compounds of some transition metals with thiosemicarbazide and its derivatives. X-ray
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diffraction and IR spectroscopic studies have established the method of thiosemicarbazide
coordination and determined the structures of the complexes. In particular, thiosemicarbazide
with Cu(Il), Zn(II), Fe(II), Ni(II), and Ag(I) coordinates bidentate via the sulphur atom and
nitrogen of the hydrazine fragment. Complex compounds of rhenium(V) with
thiosemicarbazide were synthesised and studied in [4]. We found that TSC with rhenium(V)
coordinates bidentate via sulfur and nitrogen atom. The authors [4, 5] synthesised complexes
of rhenium(V) with 4-methylthiosemicarbazide (4MTSC) under identical conditions.
The identification of complexes by IR and PMR spectroscopy showed 4MTSC coordination
with rhenium(V) monodentate via sulphur atom. The authors explain the change in the
dentativity of the 4MTSC molecule by steric factors formed by the methyl group.

The paper [6] studies the processes of complexation in the system Fe(II)-Fe(III)-glycine-
Na(H)CIOs-H,O by the Clark-Nikolsky oxidation potential method. Experimental curves of
system EDS dependence on concentration parameters: pH, pCreqm, pCrean, pCL were obtained.
The complex Fe(IlI) compounds of the composition Fe(III) are formed in the system
Fe(II)-Fe(I1I)-glycine-Na(H)ClOs-H,O  depending on pH-solution: [FeHL(H,O)s]*",
[Fe(HL).(H,0)4]**, [Fe2(HL)2(OH).(H0)s]*, [Fe™Fe(HL),(OH),(H.O)s]**, as well as Fe(II):
[Fe(HL)(H,O)s]**, [Fe(HL)(OH)((H.O).]*, [Fe'Fe™(HL).(OH),(H.O)s]**. The paper [7]
discusses the conditions for the synthesis of Co(II) acetate complexes with melamine and
glycine on the basis of modern physicochemical methods. The authors of [8] studied the
condensation of 2-aminopyridine-3-carbaldehyde with 1-hydrazinophthalazine. A new
hetarylhydrazone was obtained and its complexation ability towards ions Ni**, Cu*, Cu*", Zn*
u Co’* was investigated. The authors show dependence of different composition and structure
complex compounds formation on the nature of the metal ions and acid residue.

The paper [9] describes the preparation of copper(II) complexes containing a number of
salicylaldehyde-semicarbazone ligands. The obtained complexes were characterised by
physicochemical methods. The X-ray structure of [Cu(HBnz,)Cl]-H,O shows that the complex
is monomeric one; the copper atom is four-coordinated in a distorted plano-square geometry.
The ligand chelates copper tridentate via imine(N), carbonyl(O), and phenolato(O) with the
fourth position occupied by coordinated Cl. The compound [Cu(Ph,)'H,O] is also formulated
as a monomer.

The authors of [10] studied the process of gold(III) complexation with 2-ethylimidazole
in solution. To determine the amount of complexes formed, the authors plotted the dependence
of AE on 1gC.. The authors defined the general stability constants of [Au(2-EI)Cl;] and
[Au(2-EI),CL]Cl complexes. Therefore, the stability of the complexes increases with increasing
temperature. The temperature factor affects the stability of the bisubstituted complex to a
greater extent. The authors of [11] synthesised and studied the physicochemical properties of
gold(IIl)  complex  compounds  with  1,2,4-triazole,  1,2,3-benztriazole, = and
1-furfurylideneamino-1,3,4-triazole. The molecules of 1,2,4-triazole, 1,2,3-benztriazole,
and 1-furfurylideneamino-1,3,4-triazole were found to be coordinated to gold(III) via the nitrogen
atom of the triazole ring by IR spectroscopic method. Themonosubstituted gold(III) complexes
in dimethylformamide up to the temperature of 35 °C behave as compounds of non-electrolyte
type; above this temperature there is a substitution of intrasphere chloride ions on DMFA
molecule with the formation of new complexes of electrolyte type. The gold(III) complexes with
1,2,3-benztriazole were found to be face-centred with the centre at the nodes and the middle of
the lattice basic plane. The number of structural units corresponding to them is four.
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Purpose of the research

Development of optimal methods for the synthesis of iron(III) complexes with
thiosemicarbazide, study of their most important physicochemical properties, and
establishment of the coordination method of Fe(I1I) with TSC.

Main body

Studies on the synthesis and establishment of the method of thiosemicarbazide and its
derivatives coordination to metal ions indicate that the method of this class of ligands
coordination is influenced by the nature of the solvent, the pH of the solution, and the presence
of a substituent with donor properties. We obtained complexes of iron(III) with TSC using
sulfuric acid solutions (pH<1) at different ratios of initial components. The data of elemental
analysis allowed us to establish the formation of iron(III) with TSC complexes with two and
three TSC molecules per one metal atom. Moreover, their formation proceeds according to the
following reactions:

Fe,(SO4); + 4TSC > ([Fe(TSC)2S04))2SO,
Fez(SO4)3 + 6TSC > ([FC(TSC)3])2(SO4)3

According to the chemical analysis, both complexes contain sulfate ions. To establish the
way of TSC and sulfate ions coordination to iron(III), IR spectra of the initial compounds and
synthesised complexes were recorded and compared. The vibrational frequencies in the
IR spectrum of TSC and its complexes with some transition metals were interpreted and
assigned in [3, 12, 13]. We used these data to establish the mode of coordination of TSC to
iron(III). Table 1 shows the characteristic frequencies of infrared absorption of TSC, ferrous
sulfate, and iron(III) complexes with TSC at 400-4000 cm™.

Table 1. Characteristic frequencies of IR absorption of TSC, ferrous sulphate, and Fe(III) complexes

Allocation Characteristic frequencies, cm™
TSC ([Fe(TSC),S04])-SO4 ([Fe(TSC)s])2(SO4)s Fe,(S04)5-9H,0
v(NH) 3367mid. 3396weak 3396weak -
3263mid. 3279weak, 3261weak, 3300weak, 3275weak, -
3258weak. 3264weak
3176str. 3170mid. 3188str. -
2972weak 2970weak 2970weak -
S(NH,) 1645str. 1635str. 1649str. -
1620str. 1612str. 1612str. -
S(NH)+Vv(CN) 1533str. 1559mid. 1556mid. -
ISV?EZEW 1508very weak 1508very weak i
v(CN)+86(NH 1485weak, . -
(ERD=OED 1458very 1556mid., 1440mid., 1400mid.
1400weak
weak
Amide III 1317mid. 1355mid. 1355mid. -
Amide III 1287mid. 1203weak 1200weak -
p(NH,) 1165mid. 1120mid. 1120str. -
o(NH,) -
V(NN) 1001str. -
v(CS) 800str. 694mid. 694mid. -
SO, 1186str., 1117str.,
- 1080very str. 1099very str. 1063str.,10155tr.
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IR-spectrum TSC (N*H,N°HCSNH5,) in the range of 2900-3500 cm* has four absorption
bands of different intensities (see Table 1). It has the valence vibrations v(N‘H,)-3367 cm™;
V(N*H,)-3263 cm’, v(N’H)-3176 cm’ and Vv(NH)-2972 cm’, respectively [12]. The
above-mentioned bands in the spectra of the composition complexes ([Fe(TSC),.SO4]).SO, and
([Fe(TSC)3])2(SO4); show different behaviour. Thus, undergoing slight changes, the band
V(NH)-3176 cm! in the IR-spectrum of the complex ([Fe(TSC)3])»(SO4)s appears at 3188 cm™.
The band responsible for v(N¢H,)-3367 cm™ in the spectrum of the complex composition
([Fe(TSC)3])2(SO4)s, undergoing a high-frequency shift, appears at 3396 cm™. The band
V(N*H,)-3263 cm™ splits into several bands of low intensity in the spectra of the complexes
(e.g., the IR spectrum of ([Fe(TSC)s])2(SO4)s. It shows three bands of low intensity at 3300, 3275
and 3264 cm’’, respectively). The TSC band appearing at 2972 cm™ undergoes a slight change
in the spectra of the complexes. Two bands of strong intensity at 1645 and 1620 cm™ appear in
the IR spectrum of TSC in the range of 1700-1600 cm™. A slight low-frequency shift of the band
appearing in the TSC spectrum at 1620 cm™ occurs in the IR spectrum of the complexes
(see Table 1). The TSC band at 1645 cm™ in the spectra of the complexes splits and appears as
two bands of strong intensity (see Table 1). The changes observed in the character of absorption
bands occurrence are related to valence; strain vibrations of NH groups are related to the
coordination of the nitrogen atom of the hydrazine fragment of the TSC molecule to iron(III).

The nitrogen atom of the TSC molecule in coordination is also confirmed by the change
in the frequency of the bands related to the valence and strain vibrations of the NH-, CN-, and
NN-groups in the spectra of the complexes compared to uncoordinated TSC. Thus, the band
related to ‘AmidelIl’ (see Table 1) in the IR spectrum of the complexes undergoes a strong
low-frequency shift and appears for ([Fe(TSC),SO.4]).SO4 at 1203 cm™; in the spectrum of
([Fe(TSC)3])2(SO4)s it appears at 1200 cm™. A very intense band in the TSC spectrum appears
at 1001 cm™. According to [3], this band is mainly contributed by o(NH,)- and v(NN)-groups.
We did not detect this band in the spectra of the complexes, i.e. it disappeared.

Many researchers [3-5, 12, 13] consider the band appearing in the IR spectrum of TSC at
800-805 cm™ to be the vibrations of the v(CS)-group. This band in the IR spectra of the
synthesised complexes, unlike TSC, undergoes a very strong low-frequency shift and appears in
the spectra of the synthesised complexes at 694 cm™ (see Table 1). The experimental fact
obtained is a strong evidence of participation of sulphur atom of TSC molecule in coordination
with iron(III).

The existence of the sulfate ion in the complexes is proved by the appearance of bands
characteristic of this ion in the complexes IR spectra. Fig. 1 and 2 show the IR spectra of
Fez(SO4)3-9H20 and ([Fe(TSC)3] )2(804)3.
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Fig. 1. IR spectrum Fe;(SO,);-9H,0
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Fig. 2. IR spectrum of the complex ([Fe(TSC);])(SO4)s

The infrared spectrum of Fe,(SO4)5-9H,O at 3200 and 1614 cm™ shows bands related to
valence and strain vibrations of the hydroxyl group of the water molecule. These bands in the
IR spectra of ([Fe(TSC),S04])>SOs and ([Fe(TSC);])2(SO4)s could not be interpreted, as these
regions show several intense bands of the organic ligand itself.

The oscillation frequencies for the sulphate ion according to [14] are characterised by the
oscillation frequencies at v; (983 cm™), v, (450 cm™), v5 (1105 cm™), and v4 (611 cm™). A band
of weak intensity is evident in the IR spectra of ([Fe(TSC),S04]).SOsand ([Fe(TSC)s])2(SO4)s,
in contrast to the TSC spectrum at 980 cm™. It likely refers to vi (983 cm™) of the sulfate ion.
The IR spectrum of Fe;(SO4);-9H0 in the range of 1000-1200 cm™ is characterised by a set of
alternating bands (see Fig. 1). According to [15], it can be attributed to v;sulphate ions, one of
which is a bridge between iron atoms. Two bands, a strong band at 1080 cm™ and a medium
band at 1120 cm™, appear in the IR spectrum of ([Fe(TSC),SO4]).SO4 in this range. These bands
are absent in the spectrum of TSC. The occurrence of bands related to vs (SO4) in the spectrum
of the complex suggests that one of the two sulfate ions is located in the complex inner sphere.
The IR spectrum of the complex composition ([Fe(TSC);]).(SO4); at 1000-1200 cm™ is
characterised by four bands (1059, 1072, 1116 and 1126 cm™). It clearly indicates the presence
of sulphate ions in the composition of the complex.

Thus, the synthesised complexes contain bands characteristic of iron(III), TSC, and
sulphate ions. Consequently, TSC coordinates with iron(III) bidentate via sulphur and nitrogen
atoms of the hydrazine fragment.

Thermogravimetric studies showed the essential difference of complex thermal
decomposition process from the thermal decomposition of the initial compounds.
The synthesized thiosemicarbazide complexes of iron(III) do not contain crystallisation water
molecules in contrast to Fe»(SO4);-9H,0. Thermograms of the complexes also do not contain
effects characteristic of organic ligands melting. Therefore, the thermogravigram of the
composition complex ([Fe(TSC).SO04]).SOsby the TG curve up to 185 °C is characterised by
mass invariance (Fig. 3).
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Fig. 3. Thermogram of the composition complex ([Fe(TSC),SO4]),SO.

No effects are also observed on the DTA curve in this temperature range, although the
melting temperature of TSC is 183 °C. The DTA curve of the complex is characterized by
alternating exo- and endoeffects in the temperature range of 200 °C - 320 °C. The mass loss
from the TG curve for the exoeffect is 2% of the suspension weight; for the endoeffect it is 11%.
We performed experiments with a larger weight of the complex in order to determine the
specifics of the complex changing in this temperature range. Our results were based on the data
of the complex thermogram. For this purpose, 0.5 g of the complex was kept under isothermal
conditions to a constant mass at a temperature of 320 °C in a thermo-cabinet. As a result, the
complex colour becomes light brown, and the mass loss is 12% of the weight of the suspension.
The complex heated at 320 °C was analysed for the content of the corresponding elements,
which were as follows: Fe=18.9%; N=14.5%; S=27.2%; C=4.22%; H=1.77%.

Presumably, in the temperature range of 200-320 °C decomposition and removal of one
of thiosemicarbazide molecule from the complex occurs as follows:

([Fe(TSC)st4] )2504 —>([FeTSC804])st4 + (NHzCSNHz)z + N2H4

The temperature ranges 320-530 °C for the complex is characterised by mass invariance.
At this temperature range there is no effects observed on the DTA curve. Starting from 550 °C,
the complex sharply loses its mass; the process completed at 740 °C. At this temperature range
the endoeffect is observed on the DTA curve. The percentage of mass loss on the TG curve at
this temperature range is 84% of the suspension weight. The initial complex weighing 0.556 g
was held to constant mass in a thermal oven at 750 °C in order to characterise the reaction
product. The product is formed as a result of thermal decomposition at the temperature range
550-740 °C. The percentage of mass loss of the complex was 81%. The sample subjected to
elemental analysis after decomposition in the thermo-oven contained 68% Fe. According to the
obtained experimental data, at the temperature range 550-740 °C there is a complete complex
decomposition. The molecule of thiosemicarbazide is first removed from the complex, and then
iron(III) sulphate decomposes to form iron(III) oxide according to the equation:

([FeTSCSO4]).SOs— Fe;05 + 3505 + (NH,CSNH), + N,H,
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The thermogram of the complex contains three molecules of TSC. It corresponds to the
composition ([Fe(TSC);]).(SO4)s, (Fig. 4) and differs from the thermogram of the
two-substituted complex (as it was discussed above) because in the thermogram of the former
all mass losses are characterised by exoeffects.

.°C

400.

Am,mg °*°
80

Fig. 4. Thermogram of composition complex ([Fe(TSC);])2(SO4)s

The thermogram of ([Fe(TSC)s])(SO4)s up to 190 °C along the TG curve is characterised
by mass invariance. There are no effects are also observed on the DTA curve of the complex at
this temperature range. At the range of 200-280 °C, the complex loses 6% of the total mass.
We used the data of thermogravimetry to conduct an experiment with a larger weight of the
complex to more accurately establish the nature of thermal decomposition. The complex heated
under isothermal conditions of 0.655 g changed its colour from light yellow to ashy.
The percentage of mass loss of the sample after heating was 6.9% of the suspension weight. The
elemental analysis data were as follows: Fe=14.9%; N=21.6%; S=28.8%; C=6.22%; H=2.77%.

Taking into account the data of elemental analysis, the percentage of mass loss of the
complex and the exo-effect on the thermogram, we can assume the occurrence of
decomposition of one ligand mole in the complex and its removal according to the equation at
this temperature range.

([Fe(TSC)3SO4])2804—)([F6(TSC)2804] )2504 + (NHzCSNH)z + N2H4

Three exoeffects are observed in the thermogram of the complex in the range 320-660 °C.
The first exoeffect occurs at 380 °C; the second and third ones occur at 420-460 °C. For these
exoeffects, the mass loss on the TG curve is continuous and there is no clear delineation. The
mass loss of the complex at the temperature region 320-660 °C is 65% of the suspension total
mass. Under isothermal conditions we have heated the complex; it turned into red-brown in
colour. Elemental analysis of the heated sample showed the substance consists of 63% iron.

Taking into account the data of elemental analysis, percentage of the sample mass loss
during heating, we can assume decomposition of organic ligands in the complex, their removal,
and then decomposition of iron(III) sulfate, according to equation at the temperature range
320-660 °C:

([FC(TSC)2804])2804—> Fe,Os + 350; + 2[NH2CSNH]2 + 2N,H,
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The complex thermogram above the temperature of 650 °C is characterised by an
endoeffect on the DTA curve; no mass loss of the complex is observed on the TG curve.
The endoeffect without mass loss is most likely related to phase transitions of Fe,Os.

The conductometric method is one of the accurate and convenient methods for studying
the properties and composition of coordination compounds. Indeed, firstly, the limitation to
the application of this method in coordination chemistry is related mainly to hydrolysis of
complex compounds in aqueous solutions (thus changing the composition of complexes).
Secondly, complex compounds containing complex organic molecules are poorly soluble both
in water and in organic solvents. Thirdly, the conductivity limits of different types of electrolytes
have been determined only for a limited number of solvents. Therefore, it was difficult to study
the electrical conductivity of iron(IIT) complexes with thiosemicarbazide and its acyl derivative.
The synthesised complexes do not dissolve in organic solvents with determined conductivity
limit. These compounds are poorly soluble in water. However, we prepared solutions of the
synthesised complex compounds with a concentration of less than 0.0014 mol/L in water by
heating.

Table 2 shows the values of temperature dependence of the molar electrical conductivity
of iron(III) complexes with thiosemicarbazide in water.

Table 2. Data of temperature dependence of molar electrical conductivity of aqueous solutions of synthesised
complexes, C=1.4-10-3mol/l

item w,Om™*-cm*mol™*
Complex compounds
n/a 293K 298 K 303K 308 K 313K
1 ([Fe(TSC),SO4]),SO4 279 292 331 362 397
2 ([Fe(TSC)1])2(SO.)s 587 648 712 732 760

According to the analysis, the electrical conductivity of all synthesised complexes
increases with increasing temperature. This is in agreement with the theory of electrical
conductivity on the increase of ion mobility with increasing temperature. If we compare the
values of the table (temperature 298 K) with the literature data [16], it is possible to determine
the synthesised complexes electrolyte type. The iron(III) sulphate complex containing two
molecules of TSC is 2:1 electrolyte. The complex containing three TSC molecules has
conductivity characteristic of electrolytes dissociating to form five ions.

The activation energy of electrical conductivity is a quantitative characteristic of ion
mobility in solution. To calculate the activation energy, it is sufficient to have experimental data
on the temperature dependence of the molar conductivity (see Table 2). The activation energy
from the data of the above table can be calculated both analytically and graphically. We chose

the graphical method of determining the activation energy using the equation lg u = — —

which is recommended in [17]. We determined the activation energy by using the dependence
lgu = f(1/T) (Fig. 5). For this purpose, we found tga of the straight lines and then calculated the
EaR

activation energy using equation tga = — 3
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Fig. 5. Dependence of Igu = f(1/T) for complex compounds of composition: 1 - ([Fe(TSC):SO4]).SO4;
2 - ([Fe(TSC)3])2(SO4)3

Table 3 shows the activation energy values of the synthesised complexes electrical
conductivity in water.

Table 3. Activation energy of the synthesised iron(III) complexes with thiosemicarbazide

it

1ne/r: Compound -tga E.q, cal/mol
1 ([Fe(TSC)2804]),804 732.18 2646.67
2 ([Fe(TSC)3])2(SO4)s 510.97 1847.05

According to Table 3, the activation energy has a minimum value for the complex that
dissociates to form five ions.
Table 4 shows the molar electrical conductivity of the synthesised complexes at dilution.

Table 4. Data of concentration dependence of molar electrical conductivity of complex solutions at 298 K

item g, Om-cm?mol™*
n/a Complex compounds Concentration of the complex, mol/l
1.4-103 1.3-103 1.2.10°3 1.1-103
1 ([Fe(TSC),5041),S0,4 274 297 322 343
2 ([Fe(TSC)3])2(SO4)5 532 555 589 615

By Table 4, with dilution for all complex forms, irrespective of the type of electrolyte, the
electrical conductivity increases. This dependence in coordinates p on VC is linear; it is a
characteristic of strong electrolytes.

We registered their X-ray diffractograms on X-ray diffractometer ‘Dron-3’ to determine
the lattice parameters of the synthesised complexes. We identified radiographs using the
Stipple-Lipson method [18]. Fig. 6 and 7 show the X-ray diffraction patterns of the
compositions complexes ([Fe(TSC),(SO4)]).SOs and ([Fe(TSC)s])(SO.)s. Both complexes show
the presence of a large number of sharp reflexes, indicating their high crystallinity.
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Fig. 6. Line intensity dependence on 26 for the complex ([Fe(TSC)»(S04)]).SO4

Ling
6000

00 100 20 200 400 500 600 20

Fig. 7. Line intensity dependence on 206 for the complex ([Fe(TSC)3])2(SO4)s

The interplanar distances and unit cell parameters of the complexes calculated from
powder X-ray radiographs by the Stipple-Lipson method [18] are given in Tables 5, 6 and 7.

Table 5. Identification of the complex's radiographs ([Fe(TSC).(S04)]).SO.

item 20 Sin*Oexp hkl $in?Oheor
1 9.732 0.007195 1:0:0 0.0064000
2 10.24 0.007964 0:1:0 0.0079000
3 11.044 0.009260 0:0:1 0.0092600
4 12.308 0.011492 1:1:0 0.0143000
5 14.856 0.016713 1:0:1 0.0156600
6 15.112 0.017291 0:1:1 0.0171600
7 17.406 0.022895 1:1:1 0.0235600
8 18.436 0.025661 2:0:0 0.0256000
9 21.254 0.034009 2:0:1 0.0348600
10 23.534 0.041588 2:1:1 0.0427600
11 25.768 0.049719 1:1:2 0.0513400
12 26.307 0.051784 1:1:2 0.0513400
13 27.631 0.057024 2:2:0 0.0572000
14 28.623 0.061105 2:0:2 0.062640
15 32.942 0.080389 0:3:1 0.0803600
16 34.693 0.088893 1:0:3 0.0897400
17 35.432 0.092598 1:0:3 0.0897400
18 38.598 0.109229 0:3:2 0.1081400
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19 40.328 0.118824 2:1:3 0.1168400
20 43.426 0.136869 3:3:1 0.1379600
21 43.929 0.139900 2:2:3 0.1405400
22 45.287 0.148222 3:1:3 0.1488400
23 49.576 0.175781 4:3:0 0.1735000
24 54.177 0.207358 4:3:2 0.2105400
25 55.669 0.218014 0:3:4 0.2192600
26 57.526 0.231542 2:4:3 0.2353400
27 59.329 0.244946 2:3:4 0.2448600

Table 6. Identification of the complex's radiographs ([Fe(TSC)3])2(SO4)3

item 20 Sin*Oey, hkl Sin?Oeor
1 10.225 0.007941 1:0:1 0.0080810
2 10.961 0.009122 0:1:1 0.0093420
3 11.382 0.009833 2:0:0 0.0109160
5 14.039 0.014935 0:2:0 0.0149060
6 14.516 0.015961 0:2:0 0.0159600
7 16.695 0.021076 0:2:1 0.0213120
8 16.827 0.021408 0:0:2 0.0214080
9 17.83 0.024015 1:0:2 0.0241370
10 18.335 0.025383 0:1:2 0.0253980
11 20.156 0.030621 3:0:1 0.0299130
12 21.648 0.035266 0:3:0 0.0359100
13 22.168 0.036959 2:1:2 0.0363140
14 22.928 0.039502 1:3:0 0.0386390
15 25.165 0.047457 2:3:0 0.0468260
16 26.979 0.054414 1:1:3 0.0548870
17 27.608 0.056931 0:3:2 0.0573180
18 29.589 0.065205 3:3:1 0.0658230
19 30.329 0.06843 2:3:2 0.0682340
20 32.392 0.077799 3:1:3 0.0767190
21 33.985 0.085408 1:3:3 0.0868070
22 35.671 0.093811 2:3:3 0.0949940
23 41.067 0.123029 1:5:2 0.1238870
24 45.386 0.148836 0:2:5 0.1497600
25 50.816 0.184094 0:5:4 0.1853820
26 57.658 0.232514 0:5:5 0.2335500
27 59.261 0.244436 2:5:5 0.2444660
Table 7. Structural parameters of crystal lattices of iron(III) complex compounds with TSC and FTSC
Unit cell parameters Number of
Compound Ligand strucFural Singony
a, A b, A 6 A units
per cell
([Fe(TSC)3504]),S0, TSC 9.64 8.67 8.01 2 Ortorhombic
([Fe(TSC)3])2(SOy)s TSC 14.76 12.20 10.54 2 Ortorhombic

According to Table 7, iron(III) complexes with TSC have orthorhombic syngony with
two structural units in the cell.
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Experimental part

We used Fe,(5S04)3-9H,0, FeCls-6H,O and Fe(NO:);-6H,O as starting compounds. They
were prepared according to the methods described in [19]. TSC-sold was marked as “T” and was
recrystallised from aqueous solutions. We determined Fe’* and CI ions in the complexes
composition by the gravimetric method [20]. We determined hydrogen, carbon, nitrogen,
and sulphur on a CHNS-element analyser “Vario-Microcube’, SO, and NO; ions by
potentiometric method using sulphate- and nitrate-selective electrodes. We prepared solutions
of H,SO,, HCl, and HNO; of different concentrations using fixanal.

We recorded the infrared spectra of the complexes in the range of 400-4000 cm™ on a
FTIR spectrometer IRAffinity-1 (SHIMADZU, Japan) in the form of KBr tablets. The electrical
conductivity of solutions of the synthesised complexes was measured in a closed thermostated
cell on a HI 8733 Conductivitymeter. We took X-ray diffractograms of powder samples on
X-ray diffractometer ‘Drone-3’ using ‘Illumination’ and ‘Reflection’ methods. We studied the
process of thermolysis of the formed complexes on a derivatograph ‘Q-1500" of the ‘Paulik-
Paulik-Erdey’ system.

Synthesis ([Fe(TSC).S04]).SOs. We added a solution containing 032 g of
thiosemicarbazide to 10 ml of acidic solution containing 1.0 g of Fe,(SO4)s9H,O while stirring
on a magnetic stirrer. A yellow sediment precipitates out of the solution after six hours of
stirring on a magnetic stirrer. The obtained complex was washed in cold water and dried in a
vacuum-exicator over concentrated sulfuric acid. The obtained compound is poorly soluble in
water and organic solvents. Found, %: Fe -14,16; N - 22,64; H - 2,48; C - 6,19; S - 28,88.
For ([Fe(TSC),S04]).SO; calculated, %: Fe - 14,66; N - 22,00; H - 2,62; C - 6,28; S - 29,32.

Synthesis ([Fe(TSC);])2(SO4);. We added a solution containing 049 g of
thiosemicarbazide to 10 ml of acidic solution containing 1.0 g of Fe,(SO4)s9H,O while stirring
on a magnetic stirrer. A brownish-white sediment precipitates out of the solution during three
hours of stirring. We washed the compound with cold water and dried it in a vacuum-exicator
over concentrated sulfuric acid. The obtained complex is poorly soluble in water and organic
solvents. Found, %: Fe - 12.13; N - 26.14; H - 3.05; C - 8.06; S - 30.06. For ([Fe(TSC)3])2(SO.)s
is calculated, %: Fe - 11.84; N - 26.64; H - 3.17; C - 7.61; S — 30.44.

Conclusions

1. The authors have developed optimal synthesis techniques and isolated new iron(III)
coordination compounds with TSC in solid state. The individuality of the formed complexes
was proved by elemental analysis, conductometry, thermogravimetry, IR spectroscopy, and
X-ray diffraction. The data of potentiometric titration on the stepwise character of iron(III)
complexation with TSC were confirmed. The authors suggested the most probable reactions for
the complexes formation.

2. We identified the synthesized complexesype electrolyte type by the conductometry
method. The authors identified the intermediate and final products of their thermolysis.
IR spectroscopy shows the coordination of TSC by iron(III) bidentate via sulphur and nitrogen
atoms.
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Introduction

Nowadays, rigid polyurethane foams are widely used as thermal insulation materials in
construction, manufacture of household appliances and refrigeration equipment,
transportation of liquefied natural gas, pipe insulation, etc. [1-3]. However, these foams are
applied as cryoisolation materials for the space industry [4-6].

Moreover, efforts are being made to improve the strength characteristics, heat and fire
resistance of polyurethane foams in regards to increasingly stringent requirements for
construction foams. The first attempts to address this challenge began sixty years ago.
It was realized in production of polyisocyanurate foams modified with urethane groups [7-10].
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Chemically, urethane-modified macromolecules are copolymers, mainly consisting of chains
of polyurethane and polyisocyanurate. However, the essential parameter used for the synthesis
of such a polymer matrix is the so-called isocyanate index (II). It is determined by the excess
of isocyanate over the theoretically necessary amount of substance for interaction with active
hydrogen-containing groups capable of interacting with isocyanates.

To obtain isocyanate bonds in the compositions, appropriate catalysts are used to facilitate
the process of isocyanate groups trimerisation. Therefore, this reaction kinetics and effective
catalysts used in the production of isocyanurate-containing polymers were studied [11, 12].

The trimerisation of isocyanate groups can proceed spontaneously at a temperature of
373 K even in the absence of catalysts [13]. Process under milder conditions requires a wide
range of additives. They are, in general, bases such as tertiary amines, quaternary ammonium
bases, carboxylates, alcoholates, phosphites, phosphines and other derivatives of potassium,
sodium, iron, cobalt, tin, etc. [14-18]. There are a lot of substances capable of catalysing the
isocyanate trimerisation reaction. However, the selectivity of these substances in terms of the
process is extremely low. As a consequence, the synthesis of polyurethane-polyisocyanurate
foams involves the formation of target (primary) products as well as a number of side

(secondary) bonds:
|(|)
.C. -R-OH
R-N"""0-R <= R-NCO
urethane J,{ H0
-R-NCO [+ RNCO
1
C
o o R-N""0H
Il I
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/C\ /C\‘
-CO,| + RNCO o° N "0 0
R 2
R-N=C=N-R isocyanurate R-H' ‘ﬁ-R

carbodiimide AL
urea derivative

Depending on substance composition, the actual number of secondary chemical reactions
may be significantly higher. A more detailed analysis isocyanate trimerisation mechanism into
isocyanurate and description of side chemical processes are presented in [19-23].

Those secondary chemical processes can significantly effect on chemical composition and
physico-mechanical properties of the obtained PIR foams. This problem is understudied.
Therefore, to identify their effect on the strength characteristics of materials, we made a
quantitative assessment of primary and secondary chemical processes in polyurethane-
polyisocyanurate foams.
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The experimental part

Initial reagents

Aromatic polyisocyanate by Voranate M229 brand (Dow, the Netherlands), mixture of
simple polyester polyols, an organosilicon foam stabiliser (Evonik Ind., Germany), water,
n-pentane (H.Ch., Ekos-1, Russia) as foaming agents were used as a composition for
polyurethane-polyisocyanate foams production; pentamethyldiethylenetriamine (Evonik Ind.,
Germany), potassium acetate solution in diethylene glycol (in a mass ratio of 30:70, Evonik Ind.,
Germany) were used as catalysts. Polyisocyanate injected into the component was varied to
achieve a given isocyanate index. PIR foams with isocyanate indices 150-400 in increments of
50 units were obtained. The amount of trimerisation catalyst (potassium acetate) introduced
into the component was changed in a trend similar to that for polyisocyanate.

The choice of PIR foams formulation based on polyesters is a result of their infrared
spectra. There are no intense absorption bands in areas that can be used in the study of reactions
occurring during the synthesis and subsequent storage of the studied materials.

2,4,6-tris-(dimethylaminomethyl)phenol, 3-[3,5-bis[3-(dimethylamino) was used as
alternative catalysts for trimerisationpropyl]-1,3,5-triazine-1-yl]-N,N-dimethylpropane-1-amine,
2-hydroxy-propyltrimethylammonium formate, 2-[(2-hydroxy-5-nonylphenyl)methylmethyl-
amino]sodium acetate, 2-ethylhexanoate of 2-hydroxypropyltrimethylammonium, potassium
acetate, 2,2-dimethylpropionate-N,N,N-trimethylmethanamine, and 2-ethylhexanoate of
potassium (Evonik Ind., Germany). The additives were both pure substances and solutions in
diethylene glycol and dipropylene glycol.

Phenylisocyanate (Acros Organics, Belgium) and 3-methyl-1-phenyl-2-phospholene-1-
oxide (Alfa Aesar, USA) as catalysts were used for diphenylcarbodiimide synthesis.
Phenylisocyanate was purified by distillation at reduced pressure.

All materials used were provided by OOO Izolan, Vladimir, Russia.

Foam synthesis methodology

To obtain samples of foams, mixed polyester component sample weights were placed in
glass vessels with a volume of 1000 cm?; calculated amount of n-pentane was added; the mixture
was intensively mixed for two minutes. Further, polyisocyanate was introduced into the system
and the mixture was stirred for five seconds by an automatic mixer at 3000 rpm. Containers
were tightly closed with a lid, preventing air contact with the forming foam. To completely
exclude air penetration into the vessel, the joints of the lid and glass were coated with T-1
paraffin (Lukoil, Russia).

The second series of PIR foams with an isocyanate index of 350, obtained using various
trimerisation catalysts, was synthesised similarly. However, foaming was performed in plastic
cups with a volume of 1000 cm’ without additional insulation of the formed foam.

Methodology of infrared spectroscopic analysis
The IR spectra of the samples were recorded on a Perkin Elmer FT-IR Spectrum Two
spectrometer equipped with a diamond prefix of attenuated total reflection (ATR). The spectra
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were recorded in the area 4000-650 cm™ at a temperature of 21 °C with a resolution of 4 cm™.
For each spectrum ATR correction and an automatic baseline were performed.

We made the quantitative assessment of isocyanate groups consumption for formation of
the main primary and secondary products contained in PIR foams by the method of the internal
standard described in [24, 25].

Elemental analysis methodology

The elemental analysis of the synthesised diphenylcarbodiimide was performed as an
additional indicator of synthesis results correctness. The analysis was performed on
PerkinElmer Series II CHNS/O Analyser in accordance with the ASTM D5291-21 standard.
The values of elements ratios for analysed substance were determined by the results of three

independent measurements.

Apparent density determination methodology

The apparent density of the synthesised foams was determined in accordance with the
ASTM D1622 standard; cubic samples of 50mmx50mmx50mm were cut from the obtained
materials. The paper presents the average values obtained by results of five independent

measurements.

Method of determining compressive strength

The compressive strength was determined in the direction of foaming on the Roell/Zwick
Z005 universal testing machine at a deformation rate of 10 mm/min with 10% linear
deformation in accordance with the EN 826:2013 method. Relative values of compressive
strength are given, numerically equal to the ratio of compressive strength to the square of foam
sample apparent density [26]. The result is an average value calculated by five independent
measurements.

The main body

In [24], we proposed a method for quantifying the consumption of isocyanate groups for
the main primary and secondary chemical processes occurring during the formation and
storage of polyurethane-polyisocyanate (PIR) foams. This paper considers the reactions of
allophanate and carbodiimide groups formation as the main secondary processes. One of the
by-products (secondary) in the composition of PIR foams is carbodiimide. The active formation
of carbodiimide bonds during the synthesis of pyrpenes occurs only at synthesis late stages at
temperature about 150 ° C in forming polymer core [27]. The carbon dioxide released during
the reaction sharply increases the volume of the foam. However, assessment of isocyanate
consumption for carbodiimide groups formation is very interesting.

To quantify the content of carbodiimide groups in the analysed foams, we developed
methodology based on the method of the internal standard. The calibration of the proposed
quantitative assessment method was in accordance with the methods described in [24, 25]. The
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synthesis of the model diphenylcarbodiimide was in accordance with the procedure by
Campbell et al. [28]. The correctness of the synthesis was tested by IR spectroscopy and
elemental analysis (see Table 1). The value of the calibration constant was 0.022+0.001.

Table 1. The results of synthesised diphenylcarbodiimide elemental analysis

Molecular formulae

Theoretical Experimental

C13H10N2 C13.1H9‘8N2.0

The dependence of carbodiimide groups concentration on composition isocyanate index
is shown in Fig. 1.

0.45
0.40
0.35
0.30
0.25 -
0.20 ’
0.15
0.10 |
0,05 |

150 200 250 300 350 400

Cearbodiimide, mol/kg

isocyanate index, c. u.

Fig. 1. The dependence of carbodiimide groups concentration on sample isocyanate index

Therefore, the amount of carbodiimide in PIR foam grows with an increase in the
isocyanate index. It agrees with the results of Bhattacharjee et al. [29]. Rather sharp temperature
decrease in active formation of carbodiimide bonds; their concentration remains unchanged.

However, to quantify isocyanate groups consumption for primary and secondary
chemical processes we assumed the time of IR spectra registration is 10 minutes after mixing
the components; all hydroxyl groups and water react with isocyanate to form urethane and a
urea derivative (we will use the term urea hereafter). The correctness of this assumption is
confirmed by the absence of analytical bands in the obtained IR spectra characteristic of
hydroxyl groups valence vibrations.

The consumption of isocyanate groups for the formation of primary and secondary
products, depending on composition isocyanate index is shown in Fig. 2. In accordance with
the above assumption, amount of isocyanate spent on urethane and urea formation was
estimated in terms of theoretical calculations; the amount of unreacted isocyanate groups and

isocyanate for formation of allophanate, carbodiimide, and isocyanurate was calculated in
accordance with the methods [24].
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Fig. 2. Dependence of isocyanate groups concentration accumulated in the form of analytical groups on foam
isocyanate index

By data in Fig. 2, the consumption of isocyanate for urethane and urea bonds formation
decreases with an increase in the isocyanate index of the component due to a decrease in the
mass fraction of the polyol composition in the initial mixture of components. Increasing in
component isocyanate index causes higher consumption of isocyanate groups for the formation
of allophanate, carbodiimide, and isocyanurate.

Indeed, an increase in the isocyanate index causes increasing of isocyanate spent on
trimer formation. Nevertheless, it is important to assess the conversion of isocyanate groups.
Those theoretically could enter the trimerisation process and convert to isocyanurate.
The conversion of isocyanate to isocyanurate was calculated according to formula (1). However,
calculation does not consider the isocyanate groups spent within the framework of the targeted
(primary) chemical processes of urethane and urea bonds formation. Therefore, experiment
considers only the concentrations of isocyanate groups that could potentially enter the
trimerisation process. This dependence is shown in Fig. 3.

Cncotri
Conversion = NCozuwimer 4100 (1)

NCO—der .second .gr.

where Cncosuimer s the number of isocyanate groups spent on isocyanate bonds formation;
CNCOsder. second. gr. 18 the number of isocyanate groups spent on allophanate and carbodiimide
bonds formation and unreacted isocyanate groups.

According to Fig. 4, the conversion of isocyanate to isocyanurate decreases with an
increase in the isocyanate index. Similar results were obtained in [30-32].
Indeed, the occurrence of secondary chemical processes (in particular, the accumulation of a
significant number of isocyanate groups in the form of carbodiimide and allophanate) with an
increase in the isocyanate index contributes to the emergence of significant spatial difficulties
significantly complicating the process of trimerisation. However, with an increase in the
isocyanate index, the amount of isocyanurate in the system increases (Fig. 2), the conversion of
isocyanate to isocyanurate decreases significantly.
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Table 2 shows the indicators of the apparent density and compressive strength of the
obtained foams. The dependence of the relative compressive strength on the isocyanate index
of the sample is shown in Fig. 4.
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Fig. 3. Dependence of isocyanate groups conversion to isocyanurate on the isocyanate index of the sample

Table 2. The apparent density and compressive strength of the obtained PIR foams.
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Fig. 4. Dependence of the relative compressive strength on the isocyanate index of the PIR foam

Dependence in Fig. 4 shows an increase in isocyanate index causes growing of the relative
compressive strength index in terms of the range of isocyanate index values. It corresponds to
the conclusions of Modesti et al. [30]. However, this effect is achieved mainly due to an increase
in the concentration of three-functional isocyanurate groups. It contributes to growing of
formed foam crosslinking degree. Although, the issue of secondary chemical processes depth
influence on physical and mechanical characteristics of PIR foams remains undefined.
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Moreover, in the analysed literature we were unable to find data on the influence of the side
reaction products on the strength characteristics of polyurethane-polyisocyanurate foams.

As mentioned above, the chemical nature of the various isocyanate trimerisation catalysts
used in the synthesis of PIR foams may vary significantly. Indeed, these additives are relatively
weakly selective. As a result, the same catalyst can effect on primary and secondary chemical
processes to differing degrees. In this case, there will be changes in both the chemical
composition and the resulting changes in the physical and mechanical characteristics of the
final product.

Therefore, to simultaneously study the effect of trimerisation catalysts on the secondary
processes and the strength characteristics of foams, a series of PIR foams with an isocyanate
index of 350 was obtained. We wused 2,4,6-tris-(dimethylaminomethyl)phenol (I),
3-[3,5-bis[3-(dimethylamino)propyl]-1,3,5-triazin-1-yl]-N,N-dimethylpropan-1-amine  (II),
2-hydroxy-propyltrimethylammonium formate (III), 2-[(2-hydroxy-5-nonylphenyl)methyl-
methylamino]sodium acetate (IV), 2-ethylhexanoate 2-hydroxypropyltrimethylammonium (V),
potassium acetate (VI), 2,2-dimethylpropionate-N,N,N-trimethylmethanamine (VII) and
potassium 2-ethylhexanoate (VIII) as catalysts. The list of catalysts under consideration
contains tertiary amines, carboxylates of quaternary ammonium bases, and alkali metals.

These trimerisation catalysts were introduced into the component used for the synthesis
of foam in equimolar amounts (0.01 mol of the active substance) both in the form of pure
substances and as solutions in diethylene glycol or dipropylene glycol. The hydroxyl number of
the final polyol compositions was equated by introducing a predetermined amount of
diethylene glycol, if necessary.

Using the methods described above, the concentrations of unreacted isocyanate groups
and the groups spent on the formation of isocyanurate, carbodiimide and allophanate were
estimated in the analysed samples after specified time intervals. The determined concentration
values of these values are presented in Table 3.

Table 3. Concentrations of isocyanate groups spent on analytical groups formation in samples of PIR foams

Exposure time, Catalyst
N m | ap | ap | avv | » | op | v | (v
CresiduaNnco, mol/kg

0.2 1.32 1.11 0.80 0.51 0.77 0.61 0.61 0.67

24.0 0.62 0.45 0.45 0.38 0.39 0.42 0.35 0.24
CNeo 5 carbodiimide, MOl/Kg

0.2 0.40 0.40 0.58 0.60 0.68 0.76 0.70 0.78

24.0 0.40 0.40 0.58 0.60 0.68 0.76 0.70 0.78
Cxcos isocyanurates mol/ kg

0.2 0.52 0.73 1.04 1.01 1.09 1.27 1.19 1.34

24.0 0.54 0.76 1.07 1.05 1.13 1.31 1.23 1.38
Cxcos allophanate> mol/ kg

0.2 0.89 0.76 0.69 0.68 0.74 0.65 0.67 0.58

24.0 0.87 0.73 0.65 0.65 0.70 0.63 0.64 0.56

Therefore, during the curing of foams, the concentration of isocyanate spent on carbon
diimide bonds formation was expected to remain unchanged; the proportion of groups
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transformed into the isocyanurate form gradually increased. Isocyanate accumulated in an
unreacted state and in the form of allophanate bonds was gradually consumed during the
analysed time. To a certain extent, this consumption is due to the formation of new isocyanurate
bonds. Indeed, the most of these groups interacted with air moisture with the subsequent
formation of urea bonds.

Table 4 shows the dependence of compressive strength and column height of PIR foam
on the type of used catalyst.

Table 4. Dependence of PIR foam properties on the type of trimerisation catalyst

Catalyst h, cm v, kg/™ o, kPa Orel, kPaxm®/kg?

I 97.0 63.7 394.2 0.097

II 128.3 54.8 347.6 0.116
111 129.6 45.0 266.8 0.132
v 130.8 50.8 354.0 0.137
\Y% 137.6 48.3 318.6 0.137
VI 143.8 48.2 324.9 0.140
VII 130.9 45.9 307.8 0.146
VIII 131.5 46.3 337.4 0.157

However, the apparent density, rise height of the obtained foams, and their compressive
strength change significantly during the transition from one trimerisation catalyst to another.
Apparently, the observed difference is a consequence of essentially different catalytic activity of
the analysed substances in terms of proceeding chemical processes.

Hence, by comparing the values of strength characteristics of the obtained foams
(Table 4) and concentrations of the considered groups (Table 3), the dependences of change in
the foam strength characteristics on their chemical composition were plotted (Fig. 5).

0.16
0.15

0,14

—
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>
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O @ SO - carbodiimide
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Fig. 5. Dependences of change in strength characteristics on chemical composition of PIR foams 24 hours after
components mixing
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Based on the data presented in Fig. 5, patterns of chemical composition influence on foam
strength characteristics are observed. The relative compressive strength of the foam increases
with an increase in the degree of isocyanate and carbodiimide crosslinking; this parameter
decreases with an increase of free isocyanate and unstable allophanate bonds. These conclusions
are partially consistent with the results of Modesti et al. [30]. In accordance to it, an increase of
isocyanurate in the foam causes its strength characteristics improvement. However, increased
isocyanurate causes foam fragility observing for pure polyisocyanurate foams. Therefore,
it is necessary to maintain a balance of urethane, isocyanurate, and basic secondary groups in
the composition to ensure it optimal strength characteristics.

In accordance with formula (1), the conversion values of isocyanate to isocyanurate were
calculated for the analyzed samples. The data are presented in Table 5.

Table 3. Conversion of isocyanate to isocyanurate with the considered trimerization catalysts
Catalyst I II III v \Y% VI VII VIII
Conversion rate, % 22.2 32.5 38.9 39.2 39.0 42.0 42.1 48.3

Hence, the most effective in terms of catalysis of the trimerisation process are organic
salts of alkali metals and quaternary ammonium bases. It agrees with the conclusion of Jianping
et al. [33]. The most appropriate catalyst contributed to an increase in the conversion of
isocyanate to isocyanurate were potassium 2-ethylhexanoate, potassium acetate, and
2,2-dimethylpropionate-N,N,N,-trimethylmethanamine, respectively. It corresponds to the
conclusions made by Lovenich et al. [32]. Therefore, catalysts based on alkali metal salts made
the trimerisation process more effective than salts of quaternary ammonium bases.
It corresponds to the results of Dick et al. [34] and Clift et al. [35].

Conclusions and recommendations

The research proposes a technique for the quantitative analysis of isocyanate groups spent
in the synthesis of PIR foams on the formation of isocyanate, allophanate and carbodiimide
groups. With increasing isocyanate index of PIR foams the maximum possible conversion of
isocyanate into isocyanurate decreases due to very active occurrence of hindering secondary
chemical processes. The influence of various isocyanate trimerisation catalysts on the strength
characteristics of the obtained foams and the completeness of the formation of isocyanurate,
allophanate and carbodiimide is analysed. The compressive strength of PIR foams grows with
increasing degree of isocyanurate and carbodiimide cross-linking and decreases with increasing
content of allophanate and residual isocyanate groups. Hence, the highest conversion of
isocyanate to isocyanurate can be achieved using 2,2-dimethylpropionate-N,N,N,-trimethyl-
methanamine, acetate and 2-ethylhexanoate of potassium as a catalyst for isocyanate
trimerisation.
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Introduction

Nowadays, mining-and-processing and metallurgical plants produce a large amount of
waste containing iron. Such enterprises face the acute problem of their waste utilisation.
One way to recycle iron-containing wastes is to produce iron oxide pigments [1]. They have
good pigment properties, such as covering and oil capacity, light, and weather resistance.

Due to the shortage of metallic iron, it became necessary to search for alternative ways of
obtaining raw materials for iron oxide pigments production. Waste of metallurgical production
containing iron oxide as a source of raw materials can be recommended for pigments
production. Many papers are interested in obtaining and developing of technological process
for iron oxide pigment production of [2-17].

Therefore, the search of simple technological method of obtaining iron oxide pigments

from industrial waste is very relevant one.
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Objects of the research

To obtain iron-oxide pigments, we used red-coloured iron ore, a waste containing iron
oxide, produced by the Yakovlevskiy mining and processing complex (Yakovlevsky GOK),
Cherepovets, Russia as a raw material. We used red iron oxide pigment (TU2322-166-
05011907-98) as a sample for comparison of pigment properties.

The authors investigated the elemental composition of iron-bearing ore by X-ray
fluorescence analysis (see Table 1). Table 1 shows that the iron ore contains a fair amount of
iron, which is most likely in oxide form. Consequently, such ore can be used to produce iron
oxide pigments.

Table 1. The elemental composition of iron ore

Composition of elements, wt. %

Fe Al P \Y%
41.376 0.022 0.156 0.022
Study results

We investigated the pigment properties of the ore and assessed its dispersibility to
determine ore using as a pigment. Table 2 presents the results of ore pigment properties studies.

Table 2. Studies on the properties of red-coloured iron ore

Indicator Value
Particle size, um 2.0
Iron content, % 75.55
Oil capacity, g/100g 10.3
Coverage, g/m* 55.5
Water-soluble salt content, % 1.30
pH of the aqueous suspension 7.46
Colouring capacity, % 0.06
Colour characteristics (colour coordinates in the CIEL*a*b* system) 1L*=14.60
a*=21.28
b*=46.88

Indeed, red coloured iron ore has a very good oil capacity value. It can provide a high
critical volume concentration of pigment in a composite material or coating. The covering
values correspond to iron oxide pigments of low-quality level. The water-soluble salt content
and pH of the iron ore aqueous extract meet the requirements for pigments. However,
the water-soluble salt content should be reduced by washing. Moreover, colouring power is very
low - 0.06 %. The unsatisfactory value of colouring power for (Yakovlevsky GOK),
Cherepovets, Russia ore is due to both insufficient dispersibility and lower purity of tone.
According to defined colour coordinates, its iron oxide ore does not meet the colour
requirements of red iron oxide pigment.

Fig. 1 shows a micrograph of an iron ore. Microscopy results show the presence of white
flecks. They can severely limit the use of this product as a pigment, as such impurities are most
often due to the presence of difficult-to-disperse quartz.
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Fig. 1. Microphotograph of Yakovlevsky GOK), Cherepovets, Russia iron ore (reflected polarised light,
coaxial illumination, magnification 800x).

Therefore, due to low intensity and unsatisfactory pigment properties, iron-oxide ore of
Yakovlevsky GOK), Cherepovets, Russia production cannot be used for iron-oxide pigments
production.

One way to utilise iron oxide waste is to obtain it by processing a product containing an
iron oxide pigment with transparent properties. The most common method of obtaining iron
oxide pigments is the calcination of iron-containing raw materials. Therefore, we investigated
the possibility of obtaining products with pigment properties by calcination of ore samples.

We synthesised pigments of iron ore of red colour by calcination in a muffle furnace at
temperatures 300-1000 °C. Table 3 shows the temperature dependence of calcination products
properties. Full colour and split colour plots of the synthesis products are shown on Figures 2-7.

Table 3. Studies of pigment properties of synthesis products

Indicator 300 °C 400 °C 500 °C 600 °C 800 °C 1000 °C
Average particle size, pm 2.9 3.80 2.8 4.40 4.1 7.1
Most probable particle size, pm 1.47 1.88 1.38 2.20 2.04 3.54
Iron content, % 59.83 66.11 33.0 64.35 36.0 25.0
Oil capacity, g/100g 51 16.5 12 115 12 11
Coverage, g/m* 15.66 23.33 30 26.07 30 28
Water-soluble salt content, % 0.017 2.5 24 2.35 2.08 2.56
pH of the aqueous suspension 7.50 6.89 6.85 6.728 6.92 7.23
Colour characteristics (colour 1%=34.07 1*=30.56 1%=29.48 1%=31.42 1*=32.33 1=27.2
coordinates in the CIEL*a*b* a*=13.08 | a*=10.31 a*=10.81 a*=10.54 | a*=14.79 | a*=11.27
system) b*=6.98 b*=6.40 b*=5.37 b*=7.05 b*=6.44 b*=4.12
c=14.83 c=12.13 c=12.07 c=12.68 c=15.86 c=11.99
H=61.91° | H=58.17° | H=63.58° | H=56.22° | H=66.47° | H=69.92°
Colouring capacity, % 20 76 72 68 56 24

The synthesis products have more saturated red and brown colours and good intensity as

can be seen in Figs. 2-7 and in Table 3.
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Fig. 2. Paintings of the synthesis product at 300 °C in full colour (left) and in brightening (right).

Fig. 3. Paintings of the synthesis product at 400 °C in full colour (left) and in brightening (right).

Fig. 4. Paintings of the synthesis product at 500 °C in full colour (left) and in brightening (right).

Fig. 5. Paintings of the synthesis product at 600 °C in full colour (left) and in brightening (right).
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Fig. 6. Paintings of the synthesis product at 800 °C in full colour (left) and in brightening (right).

Fig. 7. Paintings of the synthesis product at 1000 °C in full colour (left) and in brightening (right).

Products treated at temperature 300-1000 °C have similar pigment characteristics. They
have a lower covering power and higher oil content at the maximum calcination temperature
compared to the sample without calcination. This can be explained by the larger particle size.
The sample obtained at 400 °C is the closest to the standard and LRC without calcination.
Indeed, calcination can increase pigments colouring and covering power and reduce their oil
content. The product obtained by calcination at 400 °C shows better pigment properties.
Increasing the calcination temperature above 600 °C is not effective; the products obtained at a
higher temperature do not improve their pigment properties.

Conclusion

The research has shown the opportunity of using iron-containing waste containing
metallurgical waste as a raw material for the synthesis of iron oxide pigments by calcination.

We have studied the properties of ore calcination products at different temperatures.
According to the study, the obtained pigments have good colouring ability and pigment
covering, low oil content. The best pigment properties are obtained by calcination at 400 °C.
Further increase of calcination temperature is not effective and does not cause the improvement
of pigment properties.

The iron oxide pigments obtained during the studies can be recommended for
approbation as pigments for colouring cement, paving tiles, paint and varnish materials,
colouring paper, etc.
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Introduction

Nowadays, the most important source of environmental pollution are heavy metal ions.
They contained in industrial wastewater of various industries enterprises, including chemical,
petrochemical, mining, etc. The heavy metals are accumulated in the environment. Moreover,
they are not decomposed by microorganisms as organic substances are. High content of heavy
metals in ecosystems (plants, water bodies, soil, etc.) provides their accumulation in drinking
water, food raw materials, etc. As a result, entering the human body they cause serious harm to
health [1-2].

The toxic effect of heavy metals is non-specific. They are able to combine with proteins,
nucleotides, coenzymes, phospholipids, i.e. practically with all types of substances involved in
cell metabolism [3].

One of the strongest and most widespread chemical pollution is heavy metal pollution.
Heavy metals include more than 40 chemical elements of the periodic system of
D. I. Mendeleev; their atomic mass is more than 50 atomic units. This group of elements is
actively involved in biological processes being part of many enzymes and largely coincides with
the concept of ‘microelements’.

Heavy metals are released into the environment during the vehicular traffic and the
abrasion of road surfaces. It ensures releasing of dissipated lead, cadmium, zinc, iron, and other
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metals deposited in the roadside area into the atmosphere. These dissipated elements concerns
with harmfull emissions provided by motor vehicle engines

The composition of exhaust gases includes carbon monoxide, nitrogen and sulphur
oxides, hydrocarbons, heavy metal compounds, etc. These substances are involved in the
metabolic cycle of plants, animals and humans [4]. Moreover, these chemicals substances are
extremely toxic for living organisms.

Heavy metals are the second most dangerous pollutants. Only pesticides, carbon dioxide
and sulphur dioxide are followed by them. However, heavy metals could become potentially
more hazardous than nuclear power plant waste and solid waste. The high level of industrial
production is a reason of heavy metal pollution. Due to imperfect treatment systems, heavy
metals are released into the environment, including soil polluting and poisoning.

Nowadays, both official and unofficial established standards are used in Russia to assess
heavy metal contamination of soils. Their main purpose is to prevent excessive amounts of
anthropogenically accumulated solid metals in soil from penetrating the human body and
neutralise their negative impact. Heavy metals negatively affect plants, soil water, and soil itself.
Soil microorganisms are particularly susceptible to the impact of heavy elements; deterioration
of phosphate regime and loss of humus may also occur [5-7].

The study of soil mantle for heavy metal content is of great practical importance. As heavy
metals can be of a negative nature, it is necessary consider their content in terms of the
Maximum Permissible Concentration (MPC). Therefore, research results may become the basis
for monitoring and integrated soil mantle assessment. Moreover, they may also provide a basis
for a work plan to reduce heavy metal concentrations.

The purpose of the study is to determine the impact of vehicle transport on the soil
composition of arable land. Therefore, we selected a piece of land located in Sunzha,
the Republic of Ingushetia, The Russian Federation near 589 km of the Federal Highway
‘Kavkaz’ It is necessary to detect the content of heavy metal ions (Zn, Cd, Pb and Cu) in soil
sample by atomic absorption spectroscopy.

Hence, there is a necessity to perform the following:

1) To study the operating principle of atomic absorption spectrometer with
electrothermal atomisation ‘KVANT.Z’.

2) To determine the concentration of each heavy metal (Zn, Pb, Cd, Cu) in soil samples
taken at a distance of 5, 10 and 15 metres to the road.

3) To assess the degree of selected samples contamination.

Sources of soil contamination with heavy metals and their impact on the environment
and human health

Pollution is divided into natural (caused by natural causes) and anthropogenic (caused by
human activity) ones. The atmosphere, water, soil are the direct objects of pollution. Indirect
objects of pollution are plants, animals, microorganisms, and humans [5-6].

Chemical pollution is an increase of chemical components in certain environment,
penetration (introduction) of chemical substances into it in concentrations exceeding the norm
or not peculiar to it. However, chemical pollution is one of the most frequently occurring types
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of pollution produced by a variety of human economic activities. Chemical contaminant agents
include a wide range of chemical compounds. According to the World Health Organisation
(WHO), there are about 500,000 such compounds; about 40,000 are harmful substances and
about 12,000 are toxic ones [4, 6].

Heavy metal pollution can affect the environment, but the serious environmental
problem and the longest lasting effects of human activity is soil pollution. Accumulation of
heavy metals in soil occurs as a result of mining, smelting of metal ores, industrial emissions,
the use of pesticides, herbicides and fertilisers. Metals Cd, Cu, Pb, Zn and metalloids (e.g., As)
are considered environmental pollutants due to their persistence, bioaccumulative nature,
and serious harmful impact on human health and the environment [7].

The gross content of heavy metals in natural unpolluted soils is due to their concentration
in the original parent rock. It is impacted by soil formation processes and characteristics such
as organic matter content, environmental reaction, and granulometric composition. However,
heavy metal levels are now altered by anthropogenic impacts. Soils within urban areas are
exposed to chemical, biological, and radioactive contamination [8]. Particular attention in the
assessment of soils chemical pollution is paid to contamination by heavy metals and organic
toxicants. Moreover, heavy metals monitoring is compulsory in all environments.

MPC is main indicator characterising the impact of pollutants on the environment.
In terms of ecology, MPC of a particular substance represent the upper limits of limiting
environmental factors (in particular, chemical compounds). Indeed, the content does not
exceed the permissible limits of the human ecological sphere.

Approximate permissible concentrations (APC) of heavy metals in soils with different
physical and chemical properties (gross content, mg/kg) (supplement to No. 1 to the list of MPC
and APC No. 6229-91) for the elements to be determined as follows: for soils close to neutral
(loamy and clayey) Zn - 220 mg/kg; Cd - 2.0 mg/kg; Pb - 130 mg/kg; Cu - 132 mg/kg [18].

Lead, cadmium, iron, nickel, zinc, manganese, etc. enter the soil from motorways. Lead is
the first element to be considered when assessing the impact of transport on soil composition.
The widespread use of tetraethyl lead as an additive to petrol causes about 75 % of lead contained
in it released in the form of aerosol during its combustion and dispersed in the air [8].

Lead. The most serious source of lead contamination of organisms' habitats is automobile
engine exhaust. The anti-detonator tetramethyl - or tetraethyl lead — has been added to most
petrols in amounts of about 80 mg/litre since 1923. When a vehicle is driven, between 25 and
75 per cent of this lead is released into the atmosphere. Lead is not a life-sustaining element.
It is toxic and belongs to hazard class I. Its inorganic compounds disturb metabolism and
enzyme inhibitors (similar to most heavy metals), block -SH groups of proteins, poisoning,
damages of the nervous system, etc.

Cadmium and zinc. Cadmium, zinc, and copper are the most important metals in
pollution studies because they are widely spread around the world and have toxic properties.
Cadmium and zinc (as well as lead and mercury) are found mainly in sulphide sediments [5, 8, 9].
These elements are readily emitted into the oceans by atmospheric processes. Cadmium has a
relatively high volatility; it easily penetrates into the atmosphere. Sources of atmospheric
pollution by zinc are the same as cadmium. Zinc is the least toxic of all the heavy metals listed
above. Cadmium is much more toxic than zinc. It and its compounds are classified as hazard
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class I. It penetrates into the human body for a long period, blocks sulthydride groups of
enzymes, disrupts iron and calcium metabolism and DNA synthesis. Inhalation of air for
8 hours at a cadmium concentration of 5 mg/m?® can cause death [9, 18].

Copper. Copper is found in sulphide precipitates co-occurring with lead, cadmium, and
zinc. It is present in small amounts in zinc concentrates and can be transported long distances
with air and water. Absorption of large amounts of copper by humans causes Wilson's disease,
with excess copper deposited in brain tissue, skin, liver, pancreas. Indeed, it can increase cell
permeability, inhibits glutathione reductase, disturbs metabolism by interacting with -SH, NH,,
and COOH- groups [8-9].

Experimental part

Atomic-absorption spectrometer ‘KVANT-Z’ was used for analysis of metal content in
solutions of soil extracts. Atomic absorption spectrometer ‘KVANT.Z’ is designed for
quantitative elemental analysis of liquid samples of different origin and composition.
The principle of operation of the spectrometers is based on the method of electrothermal
Atomic Absorption (AA) spectrometry [16]. The sample to be analysed is vaporised in a
graphite tube furnace heated by an electric current. The free atoms of the element to be
determined absorb the resonance radiation, with the maximum absorption occurring at the
analytical resonance spectral line. It is usually used for AA measurements. The graphite furnace
is placed in a longitudinal alternating magnetic field [13-14].

Atomic Absorption Spectrophotometry (AAS) allows ones to determine the gross content
of Si, Al, Fe, Ca, Mg, K, Na, Mn, Ti, biologically important trace elements (gross content and
mobile forms) - Zn, Cu, Co, Ni, Cr, V, etc. in soils. This method can be used to determine
exchangeable bases and absorption capacity, study the composition and number of water-
soluble cations in soil [15]. Its main features are versatility and selectivity. Due to its high
selectivity, the analyser allows ones to determine the content of a wide range of elements in
samples of different composition — without or with minimal sample preparation. Worldwide
AAS with Electrothermal Atomisation (ETA) and non-selective absorption corrector is a
reference method for determination of low elemental contents in samples of complex
composition. Control of the measurement process and processing of the obtained information
is performed using a computer with the installed software.

Determination of Zn, Cd, Pb and Cu by atomic absorption spectrometry

The method of atomic absorption spectral analysis is based on the phenomenon of
absorption of resonance radiation by free atoms of an element. For each element there are
certain allowed states — energy levels. Consequently, there are certain emission and absorption
wavelengths for each element [14].

The AA measurement uses resonance lines corresponding to transitions of atoms from
unexcited to excited levels. Conversion of the sample to the atomic vapour state is performed
in an analytical cell (graphite tube furnace) of an electrothermal atomiser; it is heated to element
atomisation temperature to be determined according to a special temperature-time
programme; it includes evaporation of the sample to a dry residue, its ashing and atomisation;

114



A&ROM CHEMISTRY TOWARDS TECHNOLOGY VOL. 5, ISSUE 3, 2024

those accompanied by measurement of metal absorbance at its resonant spectral line emitted
by an appropriate lamp with a hollow cathode [13, 17]. Table 1 shows the conditions of
measurements on atomic absorption spectrophotometer with atomisation in graphite cuvette
for Zn, Cd, Pb, and Cu.

Table 1. Conditions of analysis

Element Wave length, nm Slot width, nm Ashing temperature, °C | Atomisation temperature, °C
Cd 228.8 0.2 800 1,400
Cu 324.8 0.7 1,200 2,400
Pb 283.3 0.2 1,300 2,200
Zn 213.9 0.2 700 1,600

The main stages of the study

1. Preparation of calibration solutions

We prepared operating calibration solutions in measuring flasks by serial dilution.
We used nitric acid with a mass concentration of 0.1 mol/dm? for dilution.

When preparing operating calibration solutions, we take the solution in the following
volumes: Zn - 1.0 mg/dm?, Pb - 1.0 mg/dm’, Cu - 0.50 mg/dm’, Cd - 0.50 mg/dm® in measuring
flasks 100 cm’ mark them with nitric acid of mass concentration 0.1 mol/dm’ mix them
thoroughly. Nitric acid with a concentration of 0.1 mol/dm’ is used as a reference solution for
determining the calibration characteristic.

We added concentrated sulphuric acid to the measuring flasks with the rate of 0.5 cm’® per
10 cm’® of the calibration solution.

Preparation of operating calibration solutions for soil analysis is conducted in accordance
with Table 2.

Table 2. Values of operating calibration solutions for soil analysis

Mass concentration Volume of selected reference solution, mm
Metal of initial solution, Number of operating calibration solution
mg/dm? 1 2 3 4 5
Copper, lead and zinc 2.0 20 50 100 200 400
Cadmium 0.5 4 10 20 40 80

We took the volumes of intermediate solutions of cadmium, copper, lead, and zinc with
mass concentration of 2.0 and 0.5 mg/dm’ indicated in Table 3 using dosing devices of DPV-1
type with interchangeable tips. Then we put them into measuring flasks of appropriate
capacities; marked them with background solution and mixed.

Next, we put a 2 g sample weight of the analysed sample into a glass beaker; added 10 cm?
of nitric acid with a molar concentration of 0.5 mol/dm? stirred and heated the mixture at
90 °C. Then we filtered the sample through a paper filter into a 100 cm?® measuring flask; marked
the solution to with bidistilled water.

2. Preparing the sample for analysis
We added a solution of the appropriate modifier (20 pg/cm? Pd for cadmium, copper, and
lead, and 100 pg/cm® Mg for zinc) to a 2.0 cm?® Eppendorf tube, marked with a prepared blank
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sample and stirred. We converted to the average metal content per filter. The values resulted
are subtracted by analysing the solution samples.

3. Preparation of AAS with electrothermal atomisation

The AAS is prepared for operation to measure mass concentrations of metals in
accordance with the AAS operating manual.

In accordance with the AAS programme, dosing of the sample into the graphite cuvette
made by a doser of the DPV-1 type and the temperature-time heating programme of the
AAS atomiser for measuring the mass concentration of metals were also selected [15, 16].

However, the programme automatically sets the required temperature and measurement
time for each metal.

4. Establishment of calibration dependencies

Three measurements were made when atomising the calibration sample with zero
concentration of metal ion (blank sample) and at least three measurements when atomising the
calibration samples in ascending order of their concentrations.

Graduation dependences for each metal are calculated by the least squares method in the
coordinates: metal concentration in pg/dm?’ - analytical signal value in absorbance units using
the AAS data processing programme.

5. Measurement procedure

To perform AAS measurements, the prepared solution is dosed into the graphite furnace
and the mass concentration of each metal is measured according to the appropriate AAS
programme. The measurement is repeated; the values of metal mass concentration are
averaged, if the difference between them does not exceed the limit of repeatability.

Then the mass concentration of the element to be analysed; blank solutions is determined
by the calibration characteristic according to the average value of the output signal.

The value of mass concentration of the element in solutions (Cmi, Cm: are parallel
determinations and Cx) is indicated automatically when using software.

We calculated the average value of the mass fraction of the element for the two
determinations (X44¢) by the formula:

XAAC1 4 YAAC,

xAcC = , ()
2
and checked the acceptability of the results of parallel determinations by condition:
XAAC) _ yAAC,
+100 < d, 2)

XAAC

where d is the standard (limit of repeatability of results of parallel determinations); d = 30 % [16].
Results of the analysis

Tables 3 shows the numerical values of metal concentrations obtained during the analysis
for soil samples taken at distances of 5, 10 and 15 metres to the road.
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Table 3. Numerical values of concentrations of determined metals in soil samples
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Numerical values of metal concentrations in a soil sample

taken at a distance of 5 metres to the road

Metal Value of the blank The closest values Arithmetic average value
sample
Cu 0.069 0.264+0.395 0.330
Pb 0.160 0.690%0.520 0.605
Cd 0.013 0.035+0.010 0.027
Zn 0.046 0.680+0.557 0.619
Numerical values of metal concentrations in a soil sample
taken at a distance of 10 metres to the road
Metal Value of the blank The closest values Arithmetic average value
sample
Cu 0.069 0.270+0.341 0.306
Pb 0.160 0.645+0.523 0.584
Cd 0.013 0.019+0.024 0.021
Zn 0.046 0.462+0.414 0.438
Numerical values of metal concentrations in a soil sample
taken at a distance of 15 metres to the road
Metal Value of the blank The closest values Arithmetic average value
sample
Cu 0.044 0.283%0.305 0.294
Pb 0.105 0.525+0.498 0.517
Cd 0.023 0.011+0.013 0.012
Zn 0.031 0.42310.460 0.428

We then used formulae 1 and 2 to calculate the resulting numerical values given above

and obtained the following approximated average values for each individual metal (Table 4).

Table 4. Average values of the mass fraction of determined metals

Metals contained in
soil samples at a

Average value

Metals contained

Average value

Metals contained

Average value

calculated by

in soil samples at

calculated by

in soil samples at a

calculated by

distance of 5 metres | formulas 1 and a distance of 10 formulas 1 and distance of 15 formulas 1 and
to the road 2 metres to the road 2 metres to the road 2
Cu 39.7 Cu 23.2 Cu 7.5
Pb 28.1 Pb 20.9 Pb 52
Cd 59.3 Cd 23.8 Cd 16.7
Zn 19.9 Zn 10.9 Zn 8.3

As a result of the atomic absorption spectrometer analysis, soil samples located closer to

the road (at a distance of 5 metres) had higher metal content than soil samples located 10 and
15 metres to the road. Compared to APC and MPC, the indicators do not exceed the values of
permissible concentrations (list of MPC and APC No. 6229-91 [17]). Indeed, motor transport
has a negative impact on the pollution of soils located near the motorway.

Fig. 1 shows the results of laboratory analyses by atomic absorption spectrometry.
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Fig. 1. Value of laboratory analyses by atomic absorption spectrometry
Conclusion

Currently, development of the automotive industry and the constant growth of vehicles
have negative impact on the environment and human health. Hence, there is a necessity of this
issue detailed study, development its monitoring system and search for solutions to minimise
the harmful impact. Increased awareness and attention to this issue will ensure a safe
environment and preserve future generations health.
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Keywords: Abstract. Antibiotics increased industrial production is the reason of their occurrence in
mechanochemical wastewater, soils, groundwater, and drinking water. In this regard, treating the
activation, sorption,  environment for pharmaceuticals is one of the urgent environmental challenges. Synthesis
bentonite, activated  of adsorbents using different types of raw materials by the methods of mechanochemical
carbon, tetracycline  activation makes it possible to significantly increase their sorption capacity due to the
hydrochloride, accumulation of various kinds of defects in the crystal structure of the adsorbent. We
mechanism obtained the bentonite-carbon composite using roller-ring vibratory mill with coal-
bentonite ratio of 30 : 70 and 50 : 50. However, the nature of the interaction between
carbon and bentonite correlates with changes of surface area and porosity. The porous
structure parameters of the samples show the mechanochemical activation of the mixture
involves their components interactions. The authors studied the structural and chemical
changes during the modification of bentonite with activated carbon by analysing the
vibrational spectra of carbon, initial, and modified aluminosilicate samples. According to
infrared spectroscopy of adsorbents, absorption bands characteristic of Si-O-C bond
vibrations occurred. The paper investigates the sorption capacity of mechanochemically
modified natural clay mineral Dash-Salakhli bentonite towards tetracycline
hydrochloride. Research investigates the kinetics of the process and rapid sorption of
tetracycline. The paper provides possible mechanisms of chemisorption due to donor-
acceptor interaction and ion-exchange processes.
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Introduction

Bentonite is a flaked aluminosilicate — AL[SisO10](OH),-nH-O. It widely occurs in nature,
contains at least 70% of the mineral montmorillonite [1, 2]. The most significant advantages of
this sorbent include its wide distribution and availability, low cost, high temperature resistance,
and the possibility of changing its technological parameters through mechanochemical
modification.
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One of the methods for obtaining bentonite-based nanocomposites is modification of
aluminosilicate. The introduction of external nanoparticles contributes to the destruction of the
hierarchical structure. This structure is formed as a result of adhesion of individual crystallites
of layered silicate. It can cause changes in textural and physicochemical properties of the
obtained composite. Activated carbon is of interest among the modifiers used.

Therefore, the synthesis of adsorbents using mechanochemical activation (MCA)
methods based on various raw materials is a challenging issue. This will significantly increase
the sorption capacity of the material due to the accumulation of various kinds of defects in the
crystal structure of the adsorbent. It also allows ones to increase the number of acid centres on
their surface [3, 4].

The industrial production of antibiotics is accompanied by output of huge volume of
wastewater. Antibacterial drugs rank first among all pharmaceutical products in terms of
industrial production volume and economic indicators. Since 1948, tetracyclines have been
used in medicine and veterinary medicine for the treatment of various diseases: pneumonia,
chronic bronchitis, acne, brucellosis, whooping cough, etc. due to a wide spectrum of
antibacterial action. The presence of antibiotics (in particular tetracycline) is being increasingly
registered annually in wastewater, soil, groundwater, and drinking water. Therefore,
environmental purification of pharmaceuticals is one of the urgent issues [6, 7].

The purpose of the present study is to obtain composites based on bentonite and activated
carbon by mechanochemical method, as well as investigate their sorption properties in relation
to tetracycline hydrochloride

Experimental part

We used a natural clay mineral Dash-Salakhli bentonite. Density is 2.18 g/cm®. The ion
exchange capacity of the clay is 75 to 120 mg-eq/100 clay. Activated carbon of BAU-A grade
GOST 6217-74 was used as a modifying substance [8, 9].

Tetracycline hydrochloride, a pharmaceutical substance in the form of pills
(manufacturer is AO Biohimik, Saransk, Russia) was used as a sorbable substance. Tetracycline
is a condensed system consisting of four partially hydrogenated benzene rings.

The specific surface area of the clay adsorbents was determined by low-temperature
adsorption and desorption of nitrogen vapour on a Sorbi-MS. The surface area was calculated
according to the BET equation [10]. We calculated the total pore volume of aluminosilicates,
pore size distribution using the Barrett-Joyner-Halenda (BJH) model.

We performed infrared spectroscopy of the investigated adsorbents by the diffuse
reflectance method on a Tensor 27 FTIR spectrometer. This instrument allows ones to obtain
spectra in the range 4000 cm™ - 400 cm™.

According to available literature data [11], tetracycline is most stable in acidic medium; it
decomposes in alkaline medium and undergoes hydrolysis in medium close to neutral.
Therefore, we used acidic solutions of tetracycline. We studied tetracycline sorption by
bentonite-carbon adsorbent in static mode at room temperature and pH=1.1.

We took 25 cm’® of the initial solution of tetracycline into a chemical beaker, added 0.5 g
of sorbent and kept it under stirring for certain time intervals; then the phases were separated.
The initial concentration of antibiotic in the solution was C,=0.0165-10° mol/l. We checked the
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sorption process by the change in the optical density of the solution; it was determined by
spectrophotometry at A=262 nm (spectrophotometer U-2001, USA).

Results and Discussion

The bentonite-carbon composite was obtained using a VM-4 roller-ring vibromill with
an oscillation frequency of 930 min™ and an energy intensity of 5.4 kW/kg; the mass of the
loaded material being 40.0 g; the activation time is 15 minutes. We obtained samples with
carbon-bentonite ratios of 30 : 70 and 50 : 50.

We estimated the nature of the interaction between carbone and bentonite by changes of
surface area and porosity. The specific surface area of carbon is 1070 m*/g; of bentonite is
26 m?/g (Table 1). We calculated the specific surface area of the composite taking into account
the ratio of components and compared it with the measured one (Figs. 3, 4).

The specific surface area of adsorbents after mechanochemical activation increased
compared to the calculated one for sample 3 by 11%; for sample 4 by 3%. Similar results were
observed when comparing the value of total porosity. The increase in total porosity for the third
sample was 19%; for the fourth sample — 17%.

It indicates the mechanochemical activation of the mixture is accompanied by interactions
between the components.

Table 1. Parameters of the porous structure of the samples

Sample
Parameter . . Carbon : bentonite Carbon : bentonite
Activated carbon | Bentonite
30:70 50:50
Sample No. 1 2 3 4
Specific surface area, m*/g 1070.0 26.1 373.8 562.7
Total pore volume, cm’/g 0.519 0.048 0.225 0.331
Volume of micropores, cm’/g 0.390 absent 0.091 0.176
Volume of meso-
5 0.129 0.048 0.134 0.155
and macropores, cm®/g

We obtained information on the nature of structural and chemical changes in the process
of bentonite modification with activated carbon by analysing the vibrational spectra of carbon,
initial, and modified aluminosilicate samples (Fig. 1).

The IR spectrum of activated carbon (Fig. 1, sample 1) shows a rather broad band in the
wave number range of 3200-3600 cm™, which is characteristic of the O-H bond. Hydroxyl
moieties are constituents of phenolic and carboxyl groups. In addition, the vibrations in
adsorbed water molecules can be observed [12]. The bands corresponding to the valence
vibrations of the C-H bond are located in the range of 2850-2950 cm™; the band at 1395 cm™
corresponds to the strain vibrations of this bond. Several bands in the range 1600-1760 cm™
characterise the valence vibrations of the C=0O bond in carboxyl and ketone groups. The bands
corresponding to vibrations of the C=C bond in the aromatic system are located in the same
range. The 1090 cm™ band corresponds to vibrations of the C-O bond in ether and alcohol
groupings [13].

As in the case of activated carbon, the spectrum of the initial bentonite (Fig. 1, sample 2)
shows a broad band in the range of 3400-3700 cm™ with two extrema. The 3424 cm™ band
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reflects the vibrations of the O-H bond in water molecules; 3630 cm™! indicates the vibrations
of this bond in Si-O-H silanols [14]. The presence of structural water is confirmed by the
1630 cm™ band [15]. The peak in the range of 1044 cm™ corresponds to the vibrations of Si-O
bond in aluminosilicate, and small bands at 794; 465 and 521 cm™ characterize the vibrations
of Si-O-Si and Al-O-Si bonds, respectively [16].
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Fig. 1. IR spectra: 1. - Activated carbon; 2. - bentonite, 3 - carbon : bentonite = 30 : 70; 4 - carbon : bentonite = 50 : 50.
The mechanoactivation time is 15 minutes.

The IR spectra of samples obtained by co-machining of activated carbon and bentonite
(Fig. 1, samples 3 and 4 show bands characteristic of both these materials. Primarily, the
disappearance of the 3630 cm™ band can be explained by the interaction between carbon and
aluminosilicate via silanol groupings. As a result, Si-O-C bonds can be formed (1232 cm™) [17].
The condensation of several silanol fragments to give Si-O-Si siloxanes is also probable. The
appearance of several bands in the range 3700-3900 cm™, reflecting vibrations of the Al-O-H
bond, is also noted. Apparently, displacement and rearrangement of vacancies for OH-groups
occurs during mechanical activation. This is consistent with the decrease in the intensity of the
1630 cm™ band. The formation of additional functional groups acting as active centres has a
positive effect on the adsorption properties. The spectrum of sample 4 almost completely lacks
bands in the range of 2850-2950 cm™, and their intensity in the spectrum of sample 3 is reduced.
This may indicate oxidation of the activated carbon. It may result in the formation of additional
oxygen-containing groups. Therefore, the appearance of new bands at 1570 and 1310 cm™ is
noted; the most significant one is in sample 3.

We estimated the sorption capacity (SC, mol/g) of bentonite-carbon adsorbent towards
tetracycline according to the formula:

_ (Cinitial B Cresidual) xV

SC )
m

where Ciisar is the concentration of tetracycline before sorption; Cresiauar is the concentration of
tetracycline after sorption, mol/cm’ V is the volume of solution used for sorption (25 cm’);
m is the mass of sorbent (0.5 g).
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We plotted the sorption isotherms of tetracycline for different time intervals using the
calculated values of SC and Cequyv. Fig. 2 shows the obtained kinetic curves of the dependence of
sorption capacity (SC) on sorption time.

25 =

20 -

A*10¢ mol/g

0 30 60 90 120 180

Fig. 2. Sorption curves of tetracycline: 1. - Activated carbon; 2. - bentonite, 3 - carbon : bentonite = 30 : 70;
4 - carbon : bentonite = 50 : 50.

According the study, the process of tetracycline sorption on the sorbent is quite rapid,
mainly within the first minute. Further, the process of sorbent saturation slows down and by
30 minutes is practically unchanged, i.e. sorbent saturation occurs.

The mechanism of tetracycline adsorption by the composite in acidic medium can be
described as follows: the protonated dimethylamino group of tetracycline, having a vacant
orbital, is able to coordinate with the n-electrons of the silanol and siloxane groups in the
bentonite-carbon adsorbent. Therefore, a donor-acceptor interaction is possible between the
electron pair acceptor - positively charged nitrogen atom of tetracycline and the electron pair
donor-oxygen of silanol and siloxane groups of the sorbent. A similar mechanism was described
in [18]. The natural silica clay, was used as composite, silanol and siloxane groups - as a sorbent,
and tetracycline - as a sorbate. However, considering tetracycline sorption is performed from
acidic medium (pH=1.1), we cannot exclude the ion exchange mechanism associated with the
substitution of protons sorbed on the adsorbent surface for tetracycline ions [19].

Conclusions

We performed mechanochemical modification of bentonite with activated carbon and
obtained carbon-bentonite composite. The increase in specific surface area and porosity after
mechanochemical activation compared to the calculated one. It indicates the interaction
between the components. IR spectroscopy revealed the formation of additional functional
groups. They can act as active centres and positively affect the adsorption properties.
Hence, the carbon-bentonite composite has high sorption activity towards the drug tetracycline
hydrochloride. The data obtained can serve to the development of effective sorbents for
wastewater treatment of pharmaceutical enterprises.
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The practical part of the research was performed within the framework of the state

assignment for R&D (project No. FZZW-2024-0004) and using the resources of the Center for
Shared Use of Scientific Equipment of the ISUCT.
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Keywords: Abstract. The purpose of this study is to develop a modified sorbent of flax waste and
flax fibre, copper ions,  investigate its sorption properties towards Cu (II) ions. The authors conducted the
taurine, sorption, modification in two steps. The first step was oxidation of flax fibre cellulose with sodium
modification metaperiodate to dialdehyde cellulose, the second one was the addition of taurine to

increase the sorption characteristics of the modified sorbent. The paper presents the
conditions for the periodate oxidation reaction of flax fibre and the treatment of the
resulting dialdehyde cellulose with taurine. We determined the sorption characteristics
of the modified sorbent in comparison with the original flax fibre. Kinetic studies allowed
us to establish the time of reaching sorption equilibrium in the heterophase system
‘aqueous solution of metal salt-sorbent’ and determine the reaction order using
pseudo-first and pseudo-second order kinetics models. The authors processed the sorption
isotherms obtained during the experiments using the Langmuir model. The maximum
sorption capacity increased by 3 times compared to the original flax fibre. IR spectroscopy
confirmed the improvement of equilibrium and kinetic characteristics of flax fibre
occuring as a result of the appearance of new sorption centres in its structure.
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Introduction

Nowadays, the main pollutants of water resources include heavy metal ions contained in
industrial effluents produced by chemical, petrochemical, mining and other industries.
The heavy metals are accumulated in the environment. Unlike organic substances they are not
decomposed by microorganisms. High concentrations of heavy metals in the wastewater of
enterprises causes their accumulation in drinking water, food, etc. It provides their
accumulation in the human body and causes significant harm to health.

The toxic effect of heavy metals is characterised by non-specificity. Those are able to bind
to proteins, nucleotides, coenzymes, phospholipids and almost all substances involved in
metabolic processes [1, 2]. This necessitates the development of new and more effective
methods of purification of water and aqueous solutions against heavy metal ions. Modern heavy
metal removal technologies include chemical precipitation, reduction, electrocoagulation,
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electrodialysis, reverse osmosis, membrane filtration, ion exchange, and adsorption. Among
these methods, sorption is the most common due to its high efficiency and ease of application [3].

Particular interest has been shown in recent years for the development of sorbents based
on by-products or wastes from agriculture, textile, and pulp and paper industries [4].
In addition to biosorbents based on natural components, there are a large number of synthetic
sorbents based on zeolites [5]. The main advantages of using biosorbents to remove heavy metal
ions compared to traditional methods include lower cost, availability, ease of disposal, cleaning
efficiency, and the ability to regenerate the sorbents. The advantages of agricultural waste-based
sorbents include their renewability and environmental safety as they are environmentally
friendly and biologically neutral towards the media to be treated [6]. However, sorbents in the
native state have, as a rule, low sorption capacity. Therefore, modification of sorbents based on
secondary cellulose-containing raw materials is very relevant.

Various modification methods including chemical, physical, physicochemical, and
biochemical are used to enhance the sorption capacity of cellulose-containing sorbents [4].
The paper [7] proposes a method for the removal of heavy metal ions from aqueous solutions
using cellulose modified with polyethylene polyamine. The sorbent obtained by thermal
treatment of rice husk shows high sorption properties towards copper (II) and zinc (II) ions [8].
The production of grafted copolymers of cellulose with different monomers is a prospective
direction in the development of cellulose sorbents [9].

Flax fibre and various products of its processing are produced in large volumes both in
our country and abroad. It has attracted the attention of researchers in recent years. Modified
linseed flour production waste [10] and short flax fibre as waste product of flax processing, can
be used to produce sorbents. The fibres include cellulose, hemicellulose, lignin, pectin
substances and other components containing a variety of functional groups. They have a
significant effect on the adsorption of heavy metal ions. Indeed, the radius of the hydrated ion,
electronegativity, and interaction of ions with functional groups (-COOH, -OH, -OSHj3) are the
key factors affecting the biosorption process. The efficiency of this process also depends on the
pH of the aqueous solution, contact time, initial concentration of metals, and concentration of
the biosorbent itself [11-12]. Flax fibre, similar to other cellulosic materials, can be modified by
various methods to increase its sorption capacity [13-15].

Nowadays, in various countries there is a tendency to use annual plants as a source of
cellulose (flax, jute, hemp, kenaf, etc.) [13]. Flax is the main competitor of cotton in our country.
Recently, there has been an increase in the production of textile products from flax fibres. It is
accompanied by an increase in the amount of wastes from these industries, such as short fibres
and the woody part of flax stalks (flax refuse) as alternative sources of cellulose.

Cellulose (fibre) is one of the most abundant natural polymers and a major component
of plant cell walls, providing mechanical strength and elasticity to plant tissues. Cellulose
macromolecules consist of elementary links of D-glucose (in pyranose form) connected by
1,4-B-glycosidic bonds into linear unbranched chains.

The development of cellulosic sorbents and the study of their sorption properties are
important practical and scientific challenges. Search for compounds with high sorption capacity
towards heavy metals and creation of fillers for water treatment equipment on their basis are
very actual. Cellulose is a subject of great interest due to its advantages such as affordability,
renewability, and biodegradability.
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The purpose of this study is to develop a new cellulose-containing sorbent based on flax
fibre by modification with taurine to improve its sorption properties.

Experimental part

Short flax fibre (GOST 9394-76) - a secondary product of flax industry processing of the
following composition, %, was chosen as the object of the study: (cellulose (75-78),
hemicellulose (9.4-11.9), lignin (3.8), pectin substances (2.9-3.2), wax-like substances (2.7),
nitrogen-containing substances per protein (1.9-2.1), mineral substances (1.3-2.8) [16].

The modifying agent was taurine (IUPAC: 2-aminoethanesulfonic acid),
a sulfur-containing amino acid. The sulfogroup is a rather active sorption centre; it explains the
choice of this amino acid [17].

It was pre-boiled with 10% NaOH solution to remove impurities and increase sorption
capacity. The curing time was 30 minutes; a solution/sorbent modulus was 20. Then we washed
the sorbent with distilled water to neutral pH 7 and dried to constant weight.

This method of modifying flax fibre with taurine consists of two main steps:

¢ oxidation of cellulose by sodium metoperiodate forming dialdehyde cellulose;

¢ modification of dialdehyde cellulose by taurine.

We used distilled water to prepare dilute solutions, mixed the pre-purified fibre (2.5 g)
with 250 ml of 0.1 n NalOj, solution. The reaction proceeds for 48 hours with periodic stirring
in an opaque flask, at a temperature of 23-25 °C and pH 3-4; since the oxidative properties of
metaperiodate are observed in an acidic environment. Sodium metaperiodate is reduced to
insoluble para-periodate at pH above 4.6.

At the end of the periodate oxidation reaction, we filtered the insoluble fraction from the
reaction product solution and washed successively with 1-1.2 L of water with the addition of
hydrochloric acid solution to pH ~ 1, then 1-1.2 L of acetone/water: 1/8 mixture and finally
1-1.2 L of distilled water.

The next step in the modification of flax fibre cellulose was the treatment of the aldehyde
groups of oxidised flax fibre with taurine (C;H;NOsS).

We placed 2 g weight of treated fibre containing 8.8% aldehyde groups in a flask
containing 5% taurine solution (sorbent : solution modulus 1 : 50). We determined the amount
of aldehyde groups by the iodometric method described in [18]. We conducted the modification
for 45-60 min at a temperature of 60-70 °C and pH 7-10 under continuous stirring.
After cooling, we washed the reaction products with distilled water to neutral reaction.

Equipment used: U-2001 spectrophotometer (Japan), 210 VGP atomic absorption
spectrometer, IR-spectrometer Avatar 360 FT-IR E.S.P.

We studied the sorption kinetics of heavy metal ions under static conditions under
stirring using the limited solution volume method [19].

We calculated the sorption capacity of the sorbent at any given time T using formula:

— (CO B Cr) v
m

where q is sorption capacity, mg/g;
Cy is the initial concentration of metal ions, mg/l;
C. is the concentration of metal ions at time t, mol/l;
m - mass of the sorbent, kg; V — volume of the solution, 1.
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We determined the degree of « extraction as follows:
CO - CT
a=————>-100%,
Co
The equilibrium concentration of metal ions in solution (Ce) was determined and the
equilibrium sorption capacity was calculated by removing the sorption isotherm under
steady-state equilibrium conditions in the system:
Co—C
_&=-9 ,

m
where A is the equilibrium sorption capacity, mol/kg;

C is the equilibrium concentration of metal ions, mol/l.

We calculated the relative inaccuracy on the basis of data from experiments. Each point
represents the average of two parallel experiments [20]. The inaccuracy of the experiment was
lower 10%.

The research was performed using the resources of the Center for Shared Use of Scientific
Equipment of the ISUCT.

Main body

We chose sodium metaperiodate as the oxidant. It is specific one and do not break the
polymer chains of the cellulose molecule like other oxidants such as sodium hypochlorite,
hydrogen peroxide, ozone, potassium bichromate, potassium permanganate, etc. Sodium
metaperiodate acts on the two -OH groups at C, and C; forms aldehyde groups and parallel
breaking of the C-C bond between them. It also forms dialdehyde cellulose. We conducted the
oxidation reaction at pH 3-4; the oxidative properties of periodate occur in an acidic
environment. Sodium metaperiodate is reduced to insoluble para-periodate at pH above 4.6.
Fig. 1(a) shows the scheme of cellulose oxidation by sodium metaperiodate. We then treated
the resulting dialdehyde cellulose with taurine in the zwitter ion state at pH ~7 (Fig. 1(b)):

Nalo
O — 74 g 0
N pHad o m/’ N (a)

cellulose dialdehyde cellulose

Oll H N
CzH;NO3S
ToHT0 o \
60-70°C
O H (b)
{, \.

dialdehyde cellulose

Fig. 1. Scheme of cellulose oxidation by sodium metaperiodate to form dialdehyde cellulose (a) and combining
of taurine with dialdehyde cellulose (b)
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To determine the kinetic characteristics of the modified sorbent, we obtained kinetic
curves for the sorption of Cu(II) ions from aqueous copper sulphate solution by the original
flax fibre and the taurine-modified fibre. Fig. 2 shows the experimental results.

0.5+

[—— Purified flax fibre

| —#— Flax fibre modified with taurine

0 T T T T T T T T
0 2 4 6 8 10 12 14 16

Time (min)

Fig. 2. Kinetic curves of copper ions sorption from aqueous solution by original and modified flax fibre

Figs. 3 and 4 and Table 1 present the kinetic curves of Cu(II) ion sorption by the original
fibre and modified sorbent in terms of pseudo-first and pseudo-second order kinetics models.

0,5 4
—
oy
= 1.0
=]
1.5
2.0 B Purified flax fibre
# Flax fibre modified with taurine
22,5 4 T T T T T T T T 1
-1 0 1 2 3 4 5 6 7 g
Time (min)

Fig. 3. Kinetics of pseudo-first order sorption of copper ions from aqueous solution by original and modified flax fibre

® Purified flax fibre
84 & Flax fibre modified with taurine

t/Qmin-mg'-g)

Time (min)

Fig. 4. Kinetics of pseudo-second order sorption of copper ions from aqueous solution by original and modified
flax fibre
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Table 1. Results of kinetic curves processing of copper ions sorption from aqueous solution by initial and modified
flax fibre by chemical kinetics models

Kinetic model Processing results Native flax fibre Modified flax fibre
q..mg/g 0.740+0.090 0.07+0.002
pseudo-first -
k;, 1/min 0.244+0.030 0.00031+0.0001
order
R? 0.95 0.82
q..mg/g 0.73620.050 1.4+0.070
pseudo-second -
k; g/(mg-min) 1.028+0.400 2.99+0.500
order
R? 0.99 0.99

To determine the maximum sorption capacity (A«) of the original and modified fibres,
we obtained isotherms of Cu(II) ion sorption from aqueous solution at 293 K. Fig. 5 shows the

experimental isotherms.

—— Purified flax fibre

2.0 4 —#— Flax fibre modified with taurine

1.5 4
—_
]
==
©
é 1.0 4
<

0.5 4

0 T
0 0.01 0,02 003 0.0—1 005

C. (mol/])
Fig. 5. Isotherms of copper ions sorption from aqueous solution by original and modified flax fibre

We present the results of copper ion sorption isotherms using the Langmuir model in
Fig. 6 and Table 2.

0,07 5

0.06 M Purified flax fibre
. # Flax fibre modified with taurine

0,05 4

0.04 H

0,03 A

C /A

0,02 4

0,01 4

T T T T T T T T T T T
0 0,01 0.02 0,03 0.04 0.05
C. (mol/l)

Fig. 6. Processing of isotherms of copper ions sorption from aqueous solution by modified sorbent

and original fibre
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Table 2. Processing parameters of copper ion sorption isotherms by initial and modified flax fibre according to
Langmuir model by the least squares method

Correlati
Sorbent 1/A»K 1/Ax orre a. on A, mol/kg
coefficient
Initial flax fibre 0.00129+2.9-10* 1.46+ 0.02 0.99 0.68
Modified fibre 0.00249 + 8.8-10* 0.49 + 0.04 0.99 2.04

The improvement of adsorption properties of flax fibre modified with taurine is explained
by the occurrence of new functional groups in the fibre structure. It effectively binds heavy
metal ions. To reveal such changes, we obtained IR spectra of purified flax fibre before and after
modification with taurine (Figure 7).

— Purified flax fibre
——— Flax fibre modified with taurine

Permeability, %

T T T T T T T T T T T T T 1
4000 3500 3000 2500 2000 1500 1000 500

Wave number, cm'!

Fig. 7. IR spectra of raw and modified flax fibre

As a result of sorbent modification, Fig. 7 shows significant changes in the region
1750-1650 cm™, where the vibrations of the carbonyl group are observed. Thus, the 1739 cm
band in the spectrum of the original flax fibre shifts to the 1736 cm™ position in the spectrum
of the modified flax fibre. It is due to oxidation of flax cellulose with sodium metaperiodate
resulting in the formation of aldehyde groups involved in the interaction with taurine
(see Fig. 1 a, b). Vibrations of the C=N bond in unsaturated nitrogen-containing compounds
also occur in the region 1690-1635 cm™. It is as evidenced by the appearance of a small peak at
1649 cm™! in the spectrum of the modified sorbent.

The changes in the spectral region of 1650-1620 cm™ and 1300-1000 cm ™' are due to strain
and valence vibrations of the C-N bond. The band from 1635 cm™ in the spectrum of the
original flax fibre shifts to 1625 cm™ in the spectrum of the taurine modified fibre. The band at
1159 cm™ in the spectrum of unmodified flax fibre occurs at 1171 cm™ in modified sample.
Therefore, the modification of the sorbent results in the fixation of the nitrogen-containing
compound on its surface.

The differences in the regions 1100-1000 cm™ and 880-840 cm™ of IR spectra of the
original and modified flax fibre are due to vibrations of C-SO;H group and S-O bond [21].
Therefore, sulfogroups are combined in the process of modification. Their occurrence is
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confirmed by the shift of peaks in the spectrum of the original flax fibre from 1113 cm
and 879 cm™ to 1103 cm™ and 899 cm™ for the modified sorbent, respectively.

Therefore, the IR spectroscopy results confirm occurrence of chemical interaction of
modifying agents with flax fibre cellulose through proposed processing method. It causes the
presence of aldehyde groups during oxidation of flax fibre by sodium metaperiodate followed
by taurine combining.

During the modification, flax fibre cellulose is sequentially reduced to dialdehyde cellulose
and then to a derivative compound with taurine. It causes the occurence of new sorption-active
groups in the structure of sorbents capable of effectively binding heavy metal ions. The sorption
of Cu (II) ions occurs according to the mechanism shown in the scheme (Fig. 8):

‘cuzt |

H

S N
o AN

|
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|
o=s _S—
7 0 o} \To

O

Fig. 8. Scheme of Cu (II) ions sorption by modified sorbent
Conclusions

Hence, we developed a new efficient sorbent for the extraction of heavy metal ions from
aqueous solutions by modifying short flax fibre with taurine and pre-oxidising flax fibre
cellulose to dialdehyde cellulose.

The authors investigated the kinetics and equilibrium of sorption of Cu(II) ions by CuSO,
aqueous solutions. We processed the kinetic curves of copper ion sorption in accordance with
of pseudo-first and pseudo-second-order models. The sorption is described most correctly by
the pseudo-second-order model.

Indeed, the experimental sorption isotherms of copper(II) ions can be described by the
Langmuir equation. Processing the isotherms in the linear form of this equation allowed us to
determine the ultimate sorption capacity of taurine-modified linseed fibre as 2.04 mol/kg.

IR spectra indicate changes in the composition of flax fibre oxidised with sodium
metaperiodate and modified with taurine during the modification compared to the original flax
fibre.

Acknowledgements

This work was funded by the Ministry of Science and Higher Education of the Russian
Federation (Project No. FZZW-2024-0004).

133



FROM CHEMISTRY TOWARDS TECHNOLOGY VOL. 5, ISSUE 3, 2024

10.

11.

12.

13.

14.

15.

References

Vardhan K.H., Kumar P.S., Panda R.C. A review on heavy metal pollution, toxicity and remedial measures:
current trends and future perspectives // Journal of Molecular Liquids. 2019. No. 290. Pp. 111-197.
Lindholm-Lehto P. Biosorption of heavy metals by lignocellulosic biomass and chemical analysis //
Bio Resources. 2019. No. 14. Pp. 4952-4995.

Yadav S., Yadav A., Bagotia N., Sharma A.K., Kumar S. Adsorptive potential of modified plant-based
adsorbents for sequestration of dyes and heavy metals from wastewater - A review // Journal of Water Process
Engineering. 2021. No. 42. Pp. 102-148.

Dawn S.S, Vishwakarma V. Recovery and recycle of wastewater contaminated with heavy metals using
adsorbents incorporated from waste resources and nanomaterials - A review // Chemosphere. 2021. Vol. 273.
129677. DOL: https://doi.org/10.1016/j.chemosphere. 2021.129677.

Gordina N.E., Prokof’ev V.Y., Hmylova O.E., Kul’pina Y.N. Effect of ultrasound on the thermal behavior of
the mixtures for the LTA zeolite synthesis based on metakaolin // Journal of Thermal Analysis and Calorimetry.
2017.Vol. 129, no. 3. P. 1415-1427.

Tursi A. A review on biomass: importance, chemistry, classification and conversion // Biofuel Research. 2019.
No. 6. Pp. 962-979.

Nikiforova T.E., Kozlov V.A., Vokurova D.A., Ivanov S.N. Vliyanie modificirovaniya I'nyanogo volokna
polietilenpoliaminom na sorbciyu ionov Cu(II) i Cd(II) [Effect of modification of flax fibre polyethylene
polyamine on the sorption of ions Cu(II) and Cd(II)] // Rossijskij himicheskij zhurnal (Zhurnal Rossijskogo
himicheskogo obshchestva) [Russian Chemical Journal (Journal of the Russian Chemical Society)]. 2023.
Vol. LXVII. No. 3. C. 63-72. DOI: 10.6060/RCJ.2023673.9. (In Russian).

Meretin R.N., Nikiforova T.E. Issledovanie reakcionnoj sposobnosti poverhnosti uglerodsoderzhashchego
silikatnogo sorbenta rastitel'nogo proiskhozhdeniya [Investigation of the reactivity of the surface of carbon-
containing silicate sorbent of plant origin] // Izv. vuzov. Himiya i him. tekhnologiya [Proceedings of universities.
Chemistry and chemical technology]. 2021. Vol. 64. Iss. 11. Pp. 147-155. DOI: 10.6060/ivkkt.20216411.6408
(In Russian).

Thakur V., Sharma E., Guleria A., Sangar S., Singh K. Modification and management of lignocellulosic waste
as an ecofriendly biosorbent for the application of heavy metal ions sorption // Materials Today: Proceedings.
2020. V. 32. Part 4. Pp. 608-619, DOI: 10.1016/j.matpr.2020.02.756.

Nikiforova T.E., Vokurova D.A., Sofronov A.R. Extraction of copper ions by a sorbent based on flax fiber
modified with L-arginine // From Chemistry Towards Technology Step-by-Step. 2022. Vol. 3, Iss. 3. Pp. 17-26.
URL: https://chemintech.ru/ru/nauka/issue/5031/view DOI: 10.52957/27821900_2022_03_17 (accessed
08.06.2024) (in Russian).

Kajeiou M., Alem A., Mezghich S., Ahfir N.-D., Mignot M., Devouge-Boyer C., Pantet A. Competitive and
non-competitive zinc, copper and lead biosorption from aqueous solutions onto flax fibers // Chemosphere.
2020. No. 260. Pp. 127-505.

Dey P., Mahapatra B.S., Juyal V.K., Pramanick B., Negi M.S., Paul J., Singh S.P. Flax processing waste -
A low-cost, potential bio sorbent for treatment of heavy metal, dye and organic matter contaminated industrial
wastewater // Industrial Crops & Products. 2021. No. 174. Pp. 114-195.

Razak M.R., Yusof N.A., Aris A.Z., Nasir H.M., Haron Md.]., Ibrahim N.A., Johari L.S., Kamaruzaman S.
Phosphoric acid modified kenaf fiber (K-PA) as green adsorbent for the removal of copper (II) ions towards
industrial waste water effluents // Reactive and Functional Polymers. 2020. V. 147.
DOI: 10.1016/j.reactfunctpolym.2019.104466.

Liu Y., Qiao L., Wang A., Li Y., Zhao L., Du K. Tentacle-type poly(hydroxamic acid)-modified macroporous
cellulose beads: Synthesis, characterization, and application for heavy metal ions adsorption // Journal of
Chromatography A. 2021. V. 1645. Pp. 462098. DOI: 10.1016/j.chroma.2021.462098.

Hussain D., Khan S.A., Alharthi S.S., Khan T.A. Insight into the performance of novel kaolinite-
cellulose/cobalt oxide nanocomposite as green adsorbent for liquid phase abatement of heavy metal ions:
Modelling and mechanism // Arabian Journal of Chemistry. 2022. V. 15. No. 7. P. 103925.
DOI: 10.1016/j.arabjc.2022.103925.

134


https://chemintech.ru/ru/nauka/issue/5031/view

FROM CHEMISTRY TOWARDS TECHNOLOGY VOL. 5, ISSUE 3, 2024

16.

17.

18.

19.

20.

21.

Krichevskiy G.E. Chemical technology of textile materials: textbook for universities in 3 volumes. Vol. 1.
Theoretical bases of technology. Fibres. Contaminants. Preparation of textile materials. - M. : RosZITLP, 2000. -
436 p. (In Russian).

Yoshinari N., Kuwamura N., Kojima T., Konno T. Development of coordination chemistry with
thiol-containing amino acids // Coordination Chemistry Reviews. 2023. V. 474. P. 214857.
DOI: 10.1016/j.ccr.2022.214857.

Vasiliev V.P. Analytical chemistry. In 2 volumes. Vol. 2. Physico-chemical methods of analysis: textbook for
chemical-technological specialities of higher educational institutions. 6th ed. - Moscow: Higher School, 2004.
- 383 p. (In Russian).

Kokotov Yu.A., Pasechnik V.A. Equilibrium and kinetics of ion exchange. L.: Khimiya, 1970. 336 p.
(in Russian).

Ahnazarova S.L., Kafarov V.V. Methods of experiment optimisation in chemical technology. Moscow:
Vysshaya Shkola, 1985. 327 p. (in Russian).

Tarasevich B.N. IR spectra of the main classes of organic compounds // Reference materials. Lomonosov
Moscow State University. Moscow, 2012. - 55 p. (In Russian).

Received 27.06.2024

Approved 28.07.2024
Accepted 30.08.2024

135



FROM CHEMISTRY TOWARDS TECHNOLOGY VOL. 5, ISSUE 3, 2024

Scientific article
UDC 691.57
DOI: 10.52957/2782-1900-2024-5-3-136-141

EFFECT OF DISPERSIONS ON THE VAPOUR PERMEATION
RESISTANCE OF ACRYLIC SEALANTS

A.A. Shikunova, O.I. Nikolaeva

Anastasia Alekseevna Shikunova, Student; Olga Ivanovna Nikolaeva, Candidate of Chemical Sciences, Associate
Professor

Ivanovo State University of Chemistry and Technology, Ivanovo, Russia. shikun-nastya@yandex.ru;
olgynjal975@mail.ru

Keywords: Abstract. Currently, acrylic sealants are widespread due to their environmentally
sealants, acrylic friendly materials, ease of use, and low cost. Their compositions are constantly being
dispersions, vapour improved. It allows ones to improve their quality and reduce the cost by selecting new
permeation resistance, substances for their manufacture. We obtained acrylic sealants with changing polymer
properties base. The authors used acrylic and styrene acrylic dispersions obtained by emulsion

polymerisation. The basis for sealants production is the mechanical mixing of the
components and their further dispersion in the Dispermat VLOK dissolver. The main
parameter to be determined is the vapour permeability resistance of the material layer.
According to research results, the nature of the polymer base, degree of its bonding,
type and amount of the filler used affected on vapour permeability of the sealing
material. Moreover, increasing in film former temperature, viscosity, and pH causes
increasing in tensile strength. By comparing the sealant samples on the basis of dry
residue, we found increasing of the Shore hardness in samples with lower % index.
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Introduction

Nowadays, polymer-based sealants are important in many of industry. The main use is in
construction and automotive industry for sealing windows, various seams, etc. Meanwhile,
sealants are used for a wide range of household applications, such as sealing wall openings, door
frames, etc. Acrylic sealants are highly demanded on the global market [1]. Indeed, they are the
most environmentally friendly materials; simple in use and cost-effective ones. It makes them
accessible to wider target groups. They are produced on the basis of aqueous dispersions of
acrylic (co)polymers, which do not contain solvents and any toxic substances. Therefore,
they are not harmful to human health [2-6].

The dispersion is the most productive method for obtaining acrylic sealants. Most of the
properties of the finished product depend on the dispersion — physical and mechanical
properties, vapour permeability, water absorption, etc. Acrylic dispersions are obtained by
emulsion polymerisation [7, 8]. One of the main acrylic sealants parameters is vapour
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permeability. It is used to assess the suitability of the sealant formulation for sealing joints.
Vapour permeation resistance indicates how much water vapour passes through the surface of
the sealant per unit of time. Any vapour permeability resistance parameters can be obtained by
adjusting the thickness of the layer. According to the requirements for the inner layer,
the vapour permeability resistance value should be at least 2.0 (m*-h-Pa)/mg.

Nowadays, there is quite wide range of sealants based on acrylic dispersions on the
market. However, vapour permeation resistance tests on known sealant brands showed low
values in the range of 0.24-0.25 (m*h-Pa)/mg. These results ensured the development of a
proprietary product with a given value of vapour permeability resistance, and the study of
factors affecting this parameter.

Experimental part

To obtain sealants, we used a basic composition, the variable part was the polymer base
(Table 1).

Table 1. General description of the sealant formulation

Component name Content, %
Dispersions 1-14 38.44
Functional additives 0.85
Filler 54.91
Plasticiser 5.00
Thickening agent 0.80
Total 100.00

Styrene-acrylic (SA) and acrylic (A) dispersions by various domestic manufacturers were
chosen as the polymer base. Tables 2 and 3 summarise the characteristics of these dispersions.

Table 2. Characteristics of industrial SA dispersions

. Number
Indicator
1 2 4 7 9 10 11 12 14
Dry residue, % 50 50 59 57 50 57 50+1 50+1 49-51
MFFT, °C 5-7 0 <0 <0 20 <0 0 0 20
Tg, °C no -7 -8 -6 32 -6 -31 -18 23
Brookfield 100- 4,000- <500 150- 8,000- 500- 500- 500- 5,000-
viscosity, mPa-s 500 11,000 1,200 15,000 | 1,500 1,500 3,000 16,000
pH 7.5-9.0 8 6.5-7.5 | 6.0-9.0 | 7.0-9.0 8 7.5-8.5 | 5.0-8.0 | 7.0-9.0
Particle size, nm 130 100 2450% no <100 no 150 no no
Table 3. Characteristics of industrial A dispersions
) Number
Indicator
3 5 6 8 13
Dry residue, % 60 69 48 65 62+1
MFEFT, °C <0 0-4 17 0-4 5-23
Ty, °C no -43 13 -40 7
Brookfield viscosity, mPa-s 550-950 150-500 200-900 no 40-250
pH 7.5-8.5 6.5-8.5 7.5-8.5 4.0-5.0 6.4-7.2
Particle size, nm 200-400 no no no no
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The production of both styrene-acrylic and acrylic sealants was based on mechanical
mixing of components and their further dispersion in a Dispermat VLOK dissolver with a
capacity of 2 litres (motor power — 1000 W; adjustable working speed 20-6000 rpm) [9].

We put the weighed suspensions of dispersion (1-14) of functional additives (defoamer
and dispersant) into the bowl; stirred them for 15 min at low speeds of the cutter and the
dissolver shaft. We charged a certain amount of filler into the bowl after obtaining a
homogeneous mass. At the same time, we kept the shaft speed in the lower range and increased
the cutter speed depending on the viscosity of the reaction medium until the formation of a
funnel was achieved. We stirred the substance for 30 minutes from the moment the funnel was
formed until the sealant was homogeneous. Next, we added the thickener to the bowl at a shaft
speed of 25-30 rpm. We switched on the cutter at full power and mixed for 40 minutes.
The viscosity of the sealant began to increase strongly during this period. It causes its heating.
Indeed, there was necessity to monitor the temperature up to 35 °C. We added plasticiser at a
shaft and cutter frequency of 10-15 rpm and further mixing for 15 minutes. We discharged the
prepared sealant out of the dissolver and conveyed it to the cartridges for storage.

We determined the vapour permeation resistance of sealants in accordance with
GOST 25898-2012; tensile strength properties of sealants were determined according to
GOST 21751-76; hardness of sealants was determined by Shore A on a hardness tester
according to GOST 263-75.

Results and discussion

We used acrylic and styrene acrylic dispersions to produce sealants. A number of SA
dispersions presented in Table 2 differ by their glass transition temperature (Ty). It is an
indicator for assessing styrene content in the dispersion: the higher is this value, the more
styrene is in the dispersion, respectively. However, dispersions differ in viscosity and particle
size.

The series of dispersions A, presented in Table 3, also differ in terms of the minimum film
forming temperature (MTP) and T. These indices show possible monomers in the dispersion
composition and side chains of the polymer macromolecule. As the chain length of the
macromolecule increases, the Ty of the polymer increases; the hardness and relative elongation
of the films grow due to the increasing degree of crystallinity of poly(meth)acrylates. Products
obtained by copolymerisation of ‘soft monomers with low T, value (butyl and
ethylhexylacrylate) with ‘hard’ monomers with high T value (butyl and methyl methacrylate)
are usually used for sealants. This combination allows ones to obtain copolymers with
Ty 0-40 °C [10-12].

Vapour permeability resistance is one of the main parameters assessing the suitability of
the developed formulation of sealing material for joint sealing [13]. The essence of the method
of its determination is to develop a stationary flow of water vapour through the sample under
study and to determine this flow intensity. Indeed, for this test two samples of material with a
square cross-section with a side size of 100 mm and a thickness of 5 mm were prepared. First,
the water vapour flux density through the sample was determined for all sealants g (Tables 4, 5).
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Table 4. Water vapour flux density through the sample for sealants (S) containing SA dispersion

Number 1S 2s | 48 | 78 | 9s | 108 118 128 148
At,h 24
A, m? 0.002
Am, mg 105.5 125 145 126.5 111 134 246 200 141
g, mg/(h-m?) | 1,850.2 | 2,192.2 | 2,543.0 | 2,218.5 | 1,946.7 2,350 4,305 3,516 2,472
Table 5. Water vapour flux density through the sample for sealants (S) containing A dispersion
Number 3S 55 6S | 8S 13$
At,h 24
A, m? 0.002
Am, mg 335 190.5 85.5 325.5 90
g, mg/(h-m?) 587.5 3,340.9 1,499.5 5,708.5 1,578

By Tables 4 and 5, water vapour flux density through the sample g for sealant 3S
containing acrylic dispersion is the lowest one. According to the requirements for the inner
layer, the vapour permeability resistance value should be at least 2.0 (m*h-Pa)/mg. Having
determined the vapour permeation resistance of sealants with all dispersions, we have
established that for sealant 3§ this index is the highest — 2.38 (m*h-Pa)/mg (Tables 6, 7).

Table 6. Vapour permeation resistance of sealants (S) based on A dispersions
3S 5S 6S
2.38 0.41 0.78

8S
0.28

13§
0.87

Number
Ry, (m*h-Pa)/mg

Vapour permeation resistance in a number of SA dispersions grows with increasing Ty,
except for sealants 10S, 118§, and 12S (Table 7). This, in turn, is obviously directly related to the
styrene content in the dispersion.

Table 7. Vapour permeation resistance of sealants (S) based on SA dispersions
1S 28 4S 7S 9S 108
0.67 0.53 0.48 0.56 0.63 0.58

118
0.3

128
0.38

14S
0.55

Number
Rv, (m*h-Pa)/mg

According to the research results, vapour permeability of the sealant material is
influenced by the nature of the polymer base, its degree of bonding, and the type and amount
of filler.

The absence of necessary data on physical and mechanical properties of acrylic sealants
in the literature caused the conducting of experiments on their determination. The essence of
the methods for determining tensile strength at break and relative elongation at break consisted
in stretching samples at a constant rate at a given temperature before rupture, measuring the
strength, elongation of the sample at break, and calculating the relative residual strain after
rupture. Samples were cut in the form of blades 115 mm long, 19 mm wide and 2 mm thick.
The Shore hardness was determined by measuring the resistance of the material to indentation.
The test sample was a 6 mm thick parallel plane washer. Tables 8 and 9 summarise the results
of the physical and mechanical properties of all sealants.
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Table 8. Physical and mechanical properties of sealants (S) based on SA dispersions

. Number
Indicator
1S 2S 4S 7S 9S 10S 118 12§ 14S
Tensile strength, N/mm? 2.43 4.73 0.18 1.77 | 4.83 0.6 2.96 1.12 3
Relative elongation at break, % | 136 71 103 145 54 148 116 118 94
Shore hardness 61 73 4 52 58 32 54 46 76

Table 9. Physical and mechanical properties of sealants (S) based on A dispersions

) Number
Indicator
3S 5S 6S 8S 138
Tensile strength, N/mm? 1.85 0.67 5.68 2.04 2.6
Relative elongation at break, % 62 39 37 164 82
Shore hardness 66 35 70 48 60

Corresponding to the data obtained (Table 8), an increase in tensile strength was observed
with increasing minimum film formation temperature, viscosity and pH. It is probably related
to the increase in styrene content in the dispersion. Relative elongation at break compared to
the strength values decreases.

Comparing the samples in terms of dry residue, we conclude that the sealants with lower %
have better strength properties. Shore hardness also increases for samples with lower % of dry
residue in the dispersions.

Conclusions

Hence, since the indicator ‘resistance to vapour permeation’ is one of the main ones for
sealing materials used for sealing seams of various assemblies. Therefore, quality assessment of
the developed formulation was determined by this indicator. The impact of dispersion type,
their physical and mechanical properties on the vapour permeation resistance of sealants was
investigated. As a result, the optimum sealant formulation, 3S, was selected. It had higher
vapour permeation resistance of 2.38 (m*h-Pa)/mg.
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