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XJIOPOPTFAHIMHI BiAXOAW. CUHTE3 TA BJIACTUBOCTI
CIPKOBMICHUX NONIMEPIB HA IXHIA OCHOBI

C.A. Kypta k.T.H., 0.10. 3akpxeBcbknii, M.B. Xabep a4.1.H, O.C. Kypra*
MNMpukapnarcebkuii yHiBepcuTer iMm. Bacuna Credanuka, M. IsBaHO-PpaHKiBCbK,
HauioHanbHuit yHiBepcuTeT «JlbBiBCbKa NoniTexHikas*

Aocninxeni xnopopraxivHi sigxogun supobruytea 1,2-guxnopertany i siHinxnopuay (XOB) 3 merow
nepepobkn Ha HETOKCHYHI NONIMEDHI CynbGiROBMICHI CROAYKM — TioKOAW, YTuni3auis nposoanmnacs
wasxom nonikongexcadii XOB 3 BOAHO-NYXHUM DO3YMHOM HaTPIlO abo kanin nonicyns@igis B npn-
CYTHOCTI Kataniaaropa MixpasHoro nepeHocy. BcTaHoBNeHO, wo 0gHOYacHO MOXYTb ByTH yTui3o-
BaHi cynbQigoBmicHi nyru HagToximivHOro BupobHuyTBea onediHis. MlokazaHa MOXAUBICTb IHLWOrO
BapianTy nonikoHaeHcadii XOB 3 kanito nonicynsgigom, HaHeCeHUM Ha BUCOKOAUCTIEPCHMIA KDEMHe-
3em 8 6e3soaHoMy cepenosmnwi. [IpoananizoBaHi ogepxati nonimepn MeTonom I4-cnexkTpockonii.

Hccnenosansl xnopopraHuyeckme oTxoasl nponssoacrea 1,2-guxnopatana u suHumuiopuaa (X00)
€ uensio nepepaboTkn B HETOKCHYHBLIE MMONUMEPHLIE CEPYCOAEPXALLNE COBANHERUS — TUOKOBI.
Yrunusaumna XOO nposogmnacs METOROM nosnkoHgeHcaymmn XO0 ¢ BOAHO-WENO0YHBIM PaCTBOPOM
HaTpUs WM Kanus NoANCyNbLGUR0B B NPUCYTCTBUM KaTannM3aropa Mexd@a3sHoro nepeHoca. YeraHos-
NIeHO, YTO OAHOBPEMEHHO MOrYT ObITh YTUAN3NPOBAHBI CEPYCOREPXALUNE LLEN0YN HepTexnMuyec-
koro npou3dsoacTea one@uHos. llokasaHa BO3ZMOXHOCTL APYroro BapuaHTa nonvkoHgeHcaunm X00
C Kanus nonucyns@uaoM, HaHeCeHHbIM Ha BbICOKOAMCIIEPCHLIN KpeMHe3eMm B Ge3B0aHON cpese.

Mpoaxann3nposansl NOAYYEHHbLIE NONUMEDLI METOAO0M UK -crnexTpockonny.

OaHvM 3 HaMbinbW cyvyacHuxX Ta nepcnek-
TUBHUX CNOCOoBiB yTUNi3aLii NPOMUCNIOBUX Piaxux
XAopopraHivHux siaxoais € nonikoHaeHcauis XOB
3 cynbginamm nyxHux metanis [1]. B peaynsrari
npouecis HepiBHOBAXHOT NoAiKOHAEHCaUl, WO
nepe6iraloTe NPU ULOMY, OAEPXYIOTb CIPKOBMICHI
HETOKCWUYHI NONiMepHi CNoAyKKU 3 BUCOKUM BMiC-
TOM Cipkn.

Jocniaxeni pigki XOB yTeopoloTsea Ha TOB
«KapnatHadToxim» (M. Kanyw) Ha cTapisx npsa-
MOFO | OKUCNIOBANLHOrO XNOPYBAHHA ETUNEHY, a
TaKkoX nig, yac niponizy 1,2-auxnopeTaHy, i sBu-
AingoTbeca pexkTudikauien. Xnopopraxidxi pigki
Biaxoau (XOB) supo6GHuutea 1,2-guxnopertany i
BiHINXNOpuAy — TOKCU4HA, BAXKOPO3finbLHa Ccy-
Mill, OCHOBHI cknanosi skoi — 1,1,2-TpuxnopeTtax

(30-40%), 1,2-amuxnopetaH (15-25%), 1,1,2,2,-teT-
paxnopeTtaHn (1-3%), nepxnopetuneH (Ao 2%)
i BuwWi nonixnoposaHi syrnesogHi (6ina 40%),
fKi HeMOXNNBO edeKTUBHO BUAINUTU peKkTUdi-
Kauielo.

Bci piannHi Ta razonoaibHi xnopopraxivHi Bia-
X0Au ubOro BUpOoGHUUTBA 3rigHO 3 Ai0YOK TEXHO-
Nnorielo 3aMiWwyloTbCA Ta CNanINTLCA i3 3acTocy-
BaHHSIM NPUPOAHOro raay i BogHio. CnanioBaHHsa
XOB ekOHOMIYHO HeBurigHe, OCKiNbKKU BTpaya-
I0TLCA UiHHI cknanoei XOB, ByrnesogHeBa cuUpo-
BWHA, OpraHiYHuWiA X10p Ta BOAEHL, a OAepXaHa
consHa kucnora, 3abpyaHena XOB, mae obme-
XeHwuia 36yT. CyTTeBUM HeaonikoMm cnanedHs XOB
€ PU3WUK YTBOPEHHS B AUMOBMX rasax TOKCUYHUX
pe4osuH [2, 3].
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NponoHyeMuii cnoci6é ocHoBaHuit Ha noni-
koHgeHcauii XOB 3 posuuHamu HaTpilo abo ka-
nilo TeTpacynsdiny B NPUCYTHOCTI kaTani3aTopie
MixdaaHoro nepenocy [4]. 3amicTb BOAW NiA
4Yac NPUroTyBaHHA PO34MHIB TeTpacynbdinis Bu-
KOPUCTOBYIOTLCH B RKOCTI PO34YMHHUKA TakK 3BaHi
cynbdinosMicHi nyru, axi € sinxoaamu BUpo6GHU-
urea onecdwuHis. Lli Biaxoan yTeOpIOIOTLCA ¥ BU-
pPOGHULTBI eTUneH-NponineHy B Npoueci NyXHoi
nPOMUBKK niporasy eia kucaux rasis — H,S,
CO,. CynbdinosmicHi nyru mictats 4,5-8,5%
HaTpilo cynbdiny Ta 1-2,5% Hartpilo rigpokcuay.
Ha cborogHiwHin AeHb ana cynbdigoBMICHUX Ny-
rie BiACyTHi epeKTUBHI METOAM YTHUAI3aUil, a TxHa
KiNbKIiCTb, O YTBOPIOETLCA HA YCTAHOBUI 3 BU-
pobHuuTBa eTuneHy NoTyxHicTio 250 Tuc. T/pik,
aAoxoante Ao 7,50 Tuc. 1/ pik.

Y Hawomy Bunagky BUKOPUGTOBYIOTLCA ABI
das3un, ogHa 3 AKX € opraHivHow — XOB, iHwa —
BOAHWA NYXHWIA PO3YUH, LLIO MICTUTbL HaTpilo abo
Kanio MoHo- i TeTpacynedian. Peakuia nepebi-
rae Ha noBepxHi po3nopiny a3 i € HepiBHOBax-
HOM. MNpouec NpoTikae TiNbkK 3a iIHTEHCUBHOro
nepemiwyBaHHa n = 300-450 06./xe 3a y4acTio
aucneprywoyoro 3acoby — Ca0 Ta mixdasHoro
po3unHHuka — C,HsOH, wo nossonse 36inbwnti
NOBEPXHIO KOHTaxTy. B peaynbTati peakuii, wo
Tpusae 1-4 roavHK, YTBOPKETLCA NPOAYKT NO-
nikoHaeHcauii y surnaai cycneHsii teepanx abo
cMmononogibHux TiokonoBUX oniromepie i nonime-
piB, HEPO34YUHHUX B XOAHIA 3 da3.

Ak katanizatopu npouecy Mmixda3Hol noni-
KOHAEHCauil WHPOKO 3aCTOCOBYIOTLCA NOXiAHI
TeTpaopraHinaMMoHifa (4eTBEpPTUHHI CONi aMMOo-
Hil0). Binomo [4], W0 akTUBHICTL NOXiAHUX Te-
TpaopraHinammoHisa (TOA) B AKOCTI kaTanizatopa
MiX®$a3HOro nepeHocy 3pocTaec i3 36iNbWeHHAM
ob’eMy kaTtioHa TeTpaankinammoHis BHacnipaok
36inblweHHn Moro ninoginbLHOCTI.

Ana Hawwux ApocnifgxeHb 3acTocoByBa-
nu katanizatop «Imigoctat O», WO € NoXigHUM
1,3-pia3ona.

Peakuisi Mix xnopopraHiyHuMmn anipaTnyHuMun
noxigHUMK i HaTpilo nonicynsdinamn nepebirac 3
suAINeHHAM TennoTu. PerynioBaHHs TeMnepaTypu
nonerwyeTsLCA NPOBEAEHHAM NOAIKOHAEHCaUjl B
aucnepcHomy cepeposuuli. JouinbHO Takox Npo-
BOOMUTU PEeaxuilo B NPUCYTHOCTI AUCMEPryio4oro
3acoby, wob opepxaTtu NPoAYKT peakuii y Bu-
rnsaj sBoaHOI gucnepcii, a He B GpOpMi KOMNAKTHOT
macu, fika BHacAigoK NPaKTUYHO HEPO3YUHHOCTI
noniMepy ycknagHiosana 6 nocnigyiodi onepauii
06pobxun nonimepy.

B akocTi aucnepciitHoro 3acoby 3acTocosy-
sascs Ca0, Akuin y BOAHOMY CepefoBuMLLi YTBOPIO-
saB cycnen3silo Ca(OH), [11]. B npomucnosomy
BMPOGHULTBI TIOKONIB B AKOCTI AUCNEPryl04UX
3acabiB 4aCTO BUKOPUCTOBYETLCA MArHilo riapo-
KCcua, a Takox aApibHogucnepcHi okcuaum, rigpo-

kcuau abo kapboHaTh NYXXHO3EeMeNbHUX METanIs
[5].

Nia yac yrunisauil XOB Ha npuknagi 1,2-au-
xnopeTtany i HaTpilo cynboinis nepebiraioTe Ha-
CTYNHi peakuii, aki 3a6esne4yoTb picT nonimep-
HOro naHulora:

Cl-CH, —CH, - Cl+NaS,Na—2-%€ ,

80-90°C ,CI1-CH,-CH,-S,-Na+NaCl,

CICH, - CH, -S,Na+CI-CH, —-CH, -Cl -
— CICH, -CH, - S, -~ CH, -CH, -Cl+NaCl,
CICH, - CH, -S4 — CH, - CH,Cl+NaS;Na —»
— CI-CH, -CH, -S, —CH, —-CH, - S,Na +NaCl,
nCl-CH, - CH, - Cl+ nNaS,Na —-2",
—L@r , (-CH,-CH,-S,-)-,+2nNaCl. (1)

XapaxrepHa BigMiHHICTb ULOTO NpPouecy Big
KNacu4HMX peaklii nonikoHgeHcauil nonsrae 8
TOMY, WO NOAIMEPU 3 BUCOKOK MOREKYNSPHOID
macolo (2-5-105) opepxyloTb Tinbku npu 3a-
CTOCYBaHHI Hagnuwky HaTpilo nonicynsdiny [6].
Hagnuwok HeopraHivHoro nonicynooginy 3abes-
Nevyye oaepxaHHA MaKpoOMONeKkynu 3 KiHueeu-
mu rpynamu -S,Na, B3aEMOoAif Akux Mix coboto
NPU3BOAUTL OO 3POCTAHHA MONEKYNAPHOT Macu
nonimepy:

-S,-A-§,Na+NaS,-A~—

—-~8,-R-S,-R+Na,S,. (2)

3aBgakun peakuisM MiX NaHLIOrosoro o6miHy,
wo nepebiraloTs B YMOBaX Npouecy NONiKOHAEH -
cauii 3a MEXaHi3MOM HYKNeo®inbHOro 3amilleH-
HSA MiX nonicyns®igHMMK 38'A3KaMU pPisHKUX No-
niMepHux Monekyn 3 KiHuesmu -SH rpynamu, a
TakoX 3 HEOPraHivHKUM nonicynedinom, 3 chepu
peakuil BMAansinTbLCA NOAIMEpPHi gparmMeHTn 3
rinpoKcUnsHUMKU KiHUueBuMu rpynamu. OCTaHHiI
€ iHribiTopamMn pocTy naHuiora i MOXYTb YTBO-
poBaTUCh B peaynsTaTi nobiyHoT peakuii — rig-
pPONi3y ranoreHHuX KiHueBsux rpyn opraHiyHoro
MOHOMeEpPY NYXHUM nonicynbdigoM abo HaTpilo
rigpoKcnaoMm, Lo MICTATECA B CYNbdia0BMICHUX
nyrax [7, 8].

MNip yac peakuji sinGyBaeTsca nonikoHaeHca-
uis XOB 3 HaTpilo MOHOCYNbIAOM, WO NPUCYTHI
B PO34YUHI:

nCl-CH, -CH, -Cl+nNa,S —»

— —(~CH, ~CH, -S-)-, +2nNaCl. (3)
NepeGirae Takox 3HaYyHa KinekicTb NOGIYHUX
peaxuin:

yTBOpPEHHA Tioedipis:
2C,H5Cl+NayS — CHs —S—-C,Hg +2NaCl, (4)
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rinponia cynsdigy HaTpiio:
Na,S +H,0 — NaSH+NaOH, (5)
YTBOpEHHS xnopmMmepkanTaHiB, QUTIONIB i IXHIX
_HaTpiesux conei:
Cl-CH, ~CH, - Cl+NaSH—% ,
—_,CI-CH, - CH, - SH—NasH
TeH ,HS - CH, — CH, —SH+NaCl,
HS~CH, —CH, —-SH+NaOH—%2
—9 ,Na-S-CH, - CH, - SH—*Na2oH _,
MM ,NaS—-CH, -CH,~SNa+H,0.  (6)
1,1-auxnopetunen, 1,1-guxnopeTaH, nepxno-
PETUAIEH T2 eTUNEHXNOPTIAPUH MOXYTb YTBOPIO-

BaTUCA K NOGIYHI NPOAYKTU 33 PaxyHOK NYXHOro
aerinpoxnopyeaHHs (7)—(11):

CICH,CHCI, + NaOH—22";
SO ,CH, =CCl, +NaCl+H,0:  (7)

1) CICH,CH,Cl+NaOH— 22",

—%2O ,CH, = CHCI+NaCl+H,0,

2) CH, = CHCI+HCI—% ,CH,CHCI,.  (8)

CH,Cl, — CCl, +NaOH—20"%

CICH,CH,Cl+NaOH 2", _,
—S2O" , CICH,CH,OH +NaCl, (10)

CICH,CH,Cl+C,HsOH—CH
—220% , CICH,CH,OH + C,HCl. (11)

Moxnuenin Takox nepebir peakuii 06miHy 3
yTBOpEHHAM 1,1-auxnopeTaHy:

CICH,CH,Cl+CICH(Cl)~ CH, - Cl =
& CICH,CHCI, + CL,CH-CH, . (12)

Peakuii (5)-(12) npussoaste A0 ransMyBaHHs
pocCTy noniMepHoro naxuiora [10].

MNonikxonaencauia XOB nposogunace B
CKNAAHOMY peakTopi, 06nagHaHoOMy Miwankoio,
TEPMOMETPOM | 3BOPOTHIM abo npaAMUM xono-
AUNbHUKOM. [ing nigTpumkn HeobxigHol Temne-
paTypu peakTop NOoMiwascs B BOAAHWUIA TePMO-
cTar.

Y po34unHi cynbdinoBMICHUX AYriB PO3YnHA-
nack 3aaaHa KinbkicTb HaTpilo abo kanio Tetpa-
cynbdigy, Kanbuilo okcua Ta eTUNosuii cnupt. Ao
HbOrO NOBINLHO NiA Yac NepeMiwyBaHHA NPUK-

sanuca XOB. Temnepartypa npouecy (83-90°C)
perynioBanaca nogadeo XOB y peakTop Ta Tem-
neparypol BOAU Y TepMOCTaTi.

BunpobysaBca Takox MeToa NoNikOHAEHCa-
uii XOB 3 kanio nonicynsdigom, HaHeceHUM Ha
BUCOKOAUCNEPCHUI KpeMHe3em (Mapkn A-380)
y 6e3soaHoMy cepeposuili. CniesigHoWeHHA
K254:Si05 — 2:1, 06ymoBneHe o6MexXeHoo MoX-
NUBICTIO HAHECEHHSA TeTpacynbdiay NyXHoro meta-
ny Ha nosepxHio Si0, 6e3 BTpaTW aKTWUBHOI No-
BepxHi Hux4e 10-50 m2/r. MpoBeaeHHA NONIKOH-
AeHcaujii B Takux yMOBax, A03BONAN0 YHUKHYTU
nepebiry nobiyHux peakuint (4)-(12) Ta ogepxatu
NPaKTUYHO YUCTUIA, IWKUTWUIA NONIMEDP BUCOKOT MO~
NEeKyNApHOI Macu, HanoOBHEHWIA OKCUAOM KpeMm-
Hilo [9].

Micna npunuHeHHa peakuii nonikoHaeHcau,i
3anuwok HenpopearosaHux XOB sigranascs i
aHanisysascsl 3a AONOMOrOl0 ra3oBoi Xxpomaro-
rpadii. 3mina cknany XOB Bu3Havascs signosia-
HO Ao TYY-24.1.-31256759-005-2004 3a pono-
morolo xpomartorpada Carlo Erba GC 8000 series
3 NeTeKTopoMm ioHi3auii B nonym’l.

OnepxaHa gucnepcis nonimepy y Bo4i NDOMU-
Banacsg, NpoBOANNACS KOarynauito MiHepansHow
kucnotow. NoniMmep BinAingaBcsa 3a 4ONOMOrow
BaKyyM-iNbTPYBaHHA, NPOMUBABCS | BUCYLLIYBAB-
cq. B excnepumeHTax 1-3 oaepxysascs cMono-
noAibHKiA oniromep YHOpPHOro KOALOPY 3 CUALHUM
HENpPUEMHUM 3anaxom. B ymoBax 4eTBepToro ao-
cnigy oaepxysascst KaydykonoAibHWi nonimep
T2KOX YOPHOro konsopy. ¥ n'atoMy aocniai ogep-
XYBaBCH KPUCTaNiYHUIA NOPOLLIOK KOPUYHEBOro
konsopy 6e3 3anaxy.

3mina cknany XOB no nepepobku Ta sanuiuky
opraHivyHoi ¢a3u nicna peakuii HasegeHa g Tabn. 1.
B tabn. 2 HaBeaeHi CNIBBIAHOWEHHA KOMMNOHEH-
TiB, NapaMeTpu NPoLLeCiB i BUXia NofiMepHUX Npo-
AykTis. 3MiHa KOHUEeHTpauin komnoHeHTie XOB Ta
BUXiA, TIOKONOBUX BUCOKOMONEKYASIPHUX CNONYK
(TBMC) B npoueci nonikonaeHcauii B ekcnepu-
MeHTax 1-5 HaBepeHi Ha puc. 1-5. (YXB-yoTu-
PUXNOPUCTUIA Byrneub; ¥X — 3afUlLIOK HeigeH-
TUdikoBaHUX NONIXNOPOBAHUX BMCOKOKMMASYNX
XOB).

Ha nigctasi naHux, Haseaeuux 8 Tabn. 1, Ta
NPOMIXHUX TOYOK EKCNEPUMEHTY 3 3MiHWN KOH-
ueHTpauii cknanosux XOB nig yac peakuii 3
cynsdinamu B aocninax Ne 1-5 6ynu nobynosa-
Hi KpUBI 3MiHM KOHUEHTpaUiin KoMnoHeHTis XOB
(1,2-OXE, 1,1,2,2,-TteTpaxnopeTtany, 1,1,2-TXE
Ta HeineHTUdIKOBAHOro 3aNMLIKY NONIXnoposa-
Hux XOB Xx) Bia yacy peakuii. lonaTkoBo Ha
rpagikax HasefeHa KpMBa 3MiHKM KOHUEHTpauii
1,1-auxnopetaHy sk 3anUWKOBOr0 KOMMOHEHTY
B NPOAYKTax peakuil Ta 3poCTaHHA BMICTY Tio-
KONOBUX BUCOKOMONEKYNAPHUX cnonyk (TBMC)
BiA yacy peakuii B yMOBax CUHTE3iB, NpuBeaeHUxX
B Tabn. 2.



52

XIMIYHA NMPOMUC/IOBICTb YKPAIHU, 2007, Ne 1

3mina cxnagy XOB nicns koHgeHcauii 3 cynsdinamm

Tabnuus 1.

HailMeHyBaHHS KOMNOHEHTa cmcxgg, Cknap XOB,% mac. nicna 06po6ku
xoB 06po6ku Aocnig Ne 1 | Aocnia Ne 2 | Aocnin Ne 3 | Hdocnin Ne 4 | Aocnin Ne 5
Bininxnopupn 0,0003 Cnigun Bigc. Biac. Binc. Binc.
annin xnopucTuin 0,0039 Cnign Cnigun Cnigm Biac. Cnign
TpaHc-1,2-guxnopertunex 0,0009 Cnign Binc. Biac. Bigc. Bigc.
4yxB 0,0215 0,1505 0,148 0,1519 0,1402 0,128
6eH3on 0,01 0,0681 0,0732 0,0760 0,070 0,068
xnopodopm 0,0134 0,092 0,005 0,01 Cnign 0,0469
1,1,2-TpuxnopeTunenr 0,019 0,949 Binc. Binc. Binc. 0,037
1,2-OXE 16,4 Binc. Binc. Biac. Biac. 3,045
nepxnopertunex 0,418 2,926 0,922 1,146 Cnigun 1,490
1,1,2-Tpuxnoperan 36,61 Biac. Binc. Biac. Binc. 14,936
1,1,2,2-teTpaxnoperaH
eTUNeHXNOPriapuH 2,034 Bioc. Binc. Binc. Biac. 0,8036
(EXT) 0,444 3,108 0,203 0,078 0,0632 3,030
1,1-auxnoperan 0,16 79,708 54,520 97,9 57,839 65,219
T x 43,865 12,999 44,0292 0,5120 41,887 11,035
1,1-guxnopeTunex Biac. Bigc Cnigu 0,126 Biac 1,160
R e —_—— e e e e
Tabnnug 2.
CniBBiRHOWEHHS KOMMNOHEHTIB, napamMeTpu npouecis i BUXig nonimepHux NnpoaykTis
e IO ——
Cynbi- 2 D . CnisBigHoLW. . Yac | Kowsep- Buxia
OBMICHi Cym?:::l;wnu Emnoan;: X008, XOB : Na,S, Kara:;/laarop peaxuii, | cis XOB, | t'C | BMC,
nyrun,% are GRMDT, (K2Sy4) ° XB % %
52,6 N2a1251;4 10,5 5,3 10,5 1:2 0 160 8591 83 26
NayS, . «|migocTaTt O»
40 32 8 4 16 1:2 0.22 150 55,32 87 62
NayS, . «Imigoctart O»
32 325 12,8 6,4 16,3 1:2 0.41 75 98,79 90 49
KoS4 . «ImigocTtart O»
16,6 42.3 6,6 6,6 21,2 1:2 0.46 120 57,86 83 70,4
K58, . SiO2 (A-380)
0 20 0 0 66,7 3:1 13,3 240 69,09 83 13,4

B pnocniai Ne 1, wo nposoauscs 6e3 katani-
3aTopa MixdasHoro nepeHocy, cymapHa KOHBEp-
ciss XOB cknanana 85,91%. MNpu uboMy KinbKicTb
cnonyk, wo 3anuwanacs y npobi (abo yreoplosa-
nace nia 4ac nobivyHMUx peakuiin) — B OCHOBHOMY
1,1-auxnopeTtany, 36inbWKNOCk B CyMi a0 85,92%.
Buxia TBMC npu ubomy He nepesBuwme 26%
(puc. 1, kpusa 6).

B Toii xe wac, y nocniai Ne 2, nposegeHoro
3 BUKOPUCTAHHAM KaTanisatopy mMixdasHoro ne-

peHocy «Imigoctaty O» (Tabn. 2) cymapHa KOH-
Bepcisa cknana 55,22%. KinbkoCTb 3anuULIKOBUX i
no6iYHMX NPOAYKTIB B NOPIBHAIHHI 3 AOCNiAoM Neo 1
3MeHwysanacs i cknagana 55,32%. B Tou xe yac,
Buxig TBMC ana nocnigy Ne 2 3pocTas a0 62%,
T06T0 NpubansHo B 3 pasu. Lle rosoputs npo
€(dEeKTUBHICTL BUKOPUCTAHOrO KaTaniaatopa Mix-
¢dasHoro nepeHocy B npoueci koHaeHcauii XOB i
cynbifis B reTeporeHHOMY BOAHO-0PraHiyHOMy

cepenosuL,.
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Puc. 1. 3mina koHueHTpauiii KomnoHeHTis XOB Ta BU-
xig, (TBMC) 8 npoueci nonikoHaeHcauji B nocnigi Net:
1-1,2-0OXE; 2 — 1,1,2,2-tevpaxnoperan; 3 — 1,1 ,2-
TXE; 4 — 3annwok HeigeHTudikoBaHMX nonixnoposa-
Hux XOB (¥x); 5 — 1,1-puxnopetan, 6 — Buxig TBMC

100 x 5

0 20 40 60 80

Yac, xB

Puc. 3. 3MiHa KOHUEHTPALA KOMNOHEeHTIB XOB 1a Bu-
xin TBMC B npoueci nonikoHaeHcauii B gocnigi Ne 3:
1—1,2-AXE; 2—1 ,1,2,2-Terpaxnopetam;3—1, 1,2-TXE;
4 — 3aNVWOoK HeigeHTUDIKOBaHMUX nonixnoposaHmux
XOB (2x); 5 — 1,1-guxnoperan, 6 — suxig TBMC

70
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%, mMac.
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Yac, x8

Puc. 5. 3miHa KOHUEHTPAaUii KOMNOHEHTIB XOB T1a su-
xip, TBMC 8 npoueci nonikonaeHcauii 8 gocnigi Ne5
1—1,2-OXE; 2—1,1 12,2-TeTpaxnoperaH; 3— 1,1 ,2-TXE;
4 — 3anMWok HeiaeHTUdIKoBaHuX nonixnopoBaHmx
XOB (Xx); 5 — 1,1-guxnoperaH, 6 — suxig TBMC

0 50 100 150 200

Yac, x8

Puc. 2. 3miHa KOHUEHTPaLii KoMnoHeHTIB XOB Ta BK-
xig TBMC 8 npoueci nonikonaeHcauii 8 zocnigi Ne 2:

1 — 1,2-OXE; 2 — 1,1,2,2-TeTpaxnopevan; 3 —
1,1,2-TXE; 4 — 3annwok HeineHTMdIikoBaHMX nonix-
noposaHux XOB (2x); 5 — 1,1-guxnopertan, 6 — Buxig
TBMC

80
70

G
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Puc. 4. 3miHa koHueHTpauiin koMnoneHTie XOB Ta Bu-
xig TBMC 8 npoueci nonikoHaeHcauji B Aocnini Ned:
1—1,2-AXE;2—1,1,2,2-TeTpaxnopetan; 3 — 1 ,1,2-TXE;
4 — 3anNMWOK HEeIneHTUPIKOBAHMNX nonixnopoBaHmx
XOB (X¥x); 5 — 1,1-auxnopeTax, 6 — Buxiag TBMC

FKWO po3rnsHyTH peaynsTat gocnigis Ne 3
i Ne 4, ans skux Gyna aMeHwWweHa KinbkicTs BUKO-
PUCTaHUX CipuyncTux nyris (8 aocnigi Ne 4 amen-
Wwysanacs B 2 pa3u KinbkicTe agucnepraropa B no-
piBHSHHI 3 gocnigom Ne 3), npu UbOMy 36inbLuy-
Banacs KinekicTs cynbdinis ta XOB B peakuiiiHits
maci Ha 30%. B pesynsTati gocninis oaepxaHo
HacTynHuit peaynsTaTt: cymapHa koHsepcis XOB s
Aocnini Ne 3 aocsarna 98,79% — waisuwa 3 ycix
AocCnifiB, WO NOACHIOETLCA ONTUMANLHUM cniB-
BiHOLLEHHAM BCiX KOMNOHEHTIB peakuji. KinbkicTte
nobivyHUX Ta 3aNnLWKOBUX npoAaykTie B gocnigi Ne 3
3pocna ao 97,7%. Buxin TBMC He nepesuwms
49%. Ha siaminy Bin gocniay Ne 3 B nocniai Ne 4
OAEPXaHO MEHLLY CyMapHy KOHBepCilo — 57,86%,
KiNbKiCTb 3aNULIKOBMX | NOGIYHUX NPOAYKTIB Tex
3meHwmnace no 55,32%. Buxin TBMC s excnepu-
MEHTi BUABMBCA Haibinbwmm i cknas 70,4%. Le
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MOXHa NOACHUTH Ginblw BUCOKOIO KOHUEeHTpauiew
XOB i cynbdinis 8 peakuiiHii cymiwi, a Takox
6inbw BUCOKOIO peakuiiiHoo 3aaTHICTIO cynbdinis
Kanio B NopiBHAHHI 3 cynbdinamm Hatpiio.

B nocniai Ne 5 B ymosax 6essoaHoro cepepn-
OoBUWA NPOBOAMNKN CUHTE3 Be3 cynsbodinosmicHux
nyris, cnupTy Ta Ca0. HaToMmicTs peakuio nposo-
Annun mix XOB Ta SiO, (niporeHHuii KpeMHesem),
Ha NOBEPXHIO AKOro cneuianbHUM YUHOM 6yB Ha-
HeceHnn K8, (K>S, no Si0, sk 2:1). KoHueHTpa-
uis cynbdigy ameHwunacs 3a cnisBigHOWEHHAM
XOB:K,S,003:1 (B ekcnepumMmeHTax Ne 1-4 goHa
Cknapana XOB:Na,K,;S, 1:2). OgHak cymapua
KoHeepcis XOB cknana 69,09%, To6To CYTTEBO
HE 3MeHWwmMnace, i cnisctTasuma 3 KOHBEpCiAaMuU B
CUHTe3ax Ne 1-4,

Buxia TBMC B excnepumenTi Ne 5 cknas Tinb-
Kk 13,4%. Lle NOACHIOETLCH 3MEHIWEeHHSM KOH-
ueHTpauii cynediais B 2,5 pazu. 3MeHweHHs X
KOHUeHTpauil cynbdiais o6ymoeneHo TUM, Wo
BUKOPUCTaHHS B SIKOCTI Cynbgiayoyoro areqTa
K284v HanosHeHoro Si0,, NPM3BOAUTL A0 CUNbL-
HOrO 3arylieHHs peakuiiHoro cepenosuwa i TOMY
0OMEXYETLCA KiNbKICTb cynbodinis, BBEASHUX B
30HY peakuii.

MNposeaeHo aHanis I49-cnexTpis cipkoBMiCHMX
nonimepie, oaepxavux 3 XOB.

I4-cnektpu nonimepis peecTpyBanu Ha npu-
napi THERMO NICOLET NEXUS FT-IR s Aiana-
30Hi YacToT 4000-400 cm-1, BMKOPUCTOBYIOYU
NPUCTaBKY ANY3HOro BIAGUTTS 3 PO3piLLEeHHSM
4 i yucnom ckauie 50. Ana ananisis BUKOPUCTO-
BYBANWUCb 3pa3ku y BUrNsAi NOPoLwKy, nonepe-
AHbO posbasneHiy KBr y cniesinHoweHHi 180:20
(3pasox : KBr, mr).

Nicnsa awanisy I4-cnekTpie TiokononoAiGHUx
noniMepis, opepxaHux B cMHTe3ax No 3 | Ne 5
(puc. 6), MoxHa ckazaTu HacTynHe: no IY-cnek-
TPY CMOAKN, oaepxXaHoMy B cuHTesi Ne 3 6ynoea
MONEKYn 3aranbHoi popmynu =-(R-8,-)-1, nia-
TBEPAXYBANOCH YACTOTAMM NOrUHAHHS KONMBAHL
-(C-S)- 8 06nacTi 611-798 cm-1, w0 BignoBinae
AK BANEHTHUM, Tak i aedopMauiiHuM KonuBaH-
HAM —(C-S)- y cynbodinax pianoi G6ynosu [11].
MNpu ubomy TBEPAXEHHSA, WO Ui cnoayku € noni-
CynedinaMu, Ana SKUx CTyniHe nonicynbgigHocTi
n=2-4¢7e, wosBIY CNexTpax uux cnonyk,
XapakTePUCTUYHI YaCTOTU NOFMUHAHHS KONUBAHL
-(S-S)- B 06nacTi I4 528-450 cm-1.

AonaTtkoBuM TBEpAXEHHSM npo 6ynosy Bu-
COKomonekynapHoi cnonyku, ao6yToi B CuHTe3i
Ne 3, € nornuHanHs B o6nacTi 1270-1427 cMm-1, wo
BiAnosinae 3a nedopmauiiiHi KONMBaHHA —(C-H)-
3B’A3KY CKnaaHux ONirOMepHUx NPoAayKTiB 3 cip-
KO0 | 3aNMWKOBUM XNOPOM TUNy ClI-R-S,-R-OH,
fIKi MOXYTb YTBOPIOBaTUCH BHACNIAOK peakuiit
NYXHOro rigponisy (peakuis 11).

Cuntea Ne 3 nposoauscs s reTeporeHHoMy
CePeaoBuULLI BOAHOTO PO3YUHY, O MICTUTL 3Ha-

4HY KinbKicTb (00 20%) HaTpio MoHoCcynbdigy.
KpiM uboro, Tetpacynnoin HaTpilo 3aBXxAaun Mic-
TWUTb Nonicynbian 3 kinbkicTIo aToMis Cipku Big, 1
A0 5 aTomis cipku [7). B peaynsrari yTBOpIoBanacs
3HayHa KinbKicTb oniromepis 3 -[-R-S,-1-1,, e
N =1-2, Wo ninTBepAXyBanoCs HU3LKOIO iHTEH-
CUBHICTIO NOrNUHAHHA B o6nacTi 528-450 cm-1
Ana -(S-5)- 3B'asky. CTynive nonikoHgeHcauii
uux oniromepis m = 2-3, wo niaTeepaXysanocs
B'A3KOTEKYYOI KOHCUCTEHLIEID OAEepPXaHoro oni-
romepy, Wo BiAoMo 3 nitepaTypu [5-6].
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Puc. 6. 14-cnextp cipkoemicHMx nonimepis, ogepxa-
HWX B pocnigax Ne 3 i Ne 5.

Ans cunTesy Ne5, wo nposoauscs Ges Ao-
AaBaHHsA BOAW | KaTanisaTopa, B NPUCYTHOCTI
AvcneprosaHoro B XOB TeTpacynsdiay kanio,
HaHeCeHoro Ha nopuctuii Si0O, mapku A-380,
AWNO yTBOPEHHN Binbu BUCOKOMONEKYNsSpHOro
Tiokononogi6Horo nonimepy (kpucTaniynmnia no-
powoek).

MoxHa nepen6aunTtu npoTikanHs HacTynHux
peakuiit 3 ysacTio Teepaoi nosepxHi Si0,:

Cl-CH, ~CH, -Cl+Na,S, +3Si-OH—
—3Si-0-Na+Cl-CH,-S, -H+NaCl, (13)
3Si-0-Na+CI-CH,~CH,-S, ~H—
—38i-0-CH,-CH, -S, -H+NaCl, (14)
35i-0-CH, -CH, -S, ~H+Cl-CH, - CH, - Cl—N&:S«_,

ﬁz&—.EzSi-o-[CHz—CHz-s,,-l-H+HC|. (15)

B ubomy Bunaaky crynius nonikoHaeHcauii
m = 5-10. Ue niaTsepaxysanocs XapakTepHUmMu
HaCTOTaMU iIHTEHCUBHOT O NOFAMHAHHS ANS KONMW-
BaHb 3B'83Ky —(C-S)- 3 MakcuMymamum B o6nacri
611-798 cM~1, iHTEHCUBHICTb AKMUX 3HAYHO BMLLA,
HIX Ana npoaykTy Ne 3. YTBOPEHHA MOHOMEPHUX
| AMMEPHUX opraHocynbdiais i TiocnupTie B yMo-
Bax focniay Ne 3 ninTeepaxyBanocs iHTEHCUBHOIO
4aCTOTOI0 NOrAnHaHHA B o6nacTi 2508-2597 cm-1,
XapakTepHoro Ana KkonusaHb —(S-H)- 3B'A3KYy
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TiocnupTis i opraHocynbodigis. [0 ULOro MOXHa
NoAAaTH IHTEHCUMBHE NOrNUMHaHHA B o6nacTi 2850-
2925 cm—1, WO BiANOBIAAE 32 BANEHTHi KONWBAHHA
—(C-H)- 3B’a3ky opraHocyneodiais i TiocnupTis, B
npoaykTi cuHTesy Ne 3. B npoaykTi aocniny Ne 5
BOHM BIiACYTHI, WO nigTBepaxysanocs |4-cnek-
TPOM.

MornuHaxus B o6nacti 1230-1270-1432 ¢cm-1
npo6i npoaykTy Ne 3 BiANOBIAAIOTL 3@ BANEHTHI
konueaHHsa B CH- i CH,-rpynax, wo 6eanocepea-
HbO 3'eAHaHi 3 aToMamu cipku Ta OH-rpynoto.

Takum YMHOM, 3a pe3ynbTaraMmu aHanisy
I4-cnekTpa MOXHa 3p0OUTK 3aranbHUA BUCHOBOK:
6ynosa noniopraHocynbdinis, oaepxaHux 3 XOB
Ta cynbdifiB NyXHUX MeTanis, CUNLHO BiAPI3HA-
€TLCA 3a CKNafaoM NPOAYKTIB B 3aneXHOCTi Bif,
KOMMOHEHTIB peakujiiHOT CyMilli Ta yMOB NpoLecy.
JAnsa reTeporeHHoro npouecy, wo 3aiiCHIOBaBCs
B yMoBax 2-X ¢a3Hoi CUCTEMU BOAHO-NYXHOr0
po3unHy cynbdigie Ta opraxiyHoi ¢asu XOB, B
NPUCYTHOCTI KaTanisaTtopy MixX $asHoro nepeHo-
cy nepebirae 3Ha4Ha KinbkicTb nobivHMX npoue-
ciB. B pe3ynbraTti nobivHMX peakuiil yTBOpIOIOTLCSA
HWU3bKOMONEKYNSAPHI TIOCNUPTK, opraHocynbgiau,
a TakoxX unkniyvni Tioedipu (aocnin Ne 3). Mone-
KynsipHa Maca OfiePXaHoro 8 LibOMY BUNaaky no-
niMepa HeBWCOKA, CTYMiHb nNonikoHAeHcauii He
nepesunwye 2-4.

B TOI Xe 4ac gns reTeporeHHoro npouecy
B cuHTe3i Ne 5, ae nonikoHaeHcauia 3QincHIo-
Banacs WNAXOM peakLii MiXX TOHKO AUCNEePCHUM
nopowkom K,S,, HaHeceHum Ha nopuctuit Si0,
i3 xnopopraHi4yHumuK Bigxogamu y 6e3sogHomy
cepenoBuuli, XapakTepHe NPOXOAXEeHHA peak-
Lii nonikoHaeHcauii 4o binbw BUCOKUX CTYNEHIB
{(m =5-10) 3 yTBOPEHHAM BUCOKOMONEKYNAPHOIO
Tiokony.

3a peaynsTatamm BMKOHaHOT pobOTU MOXHa
3pobuUTK HaCTYNHi BACHOBKW,

e MoxHa nepepobnaTti koHueHTpoBaHi (100%)
piaki XxnopopraxivyHi Bigxoan BUpobHUUTBA
1,2-pguxnopeTaHy i BiHinxnopuAay 3 KOHBEpCi-
eto 55-98%.

e JlocnipxeHuii cnocib nae MOXIMBICTL 0AepXY-
BaT 3 BiAX0A4iB, WO Ha AaHWIA 4ac CNanioioTbes,
JeweBi Ta HETOKCUYHI CipKOBMICHI NONIMEpPHi
npoaykTK 3 Buxoaom 26-70%, AKi MOXYTb

BUKOPUCTOBYBaTUCH B AKOCTI moaudikaTopa
achansTobeToHUX i GiTyMHUX KOMNO3ULIA, WO
36inbLyBano iXHI0 MOPO3OCTIUKICTb.

e locnigxeHnin MeToq A03BONSE OQHOYACHO
CyMiCHO yTuniayeatu cynbdiaosmicHi Bigxoam
BUPOBGHULTBA ETUNEH-NPONINEHY (CIPKOBMICHI
nyru), Ans AKUX HA CbOrOAHIWHIA AeHb BiA-
CYTHiil eeKTUBHUIA MeTopq, yTunizauil.

e 3a HU3bKOro pPO3x0ay kaTanizatopa Mixdas-
Horo nepeHocy «Imigoctaty O», Wo cknanae
0,5-1% Bia macu XOB, nae MOXAuBICTL ne-
petsopuTh A0 98% XOB Ha ManoTOKCUYHI
NPOAYKTH.
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