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HccneposaHa pPanuKanbHas NMOJIHMEPH3ALUA BHHHJICYJILCPOKHCJ’IOTH B BOJHOM pacTBOpE, a TAKXKeE €€ Co-
NOJIMMEPH3aLHA ¢ aKpHIAMHIOM. CKOPOCTB rOMONOJIHMCPDH3IALIUHK BHHHJICYJlb(bOKHCJIOTLI H BCIHYHHA

ky/ k(',’2 ymeHpaiorcs npu uamenenns pH or 0.15 go 1.65. [ansHefimee ysenudenne pH conporoxaaercs

TIOBBILIEHHEM CKOPOCTH NpoLiecca, KOTOpas AOCTHIaeT MAKCHMAJIbHOTO 3HaueHus npu pH okono 2.5 - 3.0
H OCTAETCs NMPAKTHYECKH NOCTOARHOM BInoTs o pH 11.5. ITopsgok noauMepu3auiu no MOHOMEPY TaKkKe
3asucuT ot pH u cocrasnser 1.1 npu pH 0.15 u 1.63 npu pH 7; npu pH 10.2 peakuus xapakTepH3yeTcs ne-
PEMEHHBIM NOPAAKOM NO MOHOMepY, npeBbialommM 1.0. CkopocTh CONOMAMEPH3ANMA BHHHIICYILGO-
KHCJIOTBI H €€ COJIH € AKPHIAMAAIOM YMEHBINAETCS MPH YBETHYSHUH HOMH CyNb(oCcoAepKaLIEro MOHOMEpa
B HCXONHOM MOHOMEPHO# cMecH. CocTaB 06pa3yoluXcs CONONMMEPOB BO BCEX Cydanx 0GOralleH 3BeHb-
sIMH aKpHJIaMH/IAa H TIPAKTHYECKH HE 32BHCHT OT KOHBEPCHH BIUIOTH JI0 [NTyGOKHX CTENEeHEH NPERpalLEHHA.
KOHCTaHTbI CONONMMEPH3ALIHH, BLIYHCIICHHBIE Ha HAYANBHOA CTAJHH MPOIECCA, ANA CHCTEMBI aKPHITAMH[I—
BHHWICYAbGokucnoTa Kak npu pH 1.65, Tak u npu pH 11 cocrasnstor ry = 3.5 £ 0.15 u r, = 0.30 £ 0.10.

Hano Bo3MOXHOE OO BACHEHHE MOJNYYCHHBIX IKCIICPHMEHTAJIBHBIX PE3yNILTATOB.

KuHeTHUyeCKHE O0COGEHHOCTH (CO)MOMHMEpH3a-
LIHH BOIOPACTBOPHMBIX MOHOMEPOB B 3HAYHTENILHOI
CTENEHH OMPEAEHAIOTCA XapaKTEPOM MEXMOJNEKY-
NAPHLIX B3aMMOJICHCTBHI PEAar€HTOB H CYIIIECTBEHHO
3aBHCAT OT NPHPOALI pacTBopHTens, pH peaknuon-
Ho# cpenpl ¥ T.1. Haubonee sipko pnusuune pH cpenbl
NPOABAACTCA NPH PafHKANLHON NONIMMEPH3aLHH aK-
punoBeIX KHCIOT. B pa6orax (1, 2] ycraHoBiaeH He-
MOHOTOHHBIH XapaKTep 3aBHCHMOCTH 0611t ckopo-
CTH NOJHMEPH3AlMH AKPHWIOBOH H METaKpHJIOBOH
kucnor ot pH BogHoro pacrsopa. CkopocTh noju-
MEPH3allMH TAKHX HOHOTCHHBIX MOHOMEPOB 3HAYH-
TEJIbHO YMEHBIIAETCA NMPH NEPEXORE OT HEHOHH3O-
BaHHO# KucoThI Ipd pH B uuTEpBane 2 - 3 k pH oxo-
1o 7 ¥ 3aTeM BHOBb NOBBLIIIAETCA NPH fanbHeiiem

! PaGora Bhimonnena npu cmEancoroi nomaepxke Poccuii-
cxoro ¢oHA2 PyHRAMEHTANLHBIX HCCNEROBaHMA (KON IPOEKTA
93-03-4976).
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yBeqH4eHHH pH, cONMpoBOXAAIOEMCA BO3paCTaHHEM
CTETNEHH RMCCOUMALMU KMCIOT M YBEJIIMYECHHEM HOH-
HO# cunbl pacTBopa. Takas 3aBHCHMOCTb OGYCIIOBIIE-
Ha pa3iMYHbIMH TPOLECCAMH MEXMOJICKYJAPHBIX
B3aHMOJCHCTBHI MOHOMEpPA U MaKpopaiuKana [2].

B oTanyke OT ci1albiX KHCIOT, K YHCTY KOTOPBIX
OTHOCATCA AKPHJIOBAass H METAKPHIOBAasA KHCJIOTBI,
BIIUAHUE XapaKTepa MEXMOJEKYNAPHBbIX B3aHMO-
AEACTBHH HA PagHKAJbHYIO MOJHMEPH3ALHIO CHJIb-
HBIX HENMPEACIbHBIX KHCIOT H3Y4YEHO B 3HAYHTEIBHO
MCHBLICH cTencHH. B nuTepaType B OCHOBHOM HMe-
IOTCS JaHHbIC MO MOJHMEPH3ALUH CTHPOJICYIbO-
KHCJIOTBI U ee couelt [3, 4]. OgHako B 3Tux pab6orax
Bonpoc o snuAHuM pH Ha KHHETHYECKHE MapaMeTpbl
npoiiecca CNELHANBHO HE paccMaTpuBalci. B Hacro-
Aue# pa6oTe H3y4yeHO BIHSAHHE MPHPOJbI PEaKIHOH-
HO# cpefibl (B 4aCTHOCTH, ee pH) Ha pagHKaIbHYIO
(co)monmuMepU3aLHio BUHHIICYIb(OKHCIOTH B BOX-
HOM pacTBOpE.
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Puc, 1. 3aBucamocTdb ckopocri nonamepuzamn BCK
ot pH peakiponsbix pacrsopos. [M] = 1.3 Monw/n,
[nepcynbdar xamms] = 1.58 x 10~2 mons/n, 55°C.

SKCIIEPUMEHTAJIBHAS YACTB

KoMMmepueckuii npenapaT BEHIICYIL(DOKHUCIOTHI
(BCK) Tpmxphl BO3roHsUTH B BakyyMe. Ilepcynbgar
KaJIMs NEPEKPHCTAITH3OBBIBANH U3 BOABI U CYLIWIH B
Bakyyme. B pa6oTe HCHONB3OBANH GHEHCTHILIAT.
AxpunaMHup BO3roHsIH B Bakyyme npu 45 - 50°C Ha
oxnaxpuaeMyo npu 0°C moBepxHOCTb.

INonumepusauuio BCK npoBopunu B BakyyMme,
B KaYeCTBE HHHUMATOPA MCMONIb30BaNH nepcyabdar
xamus. Ilepeq nmonumepmusanueidl BOAHBIA pacTBOp
MOHOMEpA ¥ HHHIMATOPA OCBOOOXAANH OT BO3/(yXa
MHOIOKPAaTHBIM NOBTOPCHAEM IHKJIOB 3aMOPaXKHBa-
HHE—Pa3MOPAXHBAHHE B BaKyyMe H NMEPEHOCHIH B
aunatoMerp. Y3 faHHBIX O MNOTHOCTAX NOJIMMEPA H
MOHOMEpA PacCYMTaHbl 3HAYCHHA KOHTPAKUHH IPH
nonumepu3sauuu BCK B 1menoqnoit cpene, Koropeie
cocrasnsior 0.228, 0.236 u 0.239 cM’/r mpu 35,45 u
55°C coorsercreenno. [Tonumepusauus BCK B Boj-
HOM pacTBOpe MPOTEKAET NMPAKTHYECKH Ge3 HHAYK-
IHOHHOTO NEPHOJA.

H3-3a TPYRHOCTH BLIICICHHS IOTHBUHUIICYIb(]O-
KHCIIOTBI OOpa3OBaBHIMICA NPH MONHMEPH3ALMH
BCK (npu Hu3KHX 3HaYeHHAX pH) nonumep nepeso-
[UIK B COJIEBYIO (POPMY THTPOBAHHEM E€[KHM Ha-
TpoM no eHonPraieHHy H OCaXAanu B 60NBLIIOM

Tabmuma 1. 3aBHCEMOCTH CKOpOCTH HuMIMupoBaHus BCK
ot BesuMHbI pH peakinOHHBIX PacTBOPOB H KOHUCHTPALHH
MoHOMepa ([nepcynndar kanmi] = 1.57 x 1072 monw/n, 55°C)

pH (M1, Mons/n  |w, X 107, Mons/(n ¢)
-0.80 3.85 0.93+0.17

0.15 1.30 0.83+0.17

0.8 1.30 0.75+0.16

1.65 130 0.86+0.3

3.35 1.30 0.71£0.15
10.2 1.30 0.8710.27
115 1.30 1.02+0.2
115 0.90 1.04 £0.20

BAPABAHOBA u 1ip.

H30bITKE 70%-HOrO BOJHOrO PacTBOpa METAHONA.
Jns onpeneneHHss XapaKTEPUCTHYECKON BA3KOCTH
MOJIMMEDP NPEABAPHTEJIBHO NEPEOCAXKAAIH METaHO-
JIOM M3 BOJHOrO pacTBopa. XapaKTEpHCTHYECKYIO
BA3KOCTH MOJHMEDPOB H3MEPS/IH B BHCKO3UMETpE
¥Y66enone npu 30°C, HCNONL3ys B Ka4ECTBE PacTBO-
puTtena BogHbli pacrBop NaNO, pa3nnyHOil KOHIICH-
TpauuH, o6ecneurBaoLIci NOJHOE NOJABICHHE IO-
JIH3JICKTPOIUTHOrO 3¢hdeKTa.

CoOBMECTHYI0O TNONMMEPH3ALHIO NPOBOAHIH B
BaKyyMe, B Ka4eCTBE HHHIHATOpPA HCIOIbL30BaJHA
nepcyabgar xanus. CoctaB cONOMHMEPOB ompene-
JISUTH METOAAMH KoJle6aTeNbHOH CNEeKTPOCKONHH
koMOuHauuonHoro paccestus (KP) u ITMP-cnekr-
pockonuu. Ilpu onpenenennu cocrasa MerogoMm KP
PEaKIHMIO MPOBORKIM IO KOHBEPCHH MOHOMEPOB, HE
npesbitaiomeit 5 - 7%. OGpa3oBaBilHecs CONOMH-
MEPpbI BBIACIAIN M3 PaCTBOpa OCaXACHHEM B METa-
HON (B ciiydyae COMONHMEDPOB, IOJYYEHHBIX NpH
BBICOKHX 3HaueHHsix pH) unn aneToH (comomumepet
akpunamuga ¢ BCK), or¢punsTpoBbiBanu u B cnydae
COTOJIMMEpa aKPHJIAMHJA C BHHWICYIb(POHATOM Ha-
TPHA OYMINAJIH NEPEOCAXKACHHEM H3 BOJHOrO pac-
TBOpa B MeTaHOJI. M3yyeHue coCTaBa CONONMUMEPOB
MerogoMm SIMP nmpoBopgunHu B XOfe mpouecca Hemo-
cpencreeHHO B IMP-cnekTpoMeTpe.

PE3YJIBTATHI U UX OBCYXINEHHUE

Hns romononumepusauun BCK u3yueno Bnus-
Hue pH peakUHOHHON Cpefbl, KOHIEHTPALUi MOHO-
MEpa H HHHIHATOPA, a TAKXKE TEMIIEPATYPhl HA CKO-
POCTb peakuuu H MOJIEKYNApPHYI0O Maccy ofpasyio-
LLMXCA OJHMEPOB.

Ha puc. 1 npuBeaeHa 3aBHCHMOCTB OOUIEH CKO-
pocru nonuMepuzaunu BCK or Besnmynns! pH peak-
LHOHHOM cpefibl. PeaxkIiHIO MPOBOJMIIM NPH TEMITEPa-
Type 55°C H KOHIEHTpauusAX MOHOMepa 1.3 Monb/n 1
naunMartopa 1.58 x 1072 mons/n. IonyyeHurie pe-
3yJAbTaThl CBHEETENBCTBYIOT O HETPHBHANBHOM 3aBH-
cuMOCTH ckopocTH peakuun oT pH cpeasl. Bugro,
4yro ckopocTh nonumepusayuu BCK (pH 0.15) cna-
Yyaja 3aMETHO YMEHBILIAETCA NPH JO6ABICHHH K BOJ-

“HOMY PacTBOpY €JKOrO HAaTpa M JOCTHTAeT MHHH-

MansHoro 3HayeHus npu pH 1.6. [JanpHeitmee yse-
auyeHne pH peakiHOHHOM cpefibl COMPOBOXAACTCA
MOBBIIIEHHEM CKOPOCTH Mporecca, KOTopasi A0CTH-
raeT npeaesbHoro 3uayenus npu pH ~ 2.5 - 3.0 u no-
CJIe 3TOrO OCTAaeTCA MPAKTHYECKH MOCTOSHHOI
otk Ao pH 11.5. Takas 3aBucuMocTb 061eit cxo-
POCTH NONMMEpHU3alun ot 3HavyeHua pH kavecTsen-
HO HalOMHHAET CHTYyaLHio, HabJIFofaeMylo NpH 1o-
JMHMEPH3aIHH CNa0bIX aKPUIOBBIX KHCIOT. OfHaKO
MHHHMaJIbHas cKopocTh nojinMepn3anuu BCK (npu
pH 1.65) Bcero B ~2 pa3a MEHbIIE CKOPOCTH NOJIAME-
pu3auuu npu pH 0.15 u B unrepsane pH or 2 go 11.
B TO Xe BpeMs NpH NMOJHMEPH3AIMH aKPWIOBOH H
METaKPUIOBOM KHCIIOT CKOPOCTh MPONECCa B 3aBHCH-
MocTu ot pH cpeppl u3mensercs B 30 - 50 pas.
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PAJUKAJIBHAA ITOJIMMEPU3 AL BUHUJICYJIb®OKHCIIOTBI

H3mencHue oO6miell cKOPpOCTH HOMUMEPH3ALHUM
npu BapsupoBaHun pH Moxer 6bITh 06GYCIOBIEHO
H3MEHEHHEM CKOpPOCTEHl 3/MEMEHTApHBIX peakini
HHUIMHPOBAHHSA, POCTAa H OOpBIBA LiEMEH.

{nsa onpepeneHus CKOPOCTH HHHIHHPOBAHHA NO-
JMUMEPH3ALMM PEAKUMIO MPOBOAWIM B NPHCYTCTBHH
HeGOMBIIMX KOMHYECTB (He Gonee 5 - 10% no oTHolIe-
HHIO K HHMIHMATOpPY) 3((PEKTHBHOIO MHTrHOHTOpA
PaMKANLHON MOJIMMEPH3ALMH — CTAOWIBHONO CBO-
6opHoro pagukana 2,2,6,6-reTpaMe THNMHIEPHAKI-N-
okcuna. CKOpocTb HHMIIMHPDOBAHHS W, PaCCYHThIBA-
JIM M3 JAHHBIX O MPOJOJIKHTEIBHOCTH HHEYKIIHOHHO-
TO NMEPHOfia B NPHCYTCTBHH H3BECTHOTO KONHYECTBA
HHrH6HTOpA, MoJaras, YTO Kax/as MOJEKyja HHTH-
6MTOpa pearupyeT C OfHHM WHHIMHPYIOLUUM pajgu-
kanoM. ITonyyeHHbie TakuM 0Gpa3oM 3HAYECHHA W,
npuseneHsl B Taba. 1. BugHO, 4T0 CKOPOCTh HHHIHHA-
pOBaHHA NPAKTHYCCKH HE 3aBUCHT OT BeJH4HHbI pH.
Takoe noBegeHHE XOPOIIO COIIIACYETCH C H3BECTHBI-
Mu RanHbIMH. HecMoTps Ha TO 4TO cKOpoCTh pac-
nafa nepcynabgaTa Kalusg CyLIECTBEHHO BO3PacTacT
¢ yMeHbLieHHeM pH, ckopocTs 06pa3oBaHuA HHHLH-
HPYIOLIMX PaguKaNoB MPH pacnajie nepcyabgara Ka-
Jius UIIb B HE3HAYHTC/IBHON CTENEHH M3MEHACTCA
¢ usmeHenueM pH peakuuonnoit cpenni (5], Usyye-
HHE TEMNEPAaTypHO! 3aBHCHMOCTH CKOpPOCTEN HHM-
nuupopauus nonumepusanyd BCK npu pH 7.0 u 10.2
NO3BOJIWIO ONIPEACAHTD 3HAYCHHE IHCPTHH AKTHBA-
IHH PEeaKUHH MHHIWHPOBAHHA, KOTOPOE MpH oGoux
sHavyeHuAx pH cocrasngeT okono 138 x/Ix/Mob.

O6pasyrowmuecs NOJIUMEPbI HMEIOT OTHOCHTEb-
HO HEBBLICOKYIO MOJIEKY/SIPHYIO Maccy Npu BCex
H3y4eHHbIX 3HaueHHAX pH. Xapaktepucrnueckas
BA3KOCTb 3THX MOJHMEPOB HAaXORMTCA B MpeAenax
0.03 - 0.06 na/r.

C uenpio BLISCHEHHS BIHAHHA TEMMEpaTyphl Ha
nonumepusanuio BCK npu pH 7.0 u 10.2 onsiThl
nposofunu npu 35, 45 u 55°C. Ha ocHOBaHHM THHEIH-
HO# 3aBHCHMOCTH Ha4aJIbHOM CKOPOCTH MOJIHMEPH-
3alliM  YKa3aHHbIX MOHOMEPOB OT TEMMEPATYPbl
B KOOPAMHATAX ypaBHCHHA AppeHuyca Oblnu pac-
CYMTaHbl 3PPEKTHBHBIE CYMMAapHBIC JHEPTHH aKTH-
BallHH MPOLIECCA MONHMEPH3ALHH, KOTOPbIE OKa3a-
JIHCh OMHAKOBBIMH H paBHbIMH 92.2 KJIK/MONB.

Cxopocts nonumepusauuu BCK npu paznuubix
sHauenuax pH (0.15 - 10.2) nponopunoHanbHa KOH-
LICHTpalLMd MHHIMaTOpa B creneHH 0.5, yTO CBHAE-
TENLCTBYET O GHMOJIEKYNAPHOM OOpBIBE PaCTYLIHMX
PamuKanoB.

Bonee cnoxHas 3aBHCHMOCTh HaGJIIOAAETCA MEXK-
Ay CKOPOCTBIO TNOJHMEPH3aLMH H KOHLEHTpauue
MoHoMepa (pHc. 2). YBeIudeHHEe KOHIEHTPALHHE MO-
HOMepa BO BCEX CIIyHasAX COMPOBOXAACTCHA POCTOM
CKOPOCTH NMOJIMMEPH3ALHH H MOJIEKYISPHO MacChl
oGpasyroumxcs nonuMepos. Ilopsgok peaxuusn no
MoHoMepy npH nonuMepu3anuu BCK B BogHoM pac-
TBOpe 6e3 po6asox NaOH (pH 0.15) coctasaser 1.1,
B TO BpeMst Kak npH nonuMepusauuud BCK npu pH 7
on paseH 1.63. Ilonumepusanua BCK B wenouHoit

BbICOKOMO/JIEKYJIAPHBIE COEOIUHEHHUA  Cepua A
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Puc. 2. 3aBUCHMOCTb CKOPOCTH TNOJHMEPH3ALMH
BCK or xounesTpauun Monomepa npu pH 0.15 (I);
7.0(2) 1 10.2 (3).

cpeae npu pH 10.2 B uHTEpBaNe KOHUEHTpALHIH MO-
Homepa ot 0.6 1o 3.2 MosIb/ XapaKTEpH3yeTCs nepe-
MEHHBIM TOPSAKOM M0 MOHOMEDY, NPEBbIMIAIOMHM
nepPBbIA.

W3 naHHBIX O CKOPOCTH HHHIIHHPOBAHUA H CKOPO-
cru nonumepu3sanuy BCK 6b11u paccuntanb 31aye-

12
Husl k,/k,” npu pasnuyHbix 3HaYeHHsx pH. 3tu pe-

' 3ynbTaThl NPHBEACHBI B Tadu. 2. Bugno, 4to oTHO-

2 o
wmeHue k,/k,” B 3aBucumocTH ot pH peakuuoHHOI
Cpenbl HMEET MHHHMYM.

~OpnHo#t U3 NPHYUH YCTAHOBICHHOrO BausHus pH

'PEAKIHOHHOM Cpefibl Ha MOPSOK PeaKLuH NOTHMe-

pH3ALMK 10 MOHOMEPY MOXCT SABAATBCA PasHas
crenefis pucconmauuu BCK u ee monumepa npu
pa3nuuHbIx 3HavYeHusix pH. Monomephas BCK sBng-

Ta6auua 2. Buausnue pH peakumonHoit cpenbl Ha no:m-
mepusauuio BCK ([nepcynbgar kamua] = 1.57 x 1072,
[M] = 1.3 Monb/n, 55°C)

* 4 7
oH wg x 104 w,x 10 kp/k(‘)n (n/Monb )12
MOJIB/N €
0.15 1.32 0.83 0.36
0.80 0.94 0.75 0.28
1.65 0.69 0.86 0.19
335 1.49 0.71 043
10.2 1.49 0.87 0.39
114 1.49 0.95 0.38

* HavaneHast CKOPOCTh MOMMMEPH3AUHH,

ToM36 M6 1994
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Puc. 3. 3aBHCHMOCTE CTENEHH HOHH3AHUH NOJHBU-
HHICyAbpokrcnoTel oT pH pacTtropa.

eTCA CHJILHOH KHCIOTOH, KOTOpas B BOJHBLIX pac-
TBOpPaxX NMPH KOHLEHTPAIMU A0 3 MOJIb/ MOMHOCTHIO
RMCCOLIMHPOBAHA BO BCEM HCCIIEOBAaHHOM HHTEpBAJe
pH [6]. Tlo-BugMMOMY, HECKOIBKO HHBIM OOpa3oM
pH BaHAET Ha CTENEHb HOHH3AUUH MOJUMEPHOM KKC-
JIOTEI H NONUMEPHBIX pagukanos BCK.

OnpepeneHe CcTENEHH HOHH3AUMH KHCJIOTBI
meTtoioM KP ocHOBaHO Ha M3MEHEHHH OTHOCHTEJIb-
HOH HHTEHCHBHOCTH H 4acToThl KoneOaHH#i Vso

3

npu nouuzauuu BCK. Ipu nepexone or BCK B Mac-
ce, Iic OHA MOHM30BAaHA JIHIUE B MAJNOH CTENEHH
(20 - 30%), x ee paz6aBIeHHOMY PacTBOPY B BOAE, B
KOTOPOM OHa MOJIHOCTBIO HOHH3OBAHA, MHTCHCHB-
HOCTb TMOJIOCHI MOMIOLLEHHUs Bo3pacTaet B ~10 pa3, a
ee yactoTa Mensierca ot 1057 go 1052 cm~!. Cnenyer
OTMETHTB, YTO HH TOJOXKEHHE NMOJOCh! MOMIOLICHHS
npu 1052 cM™!, HH €€ HHTEHCHBHOCTD HE H3MEHAIOTCA
npu u3MeHenun pH BopHoro pacrsopa BCK or 2.5
no 11.5. Hcnone3ys Takoe CMELUCHHE MOA0CHI
NOTJIOICHUA TPH HOHHM3ALMH CYJbGOKHCIOTHOM
TPYTNbI, MbI PACCYHTHLIBAIH CTCNICHb HOHH3AUM 1O~
auMepHOM KHCHOThI. C 3TOl HENBIO 3aNHCBIBAIH
HK-cniekTpb! peakuUHOHHON CMECH NOCITE NOTHMEPH-
3alMH H H3MEPAJIH MHTEHCHBHOCTb MOJIOCHI MOTJIO-
weHus npu 1052 cm~!. OnpegenuB HE3aBHCHMBIM
METOAOM CTeNeHb NMPEBPALICHHA, PACCYHTHIBAIH KO-
JHYECTBO HOHU30BAHHLIX MONMHMEPHDIX CYAbdOKHC-
JIOTHBIX TPy

Ha puc. 3 npuBegeHa 3aBHCHMOCTb CTENIEHH HOHH-
3aIMH OJIHBHHIICY/IL(OKHCIOTHI OT BeIHYHHBI pH
peakuMoHHON cMecH. BHHO, YTO B CHIILHOKHCIBIX
Cpefax 3Ta KHCJIOTa NHCCOLUMHPOBAHA HE MNOJHO-
cThio; npu yBenudeHun pH o ~2 crenexs guccoyuna-
[HH MOMHMEPHON KHCIOTHI BO3pacTacT. MoxHO fy-
MaTh, YTO AUCCOLMALIUA MONHMEPHBIX PafHKAJIOB H3-
MEHAETCA aHAIOrHYHbIM 06pa3oM. TakuM o6pa3oMm,
B uHTepBane pH ot O no 1.65 creneHs gucconUanuy
MIOIMMEPHOTO PAfiMKaNa yBEIHYHBACTCA.

Hcxond U3 JaHHBIX O AMCCOMHALMH MOHOMEPHOM
u nonuMmepHoit BCK MOXHO clesaTh CJACRYIOLIHE

BbICOKOMOIIEKYJIAPHBIE COEMMHEHHSA Cepus A ToM 36 N6
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BbiBORbl. [Ipu pH 0.15 noamBummncynngokuciaora
RHMCCOLMHPOBAHA B MaJiON CTCNEHH, BCIECACTBHE Y€T0
HaG/I0NaeTCA NEPBLIA MOPAROK PEAKLHHU MTOJTHMEPH-
3anmd no MOHOMEPY. B TO ke BpeMd B HEATpanbHOM
H LEIOYHOM CPEax aHOMAJbHbIH MOPANOK PEaKUU
no MoHomepy npu nonumepusanui BCK coenagaer
C TaKOBbIM B ClTy4ae NOJTHMEPH3ALHH AKPHIAT-aHHO-
Ha [2]). 9ro yka3biBaeT Ha GJIH3KYIO IPHPORY BJIHS-
Hus pH cpenbl Ha CKOPOCTD MMONIMMEPH3AIUH aKPHIO-
BOH H BHHHICYJIb(OHOBOH KHCIOT. Ilo-BHAMMOMY,
H3MEHEHHE KOHCTAHTbI CKOPOCTH PEaKLHH POCTa Le-
nei ¢ noseitieHueM pH cpennl B 3T0l 0GnacTu 3Ha-
qeuui pH aBAseTCA OCHOBHOM NPHYHHOM H3MCHEHHUA
CKOpOCTH nonuMepu3sanun. O6Gpa3oBaHHE HOHHBIX
nap cnocoGCTByeT pocTy K, B HEHTPANBLHOM H IEN0Y-
HOM cpefax. B monp3y 3TOro npeanoioxXeHus CBHAC-
TENLCTBYET TaKXKE YCTAHOBIIEHHOE HAMM YBEIHYe-
HHe ckopoctu nonuMepusanun BCK npu poGasne-
HHMH K PEAKIHOHHON CHCTEME HH3KOMONEKYNSAPHOIro
3JIEKTPONUTA. B TO Xe BpeMs naficHiE CKOPOCTH MO~
numepu3anuu B Auanazore pH ot 0.15 o 1.65 o6yc-
JIOBJICHO MOBLIIEHHEM CTEMCHH AHCCOIMHALMHN MaK-
POpafHKaia K yMECHbUICHHEM KOHIICHTPALHH AHHO-
HoB BCK B nonmuMepHoM KiyOke B pe3yabTare
37IEKTPOCTATHYECKOrO0 OTTAJIKHBAHUA MEXAY ORHO-
HMEHHO 3apsKEHHBIMH HOHAMH MOHOMEpA U paiuKa-
Na, TMOCKONBLKY BCIEACTBHE OTHOCHTEIBHO MAJOi
KOHLCHTPALHK NMPOTHBOHOHOB B 3THX YCJIOBHAX HE
MPOUCXOAUT 0GPa30BaHHA HOHHBIX Map.

IMpouecc 06pa3oBaHUs HOHHBIX NIap HAYHHAECTCH,
oueBupHo, npu pH > 1.65. Cnenuduyeckoe CBA3bI-
BaHHE MaKpOpPafHKalaMH NPUCYTCTBYIONHX B peak-
IHOHHOI# cHcTeMe HOHOB Na* NpHBOAMT, €CTECTBEH-
HO, K OCNaGIeHHIO 3JICKTPOCTATHYECKOr0 OTTAIKH-
BaHHA MEXAy MOHOMEPOM H PaCTyILHM PAfIHKAJIOM H
COMPOBOXAAETCH MOBBIILICHHEM OOIIEH CKOpOCTH
nonumepu3auu. 1o AOCTHKEHHH ONpEAeIEHHOro
pH npoHncxoauT 3KpaHHpOBaHHE 3apAKEHHBIX KOH-
IIOB BCEX MAKPOPAMKAJIOB, H RAalbHEHILICE HIMEHE-
Hue pH He NpHBOOHT K H3MEHEHHIO CKOPOCTH IIOJH-
mepu3anuu BCK.

CiiegyeT OTMETHTD, YTO, NOCKOJILKY TNONHMEPHAst
KHCJIOTa, KaK MpaBWio, siBysieTcs Gonee cnaGoi mo
CPaBHEHHIO C €€ MOHOMEPHBIM AaHAJIOTOM, NHCCOLM-
auus TONUMepa, a CJIEHOBATENLHO, H MOTHMEPHOIO
paguKana MoOXeT ObITb B HEKOTOPOH CTENEHH IO-
AaB/icHa B MPHCYTCTBHH MOHOMepa. Takoe BIHSHHE
MOHOMEpa Ha CTEIEHb HCCOUHALHH MAKPOPagHKAJIOB,
MO-BUHMOMY, MOXKET CKa3bIBATLCA Ha MOPSANKE NOJM-
mepusatui BCK no MOHOMEpY NpH Pa3fIHYHBIX
3HayeHusx pH. I1pH nomuMepH3auH KHCIOTBI B Macce,
KOI7Ia PacTyIHe PagHKaIbl MOMHBHHHICYNB(POKHCIO-
Thbl MPAKTHYECKH HE HOHM30BaHbI, KOHLICHTpALKsA MO-
HOMEpA He BIIHACT Ha CTENEHb HX HOHH3ALHH H 3¢ dek-
THBHYIO PEAaKIMOHHYIO CHOCOOHOCTb. B pesysbTtare
HaO/IORaeTCA NMePBhlil HOPAAOK MO MOHOMEPY, KakK H
st OGBIYHOM BUHUIOBO# nosmMepH3anui. [pu nepe-
xopie k Gosiee BbICOKHM 3HaucHHAM pH, npu KOTOpbIX
MOHOMEpHAast KHCJIOTA MOJHOCTbIO HOHH3OBaHA, yBe-
AMYEHHE €€ KOHUCHTPAUHH YMCHBIIAET CTeNeHb
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JHCCOLHALMM MOTHMEPHBIX PafiHKAJIOB H TEM CaMbIM
NOBbILIAET OOGLIYI0 CKOPOCTb MOJHMEPH3alMH.
Jro obyciornuBaeT 60nee BLICOKHH NOPAAOK 110 MO-
HOMepY.

YBeNnueHHE KOHICHTPALHH MOHOMEpa B peak-
LIHOHHON CMECH CONPOBOXKAAETCA HEKOTOPBIM MOBLI-
LIEHHEM BA3KOCTH pacTBopa. IIpH M3MEHCHHH KOH-
nentpauuu BCK ot 0.4 fo 4.0 MOnb/n BA3KOCTH BO3-
pacraer B ~2 pa3a. Takoe H3IMEHEHHE BA3KOCTH
PEAKIHOHHOM CHCTEMbI ROJIKHO MPHBORHTD K YMEHb-
UIEHHIO CKOPOCTH peakiiHH o6phiBa LiCTICH, CIIC[OBa-
TENBHO, U K YBETMYEHHIO o6uicit ckopocTH. [loaTomy
M3 [JaHHBIX O CKOPOCTH TNOJMMEPH3ALHH H BA3KOCTH
HCXO[HOH PEaKIHOHHOH CMECH B MPEMMOIOXECHHH,
YTO CKOPOCTh MPOLECCa MPONOPIHOHAIIbHA KBaJ[paT-
HOMY KOPHIO U3 BeJIHYHHbI BA3KOCTH CHCTEMBI, GbUIH
PacCUHTAHBI 3HAYECHHA CKOPOCTH PEaKlHH NPH OfH-
HaKOoBO#l BSI3KOCTH HCXOJHOro pactBopa. OpHako
y4eT H3MCHEHHS BA3KOCTH TaKXe HE NPHBOJHT K 1O-
JIyYEHHIO MEPBOTO NOPAAKa 110 MOHOMEDY.

Cononnmepusauuio akpunamuaa ¢ BCK ucene-
moBaiu npu 45°C u nocroaHHOM o6LIeH KOHLUEHTpa-
L{UH MOHOMEPOB 2.0 MOJb/J1.

MeTtopoM TIMP-cniekTpockonuu Gbin onpeacneH
cocraB 0OOpa3yIOMMXCA conojauMepoB. CHrHanbl
C XMM. CiBHraMH B o61acti & = 5.6 # 6.6 M. 1. OTHO-
CATCA K POTOHAM BHHHJILHBIX I'PYIN COMOHOMEPOB.
B cnekTpax cMecH MOHOMEPOB 3TH CHTHaJbI nepe-
KpbIBalOTCA H MOXKHO BBIICJINTH fiBE 00Onactu: B 06-
nactu 8 = 6.6 - 6.4 M. 1. CUTHaNIBI OTHOCATCA K [IBYM
NpPOTOHAM aKpHJIaMHAA M oaHoMmy npotony BCK,
a curHanel ¢ 0 = 6.1 - 5.6 M. 1. — K IByM NPOTOHaM
BCK u ogHOMY NpoTOHY aKpHiamMHia. B uHrepaane
XHM. CABHIrOB 2.9 - 1.6 M. 1. HaGMIOXAIOTCA CHTHAJIBI
OT MpOTOHAa conoauMepa. Mcnonws3ys omucaHHy10
HaMH paHee METOAHMKY obcuera cnektpos IIMP (7],
ObL1 paccuMTaH COCTaB O0OPa3YIOLMXCA COMOMHME-
POB Ha pa3NHYHbIX ryOHHAX TPEBPALLCHH.

Ha puc. 4 npegcraBneHa 3aBHCHMOCTbL COCTaBa
cononuMepa akpunaMua-BCK oT cocraBa HCXOAHOM
MOHOMEPHO# cMecH. JKCNEPHMEHTAbHbIE TOYKH
NOJNy4YEHbl NMPH Pa3NHYHbIX KOHBEPCHAX. DTH MaH-
HbIE CBHACTENBLCTBYIOT O TOM, YTO COCTAB COMOIHUME-
poe akpuiaamuga ¢ BCK (nmpu pH 11) npakThuecku
He U3MEHAETCH C KOHBepcuei. Bo Bcex cayyasx or-
HouleHKe 3BeHbeB akpuiamuf : BCK B cononnmepe
B ~3 pa3a 6onbliie, 4eM B HCxofHO#M cMecH. Kak no-
Ka3aHO HaMH paHee [7], Takas HE3aBHCHMOCTb CO-
CTaBa COMOJMMEpA OT KOHBEPCHH MOXeT Habiro-
RaThCA TONBKO B TOM Clly4ae, KOraa

rl=X0/aXHr2=aX/X0, (1)

rae X, # X — OTHOWIECHHE KOHLECHTPALHII COMOHOME-
POB B MOHOMEPHO# CMECH B HAYaNbHbIA M TEKYLIHMH
MOMEHTHI BPEMEHH; @ — K03 HIHEHT, PABHBIA B Ha-
weM cnyyae 1/3. Ucxops M3 3TOro Ha Ha4yaabLbHOM CTa-
MM NONUMepU3aUMH, KOrHa X = Xy, 7' aupunarnn = 3-0 H
r, = 0.33. PacyeT KOHCTaHT CONMOJHMMEPHIALHH C HC-
NOL30BAHHEM MOJTYYEHHBIX J/If HAUYANBHbIX CTafHiM
nonuMepusanuy gaaHHbix TIMP-cnekTpockonuu u
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KP paer npakTH4ecKH OfHHAKOBbIC 3HAYCHHA KOH-
CTAHT COMOMMMEPH3ALMH, KOTOpblEe HE3ABHCHMO OT
pH cocrasnsior ry =3.5+0.15 ur, =0.3010.10. Bup-
HO XOpoillee COOTBETCTBHE 3IKCIIEPHMEHTANBHBIX
3HaYEHHI KOHCTAHT COMOMMMEPH3ALMNH C TEOPETHYE-
CKHMH BenHyHHAMH. B paGore [8] Takxke ycraHORBIE-
HO OGOrallleHHE COMONMMMEpPa aKpHJIAMHAA C BUHMII-
cynb(¢hOHATOM HATPHA aKPHIAMHHBIMH 3BEHBAMH.

He3aBHCHMOCTE COCTaBa COINOJHMEPA OT KOHBED-
cun oOyCnoBNIEHA, N0 HallleMy MHEHHIO, TEM, 4YTO B
npoLecce  COMOJMHMEpH3aluu BOIU3M  AKTHBHOIO
LEHTPa MONREPXKHUBACTCA MOCTOSHHOE COOTHOLLCHHE

[A)/[B]
o]
15} °
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7l °
(o]
b ¢
[o]

2 4 6 X,
Puc. 4. 3aBHCHMOCTb OTHOILCHHA KOJHYECTBA MO-
HOMepHbIX 3BeHbeB [A]/[B] B cononumepe akpun-
amMup-BCK ot cocraBa HcxomHOM MOHOMEpHOH
cmecu X = [Aly/[Blo. :

g x 10*, monb/(n1 ¢)

BCK, mon. %

Puc. 5. 3aBHCHMOCTD 0G11ielt CKOPOCTH COMONUMEPH-
sauuu akpunamuga ¢ BCK npu pH 1.65 (1) u 11 (2)
OT COCTaBa HCXORHOMH MOHOMEpHO#H cMecH. KpuBbie —
pacueT no ypaBHerHio A.Jl. A6xuna (9].
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(n), an/r

L 5
50 100
BCK, Mon. %

Puc. 6. 3aBHCHMOCTb BeIMYHMHBI XapaKTEPUCTHYE-
cKoil BA3KOCTH cononuMepoB akpunamuga ¢ BCK
oT copepxanust BCK B ucxopHO# MOHOMEPHOI

CMECH.

MEXJy COMOHOMEpaMH. AHANOTMYHAA KapTHHA
o0HapyXX€Ha HaMH paHec NpH COMOJMMEPH3ALHU
aKpHIIAMHAA C APYTMM BOAOPAaCTBOPHMBIM COMOHO-
MEPOM — CEPHOKHCIIOH COJIbIO AUMETHIAMHHOITHII-
MeTakpunara [7]. MoxHO nojaraTh, 4YTO TaKas
3aKOHOMEPHOCTb ABIACTCA CrnenudHYecKoil 0co-
6EHHOCTDLIO MOJIHMEPH3ALHH BOJOPACTBOPHMBIX MO-
HOMEPOB H CBA3aHA C TKAPOPOGHBIM XapaKTEPOM OC-
HOBHO# MOJIMMEPHOM LEMH, MPHBOASLAM K BO3HHK-
HOBEHHIO B BOJHOM PacTBOPE MHKpPOAarperaToB THNA
MHIENI, KOTOPbIE€ MPERNOYTHTENBHO COMOGHIN3H-
pytoT ruppodo6Hble rpynnHpoBKH. B BogHOM pac-
TBOpE Cynb(POCOAEPKAIHA MOHOMEDP MNOJHOCTBIO
HOHH30BaH M NPHCYTCTBYET B BHAE CBOGOXHBIX HO-
HOB, CONBBATHPOBAHHBIX MOJEKYJNaMHM BOJBI. JTO
06GCTOATENBCTBO AOIKHO 3aTPYAHATD BXOX/ICHHE 3a-
PSKEHHBIX BHHWICYNb(POHATHBIX AaHHOHOB B THAPO-
¢oO6HBIe accouHaThl, B CBA3H C YEM CMECh B 3THX
arperaTtax GyfieT o6oraleHa aKkprJIaMHIOM IO Cpas-
HEHHIO CO CPEHHM COCTABOM MOHOMEPHOM CMECH.

3aBHCHMOCTb OOLIEH CKOPOCTH CONOJMMEpPH3a-
UMM OT COCTaBa MOHOMEPHOH CMECH NMpPHBENICHA HA
puc. 5. M3 3THX RaHHBIX CIEQYET, YTO CKOPOCTh pa3-
AENbHOM NONMMEPH3ALMH AKPHIAMHAA 3HAYHUTENLHO
NpeBBINAET CKOpPOCTh romonomumepn3amuue BCK
Kak B kucno#t (pH 1.65), Tak u B menoyo# (pH 11)
cpepe. IIpu go6aBneHuy K aKpuiiaMuAy BTOPOTO CO-
MOHOMEpPa CKOpPOCTb COMOJIMMEPH3aLUH ILIABHO
YMEHBIIAETCA N0 MEPE YBENHYECHHSA MOJSPHOIO CO-
AEpKaHUA ITOrO COMOHOMEPA B HCXORHOH MOHOMED-
HOHi cMecH. Kak M B cilyyac roMOMOJTHMEPH3ALUH,
cKopocTh cononuMmepusanun npu pH 11 Heckonbko
BhILIE, YeM B KUcIO# cpeae npu pH 1.65. Takoe pas-
auyue HaGNIORAcTCA MPH BCEX COCTABAaX MCXOAHOMH
MOHOMEPHO# CMECH.
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BAPABAHOBA u ap.

Hcnonp3ys nonyyeHHble KOHCTAHTHI COMOJIHME-
PH3aLHH, @ TAKXKE CKOPOCTH Pa3fiCALHON MOTHMEPH-
3allHH H3YYCHHBIX HAMH MOHOMEPOB, C MOMOIILIO
KHHETHYECKOro ypaBHeHus A.Jl. AGkxuna [9] Gbuim
paccYUTaHbl CKOPOCTH COMNOJHMEPH3AMH aKpPHUI-
amufa ¢ BCK aiist pa3sHbIX COCTABOB HCXO[{HBIX MOHO-
MEPHBIX CMECEH. ITH pPe3yJabTaThl NPHBEACHLI Ha
PHC. 5 B BHJIE CTUIOIIHBIX KPHBBIX (TOYKH — 3KCIIEPH-
MEHTaNbHble JaHHble). BUAHO ROBONBHO XOpoluee
COBMAICHHE IKCMIEPHMEHTANIBHBIX PE3YJILTATOB C TE-
OPETHYECKHMH KPHUBBIMH.

YMenblieHue OOIIECH CKOPOCTH COMOJHMEPH3a-
MM akpwiamupa npu pobGaeneHud K HeMy BCK
B COJICBOA (pOpPME CONMPOBOXAAETCA CYLIECTBEHHBIM
NAJICHHEM MOJIEKYIAPHOH MacChl 06pa3yIOLMXCS CO-
nonuMepos (puc. 6). OnpefacauTh MOJIEKYIAPHYIO
Maccy cononuMepoB akpunamuaa ¢ BCK (nomydyae-
MBIX NPH TNPOBERCHHH pEaKUHMH B CWIBHOKHCIOM
cpene nipu pH 0.15) He npeacTaBNANOCH BOSMOXHBIM
H3-3a HEPACTBOPHMMOCTH 3THX COMOJNIMMEPOB B BOAE,
KOTOpas, BEPOATHO, 00YCIIOB/IEHA CUIHBAHHEM MOJIH-
MEPHBIX LENei 32 CYET UMHH3ALMM aKPHIAMHIHBIX
3BEHBEB B KHCJION Cpefie.

Takum 06pa3oM, pe3yabTaThbl, NONYy4YECHHbBIEC IPH
HCCnefoBaHuH roMo- i conoaumepn3sanuu BCK, no-
Ka3bIBAIOT, YTO, KaK H B ClIy4ae cnabbIX aKpHIOBBIX
KHCJIOT, NIPH NMOJIMMEPH3ALMH CWIBHOM KucnoTsl pH
PEeaKIMOHHOM Cpeabl CYLIECTBEHHO BIUACT HA KHHE-
THYECKHE 3aKOHOMEPHOCTH npouecca. OaHako BCK
NPaKTHYECKH MOJHOCTbIO HOHH30BaHA BO BCEM H3Y-
yeHHOM uHTepBasic pH. 3amenenne pH cka3swiBaer-
€A TONIbKO Ha BEJIMYMHE CTETICHH AMCCOLHALIUM TTOJIH-
MEpPHOH KHCIOTRI, IPHYEM €€ MOJHaA JHCCOLHALIHS
pocturaetca yxe npu pH ~ 2 (B ciiy4ae akpHIIOBBIX
KHCJIOT NOJIHast AHCCOLMaLus HabmofaeTca NHIb B
He#iTpanbHOH MnM ciaabolenoyHoi cpepax). B Ta-
KOH KMCNO# Cpefic KOHIICHTpaLUsl HOHHBIX Map, Be-
POSAITHO, COMOCTAaBHMA C KOHIEHTpaLueil CBOGOTHBIX
aHHOHOB. B cBsI3H ¢ 3THM YBETHYECHHE CTENEHH THC-
COLHALMH MOJIKMEPHBIX PaiHKaIOB NIPHBOJHUT, C Off-
HOH CTOPOHBI, K OTTAJIKMBAHHIO OXHOMMEHHO 3aps-

-XKCHHBIX JMCCOLMHUPOBAHHBIX CyJbGOrpynn mnoau-
MEPHOrO pajfiiKajlia ¥ MOHOMEpPA H, C JPYrod — K
06pa30BaHMIO HOHHBIX Nap, HHBEJHPYIOLUIHX 3JIEKT-
poCTaTHYeCKOe OTTalKuBaHMe. [IBa 3aTHX mporecca
aHTHOGATHO BJIHUAIOT Ha CKOPOCTh MOIMMEPH3ALIHH, TI0-
aToMy HaGmiofaeMass HaMH 3aBHCHMOCTb CKOPOCTH
nonuMepusanuu ot pH B kucitoi 061acTH BeIpakeHa
B MEHBILEH CTENEHH, YEM B CIIy4yae clabbix Hempe-
RENBHBIX KHCIIOT.
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Radical Polymerization of Vinylsulfonic Acid
and Its Copolymerization with Acrylamide in Aqueous Solution

A. L Barabanova, V. F. Gromov, E. V. Buné, Yu. S. Bogachev,
N. V. Kozlova, and E. N. Teleshov
Karpov Institute of Physical Chemistry, ul. Obukha 10, Moscow, 103064 Russia

Abstract — Radical polymerization of vinylsulfonic acid in aqueous solution and its copolymerization with
acrylamide were studied. The rate of homopolymerization of vinylsulfonic acid and the magnitude of k,/ k;/z

decrease with an increase in Ph from 0.15 to 1.65. When the pH is increased further, the reaction rate increases,
reaches a maximum at pH about 2.5 - 3.0, and remains virtualy constant until pH 11.5 is attained. The reaction
order of polymerization with respect to monomer is also a function of pH and it equals 1.1 at pH 0.15 and 1.63
at pH 7; at pH 10.2, the reaction order with respect to monomer is variable exceeding 1.0. The rate of copoly-
merization of vinylsulfonic acid or its salt with acrylamide decreases with an increase in the content of sulfo-
containing monomer in the monomer feed. In all cases, composition of the copolymers formed is enriched with
acrylamide units and is independent of reaction conversion up to high conversions. For acrylamide—vinylsul-
fonic acid, reactivity ratios, as calculated for the initial stage of the process, are r; = 3.5 + 0.15 and
ry =0.30 2 0.10 both at pH 1.65 and pH 11. Possible explanation of the obtained experimental results is pre-

sented.
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