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Onpedeneno, 4umo npu 83aumMoOelicmeuu 2eiisl, Co0ePHCae2o GUHULOBIIL IQUP MOHOIMAHOIAMUHA, C UOHA-
MU Medu npouUcxooum umeHexue xapakmepa zapsoa cemxu. Habyxanue 2ens 00 63aumooeticmsusi onpeoensiemcs
npomonupogannvimu NH-epynnamu, a nocie — 3apsoamu céazanuvix uoHo6 meou. [lpomonuszayus cemxu 8 KUCAOU
cpede npueoOUm K pa3pyulenuio KOMNIEKCA ¢ UOHAMU MeOU, CIAOUTUUPOBAHHBIX KOOPOUHAYUOHHBIMU CEA3SAMU.
Omo noseonsiem, 8 YACMHOCMU OCYIECBIANG PE2EHEPAYUID COPOEHINO8, 8bINOIHEHHBIX HA OCHOBE CUHME3UPOBAH-

HbIX 8 pabome 2uopozenel.

It was determined that the interaction of the gel containing vinyl ether of monoethanolamine, with copper
ions changes the nature of the charge net. Swelling of the gel before the interaction is determined by the protonated
NH-groups, and after - the charges related to copper ions. Protonized net in an acidic medium leads to the destruc-
tion of the complex with copper ions, stabilized by coordination bonds. This allows, in particular to the regeneration
of the sorbents getting on the basis of the synthesized hydrogels.

BBenenne. ['uaporenu TpaauIIMOHHO pac-
CMAaTpPUBAIOTCS B KAYECTBE MEPCIEKTUBHOTO Ma-
Tepuaiga sl COPOCHTOB PA3IMYHOrO Ha3Haue-
Hus [1,2], B 4acTHOCTH, M3BICYCHUSI METAJIOB.
AKTyalmbHOCTh  pa3pa0OTKH MaTepUalioB  JUIs
W3BJICUCHHS MOJHBATCHTHBIX METAJUIOB M3 CJa-
00 KOHLIEHTPUPOBAHHBIX PACTBOPOB B JIAJIbHEH-
IIEM MOXKET TOJIBKO BO3PacTaTh, TaK KakK J0ObIYA
TaKMX METaJUIOB KaK MEIb OCYLISCTBISCTCS U3
Bce Oosiee OETHOTO CHIPHS, MPUYEM 3HAYUTENb-
Hasl JI0JIsi MUPOBOT'O MPOU3BOJICTBA MEIN CBS3a-
Ha C THIPOMETAJUTyprHUeCKHUMH Meronamu. B
CBOIO OYepe.lb, CHU)KCHHE COJICPYKAHUS MEIH B
pyZax, K KOTOPbIM HPUMEHSIOTCS METOMABI Ky4-
HOT'O BBIIIETaYMBaHKsI, TPEOYET COBEPIICHCTBO-
BaHHS METOJIOB M3BJICUCHUS LICHHONW KOMITOHCH-
Thl U3 PACTBOPOB HM3KOHW KOHLEHTpAIMH, CO-
JeprKaIux OOIbIIOe KOTHMYECTBO IPHUMECEH.

CopO1ust HU3KO- M BBICOKOMOJICKYJISIPHBIX
KOMIIOHEHT THIPOTEISIMH MOXET O0YyCIIaBIIH-
BaTbCs (POPMHUPOBAHMEM CBSI3€H Pa3IUYHOTO
tuna. B nurteparype moapoOHO ommcaHa copO-
IMsl HOHOB TMOJIMBAJICHTHBIX METAJUIOB, B 4aCT-
HOCTH MEJM, TeIsIMH Ha OCHOBE KapOOHOBBIX
kucnor [3,4]. B nmanHOM ciydae cBsi3bIBaHHE
MOHOB 00YCIaBIMBaeTCs 00pa3oBaHUEM BOJIO-
HEPAaCTBOPUMBIX COCITUHECHHH U COIPOBOXKIACT-
sl pe3KuM CxkaTHeM (KosuaricoMm) cetku. Hemoc-
TaTKd METOJIOB W3BJICUYCHUS METAJUIOB, OCHO-
BaHHBIX Ha MPOIECCaX TAKOro POja, CBS3aHBI C
TPYJHOCTSIMH PEreHepaluy copOeHTa.

M3BecTHBI Takke COpOLMOHHBIE MPOLEC-
CBl, B KOTOPBIX HOHBI NOJMBAJICHTHBIX CBSI3bIBA-
I0TCsL 32 c4eT (pOpMHPOBaHMS KOOPIHHAIMOH-
HBIX CBsI3eH C JUraHnoo0pasyromuMu (QyHK-
IMOHAJBHBIMH TpynnaMu cetku [5,6]. [Ipeumy-
IIECTBOM TaKHX COPOCHTOB SIBJISAETCS BO3MOX-
HOCTh CPaBHHUTEIBHO POCTOI pereHeparit, Tak
KaK 00pa3yrOLMICS KOMIUIEKC JOCTATOYHO JIer-

KO pa3pymiaercs, Hampumep, NMPU U3MEHEHUU
KHCJIOTHOCTH cpenpl. boiee Toro, B gaHHOM
cllydae W3BJICYCHHWE WOHOB MEIU U3 PacTBOpa
MOXET UATH B HEMPEPHIBHOM PEKUME, TaK Kak
BBICBOOOXKCHUE M3BIIEKAEMON KOMIIOHEHTBI M3
BEIIECTBA THUAPOTENS MOXET MPOTEKaTh MO
BO3CHCTBUEM IIEKTPUIECKOIO TOKA.

Takum 00pa3oM, TPEACTABISET HHTEPEC
pacIMpeHrue acCoOpTUMEHTa THApOreNeH, CIo-
COOHBIX CBSI3BIBATH MOJMBAJICHTHEIC METAILIEI 32
CYeT JHUTaHJ000pa3yIMX TPyHI, a TaKKe
JTANbHEHIIIee UCCIICIOBAHUE COPOIIMA MEIU Ta-
KHUMH CETKaMHU.

Marepuananl u Metoabl. CUHTE3 rens Ha
OCHOBE BUHIUJIOBBIX 3(HPOB MOHOITAHOIAMHHA
(BOMDA) u stunenrnukons (BO3I') nmpooau-
JI1 METOJIOM PaJMalliOHHOTO WHUIUUPOBAHUS B
BOJIHOM pacTBOpe. MOHOMEPHI OUHIIAINCH MHO-
TOKpaTHOM MNEpEeroHKON Mo BakyyMoM. beuim
CHHTE3UPOBAHBI T'eM MOJBHOTO cocraBa [BD-
MDBA]:[B23I'] = 13:87 u 26:74.

Hcnonp3oBanyu HU3KOMOJIEKYISPHBIC CO-
au CuCl, u KCI mapku 4.1.a. 6€3 AOMONTHUTEb-
HOM OYHCTKH.

Crenenp HaOyXaHUS TeJlei OMPEICIISIIH,
PETUCTPUPYST U3MEHEHUE MX JUHEWHBIX pa3Me-
POB TIPY MTOMOIIIXA KaTETOMETPA U IMOCISAYIOIIE-
ro mepecdera K 00beMy NMPU U3BECTHOU T'€OMET-
pun o0pasua.

B skcriepuMeHTaxX perucTpupoBaiu 3aBU-
CHMOCTH OTHOCUTEILHOro obwbema rema V/Vj
(rme: Vo- o0beM cuHTEe3upoBaHHOTO Temst, V —
0o0beM Telsi B YCIOBHUSAX OIBITA) OT BPEMEHHU
(KMHETHYECKUE KPHUBBIC) MPH TMOMEIICHUH Ha-
Oyxmmx renedl B PacTBOPHI HU3KOMOJEKYJIISp-
HBIX COJICH Pa3IMYHBIX KOHI[SHTPAIIHIA.

Pe3yabTatel um o6cy:xkaenue. Ha puc.l
MPEJCTABIICHO COIMOCTABJICHUE KHHETUYCCKHUX
KPUBBIX ISl OTHOCHUTEIBHOTO O0OBeMa THIIPOre-
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na cononumepa BOMDA-BOOIT B pactBOpax
XJIOpPUAOB Kanus U Menu (2+) oAMHAKOBOW KOH-
HeHTpauud. BuaHo, uro B 0o0oux ciydasx npu
MaJIbIX BpeMeHaxX B3aMMOIEHCTBUS Trelisl U pac-
TBOpa UMEET MECTO YMEHBIICHHE OTHOCHTENb-
HOro oObeMa THApOreNns, MPUYEM XOJ KPHUBBIX
Ha HAYaJbHOM YYacTKE MPAKTUYECKH OIUHAKOB.
[Ipn wmcnonb3yeMoM 3HAYEHHHM KOHLIEHTPAIUH
HaOIoanach MPAaKTUYEeCKH TOJHAs copOuus
WOHOB MEIM U3 OKPYXAaIoIero pacreopa, KoTo-
pHIii o0eciBeuuBacs, a o0paserl reis mpruoope-
TaJ UHTCHCUBHYIO TEMHO-CHHIOIO OKPACKY.

VIV,
2t 1
1 b
2
[ — e e
10 20 50 120 180 240 t, min

Puc. 1. ConocraBiieHre KHHETHKH U3MEHEHUsI
OTHOCHTEJIbHOr0 00beMa rujaporesiei conojnmepa
B pactBopax xiopuaoB meau (1) u kamusn (2),
[BOMDA]:[BIII']=13:87 m01.%0;

[KCI]= [CuCl,] = 0,05 moas/a.

DTO MO3BOJISET YTBEPKAATh, UTO

a) HaOyXaHHWE CHHTE3UPOBAHHBIX CETOK
onpenensercs nporormsammenn NH,-rpymm, T.e.
WCXOMHBIN TeIb SBJISACTCS KATHOHHBIM, 0) Mpu
MaJlbIX BpeMEHaX B3aUMOJICHCTBUS Telisl U pac-
TBOpa €ro KoJutarc OOYCIIOBJIEH TOJNBKO (haKTo-
paMu 3MEKTPOCTATUUYECKON MPUPOBL.

JlelicTBUTENBHO, BBIPAKEHHBIM KOJIIAIC
oOpa3sia renst B pacTBOPE COJIM, HE CBA3AHHBIN C
XUMHYCCKUMHU PEAKIUAMU C ydacTHeM (yHK-
LHUOHAIBHBIX TPYII CETKH, OMpEIECNsieTcsl CHU-
JKEHUEM  DJIEKTPOCTATHUYECKOH  KOMIIOHEHTHI
JaBJICHUS HAOyXaHWs, MPUYEM STOT MEXaHH3M
MPOSBISETCSA OMTHAKOBO UTSI JTFOOBIX HHU3KOMO-
JIEKYJSPHBIX 3JCKTPOJIMTOB M JIFOOBIX TOJH-
BIEKTPOIUTHBIX CETOK.

[Ipu GompmIMX BpeMeHaX B3aUMOJICHCTBHS
KaTUOHHOM CETKU C PacTBOPOM XJIOpHUAA MEAU
HaOJIIO/IaeTCsl YBEIMUYEHHUE CTEIICHU HaOyXaHUs
rens. [Ipu 3ToM paBHOBEcHas CTeNeHb HaOyxa-
HUSI B TaKOM pacTBOpPE MPUHUMAET 3HAYCHUE
BBIIIIC MCXOQHOTO.

3T0 MO3BOJSET MPEANOI0KUTE, YTO CETKa
npuoOpeTaeT CyIIECTBEHHbIN IOMOTHUTENbHBIN
3apsj B pe3ysibTaTe o0pa3oBaHUS KOOPIUHAIIH-
OHHBIX CBsizelt Mexay ee NHp-rpynmamu u wo-
Hamu Memu. Cxema mpoliecca, OTBETCTBEHHOTO
3a MpUOOpEeTeHre 3apsia MoKa3aHa Ha puc. 2.
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Puc. 2. Cxema peakuuu cBA3bIBAHUS HOHOB MeIH AMHHHBIMH ()YHKIHOHAJIbHBIMH
rpyninamMu MOHOMepPHBIX 3BeHbeB BOMDA.

MOXHO Takxke caenaTh BBIBOJ, YTO Xa-
pakTepHOEe BpeMs pPeaKUUu MeXIy (YHKIHO-
HAJBHBIMHU TPYIIIAMHU TeNs U MOHAMU MEOH Ha-
MHOTI'O IPEBBIIIAET XapaKTEPHOE BPeMs PeaKkLuu
reisi Ha U3MEHEHHWE MOHHOW CHJIBI OKpY’Kalolle-
rO pacTBOpa, YTO U MO3BOJISET YETKO Pa3ACIUTh
mpolrecc, BelpakaeMoil kKpuBoit 1, puc. 1 Ha nBe
CTaluH.

Takum o0paszoM, peakius MexAy (QyHK-

IMOHAILHBIMU TPYIIIAMH TelIs U MOHAMU MEIU
MPUBOAUT K HM3MEHEHUIO XapakTepa HOCUTENS
3apsia CeTKH. B CXOMHOM COCTOSIHUHU e¢ Haly-
XaHWe O0ECIEUNBANIOCh POTOHUPOBAHHBIMU
NH,-rpynnamuy, a mociie B3auMOJICHCTBUS — HO-
HaMU MEIH, yJepKUBAEMbIMH B OOBEME CETKU
KOOPAMHAIIMOHHBIMH CBSI3IMHU.

CrenanHblif BBHIBOJI MOJATBEPIKIAETCS TaK-
K€ M3MEPEHUSIMH, MPOBEICHHBIMU TP JIPYTUX
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KOHIEeHTpalusax xyuopuaa meau (puc.3). Buaso,
YTO yBEIMYCHHE KOHICHTPAIIMHA MEIH MTPUBOJHUT
K MOHOTOHHOMY YBEJIMUYCHHUIO CTEIIEHH HaOyxa-
HUS ceTKu. [Ipu 3TOM At BceX KPHBBIX, MPE-
CTaBJICHHBIX Ha PHUCYHKE 3, XapaKTepHO HaJH-
Yhe MUHHMyMa CTeleHH HaOyxaHus, pasJe-
JSIFOLIETO CTAIMI0 KoJIarca U CTaaulo Halyxa-
HUSL.

JIOTIOTHUTEIBHBIM TTOATBEPKACHUEM TIOJHU-
ANIEKTPOJIMTHOI'O XapakTepa IOJYy4eHHOW B pe-
3yJbTaTe B3aUMOJICUCTBUSI CETKH CIyKaT pe-
3yJbTaThl, MOJTYYCHHBIC MpPU BHECCHHH B pac-
TBOP HHM3KOMOJICKYJIIPHOI'O JJICKTPOJINTA, HE
BCTYMAIOIIEr0 B XMMUYECKYIO PeaKkIHIo C Belle-
CTBOM ceTku (xyopuza xanus). Hamiaue naHHo-
ro KOMIOHEHTa B PAacTBOpPE MPHBOAUT K MOHO-
TOHHOMY YMCHBIICHUIO CTENCHU HaOyXaHHS
(puc. 1, kpuBas 2), 4TO XapaKTEPHO IS JIFOOBIX
MOJIUAJICKTPOITUTHBIX CETOK.

Jlecop6uust moro Cu”* u3 rumporenenoit
MOJMMEPHOH MaTPHIIBI JIETKO MPOTEKAeT B KH-
cioit cpene (puc. 4). Ilpu >TOM THApOrENb Ha-
Oyxaer, Tepsisi CHHIOIO OKPAacKy, a BHEIIIHUHN pac-
TBOP 3aMETHO OKPAIINBACTCH.

10 30 50 I I120 180 240 T MHH.
Puc. 3. Bansinue koHuentpammu pacreopa CuCl,
HA KHHETHKY HA0yXaHHM# IHaporeJieil conojume-
poB BOMDA u B33I'; [BOMIA] : [BIII'],Mmou1.
% = 13: 87; [CuCl,], moas/1.=0,001 (1), 0,01 (2),
0.05 (3), 0,1( 4).

VIV,

10 30 50 120 180 240 7mmm

Puc. 4. Kunernka yBeJinueHus cTeneHH HA-
6yxannst reiss BAMIA-BIII-Cu?* npu necop6-
uuu uoHoB meau; [BOMDIA]:[BIII']=13:87
M011.%; pH=2.2.

JecopOuust conpoBOXKIAETCS CYIIECTBEH-
HBIM YBEIMYECHHEM CTENEeHW HaOyXaHHus, dTO
00BsICHSIETCSA MPOTOHU3ALMEH aMUHHBIX TPYII B
Kucnoii cpeae. M3MepeHus, mpeacTaBieHHbIE HA
PUCYHKE 5, OTHOCATCSA K cCiydalo ceTku BO-
MDA-BIAI-Cu?*, momyuennoro mpu [CuCly] =
0,001 monb/m.

[IporoHn3aumsi yKa3aHHBIX TpYIN, BO-
MEPBBIX, MPUBOIUT K Pa3pylIEHUIO KOOpAWHA-
LIUOHHBIX CBA3EH, a, BO-BTOPBIX, CIIOCOOCTBYET
BBITECHEHUIO TOJOKHUTENBHO 3apsHDKEHHBIX HO-
HOB MEIM U3 BEILIECTBA CETKH BCIICACTBHUE DJICK-
TPOCTATHYECKOTO OTTAIKHBAHHS.

3akaiouenne. Takum oOpazoMm, mpu
B3aMMOJCHUCTBUM TeMsl, COIEpXAaIero BUHHUIIO-
BBI 3QHp MOHO3TaHOJIAMWHA, MPOUCXOIUT U3-
MEHEHHE Xapakrepa 3apsiia cetku. HalOyxanwme
res 10 B3aUMOJAEHCTBHUS ONpenensiercs MmpoTo-
HupoBanHbiMM NH-rpynmamu, a mocne — 3aps-
JaMH CBS3aHHBIX MOHOB Menu. [lomydeHHas B
pe3ynbTaTe CBS3BIBAHUS MOHOB MEIU CeTKa 00-
JajaeT CBOWCTBAMM MOJHMIJIEKTPONIUTA, T.C. €
cTereHb Ha0yXaHHsl yMEHBIIAETCS 3a CUET DKpa-
HUPYIOLIETO JACHCTBHS MOHOB HU3KOMOJIEKYIISIP-
HOTO 3JIeKTponuTa. [IpoTOHM3AIMs CETKH B KH-
CIION cpesie MPUBOIUT K Pa3pyLICHUI0 KOMILIEK-
ca ¢ MOHAMH MeIH, CTaOMIM3UPOBAHHBIX KOOp-
JUHALMOHHBIMHU CBS3AMHU. JTO MO3BOJISIET, B Ya-
CTHOCTH OCYLIECTBJIATH pPEreHepanuio copOeH-
TOB, BBITIOTHEHHBIX HA OCHOBE CHHTE3WPOBaH-
HBIX B paboTe ruaporeneH.
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SAME CHARACTERISTIC PROPERTIES OF RADICAL POLYMERIZATION
OF POTASSIUM STYRENE SULPHONATE

Yeligbayeva G.Z.
The Kazakh National Technical University, Kazakhstan

H3zyuenue ocobennocmeli paouxkaibHOU NOAUMEPU3AYUU CIUPOICYIbGOHAMA Kaus ObLI0 NPOBEIeHo 8
NPOMOHOOOHOPHYIX cpedax. OnpedenieHbl KuHemuueckue i 2UOPOOUHAMUYECKUe NAPaAMempbl, YCHAHOBIEeHbl OCHOG-
Hble KuHemuyeckue ypaenenust. ITlonyuennvle Kunemuueckue napamempul HOOMEePIHCOeHbl CHeKMPAIbHbIMU XAPAK-
MepUCmuKamu.

The free radical polymerisation of potassium styrene sulphonate was examined in water-ethylene glycol
and water-ethanol solutions. The Kkinetics of process and the molecular weight were measured using dilatometric
and viscosimetric methods respectively. The polymerization rate, polymer molecular weight and activation energy
were settled and main process equations were established for two above-mentioned solutions. The obtained data as
well as data of inhibiting polymerization discovered tend to increase the effective reaction ability of monomer at
transfer from water-ethylene glycol medium to water-ethanol. Infrared spectroscopy was used to monitor the ole-

finic stretching and explained observed phenomena.

Introduction. Potassium styrene sulpho-
nate (PSS) is a precursor for the production of
various ionised polymers (IP). This monomer
has low toxicity and high reactivity for homo
and copolymerisation. Free radical polyneriza-
tion is the most convenient method to produce
IP although other methods include cationic and
anionic polymerisation*?. Industrial interest in
PSS and its polymer derivatives is due to their
potential applications in technologies such as
waste-water treatment and medical drugs“®.
There are few descriptions of the polymerisation
process in the literature. Kurenkov, Miag-
chenkov and co-workersl presented a study of
PSS polymerisation in different solutions but
their study focused more on the determination of
the polymerisation process under the influence
of slow molecular substances. However, it is
known that polymerisation and copolymerisation
of highly ionised monomers, which is PSS, are
characterised by complicated and not synony-
mous dependence on the nature of the reaction
medium®*®. The specific medium affects the in-
tramolecular and intermolecular interaction that
is accompanied by substantial changes of elec-
tron-structure reaction centres. All this has ef-
fects on kinetic parameters and the mechanism
of polymerisation.

In this paper, we investigate the homo-
phase radical polymerisation of potassium sty-

rene sulphonate in water-alcohol solution. The
effect of temperature, monomers and initiator
concentrations on the polymerisation Kkinetic and
molecular weight development are described.

Experimental. PSS monomer was recrys-
tallized twice and was dried under vacuum at
room temperature for 48 h. before polymeriza-
tion. The free radical initiator 2,2'-
azoisobutyronitrile (AIBN) and the free radical
inhibitor 2,2,6,6-tetramethyl-4-benzoypiperidin-
1-oxyl (TMBPO) were recrystallized and dried
under vacuum at room temperature before use.
Ethanol and ethylene glycol were distillated at
351 K and 470 K respectively. Bidistillated wa-
ter was used for aqueous solution polymeriza-
tion.

A given mixture of PSS, AIBN and sol-
vents (TMBPO in the case of photo-
polymerization) was charged in a set of glass
ampoules (dilatometers), which were subject to
three freeze-to-thaw cycles. After degassing, the
ampoules were immersed into a bath with circu-
lating water at polymerization temperature. Am-
poules were taken out after polymerization and
frozen quenched. The reactant mixture was dis-
solved in water and the polymer content precipi-
tated in acetone. All samples were dried under
vacuum at room temperature until they achieved
constant weight. The radical photopolymeriza-
tion of SSP in given solvents in the presence of
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ABDN and TMBPO was studied by sectored
method by an irradiation of light rays,
A=365 nm.

The molecular weight was measured by
viscousimetric method in presence 0,5 mol/l KCI
at 25°C and calculated using: [n]=KM“. An uni-
versal calibration was used with K=6.0.10" and
a=0.61 for the polymer samples®.

Experimental results and discussion.
Carrying out the radical polymerization at an

increasing monomer concentration lead to an
increase in both the rate of process [V] and aver-

age molecular weight of polymer (M), whereas
increasing both reaction temperature and initia-
tor concentration caused an increase in the po-
lymerization rate and a decrease in averaged mo-
lecular weight.

The analyses of the polymerization rate,
polymer molecular weight and activation energy
dependence on the nature of the medium are
pointing to a noticeable increase in these values
during the transfer from the solvents system with
ethanol to the system with ethylene glycol. Also
there is a general tendency for of V and um, to
increase with an increase in monomer concentra-
tion rather than with increase in initiator concen-
tration, under the same reaction temperature.

A lowering in activation energy of the po-
lymerization reaction (table 1) during the trans-
fer from the medium consisting of ethanol to
ethylene glycol was accompanied by the de-
crease of the pre-exponent.

This phenomenon can be explained as a
specific interaction of the monomer with the
medium. The increase in the activation energies
of the reaction should be necessary to note was
occurring in the background of a lowering in the
reaction rates and average molecular weights
while an order of reactions on initiator for the
above mentioned two reaction mediums are
nearly the same. All these causes could exclude
the possibility of the chain transfer reaction pro-
ceeding to monomer.

The conducting of the inhibiting polym-
erization of SSP (table 2) showed that the
straight temperature dependence is well ob-
served both for the combined rate constant of
elementary reactions — kp/kf/z and initiation reac-
tion rate - Vj,. Also that allowed determining the
reaction initiative energy (E;in) and reference of
energies of elementary reactions Eg4-1/2E,. The
process was characterized by rather low ener-
getic parameters noticed for other many ionized
monomers.

Table 1. Polymerization of SSP in binary solutions under different temperatures.

[SSP] = 0,57 kmol/m®, [AIBN] = 6-10~* kmol/m®

T K V. 10 [l M. k. 10°, =0
’ kmol/m®c m*/kg 10" m*kmol. ¢ kd/mol

Water-ethanol (2:1 by volume)
323 0,86+ 0,04 5,8 7,7 7,94 + 0,39
328 1,07+ 0,05 53 6,9 9,54 + 0,47 38,94
333 1,33+ 0,06 51 6,2 11,12 + 0,55 -
338 1,64+ 0,08 4,4 4,9 13,64 + 0,68 1,93
343 1,99+ 0,10 3,7 3,8 16,62 + 0,83
Water-ethylene glycol (2:1 by volume)
323 1,16+ 0,05 7,2 11,3 | 9,33+0,46
328 1,47+ 0,07 6,7 10,1 | 11,70+0,58 37,60
333 1,79+ 0,08 6,6 9,7 12,50 + 0,62 +
338 2,18+ 0,11 6,0 8,5 17,37 £ 0,86 1,81
343 2,64+ 0,13 54 711 2117+1,06

The obtained data showed that a consid-
erable growth of the combined rate constant of
elementary reactions — kp/kf/z, with the transfer
from water-ethanol system to the water-ethylene

glycol one at the same initiation reaction rate
and initiation reaction energy, as well as a low-
ering of the reference E4-1/2E, were observed.

XUMUA, XUMHYECKHE TEXHOJIOTHH H HOBBIE MATEPHAJIbI 83



Hspecrusa KI'TY um. M.Pa33akosa 17/2009

Table 2. Kinetic parameters of inhibiting polymerisation of PSS.
[SSP] = 0,57 kmol/m®, [AIBN] = 610~ kmol/m®

T K Vin-‘107 kp/ktl/z, Eakt Ein Ep _1/2Et
’ kmol/m®.c (m*kmol.c)*? Kaimol

Water-ethanol (2:1 by volume)
323 1,82+0,09 0,41+ 0,02
328 2,57+0,12 0,43+ 0,02 38,94 54,00 11,94
333 3,36+0,16 0,46+ 0,02 + + +
338 4,69+ 0,23 0,48+ 0,02 1,92 2,70 0,59
343 5,91+0,29 0,52+ 0,02
Water-ethylene glycol (2:1 by volume)
323 1,90+ 0,09 0,52+0,02
328 3,20+0,16 0,54+0,03 37,60 53,83 10,60
333 3,79+0,18 0,57+0,03 + + +
338 4,83+0,24 0,61+0,03 1,81 2,71 0,52
343 6,09+ 0,30 0,65+0,03

From these results it could be considered
that the most likely cause of the observed phe-
nomena may be the different activating effects
of the above mentioned two reaction solutions
on the PSS reaction activity in the radical po-
lymerization, which should be reflected in the
elementary propagation and termination stages
of chain.

Aimed at refining this assumption, the
SSP radical photo-polymerization was carried-
out in given solvent systems in AIBN and
TMBPO presence that could allow the quantita-
tive determination of the individual contribu-
tions of elementary stages to the kinetic and en-
ergetic characteristics of the polymerization
process (table 3).

Table 3. Kinetic parameters of photo-polymerization of PSS.
[SSP] = 0,35 kmol/m®, [AIBN] = 6 10~ kmol/m®, =365 nm

V10 |V, 10 ko/ki*, 107, ko/Ki, 10°,
T’K 3. 3 .~\1/2 3 .
kmol/m®c (m*/kmol-c) m>/kmol ¢
Water-ethylene glycol (2:1 by volume)
293 1,84+0,09 1,00+0,05 15,70 66,53
303 1,98+0,09 1,05+0,05 17,62 70,92
312 2,1840,10 1,10+0,05 19,09 74,44
Water-ethanol (2:1 by volume)
293 1,36+0,06 1,04+0,05 10,29 42,81
303 1,57+0,07 1,05+0,05 12,53 47,04
312 1,72+0,08 1,10+0,05 14,49 49,83

A considerable increase of the combined
rate constants ky/k; and kp/kf/z in the water-
ethylene glycol medium as well as more steady
state of free radicals, being determined by the
time of their life, were found. From the calcu-
lated meanings of absolute constants it became
obvious that the variation in the spirituous com-
ponent of the binary solvents primarily influ-
ences the stage of chain propagation, that is
fixed in changes of meanings K, and E,. During
the transfer from the water-ethanol to the water-
ethylene glycol system the chain propagation
rate constant was increasing approximately in
1,3-1,5 times (table 4); the same correlation was

observed for the polymerization rate. The insen-
sibility of the termination rate to the factors af-
fecting the propagation can be explained by the
fact that the stage of chain termination was usu-
ally limited by the diffusion processes. The on-
set of the diffusion-controlled termination oc-
curred much earlier than that of propagation be-
cause the termination involved diffusion of two
long chains (table 4).

The variation of effective reaction ability
of the monomer are considered as resulting from
the eventual formation of donor-acceptor bounds
in interactive particles of monomer (-SO*-) with
water-spirits associations’,
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Table 4. Kinetic and energetic parameters of PSS’s photo-polymerization in binary solvents.

[SSP] = 0,35 kmol/m®, [AIBN] = 6-10~* kmol/m®

TK K,.-107, = ke.-10°°, E.,
’ m*/kmol ¢ kJ/mol m*/kmol ¢ kJ/mol

Water-ethylene glycol (2:1 by volume)
293 3,59 5,25
303 4,37 17,61 6,17 14,01
312 5,60 7,60
Water-ethanol (2:1 by volume)
293 2,57 5,76
303 3,38 19,08 6,68 14,50
312 4,16 8,29

Spectroscopic characterization of the
monomer in different solutions was accom-
plished using IR. The most notable change in
spectra of the monomer was for the olefinic
stretching. For example, in the IR spectrum of
monomer without solvent the olefinic stretching
vibration appeared at 1628 sm™, while it was
being shifted by 28 sm™ in the water-ethanol and
by 42 sm™ in water-ethylene glycol medium re-
spectively. From the above spectroscopic char-
acterization, it can be seen that the specific in-
teractions of the monomer with the medium are
the result of the formation of hydrogen bonding
and different degrees of effects of two solvent
systems on the electronic configuration of the
monomer. The shift of the olefinic IR-signals
shows polarization of vinyl bonding followed to
increase the effective reaction ability of the
monomer. Consequently, to increase the effec-
tive reaction ability of PSS in water-ethylene
glycol medium could be explained by greater
polarization of vinyl bonding in it than in water-
ethanol one.

Conclusions. The free radical polymerisa-
tion of potassium styrene sulphonate was exam-
ined in water-ethylene glycol and water-ethanol
solutions. Kinetic and energetic parameters of
polymerization were settled and the main proc-
ess equations were established.

Reaction initiative energy (E;,) and refer-
ence of energies of elementary reactions Eg-
1/2E, were established by the inhibiting polym-
erization of PSS which showed also the straight
temperature dependence for the combined rate
constant of elementary reactions — kp/kf/z and
initiation reaction rate - V;, in both solution.

The individual contributions of proroga-
tion and termination stages (k,, k; and E, E; for
both stages respectively) to the kinetic and ener-
getic characteristics of general process was ob-
tained via radical photo-polymerization of SSP.

The observed increase in the effective re-
action ability of PSS at transfer from water-
ethylene glycol to water-ethanol have been ex-
plained by greater polarization of vinyl bonding
in the first solution and confirmed by IR spec-
troscopic characteristics.
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