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T. K. JUMADILOV, R. G. KONDAUROV

JSC «Institute of chemical sciences after A. B. Bekturov», Almaty, Republic of Kazakhstan

SELF-ORGANIZATION OF POLYMER HYDROGELS
OF POLYACRYLIC ACID IN INTERGEL SYSTEMS
IN CERIUM IONS SORPTION PROCESS

Abstract. Sorption process of cerium ions by intergel systems hydrogel of polyac-
rylic acid (hPAA) — hydrogel of poly-4-vinylpyridine (hP4VP) and hydrogel of polyacry-
lic acid (hPAA) — hydrogel of poly-2-methyl-5-vinylpyridine (hP2M5VP) is studied.
Found that self-organization of PAA hydrogels is in significant influence from structure of
basic hydrogel. Absence of bulky methyl substituent in the structure of hP4VP provides
faster ionization of the hydrogels in intergel system hPAA-hP4VP in comparison with
system hPAA-hP2M5VP. Extraction degree of cerium ions of individual hydrogels of
PAA, P4VP and P2M5VP is 63.33%, 56.67% and 50.00% respectively. At 17%hPAA-
83%hP4VP and 33%hPAA-67%hP2M5VP ratios 92.33% and 90.67% cerium is extracted.
PAA, P4VP, P2M5VP polymer hydrogels have not very high values of polymer chain
binding degree (52.53%, 47.00% and 41.47% respectively). Maximum values of polymer
chain binding degree in the intergel systems are observed at ratios: 17%hPAA-83%hP4VP
(binding degree is 76.59%) and 33%hPAA-67%hP2M5VP (polymer chain binding degree
is 75.21%).

Keywords: intergel system, self-organization, sorption, Ce*" ions, hydrogels, poly-
acrylic acid, poly-4-vinylpyridine, poly-2-methyl-5-vinylpyridine.

In result of previous investigations [1-6] it was found that remote interaction
of polymer hydrogels provides significant changes of their self-organization. In
this regard goal of the present work is study of impact of second component
(polybasis) on self-organization of polyacrylic acid polymer hydrogels in intergel
systems as well as study of sorption properties of intergel systems hPAA-hP4VP
and hPAA-hP2M5VP in relation to cerium ions.

EXPERIMENTAL PART

Equipment. Measurements of optical density for further calculation of cerium
ions concentration were carried out on spectrophotometer Jenway-6305 (UK).

Materials. Studies were carried out in 0.005 M solution of 6-water cerium
nitrate. Hydrogels of polyacrylic acid were synthesized in presence of cross-
linking agent N,N-methylene-bis-acrylamide and red-ox system K,S,0s—Na,;S;03.
Hydrogel of poly-4-vinylpyridine (hP4VP) (2% of cross-linking agent) was
synthesized by «Sigma Aldrich» company. Hydrogel of poly-2-methyl-5-vinyl-
pyridine (hP2M5VP) was synthesized in dimethylformamide medium in presence
of cross-linking agent epichlorohydrin. Synthesized hydrogels were put together
to create intergel pairs hPAA-hP4VP and hPAA-hP2M5VP. Swelling degrees of
the hydrogels are: onpan)=27.33 9/9; aneavey=3.27 9/0; onpamsve)=3.20 9/9.
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Experiment. Experiments were made at a room temperature. Study of the
intergel systems was made as follows: calculated amount of each hydrogel in dry
state was put in special glass filters, pores of which permeable for low-molecular
ions and molecules, but non-permeable for hydrogels dispersion. Then the filters
were put in glass in which salt solution presents. After that, aliquots were taken.

Methodology of cerium ions determination. Methodology of cerium ions
determination in solution is based on formation of colored complex compound of
organic analytic reagent arsenazo 11 with rare-earth metals ions [7].

Cerium ions extraction degree (sorption degree) was calculated in accor-
dance with equation:

— Cinitial - Cresidual + 100%

Cinitial
where Ciniiar — initial concentration of metal in solution, g/L; Cresigua — residual
concentration of metal in solution, g/L.
Total polymer chain binding degree was calculated as follows:

0 = ~sorbed 45004

where vsormeg — quantity of polymer links with sorbed metal, mol; v — total quantity
of polymer mass (if there are 2 hydrogels in solution, it is calculated as sum of
each polymer hydrogel mass), mol.

Effective dynamic exchange capacity was determined by calculations in
accordance with equation:

__ Vsorbed

Mgorbent

where vgormes — amount of sorbed metal, mol; Mgoment — SOrbent mass (if there are
2 hydrogels in solution, it is calculated as sum of their masses), g.

RESULTS AND DISCUSSION

Sorption of cerium ions by the intergel systems hPAA-hP4VP and
hPAA-hP2M5VP occurs by ionic and coordination mechanisms. Process of rare-
earth elements sorption (on lanthanum example) is clearly described in previous
works [8-10].

Extraction of cerium ions by intergel system hPAA-hP4VP. Dependence of
cerium ions extraction degree of the intergel system hPAA-hP4VP from hydro-
gels molar ratios in time is presented on figure 1. Maximum quantity of cerium
ions is sorbed by the intergel system at hydrogels ratio 17%hPAA-83%hP4VP.
Extraction degree at 48 hours is 92.33%. Obtained results show that extraction
degree of cerium ions of individual hydrogels of polyacrylic acid and poly-4-
vinylpyridine is not high, values of the parameter are 63.33 and 56.67 res-
pectively. The rest intergel pairs in the intergel system hPAA-hP4VP also have
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Figure 1 — Dependence of cerium ions extraction degree
of the intergel system hPAA-hP4VP from hydrogels molar ratios in time

significantly higher values of cerium ions extraction degree comparatively with
individual hydrogels of PAA and P4VP.

Figure 2 represents dependence of polymer chain binding degree (in relation
to cerium ions) of the intergel system hPAA-hP4VP from time. Maximum values
of binding degree in the intergel system at 48 hours are observed at hydrogels

Figure 2 — Dependence of polymer chain binding degree
of the intergel system hPAA-hP4V/P from time
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ratio 17%hPAA-83%hP4VP, it is 76.59%. High values of polymer chain binding
degree are also observed at ratios 33%hPAA-67%hP4VP and 50%hPAA-
50%hP4VP. It indicates to high ionization degree of the macromolecules in
results of mutual activation of hydrogels of polyacrylic acid and poly-4-vinyl-
pyridine. Polymer chain binding degree of the individual hydrogels of PAA and
P4VP at 48 hours is 52.53% and 47.00%.

Dependence of effective dynamic exchange capacity of the intergel system
hPAA-hP4VP from hydrogels molar ratios in time is shown on figure 3. Obtained
data point to the fact that mutual activation of the polymer hydrogels in intergel
pairs provides significant increase of values of exchange capacity in comparison
with initial hydrogels. This is particularly pronounced at 6 hours of remote
interaction. As seen from the figure, at this time of hydrogels interaction at ratio
17%hPAA-83%hP4VP values of exchange capacity are in 2.5 times higher than
values of capacity of the individual hydrogels of PAA and P4VP. Further remote
interaction of the polymers indicates that the intergel system hPAA-hP4VP appro-
aches to equilibrium state, what is evidenced by not strong increase of effective
dynamic exchange capacity as it was in the beginning of the hydrogels remote
interaction. Maximum values of effective dynamic exchange capacity are reached
at ratio 17%hPAA-83%hP4VP at 48 hours of remote interaction.

Figure 3 — Dependence of effective dynamic exchange capacity
of the intergel system hPAA-hP4VP from hydrogels molar ratios in time

Extraction of cerium ions by intergel system hPAA-hP2M5VP. Figure 4
shows dependence of cerium ions extraction degree of the intergel system
hPAA-hP2M5VP from hydrogels molar ratios in time. Extraction degree in-
creases with time in intergel system. It should be noted that transfer of polymer
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Figure 4 — Dependence of cerium ions extraction degree
of the intergel system hPAA-hP2M5VP from hydrogels molar ratios in time

macromolecules into highly ionized state due to their mutual activation provides
strong increase of extraction degree of cerium ions of polymer hydrogels in the
intergel pairs comparatively with initial polymers. Maximum values of extrac-
tion degree of cerium ions in the intergel system are observed at ratio
33%hPAA-67%hP2M5VP. Extraction degree at this ratio is 90.67%. Sorption
degree of cerium ions of individual polymer hydrogels of PAA and P2M5VP is
66.33% and 50.00% respectively.

Dependence of polymer chain binding degree (in relation to cerium ions) of
the intergel system hPAA-hP2M5VP is presented on figure 5. Individual hyd-
rogels of polyacrylic acid and poly-2-methyl-5-vinylpyridine have not sufficiently
high values of binding degree (52.53% and 41.47% respectively). Maximum
values of polymer chain binding degree in the intergel system hPAA-hP2M5VP
are reached at 48 hours of PAA and P2M5VP hydrogels remote interaction at
ratio 33%hPAA-67%hP2M5VP, binding degree is 75.21%.

Effective dynamic exchange capacity of the intergel system hPAA-
hP2M5VP is shown on figure 6. The highest values of the parameter the intergel
system hPAA-hP2M5VP reaches at 48 hours of PAA and P2M5VP remote
interaction at ratio 33%hPAA-67%hP2M5VP. Minimum values of exchange
capacity are observed in presence of only individual hydrogels of PAA and
P2M5VP, what is result of absence of polymer hydrogels mutual activation
phenomenon.
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Figure 5 — Dependence of polymer chain binding degree
of the intergel system hPAA-hP2M5VP from time

Figure 6 — Dependence of effective dynamic exchange capacity
of the intergel system hPAA-hP2M5VP from hydrogels molar ratios in time

As seen from the obtained data, self-organization of polyacrylic acid hydro-
gels is significantly impacted by the structure of second component (polybasis).
Absence of bulky methyl substituent in the structure of hP4VP provides faster
ionization of the hydrogels in intergel system hPAA-hP4VP in comparison with
system hPAA-hP2M5VP.
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Conclusion.

1. Individual hydrogels of PAA, P4VP, P2M5VP do not have high values of
sorption properties. Cerium ions extraction degree of hPAA, hP4VP, hP2M5VP is
63.33%, 56.67%, 50.00%.

2. Significant increase of extraction degree in intergel systems hPAA-
hP4VP and hPAA-hP2M5VP is result of mutual activation of polymers. Extrac-
tion degree of cerium ions in the intergel system hPAA-hP4VP reaches maximum
values (92.33%) at ratio 17%hPAA-835hP4VP at 48 hours. In intergel system
hPAA-hP2M5VP maximum extraction of cerium ions occurs at ratio 33%hPAA-
67%hP2M5VP, at 48 hours 90.67% of the metal is sorbed.

3. Polymer chain binding degree of hPAA, hP4VP, hP2M5VP is not high
(52.53%, 47.00% and 41.47% respectively. This is consequence of absence of
mutual activation between the polymers.

4. Maximum values of polymer chain binding degree in the intergel systems
are observed at the following ratios: 17%hPAA-83%hP4VP (binding degree is
76.59%) and 33%hPAA-67%hP2M5VP (binding degree is 75.21%).
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Pesome
T. K. ’Kymaoinos, P. I'. Konoaypos

L{EPUIA NOHIAPBIH COPBLIAJIAY BAPBICBIHIA
MHTEPTEJIAI )KYUEJEI'T HOJIMAKPUJT KbILIKBIIBIHBIH
MNOJIMMEPJIIK TUAPOI'EJIAEPIHIH ©31H-O31 ¥UbIMIACTBIPYbBI

AunnoTtanus. [Tommakpun Keimkeutsl ruaporeni (ITAKr) — monu-4-BHHIINHPUIHH
ruaporeni (IT14BIIr) sxone monmakpui Keimkeuisl ruaporeni (ITAKr) —nomu-2-metnn-5-
puHUITApUaAnH taaporeni ([I2M5BIIr) wHTeprenai kyiienepiMeH NepHii HOHIAPHIH
copOuustay mporieci 3epTreiai. [lomrakpui KpIIKbUIBI THAPOTEIiHIH ©31H-031 YibIMIac-
TBIPYBIHA HETI3ri TMIPOTeN/iiH KYPbUIBIMBI aHAFYpJIbIM ocep eTeTiHl anbikranabpl. [TAKr-
[I2M5BIIr xyiiecimen canbicteipranga [TAKr-I14BIIr unTeprennai kyitecinne IT4BIIr
KYPBUIBIMBIHAA YJIKEH METHI alMaCTBIPFBIIITHIH OOMMaybl THAPOTEIIEPAIH HEFYPIbIM
JKbUIIaM uHoHum3anmsuianysiaa okeneni. [TAK, TT4BII sxone TT2M5SBIT skekeneren ruapo-
reJJiepiHiH Uepuil MOHAApbIH IIbIFApy Jopexeci coiikecinme 63,33%, 56,67% xoHe
50,00% xypaiigbr. 17%ITAKr-83%I14BIIr sxone 33%I1AKr-67%I12M5BIIr kaTbiHacTa-
peiaaa 92,33% xone 90,67% uepuii msirapeutaasl. [TAK, TT14BIT sxone [12M5BIT nonu-
MEPJIiK THAPOTENACPI MOJUMEPITIK Ti30eKTep IiH OaiIaHbICy TOPEKECIHIH CATBICTHIPMAIIBI
TeMeH MoHepine ue (catikecinmre 52,53%, 47,00% »xoue 41,47%). Unteprenmi xyitenep-
JIH MbIHa KAThIHACTApPBIHIA MOJIMMEPJIIK Ti30€KTEpIiH OailaHbICy MOpexkeci aHAFyPIIbIM
sxorapbl MoHre ue. 17%ITAKr-83%II14BIIr (Gaiinansicy mopexeci 76,59%-ra TeH) skoHe
33%ITAKr-67%I12M5BIIr (momuMepik Ti36ekTiH Oainanbicy mopexeci 75,21%-mp1 Ky-
paimsr).

Tyiiin ce3aep: HHTEpremni xKyiie, 03iH — 031 yitbiMaacTeipy, copous, Ce> nonnapsr,
THIPOTEIICP, TMOJUAKPHI KBIIIKbUIBI, MONN-4-BUHWIHPHIMH, IOJIH-2-METHII-5-BUHIII-
101300791 (71:
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Pesome
T. K. /Pricymaounos, P. I'. Konoaypos

CAMOOPTAHM3ALIMA ITOJIMMEPHBIX TU/IPOT EJIEI
[NOJIMAKPMIIOBOU KMCJIOTBI B UHTEPTEJIEBBIX CUCTEMAX
TP COPBLIMM NOHOB LTEPUA

AnHotanus. M3ydeH nporiiecc copOILMM MOHOB LEPUsi HHTEPrelIeBHIMH CUCTEMAMHU
ruaporens monuakpuinoBoit Kuciotsl (rITAK) — ruaporens monu-4-BUHUITHPHANHA
(rTI4BIT) u ruaporens nomuakpunoBoii kuciotsl (rIIAK) — ruaporens monu-2-MeTui-5-
puammupuania (rlI2M5BII). YcraHoBIeHO, YTO 3HAYMTENFHOE BIMSHHEC HA CaMOOpra-
Huzamuio runaporenel [TAK okaspiBaeT CTpyKTypa OCHOBHOTO Tuaporens. OTCyTCTBHE
00BEMHOT0 METWJIBHOTO 3aMecTuTess B cTpykrype rII4BII mpuBoauT k 6osee OBICTpOi
HOHU3AIMU Tuaporenei B unrepreneBoi cucreme rlIIAK-rII4BII mo cpaBHeHHIO ¢ cHCTe-
moii rITAK-rI[I2M5BII. Crenenb n3BjI€YSHUS] HOHOB LIEPUSl WHIUBHIYAIbHBIX THIPOTe-
neit ITAK, TT4BIT u I12M5BII cocrasister 63,33%, 56,67% u 50,00% cooTBETCTBEHHO.
IIpu coorHomenusx 17%rITIAK-83%rII14BIT u 33%rI1AK-67%rI12M5BII u3Biexkaercs
92,33% u 90,67% uepus. Ilonmumepnsie ruaporenu I[TAK, T14BII, I12M5BII o6ragarot
OTHOCHTEJIbHO HEBBICOKUMH 3HA4YEHHSIMH CTENECHU CBS3bIBAHHS TOJMMEPHOW Lenu
(52,53%, 47,00% u 41,47% coorBercTBeHHO). Hanbomee BBICOKHE 3HAYEHHUS CTEIEHH
CBSI3bIBAHMS ITOJIMMEPHON 1IeNH B WHTEPrelieBbIX CUCTEMax HaOJIIOAalTCs TMPH COOTHO-
menusx: 17%rITAK-83%rII4BII (crenens cBs3biBanus paBHa 76,59%) m 33%rIIAK-
67%rI12M5BII (creneHs cBA3BIBAHMS HOJIUMEPHOM LENU cocTaBsieT 75,21%).

K/1i04eBble ¢J10BA: MHTEpreeBas CHCTEMa, CAMOOPTaHH3aIist, coporst, nonsr Ce*,
THJPOTEITH, TOJIMAKPUIIOBAsl KHUCIIOTa, MOJHU-4-BUHUINHPHINH, IMOJIH-2-METHII-5-BUHHII-
MTUPUIUH.
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