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T. K. JUMADILOV, R. G. KONDAUROV

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

COMPARATIVE CHARACTERISTICS OF SORPTION
PARAMETERS OF INTERGEL SYSTEMS BASED
ON POLYACRYLIC AND POLYMETHACRYLIC ACIDS
AND POLY-4-VINYLPYRIDINE AT SIMULTANEOUS
EXTRACTION OF LANTHANUM AND CERIUM IONS

Abstract. The work shows features of simultaneous extraction of lanthanum and
cerium ions by intergel systems 33%hPAA-67%hP4VP and 17%hPMAA-83%hP4VP
from common solution. It is found that formation of optimal ionization of the initial
hydrogels for sorption lanthanum ions occurs at this composition. Results showed that
during of the all time of sorption the intergel systems manifest selectivity to lanthanum.
Extraction degree (at 48 hours) are: 82.87% and 42.65% for 33%hPAA-67%hP4VP
and 72.55% and 32.22% for 17%hPMAA-83%hP4VP for lanthanum and cerium ions
respectively. Polymer chain binding degree (in relation to lanthanum and cerium ions)
are: 68.74% and 35.38% for 33%hPAA-67%hP4VP and 60.18% and 26.73% for
17%hPMAA-83%hP4VP respectively. Effective dynamic exchange capacity (in relation
to lanthanum and cerium ions) are: 5.52 mmol/g and 2.84 mmol/g for 33%hPAA-
67%hP4VP and 4.84 mmol/g and 2.15 mmol/g for 17%hPMAA-83%hP4V/P.

Keywords: intergel systems, polyacrylic acid, polymethacrylic acid, poly-4-vinyl-
pyridine, sorption, La** ions, Ce** ions.

Introduction. Previous studies of the intergel systems, which were devoted to
sorption of various metals, showed that there is a formation of high density of
ionized groups due to mutual activation at remote interaction of rare-crosslinked
polymer hydrogels of acid and basic nature [1, 2]. Result of this phenomenon is
significant increase of sorption parameters comparatively with individual
hydrogels [3-6]. The goal of the work is study of sorption parameters of intergel
systems 33%hPAA-67%hP4VP and 17%hPMAA-83%hP4VP at simultaneous
extraction of lanthanum and cerium ions.

EXPERIMENTAL PART

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

Materials. Hydrogels of polyacrylic and polymethacrylic acids were synthe-
sized 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. Synthesized
hydrogels were put together to create intergel pairs 33%hPAA-67%hP4VP and
17%hPMAA-83%hP4VP. Swelling degrees of the hydrogels are: appan=27.93
g/g, a(hpMAA):ZO.GS F/F; Ot(hp4vp)=3.27 g/g
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Experiment. Experiments were carried out at a room temperature. The in-
tergel systems were put into solution, which contains lanthanum and cerium ions
(0.005 M solution of 6-water lanthanum and cerium nitrates). After After that,
aliquots were taken for further calculation of rare-earth elements ions
concentration during 48 hours.

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

Lanthanum and cerium ions extraction degree (sorption degree) was calcu-
lated in accordance with equation:

n= Cinitial - Cresidual +100%
Cinitial
where Cinigiar 1S initial concentration of the metals in solution, g/L; Ciesigua 1S
residual concentration of the metals in solution, g/L.
Total polymer chain binding degree was calculated as follows:

0= Vsorbed +100%
where vsomed 1S quantity of polymer links with sorbed metal, mol; v is 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 vsoreq IS @amount of sorbed metal, mol; Mgypent IS SOrbent mass (if there are
2 hydrogels in solution, it is calculated as sum of their masses), g.

RESULTS AND DISCUSSION

These composition (33%hPAA-67%hP4VP and 17%hPMAA-83%hP4VP)
of hydrogels in the intergel systems were taken for selective sorption of
lanthanum ions from the solution, which contains ions of lanthanum and cerium.
The mentioned ratios were selected due to the fact that in the intergel system
hPAA-hP4VP and hPMAA-hP4VP there is an occurrence of maximum lan-
thanum sorption [8,9].

As seen from table 1, the extraction of lanthanum ions by the intergel system
33%hPAA-67%hP4VP is more intensive comparatively with cerium extraction.
The main reason of it is formation of optimal ionization for lanthanum ions
sorption. During of time of sorption of the mentioned above rare-earth elements
amount of extracted lanthanum is almost 2 times higher in comparison with
cerium. As a consequence, extraction degree of the intergel system at 48 hours
has the following values: 82.87% for lanthanum and 42.65% for cerium.

100



ISSN 1813-1107 M 4 2018

Table 1 — Extraction degree of lanthanum and cerium ions
by intergel systems 33%hPAA-67%hP4VP and 17%hPMAA-83%hP4VP

1, 33%hPAA-67%hP4VP 17%hPMAA-83%hP4VP

h 1 (La*), % n (Ce™), % n (La*), % 1 (Ce™), %
0.5 21.84 9.88 12.35 3.35

1 32.36 15.32 23.29 8.85

2 38.94 23.02 30.23 11.65

6 51.45 24.49 41.52 17.63
24 70.73 34.27 63.13 24.46
48 82.87 42.65 72.55 32.22

As can be seen from table 1, sorption degree of lanthanum ions is almost
2 times higher comparatively with this parameter in sorption of cerium at simul-
taneous sorption of the rare-earth elements by intergel system 17%hPMAA-
83%hP4VP. Sharp increase of extraction degree is observed during first 6 hours,
the parameter has values: 41.52% for lanthanum ions and 17.63% for cerium ions.
Further increase of sorption degree of the both metals occurs not so intense. As
seen from the obtained data, at 24 hours of the hydrogels remote interaction
61.13% of lanthanum and 24.46% of cerium is extracted from the solution, at
48 hours — 72.55% of lanthanum and 32.22% of cerium is extracted from the
solution. These data show that selectivity is manifested to lanthanum ions.

In table 2 represented dependence on polymer chain binding degree (in rela-
tion to lanthanum and cerium ions) of the intergel systems 33%hPAA-67%hP4VP
and 17%hPMAA-83%hP4VP versus of duration. Obtained data shows, that
sorption of the both metals by intergel system 33%hPAA-67%hP4VP provides
selectivity to lanthanum ions. At 6 hours of remote interaction of hydrogels of
PAA and P4VP 42.67% of lanthanum and 20.31% of cerium is extraction from
the solution. Maximum values of binding degree of the both rare-earth elements
are reached at 48 hours. At this time 68.74% of lanthanum and 35.38% of cerium
is bind from the solution.

Intensive binding of lanthanum and cerium ions from the common solution is
observed during 6 hours of remote interaction of polymer hydrogels of polyme-
thacrylic acid and poly-4-vinylpyridine. At this time the intergel system
17%hPMAA-83%hP4VP binds 34.44% of lanthanum and 14.62% of cerium.

Table 2 — Polymer chain binding degree (in relation to lanthanum and cerium ions)
of intergel systems 33%hPAA-67%hP4VP and 17%hPMAA-83%hP4VP

T 33%hPAA-67%hP4VP 17%hPMAA-83%hP4VP

h 0 (La*), % 0 (Ce*), % 0 (La*), % 0 (Ce*), %
0.5 18.11 8.19 10.24 2.78

1 26.84 12.70 19.32 7.34

2 32.30 19.09 25.08 9.66

6 42.67 20.31 34.44 14.62
24 58.67 28.43 52.37 20.29
48 68.74 35.38 60.18 26.73
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High values of polymer chain binding degree point to highly ionized state of
initial hydrogels in the intergel pair. At 48 hours 60.18% of lanthanum and
26.73% of cerium is bind by the intergel system hPMAA-hP4VP. Obtained re-
sults show that selectivity is mainly manifested to lanthanum ions.

Table 3 represents dependence of effective dynamic exchange capacity (in
relation to lanthanum and cerium ions) of the intergel systems hPAA-hP4VP and
hPMAA-hP4VP from time. In case with intergel system 33%hPAA-67%hP4VP
values of exchange capacity in case of lanthanum sorption are much higher
comparatively to cerium sorption. Strong increase of effective dynamic exchange
capacity (in relation to the both metals) is observed during 6 hours of the
hydrogels interaction, what, in turn, indicates to high level of polymer structures
ionization in result of their mutual activation. Obtained data show that final values
of effective dynamic exchange capacity (at 48 hours) at lanthanum ions extraction
are almost 2 times higher in comparison with cerium sorption.

Table 3 — Effective dynamic exchange capacity (in relation to lanthanum and cerium ions)
of intergel systems 33%hPAA-67%hP4VP and 17%hPMAA-83%hP4VP

. 33%hPAA-67%hP4VP 17%hPMAA-83%hP4VP
h Q (La®), mmol/g | Q (Ce*), mmol/g | Q (La®*), mmol/g | Q (Ce*), mmollg
05 1.46 0.66 0.82 0.22
1 2.16 1.02 1.55 0.59
2 2.60 1.53 2.02 0.78
6 3.43 1.63 2.77 1.18
24 472 2.28 421 1.63
48 5.52 2.84 4.84 2.15

Table 3 also shows dependence of effective dynamic exchange capacity of
the intergel system 17%hPMAA-83%hP4VP from time. High ionization level of
the initial polymer structures of PMAA and P4VP in the intergel system provides
significant increase of the parameter. Sharp increase during the remote interaction
of the hydrogels occurs during 6 hours. At 48 hours of interaction the maximum
values of exchange capacity are reached, values of capacity at lanthanum sorption
are over 2 times higher comparatively with cerium sorption.

Conclusion. Basing on obtained results of the conducted studies it is
possible to conclude that the intergel systems 33%hPAA-67%hP4VP and
17%hPMAA-83%hP4VP extract ions of lanthanum and cerium from the common
solution, wherein selectivity is manifested to lanthanum ions. Extraction degree of
lanthanum and cerium ions (at 48 hours) is: 82.87% and 42.65% for
33%hPAA-67%hP4VP and 72.55% and 32.22% for 17%hPMAA-83%hP4VP.
Polymer chain biding degree (in relation to lanthanum and cerium ions) is:
68.74% and 35.38% for 33%hPAA-67%hP4VP and 60.18% and 26.73% for
17%hPMAA-83%hP4VP. Effective dynamic exchange capacity (in relation to
lanthanum and cerium ions) is: 5.52 mmol/g and 2.84 mmol/g for 33%hPAA-
67%hP4VP and 4.84 mmol/g and 2.15 mmol/g for for 17%hPMAA-83%hP4VP.

102



ISSN 1813-1107 M 4 2018

Acknowledgment. The work was financially supported (the work was made
due to the grant funding of 2 Projects: AP05131302 and AP05131451) by the
Committee of Science of Ministry of education and science of the Republic of
Kazakhstan.

REFERENCES

[1] Kondaurov R.G., Abilov Zh.A., Jumadilov T.K. Application of intergel systems for
selective sorption of rare-earth elements // Industry of Kazakhstan. 2014. N 4. P. 38-41.

[2] Jumadilov T.K., Abilov Zh.A., Kondaurov R.G. Influence of mutual activation of hyd-
rogels of polymethacrylic acid and poly-2-methyl-5-vinylpyridine of sorption ability of the intergel
system in relation to lanthanum ions // Chemical journal of Kazakhstan. 2014. N 4. P. 128-136.

[3] Jumadilov T.K., Abilov Zh.A., Kondaurov R.G. Intergel systems in recovery of precious
and rare earth metals // International journal of applied and fundamental research: site. 2015. N 1.
URL: http://www.science-sd.com/460-24777

[4] Jumadilov T.K., Abilov Zh.A., Kondaurov R.G. Intergel systems — highly effective instru-
ment for rare earth elements extraction from industrial solutions // Proceedings of 4™ International
Caucasian Symposium on Polymers and Advanced Materials, Batumi, Georgia, 2015. P. 64.

[5] Jumadilov T.K., Abilov Zh.A., Grazulevicius J.V., Kondaurov R.G., Akimov A.A. Inves-
tigation of sorption ability of intergel system hydrogel of polyacrylic acid — hydrogel of poly-4-
vinylpyridine in relation to lanthanum ions // Materials of VI international seminar special polymers
for protection of environment, oil industry, bio-, nanotechnology and medicine, Semey, Kazakhstan,
September 2015. P. 123

[6] Zhunusbekova N.M., Kondaurov R.G., Eskalieva G.K., Akimov A.A., Umerzakova M.B.,
Jumadilov T.K. Sorption extraction of lanthanum on mutual active intergel sorbents // Chemical
journal of Kazakhstan. 2016. N 3. P. 152-161.

[7] Petruhin O.M. Practice book on physico-chemical methods of analysis. M.: Chemistry,
1987. P. 77-80.

[8] Jumadilov T.K., Kondaurov R.G., Abilov Zh.A., Grazulevicius J.V., Akimov A.A. Influen-
ce of polyacrylic acid and poly-4-vinylpyridine hydrogels mutual activation in intergel system on
their sorption properties in relation to lanthanum (111) ions // Polymer Bulletin. 2017. Vol. 74.
P. 4701-4713. doi:10.1007/s00289-017-1985-3.

[9] Jumadilov T., Abilov Zh., Grazulevicius J., Zhunusbekova N., Kondaurov R., Agibaye-
va L., Akimov A. Features of lanthanum ions sorption by intergel system based on polymethacrylic
acid and poly-4-vinylpyridine hydrogels // Proceedings of International scientific-technical con-
ference “The modern technologies of polymer materials obtaining and processing”, Lviv, Ukraine,
September 2016. P. 95.

Pe3ome
T. K. ’Kymaoinos, P. I'. Konoaypos

TTOJIMAKPIII 2)KOHE INOJIMMETAKPWJI KbIIIKBIJITAPBI MEH
[OJIN-4-BUHWJINTUPUIVH HETI3IHAEL'T MTHTEPTEJIB/II XKYMEJIEPIIH,
JIAHTAH XOHE LIEPMI MIOHJAPBIH BIP ME3I'UIJE AJIY KE3IH/IET'T
COPBIAJIBIK ITAPAMETPJIEPIHIH CAJIBICTBIPMAJIBI CUTTATTAMACHI

Kymbicra 33%rI1AK-67%rI14BIT xone 17% rIIMAK-83% rllI4BI1 unreprensai
KYHeIepMeH JaHTaH JXOHE IEepHi HMOHIApBIH JKAIIBl epiTiHAiAeH Oip Mesringe amy
epeKIIenikTepi Kapactelppurad. Ocbl KaThlHaC Ke3iHAe JIaHTaH HMOHAAPBIH copOnusuiay
YIIH KBIIKBUIIBIK JKOHE HETi3TIIK 0acTamKpl MOJMMEPIIK THAPOTEIbIACPIHIH OHTAMIHI
WOHJIaHYHI Naii1a OOJIaTHIHEI AHBIKTAIIBI. AJIBIHFAH MOJIMETTEPICH, KAIIBIKTHIKTAaH e3apa
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OpeKeTTeCyMiH OapiIbIK YaKbIThI INIHAC HHTEPrebdl KYHEIepaiH JaHTaH HOHIapbIHA
CEJIEKTUBTIIIIK TaHBITATHIHBIH Kopyre Oonazbl. JlaHTaH jxoHe Lepuil HOHAAPBIH ajly Jdpe-
Keci MbIHaIai MoHaepre ue (48 carar eTkeHHeH Keifin): 33% rIIAK-67% rI14BII yiuin -
82,87 xone 42,65% xone 17% rIIMAK-83% rIl4BIlymin - 72,55 xome 32,22%.
IMonumepsik Ti30ekTiH GaimaHbicy mopexeci (JTaHTaH KOHE LepHid HOHIAPBIHA KATHICTHI)
MbiHaai Moraepre ue: 33% rIIAK-67% rlI4BII yuuin - 68,74 xone 17% rIIMAK-83%
rl14BIT ymrir 35,38% - 60,18 xome 26,73%. TuiMmImi TUHAMHKAIBIK alIMacy CBHIHBIM-
JBUTBIFEL (JIAHTAH KoHE Lepuil noHaapeiHa KathicThl): 33% rIIAK-67% rlI4BII yuiH -
5,52 xone 2,84 mmob/t sxone 17% rlIMAK-83% rI14BIlymuis - 4,84 xoue 2,15 Mmmous/T
Kypanasl.

Tyitin ce3mep: ruaporenbiep, MOIUAKPUIT KBIIIKbUIBI, TOTMMETAKPHI KBIIIKBLIBI,
TTONTU-4-BUHWIIAPHUINH, COPOLIHS, La* HOHJAPHI, ce* HOHIAPHI.

Pesome
T. K. /[rcymaounos, P. I'. Konoaypos

CPABHUTEJIbHA S XAPAKTEPUCTUKA COPBLIMOHHBIX ITAPAMETPOB
MHTEPT'EJIEBBIX CUCTEM HA OCHOBE IIOJIMAKPUJIOBOI
U TIOJIMMETAKPUJIOBOM KMCJIOT U MOJIN-4-BUHUITTUPHUJUHA
IMP11 OJHOBPEMEHHOM M3BJIEYEHNI NOHOB JIAHTAHA U IEPUA

B pabore paccMOTpeHbI 0COOEHHOCTH OJJHOBPEMEHHOT'O M3BIICUCHUSI HOHOB JIAHTaHA
u tepus uareprenebivu cuctemamu 33%rI1AK-67%rI14BIT u 17%rIIMAK-83%rI14BI1
13 00IIEero pacTBOpa. Y CTaHOBIICHO, YTO MPU AAHHBIX COOTHOIICHUSIX 00pa3yeTcst ONTHU-
MaJlbHas MOHM3AIUS UCXOMHBIX TMOJIMMEPHBIX THIPOTEIed KHCIOTHOW U OCHOBHOHM NpH-
POIIBI TIPEUMYIIIECTBECHHO TSI COPOIMH MOHOB JIaHTaHa. /3 MOJYYCHHBIX JAaHHBIX BHIHO,
YTO Ha MPOTSHKEHUH BCETO BPEMEHU HCTAHIIMOHHOTO B3aUMOICHCTBUS HMHTCPIEIICBBIC
CHUCTEMBI TPOSBIISIOT CEJIEKTUBHOCTh K HOHAM JaHTaHa. CTeneHb U3BJICUCHUST HOHOB JIaH-
TaHa U UepHus UMeeT clieayromuue 3Hauenus (o ucreuenuu 48 u): 82,87 u 42,65% s
33%rITAK-67%rII4BIT u 72,55 u 32,22% nmua 17%rIIMAK-83%rII4BII. Crenenn
CBSI3BIBaHMS IIOJMMEPHOM Ienu (M0 OTHOIIEHHWI0 K WOHAM JIaHTaHA W IEPHs) HWMeeT
crenyromue 3HaueHus: 68,74 u 35,38% mirs 33%rI1AK-67%rII4BIT u 60,18 u 26,73%
ms  17%rIIMAK-83%rII4BII. DddextuBHass auHAMHYECKass OOMEHHAsh EMKOCTh
(To OTHOIIEHHIO K HMOHAM JIaHTaHA W Iepus) coctasiser: 552 u 2,84 Mmons/r s
33%rI1AK-67%rII4BII u 4,84 u 2,15 mmouns/t s 17%rIIMAK-83%rI14BI1.

KiroueBble ¢JIOBa: THAPOTEINH, MOJHAKPHIOBAs KHUCIOTA, MOJUMETAKPHIOBAast KHC-
JIOTa, TOJIU-4-BUHWIMUPHUINH, COPOLINS, HOHBI La**, noust Ce*".
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