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FEATURES OF SORPTION CALCIUM IONS
BY INTERGEL HYDROGELS OF
POLYMETHACRYLIC ACID - POLY-4-VINYLPYRIDINE AND
POLYACRYLIC ACID -POLY-2-METHYL-5-VINYLPYRIDINE

Abstract. Process of sorptioncalcium ions by intergelhydrogelsystems of polymetha-
crylic acid — poly-4-vinylpyridine and polyacrylic acid —poly-2-methyl-5-vinylpyridine
were studied by methods of conductometry, pH-metry, ion-metry. Calcium sorption pro-
cess with individual rare-crosslinked hydrogels of PAA, PMAA, P4VP, P2M5VP and
intergel systems hPMAA-hP4VP, hPAA-hP2M5VP were accompanied by significant
changes of initial electrochemical properties of calcium chloride solution (specific electric
conductivity and pH decreases with time of sorption of the metal ions). Individual hyd-
rogels of PAA, PMAA, P4VP, P2M5VP relatively fast reach electrochemical equilibrium
in salt solution, consequent slight increase after 24 hours is evidence of this phenomenon,
sorption degree after 2 days of sorption of the metal ions reaches 70%. Formation optimal
conformation of the polymers occurs in the intergel systems at ratios hPMAA:hP4VP=4:2
and hPAA:hP2M5VP=2:4, however, ionization process of macromolecules are compli-
cated due to the fact, that structures of hPMAA and hP2M5VP have bulk methyl
substituent, which interfere undfolding of polymer globe in process of its ionization.
Sorption degree of calcium ions by the intergel systems hPMAA:hP4VP=4:2 and
hPAA:hP2M5VP=2:4 is 93% and 92% respectively.

Key words: intergelsystem, mutualactivation, sorption, Ca*‘ions, hydrogels, poly-
acrylic acid, polymethacrylic acid, poly-4-vinylpyridine, poly-2-methyl-5-vinylpyridine.

Introduction. Water treatment is the process of water coming from a natural
water source to bring its quality in line with the requirements of technological
consumers.lt can be produced on water treatment facilities or installations for the
needs of the municipal economy, practically in all industries (for example, heat-
generating enterprises). To evaluate the quality of drinking water, various me-
thods are used, suggesting the study of hydrochemical, microbiological and other
indicators [1].Water treatment consists in the release of water from coarsely
dispersed and colloidal impurities and salts contained in it, thereby preventing
deposition of scale, removal of salts by steam, corrosion of metals, as well as con-
tamination of processed materials when water is used in technological processes.

As you know, the high content of calcium and magnesium ions makes water
hard and unsuitable for drinking. Boiling of hard water promotes the appearance
of scale on the walls of the vessel [2]. The peeling of the accumulated scale
causes malfunctions in the operation of household appliances. American scientists
carried out a study, thanks to which it was possible to establish that a layer of
scale with a thickness of one and a half millimeter reduces the heat transfer about
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15%, the thickness of the scale in three millimeters - about 25%, etc. In addition,
such harmful impurities in water, like calcium and magnesium compounds,
require for heating the liquid up to 25% more electricity.

Over 90% of heating devices become faulty of constantly contacting with
hard water [3-4]. Dissolved in water, calcium and magnesium compounds adver-
sely affect the quality of the laundry washed in it, reducing its "life" from 15 to
30%, while increasing by 30% the amount of consumable washing powder. If you
use special cosmetic products during washing, their useful properties become
ineffective at the contact with hard water.

With prolonged washing with hard water, the human skin also suffers. This
leads to clogging of the pores, weakening of protective properties of the fatty film
on the surface of the skin, which causes flaking, irritation and the appearance of
various rashes [5]. In addition to skin itself, the hair also suffers, which is accom-
panied by symptoms such as itching, dandruff. The very hair becomes dry and
tough to the touch, stop "obeying", visually acquire a neglected appearance.

Such harmful impurities in water, like calcium and magnesium, are able to
accumulate in the body, leading eventually to the deposition of stones in the
kidneys and obstruction of the vessels [6]. Do not drink hard water if you do not
want serious health problems.

On the other hand, in many industrial solutions, there are problems of sepa-
ration of alkaline-earth metals ions from the ions of target metal. In leaching so-
lutions, after extraction of main ion (for example, uranyl, gold, zinc ions, etc.),
calcium ions and other alkaline and alkaline earth metals remain.

At present, industrial water treatment plants assume the use of ion exchange
resins [7]. The purpose of this work is study the features of sorption calcium ions
withintergel systems based on the rare-crosslinked polymer hydrogels of acid and
basic nature.

EXPERIMENTAL PART

Equipment. Specific electric conductivity was measured on conductometer
MARK-603 (Russia), pH of the solutions was measured on pH-meter MetrohM
827 pH-Lab (Switzerland). Measurement of Ca?* ions were made on ion-meter
1-160MI (Russia).

Materials.Investigations the solution of calcium chloride containing 50
mg/Lwere made. Hydrogels of polyacrylic (PAA) and polymethacrylic (PMAA)
acids were synthetized in presence of crosslinking agent N,N-methylene-bis-
acrylamide and redox system K,S,0g—Na,S,03. Hydrogel of poly-4-vinylpyridine
(P4VP) was synthetized (2% of crosslinking agent) by “Sigma Aldrich” company.
Hydrogel of poly-2-methyl-5-vinylpyridine (P2M5VP) was synthetized in me-
dium of dimethylformamide in presence of crosslinking agent epichlorohydrine.
Intergel pairs hydrogel of polymethacrylic acid — hydrogel of poly-4-vinylpyri-
dine and hydrogel of polyacrylic acid — hydrogel of poly-2-methyl-5-vinylpyri-
dinewere made from the synthetized hydrogels. Swelling degrees of the hydrogels
are. Uv(hPAA)=29-13 g/g, O.(hpM/_\/_\)=23.76 g/g, (X(hp4vp)=2.65 g/g, a(hp2M5vp)=1.98 g/g
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Experiment. Experiments were made at room temperature. Studies were con-
ducted as follows: calculated amount of each hydrogel in dry state was put in
special glass filters, pores of which is permeable for low-molecular ions and
molecules, but impermeable for hydrogels dispersion. After that the parameters
(specific electric conductivity, pH, Ca®* ions concentration) were measured during
48 hours. Measurements of above mentioned parameters were made in absence of
the hydrogels in the solutions.

RESULTS AND DISCUSSION

Sorption of low-molecular ions (calcium ions) from solution is usually
accompanied by significant changes of electrochemical properties of the salt. It
should be noted that conformation of the macromolecules is also changed during
their self-organization during interaction with the metal solution. Sorption process
of calcium ions by functional groups of the polymer hydrogels of acid and basic
nature can be described by the following chemical reactions:

-COOH + Ca?* — (-CO0),Ca + 2H" (1)
N*H + Ca** —N",Ca + 2H" 2)

As seen from the reactions 1 and 2, sorption of calcium ions by the carboxyl
group and heteroatom of pyridine ring occurs due to formation of coordination
bonds.

Sorption of calcium by intergel system hPMAA-hP4VP. Figure 1 represents
dependence on specific electric conductivity of calcium chloride from
hPMAA:hP4VP molar ratios in time. Sorption of calcium provides decrease of
the metal amount in the solution (in accordance with reaction 1), result of what is
decrease of electric conductivity with time. It is seen from obtained data that
maximum decrease of electric conductivity is observed at hPMAA:hP4VP=4:2
ratio, exact minimum is observed at 48 hours of remote interaction of the
polymers. Also low values of electric conductivity are observed at
hPMAA:hP4VP=3:3 ratio. In case with individual hydrogels of PMAA and P4VP
electrochemical equilibrium is reached faster, after 24 hours electric conductivity
decreases less intensive, what, in turn can be explained by absence of additional
ionization of the macromolecules.

Sorption process of calcium ions by the intergel system hPMAA-hP4VP also
impacts onconcentration of hydrogen ions in the solution (figure 2). Maximum
release of protons is observed in presence of only acid hydrogel, what is due to
absence of the polybasis which can associate protons in the process of ionization
of the polymer hydrogels in intergel pairs. The lowest release of protons occur in
presence of the basic hydrogel, what is due to low dissociation of water mole-
cules. Decrease of pH with polyacid share in intergel pairs is due to predominance
of carboxyl groups dissociation process over association process of hydrogen ions
by nitrogen atom, also it should be noted that ionization of the polybasis at cal-
cium sorption occurs also due to formation of coordination bonds between nitro-
gen atoms and the metal ion.
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Figurel — Dependence on specific electric conductivity
of calcium chloride versus of mole ratios of hPMAA:hP4VP

Figure 2 — Dependence on pH of calcium chloride versus of mole ratio hPMAA:hP4VP

Exact areas of maximum and minimum sorption of calcium ions by the
intergel system are observed (figure 3). Calcium ions concentration decreases
with time. High values of sorption degree of calcium ions are observed at ratios
hPMAA:hP4VP=4:2 and 3:3, at that maximum amount of the metal is sorbed at
ratio 4:2 (sorption degree is 93%), while individual hydrogels of PMAA and
P4V/P extract not more than 65% of calcium ions.
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Figure3 — Dependence on Ca?* ions concentration versus of mole ratios of hydrogels

Obtained results show that in all intergel pairs sorption occurs intensively in
comparison with individual polymer hydrogels. This is due to formation of
optimal conformation of the macromolecules for calcium ions sorption at
hPMAA:hP4VP=4:2 ratio due to unfolding of polymer globes due to repulsion of
same-charged groups on internode links in result of the polymers remote inter-
action.

Sorption of calcium by intergel system hPAA-hP2M5VP. Sorption of calcium
by intergel system hPAA-hP2M5VP (figure 4) is accompanied with decrease of

Figure 4 — Dependence on specific electric conductivity
of calcium chloride versus of mole ratios of hPAA:hP2M5VP
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specific electric conductivity with time similarly to intergel system hPMAA-
hP4VP (figure 1). However, in this case minimums of electric conductivity are
observed at another ratios of the hydrogels in intergel pairs. Exact minimum of
electric conductivity is observed at ratio hPAA:hP2M5VP=2:4 at 48 hours of
hydrogels interaction with calcium chloride solution. Also low values of electric
conductivity are observed at ratio hPAA:hP2M5VP=1:5. Similarly to hydrogels
of PMAA and P4VP hydrogels of PAA and P2M5VP rather fast reach electro-
chemical equilibrium, what is evidenced by absence of significant decrease of
specific electric conductivity after 24 hours.

Sorption of calcium also provides changes of pH of the salt solution (figure 5).
As seen from figure, with polyacid share increase in the intergel pairs pH decrea-
ses. However, at ratio hPAA:hP2M5VP=5:1 pH values are higherthat at ratios
hPAA:hP2M5VP=4:2 and 3:3, what indicates to prevalence of proton binding by
nitrogen atom in pyridine ring process over dissociation process of carboxyl
groups. Change of self-organization of the polymer macromolecules in process of
calcium ions sorption provides protons release in solution, and, in the end,
decrease of pH.

Figure 5 — Dependence of pH of calcium chloride from hPAA:hP2M5VP molar ratios in time

Dependence of calcium ions concentration from hydrogels molar ratios in
presented on figure 6. Similarly to the case with PMAA and P4VP hydrogels
(figure 6), hydrogels of PAA and P2M5VP do not have high values (not higher
that 65%) of calcium ions sorption degree. High ionization of internode links
of polymer chains of the polyacid and polybasis at hydrogels ratio
hPAA:hP2M5VP=2:4 provides maximum sorption of calcium (92% of the metal
is sorbed at 48 hours). More than 80% of calcium is extracted from the solution at
ratios hPAA:hP2M5VP=3:3 and 1:5.
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Figure 6 — Dependence of Ca*" ions concentration from hydrogels molar ratios in time

Analysis of obtained results on specific electric conductivity, pH provides
conclusion that highly ionized state of hPAA, hPMAA, hP4VP and hP2M5VP is
a consequence of the polymers mutual activation at their remote interaction. Also
it should be noted that transition into highly ionized state can be complicated if
there is a bulk substituent (ex. methyl) in structure of polymer, what, in turn,
interfeersunloding of polymer globe during mutual activation. By this pheno-
menon different degree of sorption of calcium ions in the intergel systems
hPMAA:hP4VP=4:2 and hPAA:hP2M5VP=2:4 can be explained. Obtained data
on specific electric conductivity also indicates to high ionization of the polymers
at these ratios.

Conclusion.

1. Sorption of calcium ions by intergel system hPMAA-hP4VP and
hPAA-hP2M5VP is accompanied with specific electric conductivity and pH de-
crease due to change of initial electrochemical equilibrium in salt solution.

2. Absence of phenomenon of mutual activation and further transition into
highly ionized state, provides fast reach of electrochemical equilibrium of
individual hydrogels of PAA, PMAA, P4VP, P2M5VP, consequence of what is
very slight increase of sorption degree after 24 hours of interaction. Sorption
degree of calcium ions by above mentioned hydrogels does not exceed 70%.

3. Optimal conformation of polymer macromolecules in intergel systems
hPMAA-hP4VP and hPAA-hP2M5VP for maximum sorption of calcium ions
appears during their self-organization at ratios hPMAA:hP4VP=4:2 and
hPAA:hP2M5VP=2:4, sorption degree is 93% and 92% respectively.
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4. Significant difference (over 25%) of sorption degree of individual
hydrogels and intergel systems is due to the fact that remote interaction in intergel
systems provides formation of high density of charged functional groups without
counter ions on internode links of polymer chains.

5. Intergel systems based on rare-crosslinked hydrogels of PAA, PMAA,
P4VP, P2M5VP can be used for development of innovative technologies in water
purification and hydrometallurgy.
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Pe3iome

T. K. 2Kymaoinos, P. I'. Konoaypos, A. M. Umanzaset,
C. A. Xaximocanos, X. Xumepcan, I'. K. Eckanuesa

MMOJIMMETAKPIWJI KbIIIKBIJIbBI — ITOJIN-4-BUHWJITTMPUAVH )KOHE
IMOJIMAKPWJIKBIIIKBLIBI - ITOJIN-2-METWJI-5-BUHWIJITIUPUANH
I'MAPOI'EJIBAEPIHEH K¥PAJIFAH UHTEPT'EJIBJIEPIMEH
KAJIBLIMM NIOHJIAPBIH COPBLIUSIJIAY JAFBI EPEKIIEJIIKTEP

IMonumerakpun Kpikpuibl (IIMAKT) — monu-4-punnnnupuans (I14BIIr) xoue mo-
muakpun Keinkeuisl ([TAKT) —monu-2-metun-5-sununmupuana (IT2M5BIIr) ruaporen-
Jepi apKbUIBI KYpBUIFAH HHTEpPreni kyiernepiMen Ca’’ HoHBIH copGuusiiay mporec-
CiH KOHIYKTOMETpHs, pH-MeTpusi, HOHOMETpPHsI dNiCTepiMEH 3epTTEINAl. AHBIKTAIFAHB,
KaJbIMi MOHAAPBIHBIH COpOLHMsIIay TPOLECi jKeKe CHUpeK TopianfFaH moimMmepiik ITAK,
[IMAK, TI4BII, II2M5BII ruaporenaepimen, connmaii-ak I[IMAKr-I14BIIr, ITAKr-
[I2M5BIIr uaTeprenai xXyienepiMeH KalbIiid XJIOPUIl epiTIHAICIHIH 0acTamKpl JJIEKTPo-
XAMHSUIIBIK KacHeTTepi aWTapibIKTail esrepictepin Gaiikayra Gomambl (YakpIT eTe Kelle
MeTaJlT HOHBIH COpOIMsIaya MEHIIKTI AIeKTPOTKI3TIIITITiHIH %)oHe pH MoHAepi ToMeH-
neiini). XKexelTIAK, TIMAK, I14BII, IT2M5BII ruaporeninae TY3 e€piTiHIiCiHIH 37I€KTPo-
XMMHSUIBIK Tele-TeHIIK JKbUIIaM TEHecell, COHBIH cayiapblHaH Oip TOyJIK ©TKEHHEH
KeiliH a3 FaHa ecyi Oaiikanazpl. Kanbiuii HOHIAPBIHBIH COHFbI copOumsuiay aopexeci 70%
neiin okereni. Mureprenml skyienepie MONMMEpNEpAiH OHTaiIbl KOH(OpPMaLUsICHI
r[IMAK:rTI4BI1=4:2 xone rIIAK:TII2M5BI1=2:4 katbiHacTapeiHIa TYy3uiemi. Anaiina,
MaKpOMOJIEKYJIaapJIblH aybiCy Tpoleci KUBIHIBIK TyFbi3aznpl, edTkeHi [IMAK sxoHe
[I2MS5BII xypsutbIMAapia MeTHIAI KOpbhlHOAcapiiap KeNTiriHeH HOHAaHYy HpOLECiHIe
MOJIMMEPITIK TYHiHAepAiH aiHamybiHa kexpepri kenrtipeni. TTIMAK:rII4BII=4:2 sxoHe
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r[TAK:TTI2MS5SBII=2:4 wunTeprenai xyienepiMeH CoHKECiHIIE KalbLUi HOHIAPHIHBIH
copbuusitay nopexeci 93% sxone 92% xypaiinbl.

Tyiiin ce3mep: mHTeprenmi xyiie, e3apa OeICEHICHAIPY, COPOIHS, Ca? HOHAAPHI
JKaFJai, THAPOTEIBACD, TOTHAKPIIIKBIIIKEUIBI, TIOAMETAKPYIIKBIIIKBUTEI, TIOTH-4-BUHHII-
MTUPUIUH, TIOJIU-2-METHIT-5-BUHWITHPHTUH.

Pe3iome

T. K. IPorcymaounos, P. I'. Konoaypos, A. M. Hmanzassi,
C. A. Xaximocanos, X. Xumepcon, I'. K. Eckanuesa

OCOBEHHOCTH COPBIIMM MOHOB KAJIBIINA MHTEPT'EJIEBBIMUA
T'UJIPOTEJIAMU TTOJIMMETAKPUJIOBOM KUCJIOTHI -
T10JIV-4-BUHWJITTIUPUJIMHA U ITOJIMAKPUJIIOBOM KMCJIOTHI —
[OJIN-2-METWJI-5-BUHWJITTUPUAVIHA

Metomgamu KoHIyKTOMETpHH, pH-MeTpiu, HOHOMETPHH UCCIIEAOBAH IPOIIECC copod-
i nonoB Ca’ MHTEpreneBBIME CHCTEMAMH THIPOTETh MOTMMETAKPHIOBOH KHCIOTHI
(rTIMAK) — rugporens monu-4-uawinupuauta (TII14BI1) u ruaporens MoIHaKpruIoBOH
kucnotsl (rlTAK) — rugporens moiu-2-metuin-5-suawinupuauna (rlI2M5BIT). Ycranos-
JIEHO, YTO MpoIlecC COpOIMH HOHOB KaJbIMsd KaK WHINBHIYaJIbHBIMH PEIKOCIIMTHIMU
momumepHbiMu ruaporesimu [TAK, TIMAK, TI4BII, TI2M5BII, Tak u HHTEpPreacBbIMU
cucremamu TIIMAK-rII4BII, rITIAK-rII2M5BII, conpoBoxmaeTcst CYIIECTBEHHBIMH
HU3MEHEHHUSIMU UCXOIHBIX 3JIEKTPOXUMHUYECKUX CBOWMCTB PAacTBOpa XJIOpHAA Kambius (Co
BPEMEHEM COpOIMHM HMOHOB MeTajlla MPOMCXOINT CHUKCHUE 3HAUCHHU YJCNBHOU 3JICK-
tpornpoBogHoctu u pH). WuanuBuayamsubiMu rupporensimu [TAK, TIMAK, I14BII,
[M2M5BII nocraTodHO OBICTPO JOCTHraeTcsl 3JIEKTPOXUMUYECKOE PABHOBECHE C PACTBO-
POM COJIH, BCIIEACTBUE YETO MPOUCXOIUT HE3HAYUTEIBHBIN POCT MO HCTeUeHHIO 1 CyrT,
KOHEYHas CTeleHb copOIH HOHOB Kanbuus gocturaet 70%. O6pa3oBaHne ONTHMAIHHON
KOH(pOpPMANAN TTOTUMEPOB B MHTEPIeNIeBBIX CHCTEMaX IPOUCXOAUT MPH COOTHOIICHHSIX
rI[IMAK:rI14BI1=4:2 u r[TAK:TII2M5BI1=2:4, ogHako mporiecc mepexoaa MaKpoOMOJICKYI
3arpyaHsiercst TeM, 4to B crpykrypax [IMAK u [12M5BII npucytctByeT 00beMHBIH Me-
TWIBHBIA 3aMECTHTENb, MEIIAIOIINN Pa3BOPAYMBAHUIO TIOJMMEPHOTO KIIyOKa B IpoIiecce
ero wnoHm3auuu. CTemeHp cOpOIMHM HOHOB KAaJbIMg HMHTEPreNIeBBIMU CHCTEMaMHU
r[IMAK:rT14BI1=4:2 u rITAK:rTI2M5BI1=2:4 coctaBnset 93 u 92% cCOOTBETCTBCHHO.

KiroueBble ciioBa: WHTeprencBas CHCTEMa, B3aMMHAs aKTUBAIIMS, COPOIMs, UOHBI
Ca®*, rumporend, MONMAKPHIOBAs KHUCIOTA, TOTHMETAKPUIOBAS KHCJIOTA, MOJH-4-BH-
HUIITAPUJIVH, TIOTH-2-METHII-5-BHHUIIITAPUIVH.
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