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COMPARISON OF ETHYL ALCOHOL AND NITRIC ACID
AS DESORBENTS FOR LANTHANUM IONS FROM MATRIX
OF RARE-CROSSLINKED POLYMER HYDROGELS
OF ACID AND BASIC NATURE

Abstract. Desorption process of lanthanum ions by 95 ethyl alcohol and 2M
nitric acid from matrix of polymer hydrogels of polyacrylic acid (hPAA), polymethacrylic
acid (hPMAA), poly-4-vinylpyridine  (hP4VP), poly-2-methyl-5-vinylpyridine
(hP2M5VP) was studied. For desorption hydrogels in the ratio: 33%hPAA:67%hP4VP,
17%hPMAA:83%hP4VP, 67%hPAA:33%hP2M5VP and 50%hPMAA:50%hP2M5VP
were taken. Extraction degree of lanthanum ions at these ratios after 48 hours is 94.05;
90.34; 91.09; 89.65 respectively. Total desorption degree with ethyl alcohol is( %) 85.46;
82.26; 80/17; 77.27 respectively. Total desorption degree by nitric acid is( %) 96.27;
94.43; 92.55; 93.09 respectively. Such difference is due to the nature of the desorbents (as
known, ethyl alcohol is a polar organic solvent, nitric acid — strong mineral acid).

Key words: intergel systems, desorption, La* ions, hydrogels, polyacrylic acid,
polymethacrylic acid, poly-4-vinylpyridine, poly-2-methyl-5-vinylpyridine.

Introdaction. Previous studies were devoted to investigation of sorption
properties of intergel systems based on rare-crosslinked hydrogels in relation to
ions of rare-earth metals [1-9]. In result of these studies it was found that there is
significant increase of sorption properties of initial macromolecules due to their
mutual activation. Sorption properties increase on 25-30% comparatively to
individual hydrogels.

For desorption of lanthanum ions after its sorption by ion-exchangers polar
organic compounds and mineral acids can be used [10, 11].

The goal of this work is study desorption properties of ethyl alcohol and
nitric acid in relation to lanthanum ions.

EXPERIMENTAL PART

Equipment. Measurements of optical density of solutions for further calcu-
lation of La*"ions concentration were carried out by spectrophotometer Jen-
way-6305 (UK).

Materials. Studies carried out in 95% solution of ethyl alcohol and 2M
solution of nitric acid. Hydrogels of polyacrylic (PAA) and polymethacrylic
(PMAA) acids were synthetized at the presence of crosslinking agent N,N-
methylene-bis-acrylamide and redox system K,S,0s—Na,S,03. Hydrogel of poly-
4-vinylpyridine (hP4VP) was synthetized by “Sigma Aldrich” company (2% of
crosslinking agent). Hydrogel of poly-2-methyl-5-vinylpyridine was synthetized
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in medium of dimethylformamide at the presence of crosslinking agent epi-
chlorohydrine. From synthetized hydrogels intergel pairs were created. Swelling
degrees of the hydrogels are: oppan=27.93 9/9, appman)=20.65 9/0; appave)=3.27 9/g,
and (I(hng5vp)=3.20 g/g

Experiment. Experiments were carried out at a room temperature. Study of
desorption of lanthanum ions was made as follows: calculated amount of each
hydrogel in dry initial state were put in special glass filters, pores of which is
permeable for low-molecular ions and molecules, but impermeable for hydrogels
dispersion. After that intergel pairs in the relation 33%hPAA:67%hP4VP,
17%hPMAA:83%hP4VP, 67%hPAA:33%hP2M5VP, 50%hPMAA:50%hP2M5VP
were put into 0.005M solution of lanthanum nitrate and were left for sorption
during 48 hours. After that filters with hydrogels undergo desorption by ethyl
alcohol and nitric acid for separating from each other.

Methodology of determination lanthanum ions. Determination of lanthanum
ions in solution is based on formation of colored complex compound of organic
analytical reagent arsenazo |11 with ions of rare-earth metals [12].

Lanthanum ions extraction degree was calculated in accordance following
equation:

Civirit = Cones
— initial residual .100%
Cinitial
where Cinitia — initial concentration of lanthanum in solution, g/L; Cresiqua iS
residual concentration of lanthanum in solution, g/L.
Desorption degree of lanthanum ions was calculated by formula:

R=M.100%

Mgorbed
where Mgesorned 1S Mass of desorbed lanthanum, g; Mgemeg IS Mass of sorbed lan-
thanum, g.

RESULTS AND DISCUSSION

For desorption of the rare-earth element, which was sorbed in a form of hyd-
rophobic complex, strong mineral acids or polar organic solvents can be used. For
the desorption the hydrogels from the following ratios 33%hPAA:67%hP4VP,
17%hPMAA:83%hP4VP, 67%hPAA:33%hP2M5VP, 50%hPMAA:50%hP2M5VP
were taken. Extraction degree of lanthanum ions at these ratios after 48 hours is
94.05%; 90.34%; 91.09%; 89.65%.

Features of lanthanum ions desorption by ethyl alcohol. Dependence of
lanthanum ions desorption degree by ethyl alcohol from matrix of hydrogels of
polyacrylic acid and poly-4-vinylpyridine from time is presented on figure 1.
Strong increase of the metal ions desorption is observed during 6 hours as for acid
as for basic hydrogels. After this time desorption degree is 47.64% for hPAA and
15.52% for hP4VP.

65



XUMWYECKHH )KYPHAJI KA3AXCTAHA

Figure 1 — Dependence of lanthanum ions desorption degree versus of duration of the time
by ethyl alcohol from PAA and P4VP hydrogels from time

Further increase of lanthanum ions desorption degree is not so intensive,
after 24 hours of interaction of the hydrogels with elthyl alcohol desorption
degree from hPAA is 59.92%, from hP4VP — 24.46%. Consequent interaction of
the hydrogels with the desorbent provides slight increase of lanthanum ions
concentration in solution, what indicates that equilibrium is almost achieved.
Total desorption degree from matrix of both hydrogels at 48 hours is 85.46%.

Figure 2 represents dependence on desorption degree of lanthanum ions
versus duration by ethyl alcohol from matrix of (PMAA and hP4VP from time.

Figure 2 — Dependence of lanthanum ions desorption degree versus of duration of the time
by ethyl alcohol from PMAA and P4VP hydrogels
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Overwhelming majority of lanthanum is released during 6 hours. Obtained results
show that better part of lanthanum during its sorption was sorbed by the polyacid.
Further desorption occurs more slightly for both hydrogels. Total desorption
degree at 48 hours is 82.26%.

Curves of dependence of lanthanum desorption by ethyl alcohol from time
from matrix of hydrogels of polyacrylic acid and poly-2-methyl-5-vinylpyridine
are presented on figure 3. As seen from the figure, the most of lanthanum was
sorbed by the polyacid. Strong increase of desorption degree is observed during
6 hours, at this time 50.20% of lanthanum is desorbed from hPAA, 13.44% -
from hP2M5VP. After 2 days (48 hours) total desorption degree of lanthanum is
80.17%.

Figure 3 — Dependence on lanthanum ions desorption degree versus of duration of the time
by ethyl alcohol from PAA and P2M5VP hydrogels from time

Figure 4 represents dependence of lanthanum desorption by ethyl alcohol
from time. Similarly to previous cases (fig. 1-3), intensive desorption occurs
during 6 hours, at this time 31.58% of the metal is desorbed from hPMAA,
17.83% - from hP2M5VP. Total desorption degree of lanthanum ions from
hPMAA and hP2M5V/P after 2 days is 77.27%.

Comparative analysis of total desorption degree of lanthanum ions by ethyl
alcohol from hydrogels of PAA, PMAA, P4VP and P2M5VP at 48 hours is pre-
sented in table 1.

As seen from the obtained data, are represented in table 1 not high
(~77-85%) desorption degree is in direct dependence from the nature of the
desorbent (as known, ethyl alcohol is polar solvent). Due to this fact not full de-
sorption of lanthanum ions from hydrogels matrix occurs.

Features of lanthanum ions desorption by nitric acid. Dependence on lan-
thanum ions desorption degree by nitric acid from matrix of polymer hydrogels of
polyacrylic acid and poly-4-vinylpyridine is shown on figure 5.
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Figure 4 — Dependence on lanthanum ions desorption degree versus of duration of time
by ethyl alcohol from PMAA and P2M5VP hydrogels

Table 1 — Total desorption degree of lanthanum ions by ethyl alcohol from intergel systems

Intergel system |hPAA-hP4VP | hPMAA-hP4VP | hPAA-hP2M5VP | hPMAA-hP2M5VP

Fvdrogels ratio | 33%NPAAL | 17%6hPMAA: 679%hPAA: 50%hPMAA:
ydrog 67%hPAVP |  83%hPAVP 33%hP2M5VP 50%hP2M5VP
Total desorption 85.46 82.26 80.17 77.27

degree, %

Figure 5 — Dependence on lanthanum ions desorption degree versus of duration of time
by nitric acid from PAA and P4VP hydrogels
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The most intensive desorption occurs at first 6 hours: at this time 52.70% of
lanthanum is desorbed from hPAA, 21.56% — from hP4VP. Subsequent desorp-
tion provide increase of the parameter, at 24 hours 63.41% of the metal is released
from hPAA and 27.75% — from hP4VP. Further increase is very slight, what
indicates that system is almost reaches equilibrium state. Total desorption degree
from the polymers at 48 hours is 96.27%.

Desorption process of lanthanum ions from polymer hydrogels of polyme-
thacrylic acid and poly-4-vinylpyridine in time is presented on figure 6. Similarly
to the previous system (figure 5), first six hours — area of high desorption of lan-
thanum ions from the macromolecules during their contact with desorbing agent.
From all amount of sorbed lanthanum 36.55% is released from hydrogel of PMAA
and 20.96% is released from hydrogel of P4VP. After end of the experiment (48
hours) total desorption degree from the macromolecules is 94.43%.

Figure 6 — Dependence on lanthanum ions desorption degree versus of duration of time
by nitric acid from PMAA and P4VP hydrogels

Figure 7 represents dependence of desorption degree of lanthanum ions by
nitric acid from matrix of the hydrogels of PAA and P2M5VP from time. After
6 hours after beginning of interaction of the desorbent with the hydrogels there is
a release of main amount of lanthanum. As seen from the figure, polyacid sorbes
2 times more lanthanum than polybasis. Total desorption degree of lanthanum
from hydrogels of PMAA and P4VP is 92.55% at 48 hours.

As seen from figure 8, intensive desorption is observed during 24 hours.
During 6 first hours 31.94% of lanthanum is desorbed from hPMAA and 20.04%
from hP2M5VP. Total desorption degree is 93.09% for 48 hours.
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Figure 7 — Dependence on lanthanum ions desorption degree versus duration of time
by nitric acid from PAA and P2M5VP hydrogels

Figure 8 — Dependence of lanthanum ions desorption degree by nitric acid
from PMAA and P2M5VP hydrogels from time

Table 2 shows comparison of total desorption degree of lanthanum ions by
nitric acid from hydrogels of PAA, PMAA, P4VP and P2M5VP at 48 hours.
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Table 2 — Total desorption degree of lanthanum by nitric acid from intergel systems

Intergel system | hPAA-hPAVP | hPMAA-hP4VP | hPAA-hP2M5VP | hPMAA-hP2M5VP

Hvdrogels ratio 33%hPAA: 17%hPMAA: 67%hPAA: 50%hPMAA:
yareg 67%hP4VP 83%hP4VP 33%hP2M5VP 50%hP2M5VP

Total desorption

degree, % 96.27 94.43 92.55 93.09

The obtained results indicate that nitric acid, being a strong mineral acid,
interacts sufficiently with polymer hydrogels, what is evidenced by higher (~92-
96%) desorption degree comparatively with ethyl alcohol.

Conclusions.

1. Obtained results point to the fact, that 95% ethyl alcohol and 2M nitric
acid can be used for desorption of lanthanum ions from PAA, PMAA, P4VP,
P2M5VP polymer hydrogels matrix.

2. Desorption degree of lanthanum ions from polymer hydrogels matrix by
ethyl alcohol do not have high values (not more than 85%) what is due to nature
of polar solvent.

3. High values of desorption degree are achieved at desorption of the metal
by nitric acid. Due to the fact that mineral acid is strong by its nature, and desorp-
tion degree have high (over 95%) values.
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Pe3rome
T. K. ’Kymaoinos, P. I'. Konoaypos

TABUFU HET'T3/IIK )XOHE KbIIIKBIIABIK CUPEK TOPJIAHFAH
I'MAPOT'EJIb MATPULIACBIHAH JIAHTAH NOHJIAPBIH JECOPELIUAJIAY IA
OTUII CITMPTI MEH A30T KbIIIKBIJIBIH AECOPEEHT PETIHAE CAJIBICTBIPY

IMonuakpun Keimkeuibl ([TAKr), momumerakpun Keiikbiibl (IIMAKT), monu-4-su-
HumupuauH ([14BIIr) xaHe nonu-2-metwi-5-unmwimupuauH ([12M5BIIr) rugporensae-
PIiHIH TOTMMEPITIK MaTpPHUIIACkIHAH JTaHTaH MOHBIH 95% 3TaHONMa sXoHEe 2M a30T KBIIIKbI-
JBIHAA JlecopOumsuiay mporeci Kyprizinai. [lecopOuusinay yiniH WHTeprenmi kyiene-
piHzmeri ruaporeibaep MbIHamal KaTbiHacTapaa anbiHael  33%ITAKr:67%I14BIIr,
17%IIMAKTr:83%I14BIIr, 67%I1AKr:33%I12M5BIIr, 50%IIMAKr:50%I12M5BIIr.
Ocbl KatbiHacTapaa 48 caraTThIK JecopOuuMsiiaH KeHiHri JIaHTaH MOHAAPBIH OO amy
mopexeci kenecigeit: 94,05; 90,34; 91,09; 89,65%: Dtun cnupTiHAETI IECOPOIUSHBIH
kanmmel Oemin amy mopeskeci 85,46; 82,26; 80,17; 77,27% xypaiabl. A30T KBIIIKBI-
JIBIHIAFBI JIECOPOLMAHBIH JKanmbel Oeminm ainy mopexeci 96,27; 94,43; 92,55; 93,09%
Kypaiinel. ByHpail albpManibuIbIK JecOpOEHTTEpAIH TaOMFATHIHBIH EpeKIIeiKTepiHe
OaitnanpIcThl (OENTil, 3THI CIUPTI — MOMSAPNBIK OPraHUKAIBIK SPITKIlll, al a30T KbIII-
KBUIBI - KYIITI MUHEPAJLABI KBIIIKBUTBL) OOJIBI TaObLIaIbI.

Tyiin ce3maep: WMHTEPrendi XKyiie, mecopOrus, La® HOHJAPBI, THIPOTENb, MMOJIUAK-
PHI KBIIIKBUTBL, MOJTAMETAKPHIT KBIIIKBLUIBI, MONTU-4-BUHUINUPUINH, OTU-2-METHII-5-BH-
HWJIITAPHUIIH.
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Pesome
T. K. Joicymaounos, P. I'. Konoaypos

CPABHEHUE STHUJIOBOI'O CIIMPTA 1 ASOTHOI KUCJIOTBI
B KAYECTBE JIECOPBEHTOB /IS MIOHOB JIAHTAHA
13 MATPUIIBI PEJIKOCIINTBHIX [TOJIVMMEPHBIX TMPOTEJIEN
KHCJIOTHOM 1 OCHOBHOM ITPUPO/IbI

HUccnenosan mporecc aecopOiun noHoB antana 95% 3TuioBbiM criuptoM U 2M
A30THOM KHCJIOTOM W3 MaTpUlbl IIOJUMEPHBIX T'MIPOresiel MOJIUMAKPUIOBOW KHUCIIOTHI
(rITAK), monumerakpuioBoit kuciotel (rIIMAK), monu-4-pununnupuausa (rl14BIT) u
nonu-2-Metui-5-sunmwinupuauaa (rlI2M5BIT). [ns mecopOin ObLTH B3STBI CIIEIYIO-
[IFe COOTHOIICHWs Tuaporeneil B wuHTepreneBbix cuctemax 33%rIIAK:67%rI14BII,
17%rIIMAK:83%rII4BII, 67%rIIAK:33%rII2M5BII, 50%rIIMAK:50%rI12M5BII.
CrenieHp W3BIICUYCHHUS WOHOB JIAHTaHA IPH 3THUX COOTHOIICHUSX MO WcTedeHWH 48 9
cocraBmsger 94,05; 90,34; 91,09; 89,65%. CymmapHasi cTemeHb IeCOpPOIUN ATHIOBBIM
cmpToM cocraBisieT 85,46; 82,26; 80,17; 77,27%. CymmapHas CTENeHb IeCOPOIIH a30T-
HoU KucnoToi cocrasinsier 96,27; 94,43; 92,55; 93,09%. [Togo6Has pa3Huiia o0ycioBieHa
MpUPOIOH JecopOeHTOB (Kak H3BECTHO, STUIIOBBIM CIUPT — IOJSAPHBIA OpPraHUYECKHUi
PacTBOPUTEND, A30THASL KUCIO0TA — CHJIbHAS MUHEPAJIbHAS KHCIIOTa).

KiroueBble €JI0Ba: MHTEPreNieBbIC CHUCTEMBI, IECOPOIHUs], MOHBI La3+, THIPOTEIH,
MTOJTUAKPUIIOBAs KUCIIOTA, TOTMMETAKPUIOBAsT KUCIIOTA, TONIU-4-BUHIWIHUPUINH, TT0JIU-2-
METHII-5-BUHHITTHPUINH.
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