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B nacmosaweit pabome ovi1u uccieooganvt memoovt konyenmpuposanus Ce (I11) uz 600-
HbIX PaAcmeopo8 HA CUHMEMUYECKOM NOIUMEPHOM adcopbenme. H3yueno copouuonno-gomomem-
puueckoe onpeoeiienue MUKPOKOAUYUECHE UOHO8 YePUsa C NOMOULbI0O HOB020 NOIUMEPHO20 Xel1amo-
obpazyrouezo copoenma, moouuyupoeannozo oumuzonom. CopoyuonHvll RPOYECC NPOBOOUTICA 6
cmamuuecKkux ycioeusax. Ycmanoenenvl OnRMuManbHule XapaKmepucmuku copoOyuoHHO20 npo-
yecca: eruanue pH, epema Konmaxma, enuaHue HAYANLHOU KOHUEHMDPAUUU MEMAlna, 61UAHUE
uonnoit cunwl. /[na uzeneuenusn uonos yepus pH = 5, epema konmaxma cocmaenaem 210 mun. On-
mumManbHaa UOHHAA cuia 0ocmuzaemcs npu 3navenuu u = 0,6. CopoyuoHHyo emKocms copoenma
U nPoUeHmHoOe u3eieueHue ONpPedeniiu o pazHOCMU HAYAIbHbIX U KOHEYHbIX KOHYeHmpayuii ye-
pusa (III) ¢ pacmeope. Copoupyemocmo uonoe yepus (I1l) cocmaenana 91,38%, copoyuonnas em-
KOCIb copfeHma no omuowenuio K uonam yepus cocmaenana 682,85 mz z'. Ha koneunom smane
0b11 npoeeden npoyecc OecopoyUU ¢ UCNOIL30BAHUEM PAZTUUHBIX (OPZAHUYECKUX U MUHEPATIbHDIX)
kucnom c oounaxoevimu konyenmpayuamu (0,5, 1,0, 1,5 u 2,0 M). Haubonvweii sntroupyroueii cno-
cooHocmuio no omuoutenuto k uonam yepusa (IIl) oonaoaem 1M HCI. Copoenm, moouguyuposan-
HbLIl OUMU3OHOM HA OCHOBE CONOTUMEDPA MATIEUH06020 aHzuopuoa co cmupoaom (CMA), npednaza-
encs 6 Kauecnmee CUHMEemu4ecKkoz0 COpoeHma ¢ yuuumMu AHATUMUYeCKUMU C8OLICIEAMU (8bICOKAA
COpOYUOHHAA EMKOCHLb, 8DEMA KOHMAKMA 3 4 N0 OMHOWEHUI0 K UOHAM yepus. Bozmorcno mnozo-
KpamHoe ucnojib306aHue pezeHepuposannozo copoenma 0 KoHyenmpuposanus. Pazpabomannsie
MEmOoOuUKU Mo2ym 0bimb ucnoav3oeansl 01 onpedenenun Ce (I11) 6 cmanoapmuvix odpazuax, nouse
U 6000nPOBOOHOIL 800e.
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In a present paper methods of concentration of Ce(l111) from aqueous solutions onto syn-
thetic polymer adsorbent. The sorption-photometric determination of the microquantities of cerium
ions by new polymeric chelating sorbent, modified with dithizone has been studied. Sorption pro-
cess was carried out under static conditions. Optimal characteristics of the sorption process: influ-
ence of pH, time of contact, effect of the initial concentration of metal, influence of ionic strength
were studied. pH for extracting Ce is 5; the residence time is 210 min. Optimal ionic strength was
achieved at a value of u =0.6. The sorption capacity of the sorbent and the percentage recovery
were determined from the difference in the initial and final concentrations of cerium(l1l) in the
solution. The sorbability of cerium(111) ions was 91.38%, sorption capacity of sorbent with respect
to cerium ions is 682.85 mg-g™. At the final stage, a desorption process was carried out using dif-
ferent (organic and mineral) acids with the same concentrations (0.5, 1.0, 1.5, and 2.0 M). 1M HCI
has the highest eluting ability with respect to cerium (I11) ions. Sorbent modified with dithizone
based on a styrene-maleic anhydride (SMA) copolymer is proposed as synthetic sorbent with the
best analytical properties (high sorption capacity, residence time 3 h with respect to cerium ions).
Multiple use of the regenerated sorbent for concentration is possible. The developed techniques

can be used to determine Ce(l11) in standard samples, soil and tap water.
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INTRODUCTION

Heavy metal ions are in the number of the en-
vironmental pollutants. Low doses of rare-earth ele-
ments have some positive effects on physiological and
biochemical reactions for plants and animals. Rare-
earth elements are widely used as plant growth regula-
tors for crops and as feed additives for livestock, poul-
try and aquaculture [1, 2]. As a result, rare-earth ele-
ments from agriculture will be present in agricultural
products and enter the human body through the food
chain. So it is necessary to obtain the impact of heavy
metal ions to the environment from the analytical point
of view [3].

Cerium is one of the toxic rare earth elements.
The global demand for rare-earth elements and their
compounds has over the past decades due to their
chemical, catalytic, electrical, magnetic, and etc. prop-
erties [4].

For this purpose, recently sorption methods
have been widely used, especially with the use of pol-
ymeric chelating-forming sorbents (PCC).

The methods of separation and concentrating
of rare-earth elements associated with their toxicity are
of great interest. The most widespread methods for the
determination of heavy metal ions are flotation, coag-
ulation and adsorption [5-8].

Among the widespread known techniques for
extracting microguantities of rare-earth elements from
solutions, the sorption method is effective. This method
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allows to reduce the detection limit for microquantities
of elements. For extract heavy metal ions both natural
[9, 12, 14, 16] and synthetic [10, 11, 13, 15-19]
sorbents are used. Spectrophotometric methods of de-
termination due to simplicity, reproducibility and
cheapness of equipment are more universal.

The aim of this work is the study of optimal
characteristics of the sorption process — influence of pH,
residence time, effect of the initial concentration of
metal, influence of ionic strength of sorbent modified
with dithizone based on a styrene-maleic anhydride
(SMA) copolymer. The criterion for optimality of the
process of sorption of cerium cations from aqueous so-
lutions by a polymeric sorbent is its maximum absorp-
tion and the achievement of a high sorption capacity. At
the final stage the desorption process was carried out.

EXPERIMENTAL PART

Equipment

The pH of the solutions was measured with an
ionomer PHS-25 with a glass electrode. The optical
density of the solutions was measured on a KFK-2 pho-
tocolorimeter (I =1 cm). To mix the solutions, an OR-
BITAL SHAKER TS-1 thermomixer was used. Sorbent
was dried in a Zymark TurboVap LV drying cabinet.

Solutions and reagents

All reagents used are chemically pure. For the
photometric determination of cerium, 3-[2-(4,4-dime-
thyl-2,6-dioxocyclohexylidene)hydrazinyl]-2-hy-
droxy-5-nitrobenzene-1-sulfonic acid was used as the
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reagent. The solution of reagent (2-10° M) was pre-
pared by dissolving it in an appropriate amount of dis-
tilled water. The cerium solution was prepared by dis-
solving in an appropriate amount of distilled water the
salt of cerium Ce(NOs)s3-6H.0. Working solutions
were prepared by diluting with distilled water aliquots
of the stock solution. The pH of the solutions was
maintained constant using an ammoniated acetate
buffer (pH 3-11).

Synthesis of a sorbent

Synthesis of sorbent was carried out according
to a known method. The sorbent were synthesized by
adding a certain amount of dithizone and formaldehyde
to the copolymer of styrene with maleic anhydride. The
reaction proceeds in a sand bath at 60-70 °C with con-
tinuous stirring for 45-50 min. Due to the fact that the
reaction takes place in an agueous medium, the anhy-
dride groups included in the copolymer are hydro-
lyzed. In the reaction of formaldehyde and dithizone,
an unstable carbonylamine is formed. The resulting
carbonylamine reacts with carboxyl groups and the
amine fragment enters to the macromolecule. A sche-
matic representation of the polycondensation process
is shown in Fig. 1:
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Fig. 1. A schematic representation of the polycondensation process
Puc. 1. Cxemarideckoe I/1306pa>KeHI/I€ Tponecca rnoJIMKOHACHCallun

The resulting sorbent were washed 4-5 times
with distilled water. The resulting mass was then dried
in an oven.

Sorption studies

Sorption process was carried out under static
conditions. To carry out sorption studies, 30 mg of
sorbent, 2 ml of a solution of Ce (I11) ion and corre-
sponding amount of pH = 5 were added to sorption
flasks. The absorption capacity of the cerium ion
sorbed by sorbent was calculated from the following
equation.

0= C=C)V
m
where Q is the sorption capacity of sorbent, V — vol-
ume of solution, Co — is the initial concentration of ce-
rium ions (mg-1"), C is the concentration of cerium
ions after the sorption process (mg-171) and m-mass of
the sorbent (mg). The maximum sorption capacity of
sorbent with respect to cerium ions is 682.85 mg-g™.

The percentage recovery of cerium ions was
calculated by the ratio of the difference in the concen-
trations of cerium ions in the solution before and after
sorption to the concentration of cerium ions in the so-
lution before sorption using the following equation:

%R = M -100,
0
where R is the percentage recovery, Co and Ce are the
initial and equilibrium concentrations of the cerium
ion. The maximum percentage recovery of cerium ions
from the solution when using a sorbent modified with
dithizone was 91.38%.

Influence of acidity of environment

The effect of pH is one of the main character-
istics of sorption process. The sorption process was
carried out under static conditions. The time for study-
ing the effect of pH was 24 h. The influence of pH on
the sorption of Ce(lll) by polymer sorbent in the pH
range 3-8 was studied. For this aim 30 mg of sorbent
were placed in the sorption flasks, 2 ml of a 102 M so-
lution of cerium is added to the sorption flasks and left
in a buffer medium at pH = 3-8. After concentrating,
the photometric determination of cerium ions in solu-
tions was studied. For this aim, the 1.5 ml of reagent 3-
[2-(4,4-dimethyl-2,6-dioxocyclohexylidene)hydrazi-
nyl]-2-hydroxy-5-nitrobenzene-1-sulfonic acid was
added to the aliquot part of the sorbent solution with a
volume of 1 ml and diluted to a mark with pH =5. The
results of the studies showed that at pH = 5 the maxi-
mum sorption of cerium ions is observed. Finally, a
graphical dependence of the sorption capacity on the
medium acidity was drawn. Figure 1 shows the depend-
ence of the sorption capacity on the medium acidity.
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Fig. 2. Influence of medium acidity on the sorption process.
Cce =102 mol I, Msorb=30 mg, A = 440 nm
Puc. 2. BiaustHue KUCIOTHOCTH CPeIbl Ha MPOIECC COPOIIHH.
Cce =102 Motb 11}, Meops=30 mr, A = 440 uM

Residence time

The time necessary to achieve complete sorp-
tion equilibrium was studied. For this purpose 30 mg
of sorbent were placed in the sorption flasks, 2 ml of a
102 M cerium solution and 18 ml of pH = 5 were
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added. To study the influence of time, measurements
were made within 210 min. Every 30 min an aliquot of
1 ml was taken from the solution. It was found, that
time required for establishing complete sorption equi-
librium is 210 min. Fig. 2 shows the dependence of the
sorption capacity on the residence time.
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Fig. 3. Influence of residence time on the sorption process.
Cce =102 mol I, pH =5, Msorb=30 mg, A = 440 nm
Puc. 3. BausiHue BpeMeHU KOHTAaKTa Ha IpoLecc COpOIun.
Cce =102 moab 1L, pH =5, Meope=30 Mr, A = 440 HM

Effect of the initial concentration of the metal

To study the influence of the initial concentra-
tion of cerium ion on the sorption process, 30 mg of
sorbent is placed in the sorption flasks, a certain
amount of a 10 M solution of cerium is added and left
in a buffer medium at pH = 5. The results of the analy-
sis showed that at a concentration of 80-10* M, the
maximum sorption capacity of sorbents to cerium ions
is observed.

Influence of ionic strength

The effect of ionic strength on the sorption of
the Ce(l11) by polymer sorbent is studied. To study the
effect of ionic strength on the extraction of metal ions,
a solution of 2M KCI was used. It was found that the
optimal ionic strength on sorbent modified with dithi-
zone is achieved at a value of u = 0.6. Fig. 3 shows the
dependence of the sorption capacity on the ionic
strength.
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Fig. 4. Influence of ionic strength on the sorption process.
Cce =102 mol |'1, pH =5, Msorb=30 mg, A =440 nm
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The desorption process

For the extraction of cerium ions absorbed by
polymeric sorbent, a desorption process was carried
out at the final stage. Mineral and organic acids HCI,
HNO3, H,SO4, CH3sCOOH of different concentrations
(0.5 M, 1M, 1.5M, 2 M) were used to extract metal
ions absorbed by sorbents modified with dithizone.
The results of the conducted studies showed that the
best desorbing ability with respect to the cerium ions is
in 1M HCI. After washing the sorbent with 1M hydro-
chloric acid, a 90% desorption of cerium ions is
achieved.

CONCLUSION

Thus, adsorption of Ce(l11) from aqueous solu-
tions onto synthetic polymer adsorbent is characterized
by high degrees of recovery and adsorption capacity.
The pH for extracting cerium ions is pH = 5; the resi-
dence time is 210 min; optimal ionic strength was
achieved at a value of u = 0.6. The developed tech-
nigues can be used to determine Ce(lll) in standard
samples, soil and tap water.
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