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Abstract. Orsaidc-inorgimic composites based on ion exchmage resins
containing zirconium hrvdiophospbate (cation-exchanger) and hydrated
zirconium dioxide (anion-exchanger) wse applied to removal of soluble U(V1)
compounds from modeling solutions. The advantages of the composites over the
pristine resins are more significant sorption capacity, higher sorption rate and
more facile regeneration.
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Introduction, Purification of liquid wastes after processing of poor uranium-
containing ones [1] is an actual ecological problem (maxima] allowable
concentration of soluble uranium compounds in waste waters is 0.015—0.6 mg
dm"J [2, 3]). Sorption is the most widespread method for removal of these highly
toxic impurities from diluted aqueous solutions, the development of new
effective sorbents is in a focus of attention. In addition to sorbents investigated
earlier [4-6]. organic-inorganic ion-exchangers are rather prospective [7]. These
materials are characterized by higher sorption rate than the inorganic materials,
moreover, they are more selective than ion exchange resins. The aim of the
research is to estimate a possibility to use organic-inorganic cation- and aiiion-
exchangers for removal of uranium (VT) compounds from modeling solutions of
different composition.

Ei-peiimeutalL, Aqueous solutions of uranium (VI) acetate were used
(2.0-10_ mol dm™J). Additionally the solutions contained acid or salt (0.-02 M
H1SO4 or HC1 or NaHCOj). These reagents are used for treatment of uranium-
containing minerals. Under these experimental conditions, uranium was in a
form of cations in the chloride solution (9S5.3% of UO," and 1.6% of [UOCIJ*,)
[3]. The sulfate solution contained anionic and neutral complexes, such as
[UO,{SOJ] (46.3%) and [00,(50,),r (6.5%) and also UO,I* cations (46.3%).
There were [n03(C03)i]i_ (&7%) and [UO~COj),]4 (13%) in the carbonate
solution. The modeling solutions were also used (g -dm5: | - U(VI) (0.05),
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FeClj (0.25). HC1 (0.73) (modeling waste waters of nionazite processing). Il -
u(Vl) (0.007), Cl (014), NaHCO; (0.46), Ca” (0.01), Mg~(0.C7), SO4 (0.04)
(modeling carbonate mine waters); Ml - U(V1) (0.1), Ca'~ (0.5), Mg:_ (0.5), Pe'~
(0.5), At (2), SO (15) (modeling technological solutions that are formed
during the autopsy of poor uranium ores).

Dowex HCR-S cation exchange resin (C/1) and EDE-10P anion exchange
resin (*fi) were applied to the investigations. Organic-inorganic sorbents, which
had been obtained by modification of thebe resins with uanopartilces of
zirconium hydrophosphate (CR-ZHP) or hydrated zirconium dioxide ("4ii-J3ZD)}
were also used. The synthesis conditions are given in Table 1

Table 1. Modification Conditions and Sorption of U{\/T) Compounds from Sulfate,
Chloride and Carbonate Solutions fSorbent Dosage Was 2 s dmO!

Sorbeur Rea§c_)n ts_f(_)_r sf% tjg, Tin tlr inin A-10N\i1
modificatioiis

Chloride solution

CR - 995405 44 120 3.00
CR-ZHP-1 0.1 M ZrOClj 99.54+0.5 15 0 9.67
1M H,PO*
CR-ZHP-2 1M Z10CL3 99.5+0.5 16 100 5.17
1M EJO,
Carbonate solution
AR - 99.5+0.5 25 300 2.35
AR-HZD-I 0.1 M ZrOcCl: 99.54+0.5 40 390 2.00
1MXIT40H
AR-HZD-2 1M ZiOCl.. 99.5+0.5 20 300 252
iMm TOH
Sulfate solution
AR - 70.fr0.i 70 210 L22
AR-HZD-I 0.1 M ZrOCl; 65.5*0.5 140 300 6.17
1M XK 40H
AR-HZD-2 1M ZiOClI3 70.5+0.5 60 240 S.50
IMXK+0OH

Sorption experiments were performed under static conditions with
continuous shaking at 20+2 C during 15—1800 inin. The sorbent dosage was 2—
10 g dm"J. The solutions after soiption were analyzed with a photometric method
using arsenazo IIN [9]. Sorption degree was calculated as:

S= C*~C1m,% (1)
Q
where Cfj and C aie the initial and final concentration of uranium (VI) in the

solution.
Desorption experiments were carried out by similar manner using 1M H2S04
or NaHCOQOj solutions. Desorption degree was determined via:
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sh=-"-xm % , a)
3
where Crfi: is the concentration of uranium (VI) in the solution afler desorption

Results and cliveilssion Pristine ion exchange resins and organic-inorganic
materials rewoi, e uranium (V1) compounds practically completely from chloride
and carbonate solutions (see Table 1) as well as &om the modeling solution N
(Table 2), when the sorbent dosage is 2 g din . No additional correction of the
pH is needed.

Tabl™ 2: Sorption of Uranium (VT) Compounds from Modeling Solutions

Sorbent
Sorbent dosage, pH S, % log, iTn fA4. min > 10°
rdinJ
Modeliaa solution |
CR 5 2 60.0=0.5 57 >1S00 3.70
4 99.5=0.5 20 ISO 4.03
10 2 99.5=0.5 33 480 7.02
CR- 5 2 60.5=0.5 240 >1G00 3.17
ZHP-2 4 99.fe0.5 23 150 508
10 2 99.fe0.5 36 1440 867
Modeling solution 11
AR 2 S 995=0.5 25 120 6.58
AR- 77.5=0.5 40 150 5.97
HZD-I
AR- 99.fe0.5 25 120 5.28
HzD-2
Vlodelins solution Ml
AR 5 2 79.0=0.5 35 100 4.72
AR- 47.5=0.5 - 0O 7.68
HZD-I
AA- 76.5=0.5 40 120 4.55
HzZD-2

The residual U(VI) content decreases down to warriwai allowable
concentration by this manner. More complete removal of UN\T) species from the
model solution | requires optimization of sorption conditions: it is necessary to
increase either the pH (up to 4) or the sorbent dosage. This optimization causes
not only an increase of the S value, but also sorption acceleration. Sulfate
solutions contain aniccic and neutral complexes of ''{VI) as well as urauyl
cations. These species are not able to interact with anion exchange functional
groups of the polymer constituent of the sorbents. Thus, the maximal sorption
degree is not leached in the sulfate solutions, particularly from the modeling
solution Il.
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Following kinetic characteristics for sorption of waniwn (V1) compounds aje
given in Table 2: half-time of exchange (tsfi), time of equilibrium (ttq). constant
of sorption rate (i) that was calculated using the first order equation:

bir-=-kxt, (©)
Ce
where Ctis the concentration under predetermined time

The CR-ZHP-1 sample, which was impregnated with a 0.1 M ZrOClIj
solution before ZHP precipitation, is the most attractive from the point of view
of sorption kinetics (in the case of chloride solutions). Regarding sorption of
anions. the sample that have been saturated with more concentrated ZrOCli
solution for following ZHD deposition, is the most effective.

Composite ion-exchangers are regenerated easier and more complete than the
pristine resins. The degree of uranium desorption from C4 is & (using H2504
solution for regeneration) and 50% (NaHCOj solution). The Sfc values are 30
(H’S04) and 66% (NaHCOi) for the AR. sample. At the same time, the organic-
inorganic ion-exchangers are regenerated more completely ($1*14=90%) with the
NaHCO; solution and the most completely (S*fIOOW) with the H]S04 solution.
No change of sorption degree has been found for the composites after 5 cycles
of sorption-regeueration.

Conclusions. Organic-inorganic ion-es.changers containing ZHP and HzZD
demonstrate more significant sorption ability towards soluble U(VI) compounds
than the pristine resins. Depending on modification conditions, the composites
show also higher sorption rate despite the inorganic constituents. This was
shown particularly for the solutions, which model liquid wastes of uranium
processing or mine waters. Other advantages of the organic-inorganic ion-
exchangers are more facile regeneration and. as a result, a possibility of multiple
application.
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Pestome. OpraHo-HeopeaHiUYHi KOMMNO3WTU Ha OCHOBiI 11OHOOBMIHHLL CMOf, AKi
MiCTATb rigpodoctaT UMPKOHIO /KaTIOHIT) Ta eigpaToBaHWii Aiokcug
LMPKOHit0 (@HIOHIT) 3acTocoBaHi And BuayyYeHHs po3umHHux cnonyk V(Il) 3
niaajenibHK po3unHiB. MepeBaramym KOMMO3WTIB Yy MOPIBHAHHI 3 JaTAHLLWAN
cMoniaMu € BuLa COpOLiiHa criHroys, Giibll BMCOKA wwiBuMAKiow COPTiil, a
TaKOo>K MoneriieHa pereHepLLis.

KntouoBi cnoea: aproHo-nBopraHiyHi ioHiTy, rigpooctaT WAPKOHItO, CifpaToBaHwii

[IOKCMATIPKOHI0, MOHMYpaHI Ty, OYHITKA C/BIUKiiiBOA
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