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Abstract. It has been found that polymer-inorganic cation-exchangers, which contain
nanoparticles of zirconium hydrophosphate, can be used many times for sorption of
uranyl cations from diluted solutions. This is due to the possibility of practically
complete regeneration of the loaded sorbents with diluted solutions of NaHCOs or
EDTA. The sample that includes the smallest embedded particles shows the highest
regeneration rate.

Keywords: organic-inorganic cation-exchangers, zirconium hydrophosphate, uranyl,
regeneration of sorbent, polymer-based composite

Introduction. In practice, sorption is the main effective method for the recovery
of valuable and toxic components from water. As opposed to membrane
separation, the choice of selective sorbent allows us to extract one or other ionic
component from the solutions containing high amount of salts. Economical
efficiency of sorption processes is determined particularly by optimal conditions
for regeneration of sorption materials and processing of effluents. This is
necessary for the repeated use of sorbents on the one hand and, in the case of
processing of liquid industrial wastes, to return valuable components back to the
technological process.

Last years organic-inorganic ion-exchangers are used for sorption of heavy
metal ions [1]. These ion-exchangers are characterized by selectivity towards
heavy metal ions comparing with commercially available ion exchange resins.
In comparison with inorganic sorbents, much higher sorption rate is attributed to
the composites of mentioned type.

As shown in [2-3], the composites based on gel-like strongly acidic ion
exchange resin, which contains both non-aggregated and aggregated
nanoparticles of zirconium hydrophosphate (ZHP), effectively extract uranyl
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cations. The main advantage of these composites is the possibility of multiply
usage after regeneration with a 1 M H,SO, solution. The disadvantages of this
reagent is its significant danger and high chemical activity providing equipment
corrosion. Moreover, the use of sulfuric acid is limited at the legislative level.

The aim of the work is to establish some regularities of the regeneration of
uranyl-loaded forms of polymer-based ion-exchangers containing ZHP
nanoparticles. The solutions of NaHCO; and EDTA were applied to
investigations. .The choice of these low-cost reagents is due to their availability
and low selfishness. Moreover, they form strong complexes with uranyl-iions in
solutions [4].

Experimental. Aqueous solutions of uranium (V1) acetate were used (2.0-10*
mol dm3). Additionally the solutions contained 0.02 M HNOj3. ITonyuenusie
pactBopsl umenu pH 2.2-2.5. Under these experimental conditions, uranium was

in a form of cations in the nitrate solution (98.3% of U022+ and 1.7% of
[UO,NG; ") [4].

As sorbents, the samples based on Dowex HCR-S resin were used. The
polymer was modified with ZHP particles according to [1-3]. The samples
marked as 1, 2 and 3, they differed in synthesis conditions (concentrations of
ZrOCl; and H3PO4, Table 9.1), which determine diameter of grains, and the size
of embedded aggregated and non-aggregated particles. The composition of

sorbents affects their functional properties, namely .sorption ability towards
uranyl ions and facility of regeneration of uranium forms.

Table 9.1. Synthesis conditions and some characteristics Of polymer-inorganic
cation-exchangers [2-3]

Synthesis conditions Average
Sample | C(ZrOCly), | C(H3POs,), Size of err_lbedded diameter of
ZHP particles, nm )
M M grains, pm
1 1 0,01 10-20; 400-600 800
2 1 1 50; 200-300 624
3 0.3 1 2-10;<100 640

Sorption experiments were performed under static conditions with
continuous shaking at 20+2°C during 30-180 min. The sorbent dosage was 2 g
dm3. The solutions after sorption were analyzed with a photometric method

using arsenazo Il [5]. Sorption degree was calculated as:

S:

C,-C

0

x100,%

(9.1)

where Co and C are the initial and final concentration of uranium (V1).
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The sorbent loaded with uranyl-ions was separated from liquid, washed with
deionized water and dried down to constant mass. utanyl-loaded forms of ion-
exchanger was obtained by this manner. Namely these sorbents were
regenerated for 30-240 min shaking with 0.01-1 M NaHCOs; solutions or 0.01-
0.4 M EFTA solutions. These reagents were well proven for the regeneration of
uranium forms of other ion exchangers of different nature, particularly
composites [6, 7]. The efficiency of sorbent regeneration was estimated as
uranium desorption degree (Sges.):

S, = w1009 (9.2)
C,-C

des.

0

where Cges IS the concentration of uranium (V1) in the solution after desorption.
The rate constant for uranyl desorption (kqes) was found by graphically solving
the equation:

In(C,,. —Cy.)=InC,, — Kk, xt, (9.3)

des.

where Cags. (Cads. = Co — C) is the concentration of uranium in a sorbent.

Results and discussion. The investigations have shown that the efficiency of
regeneration (degree of uranium desorption, time and rate of sorbent
regeneration) depends on properties of organic-inorganic ion-exchangers, as
well as nature and concentration of the solution for regeneration (Figures 9.1).
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Fig. 9.1. Degree of desorption (See..) for uraniun (VI) from uranium forms of
polymer-inorganic cation-exchangers as a function of concentration of NaHCOs3 (a)
and EDTA solutions (b).

Increasing in the concentration of NaHCO;3; and EDTA solutions up to a
certain value, which is determined by the properties of sorbent, causes the
efficiency of uranium desorption (Table 9.2). Regeneration of samples 1 and 2
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requires 0.5 M NaHCOg3 solution. Less concentrated solution (0.1 M) is desirable
for regeneratiion of sample 3. Even a 0.05 M EDTA solution allows us to reach
high desorption degree of uranyl ions and maximal desorption rate. It is
necessary to note that EDTA is the most effective reagent for sample 2: higher
guantitative desorption rates were found in this case. Regarding sample 3, s
NaHCOjs solution is more desirable.

Table 9.2. Kinetics of uranium (V1) desorption with NaHCOz and EDTA solutions

Sample 1 Sample 2 Sample 3
C,M t, k ><_1104, R? t, Kk ><_1104, R2 t, k ><_1104, R2
min S min S min S
NaHCOs3
0.01 - - - 210 0.05 0.98 | 150 2.53 0.94
0.025 — — — 180 0.03 0.97 | 120 2.93 0.89
0.05 | 180 0.25 0.94 | 180 0.15 0.98 | 150 3.54 0.89
0.075 — — — 180 0.20 0.99 | 150 4.11 0.97

0.10 180 0.48 0.97 | 180 0.25 0.99 | 150 4.43 0.99

0.25 180 0.88 0.99 | 180 0.55 0.99 | 120 4.90 0.92

0.50 90 3.97 0.88 | 150 451 096 | 90 5.53 0.99

0.75 90 4.55 0.95 | 120 5.50 099 | 90 5.68 0.98

EDTA
0.01 — — — 210 2.50 0.98 | 180 0.23 0.99
0.02 — — — 210 2.41 0.99 | 180 0.75 0.97
0.05 — — — 210 3.48 0.99 | 150 2.07 0.99
0.10 — — — — — — 150 0.83 0.99
0.20 — — — — — — 150 1.15 0.96
0.40 — — — — — — 150 1.05 0.95

* t is the desorption time, R? is the correlation coefficient of line (3).

The sorbents, which are completely regenerated with a 0.5 M NaHCO;
solution, completely restore their original form and the sorption capacity for
uranium (the degree of sorption of uranium reaches 99.9 + 0.5%) after 5th
cycles of sorption-regeneration. During further cycles, the degree of sorption
decrease Further cycles reduce the degree of uranium sorption by 3-5%. The
sorbents regenerated with a 1 M NaHCOj; solution save their sorption capacity
after 10th cycle of sorption-regeneration.

Conclusions. The obtained results are explained with composition and
properties of organic-inorganic materials being regenerated. The samples 1 and
2 contain larger non-aggregated and aggregated ZHP particles. they are located
in void between gel field of polymer blocking them. This evidently makes it
difficult diffusion of exchanged ions inside the grains. Moreover, the modifier
particles are also able to sorb ions. In the case of particle diffusion, increase of
the size of embedded particles slow down the sorption rate. When the movement
of ions is limited by chemical reaction, the deceleration is caused by high
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amount of functional groups of ZHP. Smaller embedded particles accelerate ion
exchange (sample 3), this is most expressed in the case of NaHCO3 solutions.
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Pe3tome. Bcmanosneno, wo nonimep-neopeaniuni KamioHimu, wo Micmsams
HAHOYACMUHKU 2I0pOoghochamy YuUpKoHilo, MOAHCYMb OYMuU BUKOPUCMAHI
bazamopazoso 015 copoyii Kamionie ypauiny 3 po3oasieHux po3uunis. Lle 3ymoeneno
ehexmugHo0 pecenepayii ypaHosoi popmu yux copbenmis po3oasieHuUMU po34UHAMU
NaHCOgz abo EJTA. Hauisuwy weuoxicms decopoyii 3HatideHo
0J151 KOMNO3UMY, KUl MICMUMb HAUMEHWI YACIMUHKU MOOUGIKamopy.
Kniouosi cnosa:opeano-neopeaniyni kamionimu, 2iopo ¢hocpam yupkoniro, yparin-
iOHU, pecenepayis copoenmy, KOMNO3Um Ha OCHO8I noaimepy.


http://www.sciencedirect.com/science/article/pii/S0045653505011513
http://www.sciencedirect.com/science/article/pii/S0045653505011513
http://www.sciencedirect.com/science/article/pii/S0045653505011513
http://www.sciencedirect.com/science/journal/00456535/63/7
mailto:dzyazko@gmail.com

