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Abstract: Tributyl phosphate (TBP) solvent was used for impregnation into Amberlite XAD—16 nonionic polymeric resin beads
using the wet method to prepare solvent impregnated resin (SIR). Undiluted TBP in a ratio to the resin support (volume to mass) of
6.0 at room temperature (RT) in 24 h was impregnated the resin with a mass ratio of 1.944, while the prepared gross sample of SIR at
the ratio of solvent to resin of 3.0 was impregnated with a mass ratio of 1.88. Cerium(IV) oxide concentrate, prepared from crude
Egyptian monazite sand, containing 37% cerium, 1.6% thorium and about 40% the other trivalent rare earth oxides, was used to
prepare cerium(IV) nitrate solution for extraction using the prepared SIR. The impregnated resin was satisfactory for Ce(IV)
extraction from nitric acid medium at room temperature. Cerium loading capacity of the impregnated resin reached 95.6% of the
calculated theoretical capacity (173 g/kg (Ce/SIR)) under the conditions of 51.57 g/L cerium and 2.48 g/L thorium, 5.0 mol/L free
nitric acid, solution to resin ratio of 10.0 and contacting the phases for 5.0 min. The loading capacity reached 98.75% when cerium
concentration was increased to 91.43 g/L under the same conditions.
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1 Introduction

Abundance of cerium makes it one of the cheapest
rare earth metals; however, monazite and bastnasite
minerals are the world supply or both rare earth elements
and thorium. Monazite sand was obtained as a by-
product concentrate during the successive concentration
of different economic minerals contained in the black
sand deposits through physical processing and separation
techniques [1].

Separation of valuable or economic elements from
aqueous solutions has gained an increasing importance
through selective extraction using ion exchange resins or
organic solvents. In spite of solvent extraction offering
fast mass transfer rate, high distribution and selectivity, it
suffers from crud formation, phase disengagement and
appreciable solubility and entrainment of the solvent in
the aqueous phase. On the other hand, ion exchange
process offers greater simplicity in equipment and
operation, which enables it to economically treat

complicated problems but suffer from lower selectivity
and mass transfer rate than the solvent extraction [2].

The great advance in recent years drives towards
bridging the gaps between ion exchange resin and
solvent extraction systems through development of new
effective ion selective exchanger media based on the
solvent extraction, so called solvent impregnated resin
“SIR”. This medium is considered a technological
alternative for the extraction systems. The basic concept
of solvent impregnated resins is based on simple
immobilization of the most commercially used selective
solvents into an inert insoluble support, especially
various types of nonfunctional polymeric macroporous
resin beads, such as Amberlite-XAD series which have
higher efficiency than the other different supports such as
silica gel, kieselguhr, and activated carbons [3—5].

The solvent was retained on the internal surface of
Amberlite
XAD—-16) by adsorption in the polymeric resin structure
rather than chemical bonding [4, 6]. It has been
recognized that the impregnated solvent can exhibit

hydrophobic nonionic resins (such as
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strong affinity for the polymeric resin matrix but still
behaves as its presence in the liquid state [7, 8]. However,
the impregnation of resin with a solvent is independent
of the particles size of the polymeric resin support beads
or the impregnation method [9, 10].

Tributyl phosphate (TBP) was the most selective
solvent used commercially which also resists the strong
oxidation action, so it is satisfactory for cerium (IV)
extraction from nitrate aqueous solution media.
Accordingly, highly pure cerium can be separated from
the other trivalent rare earth, thorium and uranium,
depending upon the difference in the chemical properties
during cerium extraction and back-extraction [11].

The tributyl phosphate impregnated resin shows a
lower solubility in water as well as in nitrate solutions
than in the liquid state. In this regard, the solubility of
liquid TBP in demineralized water is 0.38 g/L while its
solubility in a polymeric resin support varies from
undetectable amount (0.02 g/L) to 0.2 g/L. Losses of the
solvent from the impregnated resins are negligible in
relatively concentrated salt solutions, particularly in the
acidic range [12—14].

Generally, extraction using the solvent TBP requires
neither chloride nor sulfate media. This is due to the fact
that sulfate ions have an adverse effect upon the
extraction of cerium and thorium. Besides, dissolution of
cerium hydrous oxides cake in sulfuric acid is associated
with partial reduction of cerium from its tetravalent state.
Hydrochloric acid has also effect as a reducing agent on
the cerium with additional disadvantage of the liberation
of hazardous quantities of chlorine [15]. On the other
hand, the extraction using TBP proceeds satisfactorily
from nitric acid medium, where cerium does not change
its oxidation state during the dissolution of the oxides
cake. Moreover, nitric acid has actually desirable
enhancing effects upon the extraction of cerium and
thorium in addition adverse inhibiting extraction effect
upon the other trivalent rare earth elements [13].

Cerium extraction mechanism as its tetravalent
nitrate complex from an aqueous solution using the
tributyl phosphate solvent (or TBP impregnated resin)
proceeds according to the following equation [7, 8, 16]:

(Ce* " +4NO3 ), +2(TBP)or=[Ce(NO3)4-2TBP] or
Regarding thorium, it is mainly extracted as

[Th(NO;)4-2TBP] from low free nitric acid normality
with TBP, according to the following equation:
(Th4++4NO3_)aq+2(TBP)Org:[Th(NO3)4-2TBP]0rg

While extraction of thorium from high free nitric
acid normality, 3—4 moles of TBP to 1.0 mole of thorium,
may be present in the complex [17]. However, high
concentration of nitrate radical in the aqueous solution
drives the above reactions to the right.

2 Experimental

2.1 Instruments

UV-spectrophotometer, multi positions, single beam
model SP-8001 (Metretech Inc. version 1.02,
2000/10/01), with glass cell of 10 mm was used for
determination of cerium and thorium.

Samples from the solvent before and after
impregnation were analyzed against its TBP
concentration through titration with 0.2 mol/L NaOH
using 0.1% (m/v) bromthymol blue as indicator [18].

Cerium was determined (after oxidation using
ammonium persulphate) [19] and thorium was
determined using thoron [19].

This work involves preparation of TBP impregnated
Amberlite XAD—16 polymeric resin and extraction of
cerium (IV) from nitrate medium using solvent
impregnated resin.

2.2 Materials and reagents

Tributyl phosphate (TBP) solvent was used in this
work for impregnation onto the nonionic polymeric resin
adsorbent Amberlite XAD-16 using the wet method.
Before the impregnation both of the polymeric resin
support and the solvent were pretreated to remove any
inorganic impurities or monomeric materials from the
resin beads. This was required to insure an active surface
of the resin beads and to remove the hydrolyzed harmful
products from the solvent, viz, dibutyl and monobutyl
phosphates. In this regard, the Amberlite XAD—16 (100
g) was transferred into a glass funnel with filter paper,
wetted with distilled water then washed with 1.0 L
2.0 mol/LL HNO; then 2.0 mol/L NaOH solutions.
Successive washing with distilled water between the acid
and soda treatments was done and finally washed with
acetone then dried in an oven at 50 °C for 48 h [20].

With respect to tributyl phosphate solvent, 300 mL
solvent was firstly contacted four times with equal
volume of 1.5 mol/L HNO; (in 1 L glass separating
funnel) then with 1.0 mol/L NaOH solutions. Washing
with distilled water between the acid and soda treatments
was conducted till the neutralization point [21]. However,
it is advisable, before using the pretreated solvent for
impregnation, to saturate with nitric acid. Accordingly,
tributyl phosphate solvent was saturated using 8.0 mol/L
nitric acid where the solvent contacted three times with
the acid for 2.0 min.

Cerium (IV) oxide concentrate was prepared from
the crude Egyptian monazite sand graded about 47%
through digestion of this monazite sand using sulphuric
acid followed by leaching, precipitation of the major
sodium light rare earth double sulphates, conversion to
hydroxides and finally cerium oxidation steps. This
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concentrate contains 37% cerium, 1.6% thorium and
about 40% the other trivalent rare earths respectively.

2.3 Solvent impregnation experiments

Wet impregnation method was chosen for
conducting the impregnation of tributyl phosphate
solvent onto the Amberlite XAD—16 polymeric resin
support. The experiments were performed in 100 mL
glass beaker using the pretreated TBP (diluted in
kerosene) and 5.0 g the pretreated dry polymeric resin.
To verify the maximum impregnation, the major factors
affecting the solvent impregnation were studied at room
temperature (RT). These factors involve: 1) solvent
concentrations from 20% to 80% and also undiluted TBP
where S/R ratio (v/m) was 6.0 and the impregnation time
was 24 h; 2) solvent to polymeric resin S/R ratios from
3.0 to 6.0 where the solvent concentration was 80% TBP
in kerosene and impregnated for 24 h; 3) phases contact
time from 1.0 to 48 h where the solvent concentration of
80% TBP in kerosene was also used at S/R ratio (v/m) of
6.0.

After each impregnation experiment, the remained
TBP solvent was separated from the impregnated resin
using plastic net and its volume was determined.
Samples from the solvent before and after impregnation
were analyzed against its TBP concentration.

The impregnated resin samples were well washed
with distilled water to free the resin beads from any
adhered solvent and diluent which can be assured by
disappearance of the solvent spots floating on the surface
of the wash water. The washed impregnated resin
samples were then dried over night in an oven at 50 °C.
The dry mass was accurately determined then actual
mass of the impregnated TBP was calculated. The mass
of impregnated TBP relative to the mass of dry
polymeric resin sample (m(TBP)/m(Resin)) was
calculated according to the following equation:
Impregnated TBP mass ratio=Mass of TBP impregnated/
Mass of dry polymeric resin

2.4 Experiments of cerium extraction using TBP

impregnated resin

The factors generally affecting cerium extraction
from nitric acid medium using TBP impregnated resin
(SIR) were studied. To overcome the change in nitric
acid free normality during the extraction, the TBP
impregnated resin was firstly saturated with 8.0 mol/L
nitric acid. Dry sample of this SIR resin (5.0 g equivalent
to 8.0 mL wet settled resin “w.s.r””) was used for each
experiment where the phases were agitated in a glass
beaker using magnetic stirrer at room temperature. After
each extraction experiment, the solution was separated
from the resin by filtration using Whatman filter paper
No. 42.

The series of experiments were conducted under the
conditions of 51.57 and 2.48 g/L initial concentrations of
cerium and thorium respectively in nitric acid medium of
5.0 mol/L free normality and solution to resin (v/m) ratio
of 2.0 where the phases were agitated for 5.0 min. The
ranges of these factors were as follows, where one factor
was varied and the others were fixed at the
pre-mentioned values: phases contact time from 1.0 to 30
min; free nitric acid concentration from 4.0 to 10 mol/L;
initial cerium concentrations from 20 to 60 g/L and the
corresponding thorium from 0.96 to 2.88 g/L; solution to
resin S/R ratio (v/m) from 2.0 to 6.0 (for the resin
loading capacity the ratio was 10.0 and the cerium
concentration was 91.43 g/L); salting-out agent addition
using two types, namely, ammonium and aluminum
nitrates salts with nitric acid to adjust the free nitrate
concentration from 4.0 to 5.0 mol/L; cerium bleeding
though five successive contacts for the solution with
fresh TBP impregnated resin for each contact where S/R
ratio was 10.0.

Cerium and thorium extraction efficiencies were
calculated according to the following equation:

—Po"Pr100% (1)
pO
where x is the extraction efficiency; p, is the original
concentration; p, is the remaining concentration.
The saturation capacity of TBP impregnated resin
(SIR) for cerium was calculated according to the

following equation:

0 =2x100% )
90

where Q is the SIR saturation capacity; a; is the actual

loaded cerium; g is theoretical loading capacity.

3 Results and discussion

3.1 Results of solvent impregnation of Amberlite

XAD-16

The results of studying factors affecting the
impregnation will be herein discussed which involve
impregnated solvent concentration, contact time and the
solvent to polymeric resin ratio.
3.1.1 Effect of tributyl phosphate concentration

The results of effect of solvent concentration on
impregnating of Amberlite XAD—16 (Fig. 1) reveal that
the impregnated solvent was gradually increased from
0.436 to 1.728 g/g (TBP/resin) by increasing the
concentration of TBP solvent from 20% to 80%. The
maximum impregnation for the resin reached 1.944 g
(TBP/resin) when the undiluted TBP was used. The
maximum impregnated amount of solvent is higher by
35% than that impregnated using Amberlite XAD—4
which was only 1.26 g/g [22]. However, it was found
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Fig. 1 Effect of TBP concentration on Amberlite XAD—16
impregnation

that with increasing the solvent concentration on the
impregnated resin, the extraction efficiency was also
increased [23].

With regard to the solvent concentration after the
impregnation, it is obvious from Table 1 that TBP
concentration was increased by 3%—4% from the tested
concentration range of 20%—80%. This increasing may
result from more adsorption amount of the diluent
kerosene.

Table 1 TBP concentration before and after impregnation

2.0

1.8

Impregnated TBP mass ratio/(g'g™")

+—5 gresin, 80% TBP, S/R ratio 6, RT
1.2 ! I ! I

0 10 20 30 40 50
Time/h

Fig. 2 Effect of contact time on TBP/Amberlite XAD—-16
impregnation

Table 2 TBP concentration before and after impregnation

Impregnation Actual TBP TBP concentration
time/h concentration/% after impregnation/%
1 79.07
3 81.20
6 81.80
12 7965 82.30
24 83.76
48 84.10

Prepared TBP

concentration Actual TBP TBP concentrz.lti on
VIV)/% concentration/%  after impregnation/%
20 19.52 23.21
40 40.26 44.85
60 60.44 64.86
80 79.65 83.76
Undiluted 98.38 08.38

3.1.2 Effect of impregnation contact time

The effect of contact time on TBP impregnation
onto Amberlite XAD—16 polymeric resin was studied to
attain the minimum time required for a maximum
impregnation. The results of this factor are illustrated in
Fig. 2. From the results it is clear that the impregnation
of TBP solvent proceeds rapidly from the first hour
where it reached 1.284 g/g and increased steadily to
1.728 g/g after 24 h. After 48 h, TBP impregnation
reached 1.864 g/g, which is less by about 4.0% than that
in the case that undiluted TBP is used for impregnation
period of 24 h.

Taking in consideration of the solvent concentration
after the impregnation, it is obvious from Table 2 that the
concentration of TBP was slightly decreased after 1 h
while the concentration was gradually increased to

81.20% after 3 h and to 83.76% and 84.10% after
impregnation for 24 h and 48 h, respectively. This
reveals that the diluent kerosene was adsorbed
appreciably by the polymeric resin when the
impregnation time was increased.
3.1.3 Effect of TBP/Amberlite XAD—16 ratio

The effect of TBP/Amberlite XAD—16 ratio on
impregnation was studied to identify the suitable ratio.
The results are illustrated in Fig. 3. From the results it is
obvious that the amount of TBP impregnated slightly
increased from 1.326 to 1.4 and 1.506 g/g when the ratio
was increased from 3.0 to 4.0 and 5.0 respectively.

1.8

1.4

Impregnated TBP mass ratio/(g'g™")

10 1 1 1
2 3 4 5 6

TBP/polymeric resin ratio

Fig. 3 Effect of TBP/polymeric resin ratio on impregnation
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Increasing the ratio to 6.0, the amount of TBP
impregnated was increased to 1.766 g/g resin.

It is worthy to mention that the TBP/polymeric resin
ratio of 3.0 is the minimum ratio to just cover the surface
of the Amberlite XAD—16 polymeric resin support. This
is also reflected from that at the ratio of 6.0 about half of
the solvent volume was separated after the impregnation.
On the other hand, the solvent concentration after the
impregnation (Table 3) was substantially increased to
85.82% at the ratio of 3.0 and was gradually decreased to
83.76% when the ratio was increased to 6.0. This is as
previously mentioned due to adsorbing more amounts of
kerosene which reflects the higher concentrations of TBP
at the lower ratios.

Table 3 TBP concentration before and after impregnation

TBP/Amberlite Actual TBP TBP concentration after
XAD—16 ratio  concentration/% impregnation/%

3 85.82

4 7965 85.70

5 84.65

6 83.76

In conclusion, the suitable conditions for the
maximum impregnation of the tributyl phosphate solvent
onto the Amberlite XAD-16 polymeric resin support
were undiluted solvent to resin ratio of 3.0 and
impregnation time of 24 h. Accordingly, the gross TBP
impregnated resin sample was prepared with 1.88 g
(TBP/polymeric resin). This prepared sample was used
in the further experiments of cerium extraction from
nitrate medium.

3.2 Results of cerium
impregnated resin
The results of studying the factors affecting
cerium/thorium extraction wusing TBP impregnated
Amberlite XAD—16 resin from nitric acid medium would
be herein discussed. These factors involved extraction
contact time,

extraction using TBP

free nitric acid concentration, initial

cerium/thorium  concentrations, salting-out agents
addition, solution to resin ratio (also resin loading
capacity) and finally cerium bleeding from the solution.
3.2.1 Extraction contact time

The results of studying this factor using the TBP
impregnated resin are illustrated in Fig. 4. From the
results it is obvious that cerium extraction was
proceeding rapidly from the first minute of contact (48%)
and reached its maximum extraction efficiency of 67.8%
after 5.0 min. Increasing the contact time more than 5.0
min, the extraction efficiency would be dramatically

decreased to as low as 44.5% after 30 min. This decrease

100
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*—Th
e 80r
2
E
5 60
L=
o
=)
£ 40
g 51.57 g/L Ce,
2 ol 2.48 /L Th,

5 mol/L HNO;, S/R=2/1
1 1
0 10 20 30

Time/min

Fig. 4 Effect of contact time on cerium and thorium extraction
efficiency

may be due to the beginning of extraction of trivalent
rare earths which replace the extracted cerium.

Regarding to the thorium extraction, the results
reveal that its extraction efficiency was increased steadily,
where it was 18.2% at the first minute and 73.6% after
30 min. Accordingly, contacting the phases for 5.0 min
would be enough at which extraction efficiencies of
67.8% and 42.4% for cerium and thorium were achieved
respectively.
3.2.2 Free nitric acid concentration

The results of studying this factor are indicated in
Fig. 5 for cerium and Fig. 6 for thorium. The results
reveal that the free nitric acid concentration of 5.0 mol/L
verified the maximum cerium extraction efficiency of
67.8% after 5.0 min of contact time, but this efficiency
was not increased excess 44.5% after 30 min. Increasing
the free concentration more than 5.0 mol/L, the
extraction efficiency would be decreased dramatically to
as low as 36.1% and 11.3% at 10 mol/L free nitric acid
after 5.0 and 30 min, respectively. It is worthy to mention

100
¢ —5 min
= —30 min
e 80r 51.57 g/L Ce, S/R=2/1
5
5
=
(]
o)
£ 40
g
%
m 20+
0 1 1 1
3 5 7 9 11

Free nitric acid concentration/(mol-L™")

Fig. 5 Effect of free nitric acid concentration on cerium
extraction efficiency
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Fig. 6 Effect of free nitric acid concentration on thorium
extraction efficiency

that, the presence of free nitric acid in the solution
actually increases cerium extraction efficiency due to the
salting-out effect, which enhances the extraction. It was
found that the maximum cerium extraction efficiency is
achieved at a free nitric acid concentration varying from
4.0 to 5.0 mol/L. However, the increase in free nitric acid
concentration leads to a competitive effect of the acid
with the required extracted complexes by TBP, which
would thus lead to lower cerium extraction efficiency
[24].

With respect to the thorium extraction efficiency, it
was clear that increasing the free nitric acid
concentration enhances greatly the extraction efficiency
to 90% at a free nitric acid of 10 mol/L after 5.0 min of
contact time and after 30 min extraction has almost
completed at the same free nitric acid concentration. This
result reflects that at high free nitric acid concentration
(more than 6.0 mol/L) thorium forms nitrate complexes
which are extracted more easily than cerium [17].

3.2.3 Initial cerium/thorium concentration

The results of studying this factor are illustrated in
Figs. 7 and 8 for cerium and thorium, respectively. The
results show that cerium extraction efficiency was
gradually increased from 71.25% to 81.5% by increasing
the initial cerium concentration from 20 g/L to 40 g/L.
Increasing the concentration to 50—60 g/L, the extraction
efficiency would be decreased by 10%—12% to 69.3% at
the concentration 60 g/L. However, the extraction
efficiency of thorium was increased from 20.2% to
46.2% by increasing its concentration from 0.96 to
2.88 g/L.

Actually, the extracted amount of cerium (Table 4)
was greatly increased where it was 28.5 to 83 g/kg at the
concentrations of 20 and 60 g/L, respectively, while the
co- extracted amounts of thorium were 0.38 and 2.66
g/kg. However, the percent of extracted thorium/cerium

was decreased by 0.7% ((1.30x3-3.2)%=0.7%) when
cerium concentration was increased from 20 to 60 g/L.

90
X
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2
Q
2 80
[}
o
.S
g
3 70-
g
2
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© *—5 mol/L free HNO;, 5 min, S/R ratio 2
60 . | |
0 20 40 60 80

Initial cerium concentration/(g-L™")

Fig. 7 Effect of initial cerium concentration on extraction
efficiency
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Fig. 8 Effect of initial thorium concentration on extraction
efficiency

Table 4 Extracted amounts of cerium and thorium with
different concentrations

w(Extracted

p(Ce)/  p(Thy clement)/(gke ) w(Extracted
(gL (gL Th/Ce)/%
Ce Th

20 0.96 28.5 0.38 1.30

30 1.44 46.4 0.82 1.76

40 1.92 65.0 1.35 2.07

50 2.40 71.0 2.00 2.80

60 2.88 83.0 2.66 3.20

3.2.4 Salting-out agent addition

The results of studying salting-out agent addition,
namely, ammonium and aluminum nitrates, are
illustrated in Table 5. The results show that cerium
extraction efficiency was enhanced when either of the
salting-out agents was added and greatly enhanced by

increasing their concentrations.
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Table 5 Effect of salting out agent addition on cerium
extraction efficiency

Free nitrate
concentration/

Cerium extraction
Total free

(mol.L ™) nitrate effictency/%
ncentration/ - -

HNO; AIIEII{I—I(;I:I)?;I(-)IZO co(tfleol-L*I)O NI—II‘II\AII.(\)IE% AIiI(II\\II%Zh
medium  medium

2 2 4 80.1 78.2

3 1 4 70.3 71.7

2 3 5 80.6 81.5

3 2 5 77.8 78.6

4 1 5 72.4 74.0

In this regard, at a total free nitrate of 4.0 mol/L, the
extraction efficiency was increased from 70.3% to 80.1%
when NH;NO; concentration was increased from 1.0 to
2.0 mol/L and the efficiency was increased from 71.7%
to 78.2% when AI(NO;); was used as a salting-out agent.
In a total free nitrate of 5.0 mol/L, the extraction
efficiency was increased from 72.4% to 80.6% for
NH4NO; concentration of 1.0 and 3.0 mol/L respectively,
and the efficiency was increased from 74.0% to 81.5% in
the case of the same Al(NOs); concentration.

It is worthy to mention that the extraction
efficiencies without salting-out agent addition were only
65.4% and 67.8% at the free nitric acid concentration of
4.0 and 5.0 mol/L, respectively. However, it may be
preferable to use NH4;NO; rather than AI(NO;); as a
salting-out agent to prevent addition of foreign heavy
metal; however, the difference in their extraction
enhancement was near.

3.2.5 Solution to TBP impregnated resin ratio

The results of the studying solution to TBP
impregnated resin (S/R) ratio are indicated in Fig. 9. The
results reveal that cerium loading capacity by TBP

100

80

60

401

SIR loading capacity/%

20

*+—51.57 g/L Ce, 5 min, 5 mol/L free HNO;

0 2 4 6 8 10
SIR ratio

Fig. 9 Effect of solution to TBP impregnated resin ratio on
loading capacity

impregnated resin (SIR) was gradually increased from
41.2% at the S/R ratio 2.0 and was 81.3% at the ratio 6.0.
Increasing the solution to resin ratio to 10.0, cerium
loading capacity reached 95.6% of the calculated
theoretical capacity for cerium (173 g/kg).

Regarding to the conducted experiment using
solution containing 91.43 g/L Ce at S/R ratio 10, the
result reveals that cerium loading capacity by the TBP
impregnated resin reached 98.75% of the theoretical
capacity.

3.2.6 Cerium bleeding

Bleeding of cerium contained in the solution was
also studied to evaluate the overall extraction. The
solution to resin ratio was 10.0 and the phases contacted
for 5.0 min. The results of these experiments are
illustrated in Fig. 10. From the results, it is obvious that
cerium concentration was decreased gradually from
51.57 g/L to 2.45 g/L after contacting five times with
fresh TBP impregnated resin in each contact. However,
cerium concentration was decreased by 16.54 g/L at the
first contact while decreased by 8.94 g/L and 7.7 g/L
after the third and the fourth contact respectively and by
5.1 g/L at the fifth contact. This is of course due to the
decrease in driving force of the concentration. However,
as previously mentioned the saturation capacity of TBP
impregnated resin reached 95.6% (165.4 g/kg) of its
theoretical saturation capacity which is equivalent to 173

g/kg.

50 +—5.17 g/L Ce, 5 mol/L free HNO,

S/R ratio 10, 5 min

30

20

Cerium concentration/(g-L™")

1 1 | 1

0 1 2 3 4 5
Contact number

Fig. 10 Cerium bleeding from aqueous solution

4 Conclusions

1) Amberlite XAD—-16 polymeric
impregnated at room temperature (RT) to 1.728 and
1.864 g/g (TBP/resin) after 24 and 48 h, respectively,
under the conditions of TBP concentration 80% (in

resin was

kerosene) and solvent/resin (S/R) (v/m) ratio 6.0. Under
the same conditions, it was impregnated to a maximum
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level of 1.944 g/g (TBP/resin) when undiluted TBP was
used for 24 h impregnation. However, the gross SIR
sample was impregnated by 1.88 g/g when undiluted
TBP, solvent/resin ratio 3.0 and impregnation 24 h were
applied. It is worthy to mention that S/R ratio of 3.0 is
the minimum ratio for just covering the resin beads
surface.

2) The suitable conditions for Ce(IV) extraction
from nitric acid medium using TBP impregnated
Amberlite XAD—16 resin were 5.0 min contact time at
room temperature (RT) and 5.0 mol/L free nitric acid
concentration. The present amount of thorium does not
affect the TBP impregnated resin loading capacity where
the capacity reached 98.75% of the calculated theoretical
capacity (173 g Ce/kg SIR). Cerium extraction efficiency
was greatly enhanced when nitrate salt was added as
salting-out agent with a total free nitrate concentration of
5.0 mol/L. The extraction efficiency without salting-out
agent addition was 67.8% at the free nitric acid
concentration of 5.0 mol/L. This efficiency was
increased to 72.4% and 80.6% when 1.0 and 3.0 mol/L
NH;NO; were added, respectively.
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B OE: IR T ER(TBPE AR BUR 0 TACH M I XAD-16 JHl &2 IE. XM T, K ARR MR —
TR SRR TR L 6( IR — 1 BRUR RS IR R LE)IZ 15T 24 h 75 B Rt IR A i L 1,944 F i Lk 3.0
Bt 24 h, FEIZBIR TR LG 1.88. K IR BAE A0 015 205 37%40. 1.6%%EFT 40% — AN -4tk
WIS A OV)RSI = AR B IR AT, I 4% (2 B I MO S e gl . AE s, R B i
MIEER A T EL Ce(IV)FIZAE 2 NIHE I . TR 51.57 g/L filiv 2.48 g/L £k 5.0 mol/L Vi TR, i
ERNRE A 10.0, BZEIREIY 5.0 min BT, BB Ce(IV) I 71 8075 1A B FR IR (173 g/kg (Ce/SIR))
M1 95.6%. FEHAMSAEARAERIER T, KRR FEF 91.43 /L, BZHEM RN Ce(IV) I Fak 2 Sk B B (A
98.75%.
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