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Abstract A new polyglycerol phthalate extractant was
prepared and characterized using Fourier transform infra-
red spectroscopy, proton nuclear magnetic resonance ('H
NMR) spectroscopy, and thermogravimetric analysis. A
preliminary study of the extraction of long-lived (**Sr and
152+15%Ey) and short-lived (°°Y) radionuclides by polyg-
lycerol phthalate was performed. The influence of different
diluents, concentration of the acid, type of acid, and vari-
ous interfering ions was explored. The stripping of
152+154gy radionuclide was studied by using different acid
solutions, and it was found that sulfuric acid was the ideal
acid for this purpose. Furthermore, '>**'>*Eu was extracted
from the fission products (QOSr) and the extraction% of *°Sr
was found to improve in the presence of interfering ions.
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1 Introduction

Glycerol is the by-product of the esterification of veg-
etable oils and is also produced during the preparation of
bio-diesel. It has been utilized in diverse fields such as
cosmetics, pharmaceutical industry, and for the manufac-
turing of resins. Its demand has also increased owing to its
use in dental care (tooth paste) and food industry [1, 2].
Alkyd resins are typically produced by the polyesterifica-
tion of a polybasic acid with a polyhydric alcohol, which
may be modified with fatty acids or drying oil [3-5].

The wide spectrum of properties of all alkyd resins is
broadened by their use with a variety of reactive chemicals
and other resinous materials. In fact, alkyd resins have the
distinction of participating in more of what might be ter-
med as “polymeric mergers” than any other single class of
resins [3]. This feature has been utilized for different
applications such as in furniture and architectural coatings,
product finishes, and automotive refinishing primers.
Polyesters of multi-functional phenols and phthalic acid are
also used for the production of gas separation membranes
with good selectivity coefficients [2]. In addition, several
new materials have been produced by using polyesters
synthesized by reacting glycerol and phthalic acid for their
use in desalination membranes and as modifiers for poly-
urethane foams.

To the best of our knowledge, there are only a limited
number of reports that describe the application of alkyd
resins for the extraction and separation of radioisotopes
from radioactive waste effluents. It is common knowledge
that a large number of radionuclides are generated in
nuclear reactors and ultimately end up in their waste
effluents. The radioactive effluents are monitored carefully,
and significant efforts are undertaken to avoid the release
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of the effluent radionuclides into the environment. Conse-
quently, there is a continuous search for processes and
technologies in the research community for the safe and
efficient treatment and conditioning of liquid radioactive
waste. It is well known that the >*Eu (t12 = 13.5 years),
S0 (1= 8.6 years), and NS (1, = 28.8 years)
radionuclides are the major fission products in the nuclear
waste solution. Their separation from the liquid waste is
crucial from the viewpoint of human and environmental
protection. Solid phase extraction, including ion exchange
and adsorption [6-9], precipitation [10], membrane tech-
nique [11], and solvent extraction [12] are some of the
techniques that have been reported for the removal of
radionuclides from the radioactive liquid waste. Previ-
ously, Clark et al. have studied the adsorption of europium
onto sandy soil [13]. Extraction of Am(III) and Eu(IIl)
from the NO5;~, ClO,~, SCN™, and NO;~ + ClO,  media
with trioctylphosphine oxide (TOPO) in xylene has also
been investigated [14]. Calix [4] arene phosphine oxides
have been used for the extraction of Am(III) and Eu(III)
from their nitric acid solution [15]. The sorptive removal of
Sr** and I~ from an aqueous solution has been carried out
using nanofibers of sodium niobate. In this report, it was
shown that sodium niobate, with its negatively charged
layers and readily exchangeable sodium ions between the
layers, could efficiently remove radioactive Sr*™ [16]. The
removal of radioisotopes such as °°Co, *°Sr, and '*’Cs has
been performed with plasticized membranes using
organophosphorus acid compounds (di-ethyl-hexyl phos-
phoric acid (DEHPA), Cyanex 272, Cyanex 301, and
Cyanex 302) [17].

The application of polyglycerol phthalate alkyd resin for
the extraction of U(VI), Th(IV), and Eu(Ill) was studied by
Shady and Abou-Mesalam [18]. The extraction percentages
of the ions U(VI), Th(IV), and Eu(III) using the alkyd resin
were found to be 25.8, 22.3, and 0.06%, respectively. In the
present work, we have modified the previously reported
synthetic method of the alkyd resin of polyglycerol
phthalate. The modified method is based on the addition of
10% of toluene di-isocyanate, which improved the
extraction properties of the resin toward the radionuclides
to be utilized the polyglycerol phthalate as solvent
extractant. The polyglycerol phthalate resin was charac-
terized using FTIR, 'H NMR, and thermogravimetric
analyses (TGA). Thus, a novel application of alkyd mate-
rials as an organic extractant has been explored. The dis-
tribution coefficient and extraction percentages of the
radioelements 152“54Eu, 90Sr, and °°Y from aqueous
media were determined. The influence of different
parameters on the extraction process and separation factor
in the extraction system was studied. A method of sepa-
ration of the radioisotopes under study (****'>*Eu and *°Sr)
was also developed. Furthermore, the effect of the
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concentrations of mineral acids and ammonia on the
stripping of '>**1>*Eu has been investigated.

2 Experiments
2.1 Chemicals and reagents

All chemicals were of analytical grade and used as
received without further purification. Sunflower oil and tall
fatty acid were obtained from El-Naser for Oils and Soap
Company at Cairo, Egypt. Phthalic anhydride and pen-
taerythritol were procured from BDH and Merck, respec-
tively. Glycerol was purchased from de Haen. HCI, HNOj,
and H,SO, were acquired from Prolabo, and hydrogen
peroxide was purchased from Merck. The radioactive
tracers '>?*'>*Eu and °°Sr were obtained from the second
Egyptian Nuclear Reactor (ERR-2) and Amersham,
respectively.

2.2 Synthesis and characterization
2.2.1 Polycondensation process

It is common knowledge that polyesters are produced by
a reaction between an alcohol and an acid, as shown below:

RCOOH + HOR’ «— RCOOR’ + H,0

Furthermore, the structure of the reaction products
depends on the ratio and concentration of the monomers
[19]. In practice, a monobasic acid is added to the reaction
to modify the product by blocking some of hydroxyl
groups of glycerol. This results in a soluble resin instead of
an invisible cross-linked mass that would have been pro-
duced if all the hydroxyl groups had reacted with phthalic
acid.

2.2.2 Synthesis of the extractant

Polyglycerol phthalate was synthesized by a condensa-
tion reaction between phthalic anhydride and glycerol
mixed with pentaerythritol, as reported previously [18, 20].
In a three-neck flask, 50% of sunflower oil was added to a
mixture of 3 g of tall oil fatty acid, 10% glycerol, 7%
pentaerythritol, and 2 g of lead oxide as a catalyst. The
mixture was then heated to 250 °C. The formation of
monoglycerides was detected by the addition of methanol
to the test sample (2:1 volume ratio). A clear solution
indicated the successful formation of monoglycerides.
Subsequently, the temperature was lowered to 180 °C and
the flask was connected with a separator and a Rad con-
denser using an azeotropic mixture. Next, 10% of toluene
di-isocyanate, 45 g of glycerol, and 30% of phthalic
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anhydride were added. The mixture was heated again at
250 °C with xylene as an azeotropic mixture up to a vis-
cosity of 2 poise and an acid value of ~ 8 to 10. The acid
value and viscosity were measured at 25 °C [18, 20]
according to the protocol in ASTM D1980-87 and ASTM
D1545-89, respectively. There are a number of calculations
that must be done before starting the above-mentioned
reaction from the view point of safety in the laboratory and
economic evaluation. The safety factor (S) and yield (Y) of
the reaction were determined to be 1.14 and 89%, respec-
tively. Based on these calculations, the yield of the product
was considered to be good and it was also concluded that
this reaction could be safely performed in the laboratory.

2.2.3 Characterization of the synthetic extractant

The synthetic extractant was characterized by different
methods. The IR spectrum of the sample under study was
obtained using an FTIR spectrometer (4100 Jasco, Japan).
The IR spectrum of polyglycerol phthalate sample was
scanned over the wavenumber range of 400-4000 cm™'.
The '"H NMR spectrum was recorded on a Varian Mercury
VX-300 NMR spectrometer at 300 MHz in dimethyl
sulphoxide (DMSO) as the solvent. TGA and differential
thermal analysis (DTA) curves of the synthetic extractant
were obtained by heating the sample at a rate of
15 °C min~"' using a Shimadzu DTA-50 thermal analyzer.

2.3 Extraction experiments

Batch experiments were carried out by shaking equal
volumes of the synthetic extractant with the aqueous phase
containing the desired radioisotope under study for 2 h in
stoppered glass bottles using a thermostat shaking water
bath adjusted at a temperature of 25 £ 1 °C. Aliquots from
both phases were analyzed after phase separation by cen-
trifugation, and the distribution ratio was calculated. The
activity of "*'5*Eu in aqueous and organic phase was
measured using a high-resolution (7.5%) Nal(Tl) scintil-
lation detector (Model 802-3X3, Canberra, USA). Radio-
tracers of *°Sr and/or *°Y were measured using a liquid
scintillation counter (TRI-CARB model, 2700TR series,
PerkinElmer). In an extraction experiment, *°Y was sepa-
rated from its parent *°Sr (under equilibrium conditions)
following a reported method [21]. The distribution ratio
(D) was calculated as the ratio of the concentration of the
radionuclide ions in the organic phase to that in the aque-
ous phase. In other words, D was calculated by dividing the
counts per minute in the organic phase over that of the
aqueous phase.

D = (Co/Ch), (1)

where Co and C4 are the net counts in the organic and

aqueous phase, respectively, after extraction. The per-
centage extraction (%E) was calculated using the following
relation:

%E = 100D / (D +1). (2)

Stripping experiments were carried out by shaking
10 mL of the organic phase loaded with the extracted
radionuclide and 10 mL of the aqueous stripping solution
under study. The activity concentration of the radionuclide
in the aqueous phase was determined, and the stripping
percent (%Strip) was calculated using the following
relation:

%Strip = (Cs/CO) x 100, (3)

where Cg refers to the concentration of the stripped
radionuclide in the aqueous phase after stripping.

3 Results and discussion
3.1 Characterization of the synthetic extractant

IR spectroscopy was used for the characterization of the
molecular structure of the modified polyglycerol phthalate
(Fig. 1). The absorption due to the -CH, and —CH groups
of the esterified and unreacted glycerol appears as twin
peaks at 2925 and 2855 cm™', which are typically asso-
ciated with the C—H stretching of aliphatic compounds. The
C-H stretching frequency of the benzene ring of phthalic
acid was identified by the absorption at 3007 cm™'. The
absence of an absorption peak at 1711 cm™" (assigned to —
COOH dimers) indicated that the esterification reaction
was almost complete. The absorption between 3300 and
3000 cm™' was attributed to adsorbed water and unreacted
—OH groups of glycerol. The aromatic C=C stretching of
phthalic acid was identified at 1600 cm™!, while the C=0
stretching of the esterified phthalic acid was observed near
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Fig. 1 IR spectrum of polyglycerol phthalate
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1737 cm™". The band near 1070 cm™' corresponded to a
CH,, group in a primary alcohol (CH,—OH), and those near
1458 and 1535 cm™ ' were assigned to CH, group vibration
[22-24]. The bands in the range of 3331-2800 cm~! were
attributed to the N-H stretching [20, 22] and that observed
at 1225 cm ™" corresponded to the NHC=0O group [22]. The
reaction between —NCO and —OH is confirmed [20] and
indicated the successful synthesis of polyglycerol
phthalate.

TGA and DTA curves of the polyglycerol phthalate
extractant are illustrated in Fig. 2. The TGA curve indi-
cates that the loss of weight upon heating occurred in three
stages. The first weight loss of 34.77% took place over the
temperature range of 20-209 °C and corresponded to the
loss of water from the synthetic extractant. The second
weight loss of 11.5% was observed from 210 to 329 °C. In
the third stage, a complete decomposition, i.e., 99% weight
loss, of the synthetic polyglycerol phthalate extractant
occurred at ~ 450 °C. The DTA curve shows that the
endothermic peak observed at 105 °C was due to the
removal of free water molecules and that at 267 °C could
be attributed to the dehydration of interstitial water mole-
cules, which were the by-products of the condensation
reaction of —OH groups [6]. The endothermic peak at
436 °C was attributed to CO, gas release as a result of the
decarboxylation of polyester molecules and the complete
decomposition of the synthetic polyglycerol phthalate.

The NMR spectrum provides valuable information
about the number of chemically distinct types of protons in
an organic molecule. The area under each peak is propor-
tional to the number of hydrogens generating that peak.
Thus, the NMR spectrum can not only distinguish how
many different types of protons a molecule has, but it can
also reveal how many of each different type are contained
within the molecule. There are a number of different types
of protons of the synthetic polyglycerol phthalate resin.
The peaks of NMR are listed in Fig. 3. The peak at
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Fig. 2 Thermal analysis of polyglycerol phthalate
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Fig. 3 "H NMR spectrum of synthetic polyglycerol phthalate

2.0 ppm, which integrated for three protons, corresponded
to the methyl protons. Aromatic protons characteristically
resonate in the range of 7-8 ppm. The aromatic CH-
OCOR moiety was identified by the peaks in the range of
6.8-7.5 ppm, while the peaks corresponding to the ali-
phatic CH-OCOR moiety appeared at 3.3 and 5.18 ppm. In
addition, the peak at 5.1 ppm was characteristic of a free
alkyl-OH group that was left unreacted during the poly-
merization reaction. The peaks in the range of 2.0-2.5 ppm
are assigned to the aliphatic CH-COOR protons. The
chemical shifts of CH; groups and the CH, and CH groups
of the modified polyglycerol phthalate were observed at
0.78-1.02 ppm and 1.1-1.8 ppm, respectively. The peaks
at 2.1 and 7.8 ppm could be assigned to the NH-CO proton
[22]. Chemical shifts in '"H NMR spectra are usually
reported relative to the peak position of tetramethylsilane
(TMS) added to the sample as an internal reference. Typ-
ical chemical shift of DMSO as a solvent is 1.39 ppm. No
peaks were observed in the range of 10-13 ppm, which
indicated that the resin was devoid of COOH moieties (i.e.,
it was acid-free). Thus, the IR and 'H NMR spectra con-
firmed the formation of the polyglycerol phthalate
extractant.

3.2 Extraction study of ***'5*Eu and *Sr using
polyglycerol phthalate

The effect of different parameters on the extraction of
15215 4Eu(III), QOSI'(H), and 90Y(III) ions with polyglycerol
phthalate was investigated to gain an insight into the
extraction mechanism.

3.2.1 Influence of pH

The effect of different pH, which was varied in the range
of 1-7.5, on the extraction of Eu(IIl), Sr(II), and Y(III) by
polyglycerol phthalate was studied by dissolving the ions
and the resin in white spirit in the ratio of 1:2. The obtained
data indicated that the increase in the pH of the solution led
to an increase in the metal extraction up to its maximum at
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pH 4 and then remained constant with a further increase in
pH, as shown in Fig. 4a. The results are presented in
Fig. 4b, implying that one proton is probably liberated
during the extraction of all investigated metal ions. The
unreacted OH and/or COOH groups on the synthetic resin
might be involved in the extraction of the radioisotopes by
ion exchange.

These results also demonstrate the improvement in the
extraction of Eu(IIl) using synthetic polyglycerol phthalate
as compared to the previous study [18], wherein extraction
percentages of 5.8, 22.3, and 0.06% have been reported for
U(VD), Th(IV), and Eu(Il) ions, respectively. Therefore,
the significant enhancement in the extraction of Eu(Ill) in
this study might be attributed to the modification of the
prepared material by toluene di-isocyanate. It is revealed
not only that the new NH functional group replaced the
radioactive ions with H™, but that the lone pair of electrons
on the nitrogen (a donor atom) also increased the possi-
bility of extraction of the radioisotope.
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Fig. 4 Effect of pH on the extraction of IS2+HI4E (11D, 2°Sr(1D), and
“OY(IIT) at phase ratio (O/A) = 1. Shaking time = 2 h, polyglycerol
phthalate:toluene = 0.3:1, temperature = 25 £+ 1 °C

3.2.2 Influence of the extractant-to-diluent ratio

The effect of the extractant—diluent ratio on the extrac-
tion of "> *Eu(Ill) was studied by varying this ratio
from O:1 to 2:1, and the results are shown in Fig. 5. The
results indicated that the extraction percentage increased
with the increasing amount of the extractant and reached its
maximum at a value of 0.3:1. The extraction percentage
remained constant with a further increase in the extractant-
to-diluent ratio.

3.2.3 Influence of different diluents

The effect of diluents on the extraction of >>*>*Eu(III)
with organic-to-aqueous (O:A) phase ratio=1 and
extractant—diluent = 0.3:1 was investigated by using sev-
eral different aromatic and aliphatic diluents such as
methyl isobutyl ketone (MIBK), toluene, chloroform, ker-
osene, white spirit, and o-xylene. The obtained results
shown in Fig. 6 indicate that the extraction of Eu was quite
high when chloroform, toluene, and o-xylene were used as
diluents. The extraction ability of the diluents decreased in
the following order: chloro-
form > xylene > toluene > white spirit > kerosene >
MIBK. This trend can be attributed to the dipole moment
(w) and dielectric constants of the diluents, as summarized
in Table 1. The dipole moment is an indicator of solvent
polarity, and a high dipole moment corresponded to the
high extraction% of Eu(Ill) for all diluents except MIBK.
The lowest E% achieved by using MIBK was explained by
the highest dielectric constant of this diluent. Owing to its
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Fig. 5 Effect of extractant concentration on the extraction of
152+ 154E(I1T) from aqueous solution at O/A = 1. Shaking time = 2 h
at25 £ 1°C
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Fig. 6 Effect of different diluents on 12+154B(11T) extraction at
O/A = 1. Shaking time = 2 h, polyglycerol phthalate:diluent = 0.3:1,
25+ 1°C

Table 1 Physical properties of aliphatic and aromatic diluent on
extraction of Eu(IIl)

Diluent € u %E

Chloroform 4.81 1.04 70.14
O-Xylene 2.56 0.62 67.96
Toluene 2.38 0.375 67.53
White spirit NR NR 53.77
Kerosene 2.002 0 49.12
MIBK 13.11 2.8 23.63

%E extraction percentage of Eu(Ill); x4 dipole moment; ¢ dielectric
constant; NR not reported

economic advantage and lower toxicity than chloroform,
toluene was selected as the preferred diluent for all further
experiments.

3.3 Application on simulated radioactive waste
3.3.1 Influence of feed acidity

The effect of acidity on the extraction of '>>*'>*Eu and
2081/°°Y using polyglycerol phthalate was studied by using
different concentrations of different acids (HNO; and HCI)
as shown in Figs. 7 and 8. The obtained results indicated
that the increase in the acidity decreased the extraction of
the investigated metals. It was also evident that the
extraction of *°Sr/*°Y was extremely low in comparison
with that of Zt!%Ey. Thus, this method is a very
promising strategy to conduct an efficient separation
between '***'3*Eu and *°Sr/°Y.
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Fig. 8 Effect of acid concentration on the extraction of *°Sr/*°Y at
O/A = 1. Shaking time = 2 h, polyglycerol phthalate:toluene = 0.3:1,
25+ 1°C

3.3.2 Influence of interfering cations

The influence of foreign cations on the extraction of
1S2+154E (11T with polyglycerol phthalate was investigated
by using different concentrations of NaNO;, KNO3, and
CaNOs; solutions (Fig. 9). It was found that the extraction
of '5*T1*Ey(IIl) with polyglycerol phthalate increased in
the presence of calcium and sodium cations and decreased
in the presence of potassium cations. It is well known that
the different cations in an aqueous solution compete for
interaction with the extractant and the radii of hydration are
K" < Na* < Ca", respectively [25, 26]. As indicated by
the competition principle, Kt has a higher tendency for
complexation with the extractant and blocks its functional
groups, leading to a reduced extraction of '>**'S*Eu(III).
The same behavior was also observed in the case of the
extraction of *°Sr, as shown in Fig. 10.
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Fig. 9 Effect of cation concentration on the extraction of
IS2+154By(11T) at O/A = 1. Shaking time = 2 h, polyglycerol phtha-
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Fig. 10 Effect of cation concentration on the extraction of *°St/*°Y at
O/A = 1. Shaking time = 2 h, polyglycerol phthalate:toluene = 0.3:1,
25+ 1°C

3.3.3 Separation between ' 1*Eu and *°Sr/°Y

The feasibility of '>*"'S*Eu(Ill) separating from
90Sr(II)/gOY(III) can be evaluated in terms of the separation
factor (SF), which is given for '>*™'5*Eu(III) and *°Sr(II)
by the following expression:

SF(Eu/Sr) = DEu/DSr' (4)

The variation of the SF as a function of the acid con-
centration and foreign ions at a constant extractant con-
centration is given in Figs. 11 and 12. The results indicated
that the SF increased with the decreasing acid concentra-
tion. It is predicted that the optimum conditions for the
maximum separation of 15 2+154Eu(III) from 90Sr(II) using
polyglycerol phthalate require 3 M nitric acid solution. The
extraction and separation of '**'3*Eu and °°Sr with

50
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~ 30
S
£ 25
S ]
= 20
= ]
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= 151
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Fig. 11 Effect of acid concentration on the separation factor
(SF = Dgy/Ds;) at O/A = 1. Shaking time = 2 h, polyglycerol phtha-
late:toluene = 0.3:1, 25 &+ 1 °C
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Fig. 12 Effect of cation concentration on the separation factor
(SF = Dg/Ds,) at O/A = 1. Shaking time = 2 h, polyglycerol phtha-
late:toluene = 0.3:1, 25 £ 1 °C

polyglycerol phthalate are acidity dependent. The cation
concentration was varied in the range of 5-100 mg/L, and
it was found that the separation was more facile in the
presence of Ca’*". The separation factor had a maximum
value of 59 and 45 in case of 50 mg/L Ca™*? and 3 M nitric
acid, respectively.

In order to verify the above-mentioned prediction for the
separation of '3*™'**Eu and °Sr, a mixture consisting of
50 mg/L. of each Eu’" and Sr*" was extracted using
polyglycerol phthalate from either 3 M HCI and/or 3 M
HNO; acid solutions and 5 mg/L of Na™ or Ca’". A
comparison between the E% of Eu’" and Sr*" from

@ Springer
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individual and mixed solutions is presented in Table 2. The
experimental results obtained revealed that a separation
between the two ions could be achieved in the presence of
the acids and interfering cation solutions, albeit to a lesser
extent than that predicted previously from Figs. 11 and 12.
This trend may be related to the interference caused by the
existence of the two metals in the same simulated solution,
which affected the extraction equilibrium and consequently
the value of SF (Eu/Sr). Furthermore, the decrease in the
SF was due to the co-extraction of Sr**.

3.3.4 Stripping study of ">*>*
phase

Eu from loaded organic

The stripping of '3>"'**Eu was investigated using dif-
ferent concentrations of H,SO,, HCl, HNO;, NH;O0H,
H,0,, oxalic acid, and water. Thus, the most suitable agent
was identified for stripping this radionuclide from the
loaded extractant in a toluene solution. The relationship
between the stripping agent concentration and the stripping
percentage of '>**1>*Eu from the organic phase is given in
Table 3. Generally, it is difficult to attain a complete
stripping of the Eu radioisotope. In our work, the extractant
was able to hold the radioisotope very well, which is
considered as a good result from the viewpoint of envi-
ronmental safety. The tabulated data indicate that sulfuric
acid was able to strip Eu(Ill) from the loaded extractant
successfully and was more efficient than the other reagents.

4 Conclusion and outlook

A new organic extractant based on polyglycerol phtha-
late was prepared by the addition of toluene di-isocyanate
during the synthetic process. Characterization using FTIR
and 'H NMR confirmed the successful synthesis of a
modified polyglycerol phthalate. The extraction of long-
lived radionuclides, 15241548, and 9OSr, by the modified
polyglycerol phthalate was studied. The radionuclide
extraction selectivity of the extractant in the aqueous
solution of the radionuclides and in the pH range of 1-7.5

Table 2 Percentage extraction of Eu®" and Sr** from individual and
mixed solutions

Media Mixed solutions (Eu + Sr) Individual solutions
B’ St 0E, 90g,

5 mg/L Na* 56.7 34 82.84 35.04

5 mg/L Ca®™ 599 6.3 94.44 34.38

3 M HCI 38.9 1.02 40.57 2.75

3 M HNO; 63.0 1.5 57.1 2.81

@ Springer

Table 3 Stripping of '**"'>*Eu by different reagents

Reagents 0.01 M 0.1 M 1M 3iM
HNO; 30.45 25.80 29.62 37.86
HCl1 59.79 20.36 21.85 9.33
H,SO, 34.71 38.63 67.41 40.49
NH;0H 52.32 49.54 33.70 25.67
H,C,0, 44.61 42.90 39.8 NR
H,0, (10%) 16.06

Distilled water 17.80

NR not reported

decreased in the order of '***'*Eu > ?°Sr > °Y. The
separation of '>**'>*Eu from *°Sr was achieved by using
3 M HNOgj solution. The extraction% value of 81 was
also determined in the presence of Na* or Ca" as inter-
fering ions. It was concluded that the newly synthesized
modified polyglycerol phthalate extractant was very
promising for the extraction of radioisotopes. Nevertheless,
this material can be further improved in terms of increasing
the extraction percentage of the radioisotopes. This may be
achieved by decreasing the viscosity and incorporating
other features to generate an economic and efficient
extractant, as compared to the known highly expensive
extractants.
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