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Abstract

A new extraction chromatographic method has been developed by grafting chloromethylated polymer support with K-8thoxy-
dihexylbutanamide (EDHBA), for the selective extraction of U(VI), Th(IV), La(lll) and Nd(lll) from highly acidic matrices. The developed
grafted polymer has been characterized usi@yCPMAS NMR spectroscopy, FT-NIR spectroscopy and also by CHN elemental analysis.

The water regaining capacity of the grafted polymer is studied by TGA measurements and the active participation of the amide moiety towards
metal ion complexation has been confirmed by Far IR spectroscopy. For the quantitative extraction of metal ions to the resin phase, various
physio-chemical parameters are optimized by both static and dynamic methods. The developed amide grafted polymeric matrix shows good
distribution ratio values even at high acidities, with the maximum metal sorption capacity values being 0.36, 0.69, 0.32 and 0.42 mmol g

for U(VI), Th(IV), La(lll) and Nd(lll), respectively, at 6 M HN@ medium. The kinetics of metal ion phase equilibration is found to be
moderately fast, with, » values of <6 min, for all the analytes of interest. The limits of analyte quantification (LOQ) using the developed
method are in the range of 15-g@ L~1. Moreover, the sequential separation of the sorbed actinides and lanthanides could be achieved by
first eluting with 100 mL of distilled water (for actinides) followed by elution with 20 mL of 0.1 M EDTA (for lanthanides). The selectivity
behavior and the practical applicability of the developed resin are tested using synthetic low level nuclear reprocessing mixtures and also with
monazite sand. The analytical data are within 3.8% relative standard deviation, reflecting the reproducibility and reliability of the developed
method.

© 2004 Elsevier B.V. All rights reserved.
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1. Introduction ions in various activities can lead to depletion of mineral re-
sources, in near future. Hence, there is a substantial awareness
Itis well known that metal ions play a major role in various in preserving these valuable and toxic metal ions, by means
industrial projects ranging from catalysis to nuclear power of various reprocessing methods for effective recycling. One
generation programs. But with the growing industrial revo- such area that necessitates for waste management programme
lution, the quantity of effluents discharged to the environ- is the recovery of actinides, and their separation from fission
ment is also increasing day-by-dfh]. As a result of these  products in nuclear spent fuels. Solvent extraction technique
waste discharge activities, it becomes a necessity to monitorusing tri-n-butyl phosphate (TBP) based on PUREX process
their discharge levels, in order to estimate and also to preventhas remained to be the preferred method for this process. But
the level of toxicity imposed to the eco-system. Apart from the non-incinerable nature of the spent extractant, leading
environmental pollution, the continuous utilization of metal to the formation of secondary radioactive wastes, provoked
chemists to the search for better alternatizgt].
* Corresponding author. Tel.: +91 44 2257 8271; fax: +9144 22578241, Fromvarious research activities, it has been observed that
E-mail addressmssu@rediffmail.com (M.S. Subramanian). the use ofN,N-dialkyl amides for the selective extraction
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of actinides from high acid streams proves to be fruitful, by 2.2. Chemicals and reagents
solvent extraction. The advantageous features of these extrac-
tants include high radiolytic stability, the innocuous nature of ~ Standard metal ion stock solutions of U, Th and La were
the degradation products and complete incinerabifity7]. prepared by dissolving exact amounts of (AR grade) corre-
But the main drawback associated with these extractants issponding nitrate salts (Fluka Chemicals) in slightly acidified
the use of large volumes ofdodecane as the process dilu- double distilled water and Nd stock solution was prepared
ents, which has atendency to form third phase formation with from their corresponding oxide (Indian Rare Earths). All the
nitric acid[8]. In addition to this, problems are also encoun- stock solutions were standardized by complexometric titra-
tered during disposal of organic solvents. As a result, exten-tions using EDTA. Allthe chemicals and reagents used during
sive researches are being carried out world wide, to developthe process of chemical modification were purchased from
solvent free extraction procedures for nuclear reprocessingLancaster and E-Merck Chemicals and are of AR grade.
[9]. More recently, it was visualized that the use solid phase  Chloromethylated resin beads (surface area: 82§Th;
extractants (SPHLO-21]for both recycling and decontam- pore diameter: 20-50 mesh; bead size: 0.3-1.2mm;
ination process prove to be more advantageous over conven5.4 mmol g ! of Cl) were received as compliment from Ther-
tional extraction methods. In this, the organic extractants are max India Ltd.
anchored to an inert polymeric support and they serve effec-
tively for metal ion extraction in an eco-friendly manner. In  2.3. Synthesis of EDHBA-grafted polymer
the recentyears, several SPE methods have been proposed for
actinide extractiorf19-31]but majority of the sorbents had The desired 4-hydroxy-N,N-dihexylbutanamide was first
marginal extraction properties at high acidities due to various synthesized by reacting-butyrolactone (7.6 mL, 0.1 mol)
reasons like, the inappropriate choice of ligand moiety, solid and dihexylamine (28.34mL, 0.12mol) in 100mL of
support materials, etc. The current paper deals with a newdichloroethane (DCE), in the presence of 16 g of anhydrous
grafted polymeric matrix in whicitN,N-dihexylbutanamide  AICI3 and 12.5mL of BN, at 20-25C. The crude solu-
is anchored to the chloromethylated polymeric backbone via tion was then subjected to work up procedures followed by
an ether spacer arm. The grafted polymer possesses all theurification by vacuum distillation to give the desired vis-
characteristic features of an amide extractant and also carcous orange yellow colored hydroxyamide (92% yield). The
overcome the problems faced, using conventional methods.amide was characterized using FT-IR,and*3C NMR spec-
The ion-selectivity and the superior extractive behavior of the troscopic techniques and also by CHN analysis.
amide grafted polymer towards U(VI), Th(IV), La(lll) and The chloromethylated resin beads were purified using 1:1
Nd(II), from high level acidic streams has been extensively ethanol-water mixture followed by treatment with absolute
studied. ethanol, to remove the monomer impurities. The purified
resin beads were filtered and vacuum dried prior to usage.
59 of the purified resin beads were reacted with the syn-

2. Experimental thesized amide (7.34 mL, 0.03 mol) using NaH in 50 mL of
dry dimethylformamide (DMF), at 70-8@ for 48 h. The
2.1. Instrumentation resulting amide anchored resin beads were filtered, succes-

sively washed with ethanol, water and acetone and finally

Forthe structural characterization of the grafted polymer, a vacuum dried. The synthetic scheme leading to the desired
Bruker-Avance 400 modéfC-CPMAS NMR (12kHz, mag-  grafted polymer is shown iRig. 1.
netic field: 9.01T) spectrometer, a Perkin-Elmer Spectrum
One model FT-IR spectrometer and an Elementar Vario EL 2.4, Methods adopted for optimizing physio-chemical
model CHNPS analyzer were employed. A Bruker IFS 66V parameters
model Far IR spectrometer was used for confirming the metal
ion complexation to the polymeric matrix and a Perkin-Elmer 2.4.1. Static method
TGA-7 model TG analyzer was employed for water regain  |n this method, basic experimental parameters like kinet-
capacity studies. A Jasco V-530 model spectrophotometerics, sorption capacity, solution acidity, matrix tolerance, etc.,
was used in the estimation of U(VI), Th(IV), La(lll) and  were optimized by equilibrating a known analyte concentra-
Nd(ll). A Hitachi F-4500 fluorescence spectrophotometer tion with a definite amount of grafted resin beads for definite
was utilized for determining trace concentrations of uranium time duration, using a mechanical shaker at 200 rpm. The
from synthetic reprocessing solution. A Varian SpectrAA- resin’s phase distribution ratios (D) were calculated using
20 model flame atomic absorption spectrometer was used forthe following expression
the analysis of transition metal ions and other diverse cations. (Ao— AQ)V
A Ravel Hi-Tech S-50 model peristaltic pump was used for p = o =AY
maintaining a constant flow rate during column studies. An AW
Orbitek DL model mechanical shaker with 200 rpm was used whereAg andA; are the amount of metal ions in the aqueous
for static equilibration studies. phase before and after equilibratidfthe weight of the dry
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Step (a): Synthesis of 4-hydroxy N,N-dihexyl butanamide

Anhy.AICl, / EtsN
e

Dry DCE
20°C/ 10 hrs

o ~
[ =0 + N>, HO "y N~
O
(92% yield)
Step (b): Synthesis of Amide Grafted Polymer

HO/\/\H/N\/\/\/ n
B °
= NaH / Dry DMF " o~
¢l 70-80°C / 48 hrs \OA/\([)]/N\/\/\/

Fig. 1. Synthesis scheme step.

resin (g) andv the volume of the aqueous phase (mL). The ions from both synthetic mixtures and real sample. The an-
metal ions like U(VI) (7 M HNQ@Q medium, 655 nm), La(lll) alytes enriched in the resin phase were eluted and analyzed
and Nd(Ill) (pH: 3, 655nm) were estimated spectrophoto- spectrophotometrically. For the estimation of trace uranium
metrically using Arsenazo-lll and for Th(IV) (0.2-0.5 MHCI  concentrations, a steady state spectrofluorimetric procedure
medium, 545 nm) using Thoron, as chromogen. The optimum [32] using 1 M HsPO; medium was adopted, where 266 and
experimental parameters for quantitative metal ion sorption 515 nm are the excitation and emission wavelengths, respec-
and desorption are listed fable 1. tively.

2.4.2. Dynamic method

For this method, an extraction chromatographic glass col- 3. Results and discussion
umn (150 mmx 4 mm i.d.) packed with 0.5 g of resin beads
was employed. The efficiency and uniformity in column 3.1. Resin characterization
packing was ensured using an activating solvent like ethanol,
which was removed after packing. The packed column was 13C.CPMAS NMR spectriar the grafted polymer showed
preconditioned with 4 M HN@. The influent metal ion solu-  resonance signals at 39.2 and 25.6 ppm, which corresponds to
tion was passed through the preconditioned column bed usingthe aliphatic groups attached to the carbonyl and N-side of the
a peristaltic pump, which was interfaced between the sampleamide moiety. The presence of lateral £¢toups was con-
reservoir and the column inlet. The extent of metal ion ex- firmed by resonance signal at 10 ppm. The resonance signal
traction under varying experimental conditions was studied. for the amide carbonyl was observed as a low intensity signal
Finally, the conditions favoring quantitative sorption were at 198.3 rpm, which were absent for the spectra obtained for
optimized. the non-functionalized chloromethylated resin.

From the data obtained by both static and dynamic method, ~ The grafting of the amide moiety to the chloromethylated
the grafted polymer was employed for the extraction of metal polymeric platform was also followed usirigl-IR spectra.

The appearance of spectral band at 1656.2'coorresponds

Table 1
Optimum experimental parameters for quantitative analyte extraction

to the amide carbonyl (€0) group and the enhancement of
the —CHy stretching vibrations at 2963.5 crh shows the
incorporation of the amide moiety. Also, the disappearance

Experimental uvi) Th(lV) La(llr) Nd(l11)

parameters of the corresponding vibrations for theCH,Cl stretching

22 (min) 33 20 37 35 and wagging vibrations at 673.9 and 1264.5¢nthat ap-

Metal sorption capacity (mmotd) pear in the non-functionalized resin, also confirms the chem-
(1) 6M HNO3 0.357 0.690 0.324 0.416 ical modification of the polymeric matrix, which is shown in
(ii) 6 M HCI 0.336 0.647 0.263 0.381 Fig. 2.

M?:;Z?;"Lsniﬂpll)e flow 12 12 10 1 The existence of metal complexation through the amide

LOQ (wgL~1) 30 20 15 15 carbonyl group was confirmed biar-IR studies, which

Sample breakthrough 5 6.5 45 5 showed bands in the spectral regions of 210-190%cmhich
volume (L) - corresponds to theo—v; stretching vibrations.

Pr‘(a;&”;?\?g;“o” factor 250 325 225 250 CHN elemental analysiwas performed for the grafted

polymer in order to monitor the extent of ligand functional-
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70 ion concentrations over a wide range of solution acidity
(0.1-10 M), for 1 h at 200 rpm. The extent of metal ion resin
phase sorption was studied in termd$ofalues after analyz-
] ing the aqueous phase metal ion concentrations. On compar-
554 ing the data obtained (Fig. 3a—c), it is evident that the resin
50 shows greater affinity for Th(IV), which is reflected from
B the highD values (>16), observed at 4-10 M acidity. How-
ever, for U, La and Nd, th® values were of the order of
0] 102, which is an unusual behavior to expect from amides. In
35 4 general, for all the analytes th# values showed a positive
trend with increasing acidity, which can be attributed to the
extracting behavior of the amides as neutral metal species,
1 using anions like N@~/CI—, present in the sample solution
20 1656.2 for charge neutralization. However, with increasing acidity a
15 1 . ; , , , . . . . slight negative dependency was observed due to the formation
3000 2500 2000 1500 1000 of metal anionic complexes and also due to the competition

Wavenumber (cm™) for the active sites by HN@HCI. From the obtained data,

it is possible to comment that the developed resin matrix is

Fig. 2. FT-IR spectra of chloromethylated resin (A) and EDBHA-grafted  high|y suijtable for extracting actinides and lanthanides from
polymer (B). low level reprocessing nuclear spent fuels.

65
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ization. The obtained experimental data (showiTable 2) 3.2.2. Elution studies
arein close agreement with the theoretical values, which con-  For this study, 50 mg of the resin beads were equilibrated
firms the effective functionalization of the resin matrix with  with (40 mL, 10p.g mL~1) metal ion solution, in 4 M HN@
the amide moiety. for 2 h. The sorbed metal ions were desorbed from the resin
The water regaining capacity studies were performed by phase using various eluting agents. The experimental results
equilibrating 100 mg of the grafted resin with 50 mL of wa- of their % recovery, are tabulated Fable 3. It was ob-
ter, for 2 h. The resin beads were filtered, air-dried and sub- served that on using 0.1 M EDTA (pk 5, adjusted with
jected toTGA measurements, which showed a weight loss dil. NH3) as eluant, a quantitative recovery value of >99.8%
of 3.5% up to 110C. Similarly studies performed for the  was achieved for all the analytes except in the case of U(VI),
non-grafted chloromethylated resin showed a weight loss of where it was 96%. Similarly, quantitative recovery of U(VI)
only 2.5%. This difference is due to presence of bulky amide and Th(lV) were achieved using 0.1 M (N}HCO;s, where
moiety, which enhances the net weight of the grafted polymer U(V1) and Th(IV) were eluted as anionic metal carbanato
thereby providing greater surface contact with the aqueousspecies ([JUG(COz)3]*~, [Th(COs)s]®7). Also, complete re-
phase. Due to this, water percolation through the polymer covery of Th(IV) was observed with 0.1 M (NjbC,04,
pores is facilitated in spite of the increase in the hydrophobic wherein Th(IV) gets eluted from the resin phase as more

character. stable anionic [Th(€04)4]*~. It was also observed that dis-
tilled water could be used as an eluant, during extraction

3.2. Static equilibration studies chromatographic column operation, where >98% recovery
was achieved for both U(VI) and Th(lV). But in the case of

3.2.1. Extraction efficiency in acidic solutions lanthanides, a recovery value of <5% only was possible us-

The metal extracting ability of the grafted amide polymer ing distilled water, thus enabling the possibility for sequential
from acidic solutions was studied by equilibrating 50 mg of separation of actinides from lanthanides. Also, the important
the resin beads with (40 mL, 3@y mL~1) individual metal feature to be considered is that the eluants used for recover-

Table 2
Characterization of the various stages of functionalization
Item characterized FT-IR spectral data (cr) (%) C:H:N elemental data
4-Hydroxy-N,N-dilhexylbutanamide —OH (3412.6);—CH,— aliphatic side chain (2928.8), Theoretical — 70.85:12.18:5.20
—C=0 (1645.1);.—C—N (1466.2)
Experimental — 70.65:12.02:5.01
Merrifield chloromethylated resin —CHClI (673.9),—CH, wagging (1264.5) Theoretical — 72.04:6.10
Experimental — 72.91:6.10
EDBHA-grafted polymer —CHy— aliphatic side chains (2963.5);-C=0 Theoretical — 77.89:10.53:3.53

(1656.2),—C—N (1462.8),—C—0O—C— (1117.9)
Experimental — 77.93:10.6:3.42
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Fig. 3. (a) Distribution ratios for Th(IV) in acidic matrices (analyte concen-
amount of resin: 50 mg; equilibration time:
1h, 200rpm). (b) Extraction profile in HNO medium (analyte concen-
amount of resin: 50 mg; equilibration time:
1h, 200rpm). (c) Extraction profile in HClI medium (analyte concentra-
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Fig. 4. Rate of analyte extraction (analyte concentration: 40mL,
10pg mL~1; medium: 4 M HNQ@; amount of resin: 50 mg; shaking speed:
200rpm).

ing the analytes of interest were very cheap, eco-friendly and
totally incinerable with no toxicity.

3.2.3. Kinetics studies

The rate at which metal ions under phase equilibration
was studied by equilibrating 50 mg of the resin beads with
a series of analyte solutions (40 mL, 21@mL™1) in 4M
HNOs, for varying time durations. The non-extracted metal
ions in the aqueous phase were analyzed and the kinetic data
were plotted in terms of (+ F), as shown inFig. 4. The
fractional attainment of equilibrium (F) is expressed as

MRy,
T [MRlgq

where [M3],/[M R]eq are the ratios of metal ion concentra-
tion in the resin phase at time ‘t’ to that at equilibrid@i].
Even though the resin was more of hydrophobic in nature, it
is evident from the graph that near complete extraction was
attained within 10 min, due to the macroporous structure of
the resin matrix, which favored to the greater accessibility of
the neutral metal complex towards the anchored hydropho-
bic amide moiety. The faster exchange kinetics can also be
explained in terms of moderate water regaining nature of the
grafted polymers, which facilities greater transport of metal
ion from the aqueous phase to the resin phase.

3.2.4. Maximum metal sorption capacity

The metal sorption capacity of the grafted resin matrix for
the analytes of interest was determined individually by equi-
librating 50 mg of resin beads with excess concentrations of
analyte solution (50 mL, 20@g mL~1) at 6M HNO; and
6 M HCI mediums, for 12 h. After desorption and estimation
process, it was observed that the grafted polymer showed
good sorption capacity values of 0.357, 0.690, 0.416 and
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Table 3
Analyte recovery with various eluants
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Eluants Eluant volumes (mL), % Recovery
static (dynamic
'c (dynamic) UVl Th(Iv) Nd(Il) La(ill

Water 100 (100) 89.2(99.8) 759 (98.0) 7.2 (4.9) 8.3(3.0)
0.1 M (NHz)2CO3 15 (20) 99.9 (99.8) 99.8 (99.9) 42.3 (40.5) 89.7 (85.1)
0.1M EDTA (pH=> 5) 15 (20) 96 (99.2) 99.9 (99.8) 99.9 (100.0) 100.0 (99.8)
0.1M HCI 15 (20) 85 (82.1) 70.5 (72.9) 99.9 (100.0) 86.9 (87.4)
0.1 M (NH4)2C204 15 (20) 65.0 (68.9) 99.9 (99.9) 54.1 (46.3) 80.2 (79.5)

Values given in parenthesis represent % recovery in dynamic conditions.

0.324mmolg?! at 6 M HNO3 and 0.336, 0.647, 0.381 and
0.263mmol gt at 6 M HCI for U(VI), Th(IV), Nd(lll) and
La(lll), respectively. The high sorption capacity values were
accounted for the greater degree of ligand functionalization
and also to the enhanced chelating site accessibility.

3.2.5. Analyte phase distribution ratio in the presence of
electrolytes

As the developed resin showed good metal extractive be-

havior even at high acidities, it was decided to test its extrac-
tion efficiency in the presence of NaN@nd NaCl medium,

which are the major matrix components in nuclear reprocess-

ing solutions. For this study, 50 mg of the resin was equili-
brated with (40 mL, 1qug mL~1) metal ion solution in the

3.2.6. Resin’s tolerance towards complexing anions and
common metal ions

The ability of the resin matrix to quantitatively extract
trace level analytes even in the presence of large concen-
trations of complexing anion species and competing diverse
ions, were studied by equilibrating 50 mg of the resin with
(40mL, 1.250g mL~1) analyte solution in the presence of
varying quantities of individual matrix components. The resin
showed complete non-extractive behavior (0% extraction) for
the first row transition metal series but for post-transition
metal ions, it showed a very poor extracting ability with
values <50 at 4 M HN@. However in the case of lanthanides,
D values <400 were observed and their degrees of tolerance
towards 100% analyte recovery are showrTable 4. The

presence of increasing salt concentrations. The equilibratingdata also shows that the resin showed good selectivity in

studies were performed for 1 hat 200 rpm, in 2 M correspond-
ing acid solutions. It was observed that NajN€howed a

extracting analytes of interest even in the presence of large
concentrations of anionic complexing agents and common

salting out effect thereby showing a positive dependency on €lectrolyte species.

the D values with increasing salt content (Fig. 5). However,

with increasing NaCl content, a negative trend was seen for3.3. Dynamic studies — extraction chromatographic

all the analytes, which is probably due to the formation of
more stable anionic metal chloro complexes.

—#—Th—0—U——Nd—A—La--NaNO,
—O0— Th—0—U—0—Nd —4—La-- NaCl

n
250 l’/./-/

200

150

D(mLg")

.
100 4"

50

Electrolyte concentration (mol L)

Fig. 5. Extraction efficiency in the presence of electrolytes (analyte concen-
tration: 40 mL, 1Qu mL~1; medium: 2 M corresponding acids; amount of
resin: 50 mg; equilibration time: 1 h, 200 rpm).

method

3.3.1. Sample flow rate studies

The effect of sample flow rate was studied by passing
(2000 mL, 0.50g mL~1) metal ion solutions in 4 M HN@
through a preconditioned extraction chromatographic col-
umn, under varying flow rates (2—20 mL mit) controlled
by means of a peristaltic pump. It was observed that the func-
tionalized resin shows quantitative sorption for all the ana-
lytes, even up to a flow rate of 10-12 mL mih(as shown
in Table 1), which reflects the greater active site accessibil-
ity and faster metal ion phase equilibration exhibited by the
amide grafted polymer. During metal ion desorption, elu-
ant flow rates of 1mLmin' was used to achieve quanti-
tative recovery of analytes. Due to faster equilibration and
rapid desorption, the time involved during metal ion precon-
centration and their subsequent analysis, are reduced subs-
tantially.

3.3.2. Sample breakthrough volume

The ability of the grafted resin matrix to preconcentrate
trace analytes from large sample volumes was tested in terms
of sample breakthrough studies, by passing.g@ ! of
influent analyte concentration ¢€in 6 M HNO3 through
the resin packed column, under varying sample volumes
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Table 4
Diverse ions/electrolyte species tolerance limits
Metal ions Tolerance limits for electrolytes (mol?)
NapSOy NagPOy NaF CH3COO~ Co04%~

U(\VvI) 0.77 0.15 0.46 0.31 0.10
Th(1V) 0.82 0.10 0.43 0.45 0.01
Nd(I1) 0.74 0.09 0.36 0.42 0.08
La(llr) 0.52 0.09 0.33 0.40 0.02

Tolerance limits for interfering metal ions (mmott)

Zr(IV) Mo(V1) Pb(11) cd(n Bi(Il1) Ce(IV) Sm(ll) Gd(llN)
U(\VvI) 9.1 6.2 121 12.8 10.9 3.2 1.8 1.0
Th(1V) 3.4 4.2 12.6 12.0 11.8 2.8 29 3.2
Nd(I1) 2.1 3.6 11.6 12.9 13.6 2.9 0.9 0.6
La(lln 5.1 5.2 11.9 13.0 145 2.6 0.4 0.2

(0.5-8L) at a flow rate of 10 mL mint. The sorbed metal  3.3.4. Reusability of the stationary phase

ions were desorbed using 20 mL of 0.1 M (NLICO;3 for The reusability of the packed resin bed was tested by

U(VI) and 20 mL of 0.1 M EDTA for other analytes. Itis evi- passing metal ion solution (1L, 5@ L~1), in 4M HNOs

dent fromFig. 6, that a good enrichment factor value of 250, medium, through the mini-extraction column and the sorbed

325, 225 and 250 were achieved for U(VI), Th(IV), La(lll) metalions were eluted and analyzed. Similar operations were

and Nd(lll), respectively. performed on the same column and it was found that the ex-
traction capacity remained more or less constant even up to
20 cycles of repeated usage, with rsd values <3.6%. It was

3.3.3. Limit of quantification also observed that the stationary phase showed good chem-

The limit up to which quantitative extraction of al’la|ytes ical durabmty even under h|gh ac|d|ty (>6 M), thus pa\/ing
can be achieved using the developed resin matrix was studiedyay for its application to reprocessing solutions.

by passing 1 L of 2 M HN@solutions spiked with 5-5(g of

individual analytes, through the preconditioned resin bed un-

der optimum experimental conditions. The preconcentrated 4. Applications

metal ions were desorbed and estimated spectrophotomet-

rically, except in the case of U(VI), the spectrofluorimetry 4-1. Separation of actinides and lanthanides from
procedure was adopted. The limits of analyte extraction are Simulating synthetic nuclear spent fuel mixture

shown inTable 1, which indicates the high sensitivity as-

sociated with the developed grafted polymer in preconcen- ~ The practical utility of the grafted polymer for the se-

trating even ppb level trace analytes even from large samplel€ctive extraction and sequential separation of actinides and
volumes. lanthanides then was tested using a synthetic nuclear acidic

waste mixture[32] of fission products and more common
metal ions of >18-fold concentrations to that of the an-
alyte ions. The analytes extracted in the stationary phase
0.8+ A were separated by applying sequential elution mode where,
) the actinides were first eluted using 100 mL of water fol-
—Oo—U(Vl) lowed by the recovery of the lanthanide ions with 20 mL of
069 i?d(ﬁ'{” 0.1M EDTA. The recovered U(VI) was estimated by U(VI)

1 20 specific (even in the presence of Th(lV)) spectrofluorime-
o 044 try method and then Th(lV) by thoron-spectrophotometry
method. The resin matrix gave recovery of 99.8% for ac-
o tinides, with an rsd value of <3.7%, on triplicate measure-
027 ments.

c/C

4.2. Separation of Th from monazite sand (Travancore,
India)

0.0+ o—o—a0n

. . T . .
0 2 4 6 8
Sample volume (L)

Monazite sand sample (0.1 g) was digested initially at low
temperature using concentrateg3®; followed by vigorous

Fig. 6. Dynamic sample breakthrough curve (analyte concentration: h€attreatmentup to 25C, in the presence of 30%8,, for
10ng L~%; medium: 6 M HNQ; flow rate: —10 mL mir2). 4 hto dryness. The resulting residue was redissolved in min-
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imal volumes of HNQ and a known volume of aliquot was  [6] K.K. Gupta, V.K. Manchanda, R.K. Singh, Sep. Sci. Tech. 35 (2000)
passed through the extraction column under optimum experi- _ 1603. o
mental conditions. After desorption with 100 mL of distilled ~ [7] Y- Sasaki, S. Tachimori, Sol. Extr. lon Exch. 20 (2002) 21.

¢ th t of thori tracted timated d [8] K.K. Gupta, V.K. Manchanda, S. Sriram, G. Thomas, P.G. Kulkarni,
water, the amount o orilum extracted was estimated an R.K. Singh, Sol. Extr. lon Exch. 18 (2000) 421.

was found to be 79.8 mgg (certified value—81mgg?). [9] M.C. Hennion, J. Chromatogr. A 856 (1999) 3.
The data reliability and reproducibility was crosschecked by [10] A.M. Maheswari, M.S. Subramanian, Anal. Lett. 36 (2003) 2875.

standard addition method and the values were within 3.5%I[11] D. Prabhakaran, M.S. Subramanian, Talanta 61 (2003) 423.

rsd [12] M. Kumar, D.P.S. Rathore, A.K. Singh, Analyst 125 (2000) 1221.
’ [13] K. Ueda, Y. Sato, O. Yoshimura, Y. Yamamoto, Analyst 113 (1988)
773.
. [14] H. Eccles, H. Greenwood, Sol. Extr. lon Exch. 10 (1992) 713.
5. Conclusions [15] G. Schmuckler, Talanta 12 (1965) 281.

[16] R.A. Beauvais, S.D. Alexandratos, React. Funt. Polym. 36 (1998)
The grafted polymer proves to be an efficient solid phase 113. _ _
extractant for the sequential separation of actinides from [17] M. Torre, M.L. Marina, Crit. Rev. Anal. Chem. 24 (1994) 327.

lanthanides present in high acidic wastes, during nuclear*®! i';g' Sharma, S. Mittal, M. Koel, Crit. Rev. Anal. Chem. 33 (2003)

fuel reprocessing operation. Moreover, a considerable1g) b prabhakaran, M.S. Subramanian, Anal. Lett. 36 (2003) 2277.
extractive behavior for Nd(lll) was observed using the [20] Y. Sasaki, S. Tachimori, Sol. Extr. lon Exch. 20 (2002) 21.
developed grafted polymer, which leads to the anticipation [21] S. Bourg, J.S. Broudic, O. Conocar, J.J.E. Joeel, D. Meyer, M.W.C.
of extracting Am(lll) ions (a long-lived radioactive isotope) 22 ga};‘égﬁsm-A “:aelt- éﬁ goggt)a“leé (1980) 289

from the reprocessing streams, for tranSmUtatl(.)n proc.e_ss'[ZS] M. Merdivan, M.Z. Duz, C. Hamamci, Talanta 55 (2001) 639.

The grafted polymer was found to be robust in various acidic [24] R. Pathak, G.N. Rao, Anal. Chim. Acta 335 (1996) 283.
conditions whose extractability was found to be a more [25] A.M. Maheswari, M.S. Subramanian, Talanta 64 (1) (2004) 202.
or less constant even up to 20 cycles of repeated usagel26] D. Prabhakaran, M.S. Subramanian, Anal. Bioanal. Chem. 379

The developed grafted polymer thus proves to be simple, . (TZOO? 519. R, Manm. TA. Todd. F. Seb 1 pn

effective, eco-friendly and economical. [27] (z'é'og)rasnézr’ -R. Mann, TA. Todd, F. Sebesta, Czech. J. Phys. 53

[28] N.R. Mann, T.A. Todd, T.J. Tranter, F. Sebesta, J. Radioanal. Nuclear
Chem. 254 (2002) 41.
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