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ABSTRACT

An ion chromatographic method for the separation and determination of thorium in uranium 

mineralizations  has been developed using a mixed ion-exchange column; IonPac CS5A containing 

both cation and  anion exchange sites.  Selective separation of U(VI) and Th(IV) was performed by on-

line gradient  elution  using two mobile phases of composition 0.1 M (NH
4
)

2
SO

4 
/ 0.1M HCl and 0.2 M 

(NH
4
)

2
SO

4
 / 0.1 M HCl, respectively.  Post-column  spectrophotometric detection with 3 mM arsenazo III 

was then coupled at 655 nm. The separation factors between U and Th ions were found to be dependent on 

(NH
4
)

2
SO

4
 and  HCl concentrations of  the eluent constituents and to a much more extent on its flow rate. 

The  optimized  developed method has been validated by its application for the analysis of both uranium 

and  thorium in a sample from Abu Rusheid mineralization that is considered as a reference material and 

has  then  been used  for the  analysis of a  mineralized  sample from Abu Zeneima area. 

 INTRODUCTION

Thorium is a trace impurity associated with 
all uranium-based fuel materials (Mukherjee, 
2003) which on irradiation with a neutron pro-
duces the useful fissile isotope (233U).  Small 
amounts of 232U isotope are also produced 
along with 233U (IAEA-TECDOC-1450, 2005).  
Determination of  trace Th in uranium is in-
dispensable in the chemical quality control of 
fast reactor fuels.  Although different analyti-
cal techniques are available for the determina-
tion of Th at its trace levels (Joannon et al., 
1997; Adriaens et al., 1992; Borai and Mady, 
2002), they require its quantitative separation 
from the uranium matrix which is a prerequi-
site for analytical determination.  Techniques 
such as radiochemistry (Clesceri et al., 1989), 
atomic absorption spectroscopy (Clesceri et 
al., 1989), neutron activation analysis (Honda 

et al., 1990), inductively coupled plasma mass 
spectrometry (ICP-MS) (Igarashi et al., 1990; 
Deb et al., 2008), isotope dilution mass spec-
trometry (Adriaens et al., 1992) and X-ray 
fluorescence (XRF) (Robinson et al., 1986) 
were earlier  reported  for the determination of 
Th in uranium matrix.  However, these tech-
niques are often not suited to routine analysis, 
due to interferences from other metals present 
in the matrix, cost of operation or poor de-
tection limits (Harrold et al., 1992; Cassidy, 
1998).  Ion chromatography (IC) and high 
performance liquid chromatography (HPLC) 
are  promising  techniques for the separation 
of polyvalent  metal cations by adding suitable 
complexing agents in the mobile phase (Hao 
et al., 1996; Hao et al., 1996; Jackson et al., 
1996; Vaibhavi Raut et al., 2013).

Many chromatographic studies have been 
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reported on the selective separation  of  Th and 
U in a variety of samples using reversed phase 
surfaces with weak organic acids as chelating 
agents (Sutton et al., 1998; Cassidy and Fra-
ser, 1984).  In  these separations, the extent of 
separation depends on the nature of the metal 
complexes formed and their conditional sta-
bility constants (Jones and Nesterenko, 1997).  
Interestingly, it is reported that the elution or-
der  of U and Th on a  reversed  phase sur-
face could be altered by selecting a suitable 
complexing agent.  For example, an elution 
order of Th followed by U was observed in a 
RP surface when α-hydroxyisobutyric acid (α-
HIBA) was used as a complexing agent (Raju 
et al., 2007; Akhila Maheswari et al., 2007).  
However, this elution order got reversed when 
mandelic acid (MA) was used in place of α-
HIBA (Hao et al., 1996).  The change in elu-
tion order may be explained on the basis of 
differences in the complexing abilities of the 
ligands with respect to individual metal cat-
ion, effective charge, thermodynamic and ki-
netic stabilities and hydrophobicities of the 
metal complexes formed.  Although  α-HIBA 
and MA are widely used as complexing agents 
in the separation of U and Th, 2,6-pyridine di-
carboxylic acid (PDCA), a non-hydroxydicar-
boxylic acid, has been identified as a promis-
ing ligand for the separation of heavy metal 
ions (Vaibhavi Raut et al., 2013; Shaw et al., 
1999; Jones, 2000; Shaw et al., 2000; Jeyaku-
mar et al., 2011).

The separation of uranium and thorium by 
cation-exchange chromatography is compli-
cated by the large differences in distribution 
coefficients of the two analytes.  Uranium is 
generally present as a divalent cation (UO

2

2+) 
while thorium exists as the tetravalent Th4+ 
species and therefore considerable differ-
ences are observed in their relative affinity for 
a cation-exchange resin.  With both HCl and 
HN0

3
 eluents, a relatively low acid concentra-

tion will elute UO
2

2+ as an anionic complex, 
but a much higher  concentration of acid (>3 
M) is required to elute thorium. Although an 
acid gradient can be used for the separation, 
this approach will cause  difficulties in detec-

tion (Harrold et al., 1992; Dionex Application 
Note, 1998; Al-Shawi and Dahl, 1995).

A good separation of lanthanides, Th and U 
at relatively large concentrations was reported 
(Raju et al., 2007) where the C-18 RP column 
was coated with bis-2-ethylhexyl succinamic 
acid (BEHSA).  However, the same study 
showed that it could not separate Th  from U 
when the uranium concentration in the sample 
was more than 5 mg ml-1. Mandelic acid, an-
other complexing agent frequently used in the 
separation of U and Th, could not be used as 
it brings reversed order of elution i.e. U fol-
lowed by Th and both uranium and  thorium 
mandelate complexes interact hydrophobical-
ly with the reversed phase surface and exhibit 
significant retentions.  A similar elution order 
was reported in the case of cation exchange 
chromatography as uranium forms weaker cat-
ionic species with the frequently used eluents 
like hydrochloric and nitric acids (Nelson et 
al., 1964).  Nowadays, stationary phases hav-
ing both cation and anion exchange capaci-
ties are found to be more useful in separating 
heavy and transition metal ions (Hojabri et al., 
1987) because the separation is controlled  by  
the concentrations of free metal ions and  the 
various insitu metal complexes formed, which 
are in an equilibrium with each other (Park et 
al., 1993).  One  such mixed ion exchanger 
namely IonPac CS5A has been widely used 
for the separation of lanthanides and transition 
metal cations in several matrices (Cardellic-
chio et al., 1997; Borai et al., 2002; Perna et 
al., 2002).

In the present investigation, it was decided 
to examine IonPac CS5A mixed ion exchanger 
column for the separation of traces of Th from 
a bulk of U. For this purpose, ammonium sul-
phate has been chosen as a complexing agent 
as it has a high affinity for complex formation 
with polyvalent metal cations. The aim of this 
investigation was to develop a rapid and re-
liable method for the separation and determi-
nation of a trace level of thorium in uranium 
mineralizations using a mixed ion exchanger 
column. 
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 EXPERIMENTAL

Instrumentation

Ion chromatographic separation was per-
formed on Dionex DX-500 ion chromato-
graph system (Sunnyvale, CA, USA) consist-
ing of gradient pump (GP40), UV-VIS detec-
tor (AD20) and rear-loading Rheodyne six 
port injection valve. Separator ion-exchange 
columns; Dionex IonPac CG5A guard column 
(4.6x50mm) and IonPac CS5A analytical col-
umn (4.6x250mm), containing mixed anion 
and cation beds with sulfonic acid and alkanol 
quaternary ammonium functional groups, 
were used in this work.  A  pneumatic post-
column  reagent addition facility consisting of 
a 1000 ml reservoir bottle, gas pressure gauge 
to control the flow rate of the gas, a T-junction 
and a 375 μL capacity reaction coil was placed 
between the separator column and the detec-
tor.  The samples were injected through a 50 
μL loop fitted to a Rheodyne six port injector.  
The pH measurements were made on a digital 
Jenway pH meter (UK).

Reagents

All reagents were of analytical grade (AR).  
Two appropriate mobile phases consisting of a 
mixture of ammonium sulphate and HCl were 
prepared and operated at a flow rate of 1.0 ml 
min-1.  The post-column reagent solution con-
tained 3 mM Arsenazo III (BDH, UK), Triton 
X-100 (Sigma Aldrich, Germany) and glacial 
acetic acid (Panreac Quimica, SP) and was 
delivered through a “T” piece at a flow-rate 
of 0.5 ml min-1 for the detection of the sepa-
rated metal ions at 655nm.  All eluents and 
post-column reagent were degassed with a ni-
trogen gas.  Thorium and uranium standards 
were prepared from 1000 ppm standard stock 
solutions (Merck, USA).  All solutions were 
prepared using nanopure water (18.2 MΩ) ob-
tained from a Thermo Scientific “Barnstead” 
lab water system (Thermo Fisher Scientific 
Inc., USA).

Characterization  of  the  Uranium 

Mineralizations

Two uranium mineralization samples 
were collected from two different locations in 
Egypt; one of which is from Abu Rusheid area, 
Southeastern Desert, Egypt while the other is 
from Abu Zeniema area, Southwestern, Egypt.  
Abu Rusheid area is located at 50 km south-
west of Marsa Alam on the Red Sea coast be-
tween long. 34o 46'and 34o 46'35'' E and lat. 
24o 37' 16'' and 24o 38' N.  The main rock units 
of Abu Rusheid area from the  point of view 
of mineralization are the cataclastic group 
and the lamprophyre dykes cutting through it 
(Ibrahim et al., 2004). 

The mineralized Um Bogma Formation of 
Abu Zeniema area is located between long. 
33o 18'and 33o 27'E and lat. 28o 55' and 29o 
04' N.  Um Bogma Formation was assigned to 
the middle carbonate series of the Paleozoic 
sequence in south west Sinai, Egypt (Kora, 
1984; El Aassy et al., 1986).  The collected 
sample therefore  represents one of the ura-
nium occurrences related to the dolostone of 
Um Bogma Formation.  The main mineral 
constituents of the dolostone facies are calcite, 
ankerite, kaolinite, limonite, goethite besides 
arsenopyrite, chalcopyrite and framboidal py-
rite.

Preparation  of  Uranium  Solutions

To 1 g sample of Abu Rusheid ore, a mix-
ture of acid solutions (Hf, HNO

3
 and H

2
SO

4
) 

was added in a Teflon beaker and heated till 
dryness. A 0.1 M HCl solution was then added 
to dissolve the residue under heating con-
dition. Once a clear solution was obtained, 
it was kept to cool and finally completed to 
100 ml volume. On the other hand, a sulphate 
leach liquor of Abu Zeniema ore sample was 
prepared by stirring 50 ml of 15% H

2
SO

4
 so-

lution with 50 g of the ore sample in a glass 
beaker for about 4 hours at room temperature. 
The mixture was then filtered and the filtrate 
(sulphate leach liquor) pH was adjusted using 
Na

2
CO

3
 powder (Merck, Germany).  
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RESULTS   AND  DISCUSSION

Preliminary  Testing

In a previous paper, a method was devel-
oped to investigate the retention behavior of 
thorium (IV) and uranium (VI) complexes of 
ammonium sulphate on a CS10 cationic ex-
change column (Nelson et al., 1964). Based on 
this study, the present work started with using 
a gradient program consisting of two eluents 
composed of 0.1 M (NH

4
)

2
SO

4 
/ 0.4 M HCI 

and 1 M (NH
4
)

2
SO

4
 / 0.4 M HCI with a mixed 

ion exchanger column viz. Ionpac CS5A at 
eluent flow rate of 1 ml min-1. Detection was 
done with 3 mM Arsenazo III in 0.5 M glacial 
acetic acid at a flow-rate of 0.5 ml min-1.   

Interestingly, unlike the modified RP col-
umn, the mixed ion exchange column exhibit-
ed a strong retention for Th(IV) whereas U(VI) 
got eluted immediately after the solvent front. 
Hence, the elution order observed in the pres-
ent case is U(VI) followed by Th(IV); a matter 
which is similar to that of the elution order ob-
tained with strong cation exchange stationary 
phase (Harrold et al., 1992; Jeyakumar et al., 
2011; Al-Shawi and Dahl, 1995). The separa-
tion method thus depends on the difference in 
the distribution coefficient values of U and Th 
between the mixed ion exchange resin and the 
eluent containing a strong mineral acid such 
as HCl. 

Several series of experiments were then 
conducted to optimize the different variables 
such as the concentrations of (NH

4
)

2
SO

4
 and 

HCl in the mobile phase, the eluent flow rate, 
the effect of presence of other metal ions in 
solution and the effect of concentration of U 
(matrix) on the separation of Th which affect 
the retention and hence the separation effi-
ciency.

Optimization  of  the  Separation  Factors

Effect  of  (NH
4
)

2
SO

4
  concentration

In order to understand the effect of 
(NH

4
)

2
SO

4
 concentration on the retention of 

both U(VI) and Th(IV), two series of experi-
ments were performed where the concentra-
tion of (NH

4
)

2
SO

4
 in the two mobile phases 

was varied separately from 0.1 to 1.2 M while 
keeping the concentration of the other compo-
nent namely; HCl (0.4 M) constant. 

The variation in pH of the eluent was insig-
nificant while varying the (NH

4
)

2
SO

4
 concen-

tration due to the large concentration of HCl. 
The obtained retention trend with varying 
(NH

4
)

2
SO

4
 concentration is shown on Fig.(1). 

Increasing the latter in the mobile phase had 
virtually decreased the retention of U(VI) 
whereas the retention of Th(IV) was drasti-
cally reduced and in turn gradually decreased 
the resolution factor [R(U/Th)].

The observed retention behavior of U(VI) 
shows that it has the lower retention on the 
column and this can occur only when it forms 
a stable neutral complex with (NH

4
)

2
SO

4
. The-

oretically, though a neutral complex in equi-
librium with either its pure metal ions or other 
kind of complex cations can have feeble inter-
action on the cation exchange sites provided 
the complex formed is kinetically labile. In the 
present case, the complex formed has no inter-
action with both anion and cation exchangers 
and this may be due to the high stability of the 
U-(NH

4
)

2
SO

4
 neutral complex formed.

In the case of Th(IV), it was found to ex-
hibit a significant retention on the mixed ion 

Fig.1: Effect of ammonium sulphate 
concentration on retention time
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reduce the effective concentration of ligand, 
which would affect the complexation of U(VI) 
leaving more metal cations and in such case, 
the retention times for both Th(IV) and U(VI) 
are expected to be increased. However, there 
was no appreciable change in the retention 
times observed for uranium as it forms weak 
cationic species than thorium with hydrochlo-
ric acid in the form of UO

2
Cl+. Also as shown 

on Figure 2, the resolution factor [R(U/Th)] 
decreases slightly. 

From this Figure, it was indicated that 
when the chloride concentration of the elu-
ent  increased, the concentration of the cat-
ionic species retained on the stationary phase 
decreases because the solution equilibrium is 
displaced to higher complex species and the 
uranium weak cationic species can be eluted 
easily with low concentration of the mobile 
phase (Bunus, 1974). Uranium is, in fact, elut-
ed close to solvent front when the concentra-
tion of HCl is at 0.1 M in the initial gradient 
program (first mobile phase).

The combination of high charge and low 
hydrolysis makes thorium ion particularly re-
tainable on mixed ion-exchange resins from 
HCl solutions at concentrations below about 
1 M. Complexing agents such as citric acid, 
oxalic acid, hydrofluoric acid, carbonate and 
sulphate are necessary for its elution from the 
column (Korkisch and Tera, 1961). This im-
plies that thorium forms weak cationic species 

exchanger column. Elution with increasing 
(NH

4
)

2
SO

4
 concentration in the mobile phase 

decreased the retention of Th(IV).  The cation 
exchange models proposed in literature ( Had-
dad and Foley,1990) report that increasing the 
concentration of complexing agent decreases 
the retention time of metal ions due to the for-
mation of neutral or weak anionic complexes. 
Whereas in anion exchange model, it is report-
ed that only strong anion metal-ligand com-
plexes can interact with the anion exchange 
sites and hence, increasing the concentration 
of complexing agent in the eluent would in-
crease the retention time.

Therefore, it is seen from the experiments 
carried out that eluents with (NH

4
)

2
SO

4
 con-

centration above 0.2 M are not suitable for sep-
arating trace Th and  therefore, the (NH

4
)

2
SO

4
 

concentration has been fixed at 0.2 M for the 
second eluent in the gradient program when 
using mixed ion exchange column. On the 
other hand, it has been observed that eluents 
with (NH

4
)

2
SO

4
 concentration above 0.1 M 

are not suitable for separation of large excess 
of U and that this concentration would reduce 
the interactions between the UO

2

2+-(NH
4
)

2
SO

4
 

complex and the stationary phase, which is de-
sirable to realize the elution of U peak after the 
excluded peak.

Effect  of  HCl  concentration

Addition of HCl and its concentration play 
an important role in controlling the effective li-
gand concentration in the mobile phase which 
would decide the nature of the metal-com-
plex. In addition, HCl prevents the hydrolysis 
of metal cations since such heavy metal ions 
belong to acid hydrolysable group. Moreover, 
the H+ ions from the hydrochloric acid also act 
as   competing ion during the elution of metal 
cations or cation complexes. To investigate the 
influence of HCl concentration on the elution, 
a set of experiments was conducted where HCl 
concentration was varied over a range between 
0.1 and 1.0 M. In this regard, it was expected 
that increasing the acid concentration would 

�
Fig. 2: Effect of hydrochloric acid concentration 
on retention time
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with a sulphate ligand in the form of ThSO
4

2+ 
because it has a much lower mass distribu-
tion ratio with sulphate (Harrold  et al., 1992; 
Kawabuchi et al., 1969).

 In the meantime and as shown in Table 1 
(Hao et al., 1996; Strelow, 1960), thorium has a 
strong affinity for the cationic sulphonated sta-
tionary phase when elution is carried out with 
0.4 M HC1, while uranium has a much weaker 
affinity for the same stationary phase. In case 
of our mixed ion stationary phase (CS5A), 0.1 
M HCl concentration is suitable enough for 
thorium elution and where it would loose this 
strong affinity when the sulphate ligand was 
introduced and therefore it was eluted after the 
uranium ion by the second mobile phase of the 
gradient program.

Accordingly, it has been indicated that 
from the analytical point of view and consid-
ering separation (resolution) factor and other 
chromatographic parameters, it is desirable to 
have low concentration of HCl with the mixed 
ion exchange resin and which has been fixed 
at 0.1 M in the two mobile phases of the gradi-
ent program.

Effect  of  eluent  flow  rate

The effect of the eluent flow rate on the 
chromatographic separation was carried out at 
different eluent flow rates ranging from 0.25 
to 1.5 ml min-1. As shown on Fig.(3), it is evi-
dent that the retention of U and Th on the col-
umn increases as the flow rate decreases. For 
Th, a stronger retention causes greater peak 
broadening at lower flow rate. Consequently, 

the resolution [R(U/Th)] decreases by increas-
ing the flow rate. At a flow rate of 0.7 ml min-

1, sufficient separation among U and Th was 
found as indicated by the R-value of 1.55(U/
Th). So, eluent flow rate of 0.7 ml min-1 was 
chosen as an optimum flow rate all over the 
gradient system for U and Th elution on mixed 
ion-exchange resin.

Effect  of  presence  of  other  metal  ions

Since the uranium mineralization samples 
are expected to contain other metallic impuri-
ties like Fe, Cd, Cu, Ca, Mg, Ni, Cr, Mn, rare 
earth elements, etc. (within the specification 
limits), separations were carried out in the 
presence of these metal ions to observe the in-
terference effects, if any, during the separation 
of Th. For this purpose, two synthetic sample 
solutions were prepared and used. The first 
solution was a mixture of thorium with transi-
tion metals (together with Ca and Mg) and the 
second one consisted of thorium and mixture 
of all lanthanides. The individual metal ion to 
Th concentration ratio was kept ten in both so-
lutions. It has been observed that the first solu-
tion did not give any peak whereas the second 
solution containing the mixture of lanthanides 
showed a small triplet peak after the thorium 
peak with very poor detection sensitivity. 
Therefore, the formulated eluent composition 
was found to be suitable for the interference 
free determination of Th. 

Table 1: Distribution ratio of uranium and 
thorium ions between strong cation-exchange 
resin polymer and hydrochloric acid (Hao et 
al., 1996&Strelow, 1960)
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Fig.3: Effect of eluent flow rate on retention 
time
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Effect  of  uranium  concentration (matrix) 

Several synthetic samples in duplicates 
having U/Th ratios 1, 2, 20, 100 and 200 were 
prepared and injected for Th separation. The 
observed recoveries for Th listed in Table 2 
were found to exceed 95%; a matter  which 
showed that the method has a high tolerance 
for uranium and hence, the direct separation of 
trace Th from bulk uranium solution samples 
would be feasible.

From the above mentioned results, the 
studied optimum conditions that have been 
developed for the gradient program are sum-
marized in Table (3). A typical chromatogram 
obtained for such gradient program using 
a standard solution containing U and Th is 
shown on Fig. (4). 

Calibration  Plots  and  Performance  of  the 

Developed  Method

Calibration of the used ion chromato-
graphic system was carried out using differ-
ent standard solutions assaying 25 to 200 ppm 
for each of U and Th species. Two calibration 
plots shown on Figs. 5 & 6 were constructed 
between the peak areas and their respective U 
and Th concentrations. Linear relations with 
regression coefficients of 0.9953 and 0.9976 
for U and Th respectively have thus been re-
ported. 

Performance of the developed method was 
done by calculating the relative standard devi-
ation with multiple injections (n = 10) and was 
found to be 1% for uranium and 0.5% for tho-

Table 2:  Effect of concentration of U (matrix) on the separation of Th

Fig. 4: Typical chromatogram obtained for 
a standard solution of U(VI) and Th(IV) 
using mixed ion-exchanger column. Peaks: 
U(VI) 50 ppm and  Th(IV) 50 ppm. Column: 
IonPac CS5A (4.6 × 250 mm). Eluents: 0.1 M 
(NH

4
)

2
SO

4
 / 0.1M HCl and 0.2 M (NH

4
)

2
SO

4
 / 

0.1M HCl; Flow rate: 0.7 ml/min. Detection: 
Post-column addition of 3mM arsenazo III 
and detection at 655 nm.

Table 3: Gradient program of the developed 
optimized method

�

              Table (3): Gradient program of the developed optimized method 

Eluent  

                   (conc.)                                       
Run time

     (min.) 

0.1 M (NH4)2SO4

/ 

0.1M HCl

0.2 M (NH4)2SO4

/

0.1M HCl

Int. Flow rate 0.7 ml/min 

Int. 100% -

0.00 100% -

8.00 100% -

8.10 - 100%

19.90 - 100%

20.00 100% -

Sample 

No. 

U(VI) 

mg/l

Th(IV)

mg/l

U/Th

Ratio

Measured 

Th

Recovery 

Th %

S1 5 5 1 4.99 99.8

S2 10 5 2 4.98 99.6

S3 100 5 20 4.87 97.4

S4 500 5 100 4.81 96.2

S5 1000 5 200 4.78 95.6
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Canada by ICP-MS technique. For this pur-
pose, 50 μL of the sample solution was in-
jected into IC for separation and the values 
obtained for U and Th ions are listed in Table 
4 and are actually in a good agreement with 
the mean value reported by the ACME Lab. 
using ICP-MS method. 

On the other hand, a proper leach liquor 
of a sample from Abu Zeneima mineralization 
has been prepared and 50 μL of the sample so-
lution was subjected to the developed IC pro-
cedure that has been optimized in the present 
work. Two mobile phases of composition 0.1 
M (NH

4
)

2
SO

4
 / 0.1M HCl and 0.2 M (NH

4
)

2
SO

4
 

/ 0.1 M HCl in a gradient system were used 

Component: U;   Fit Type: Linear
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Fig. 5: Calibration plot obtained for U over a concentration range of 25 - 200 ppm
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Fig. 6: Calibration plot obtained for Th over a concentration range of 25 - 200 ppm

rium.  These repeatability experiments were 
conducted on standard solutions with uranium 
and thorium concentrations of about twenty 
times the detection limits.  Detection limits for 
a 0.05 ml injection volume were 0.02 mg L-1 
for uranium and 0.01 mg L-1 for thorium.

Validation  and  Application of the 
Developed  Method

The studied method was validated by its 

application for the analysis of uranium and 
thorium in a sample from Abu Rusheid min-
eralization and which is considered as a refer-
ence material after having been analyzed by 
the ACME Analytical Labs. Ltd., Vancouver, 
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 CONCLUSION

An ion chromatographic method had been 
developed for online separation of trace levels 
of Th in uranium matrix without employing 
prior separation from the matrix. The method 
is simple, rapid and accurate and allows their 
analysis in about 15 minutes. For this purpose, 
a mixed ion exchange column; IonPac CS5A 
(4.6x250mm) containing both anion and cat-
ion sites has been used. The selective separa-
tion of U and Th was achieved by gradient elu-
tion using 0.1 M (NH

4
)

2
SO

4
 / 0.1M HCl and 

0.2 M (NH
4
)

2
SO

4
 / 0.1 M HCl respectively. 

The developed method is actually considered 
promising for its adaptation in the routine 
quality control analysis of thorium in uranium 
mineralizations. 

by a mixed ion exchange resin (CS5A) at a 
flow rate of 0.7 ml min-1 for separation. The 
separated fraction of metals are detected and 
measured by post column addition of 3 mM 
arsenazo III at a flow rate of 0.5 ml min-1. The 
results obtained for typical sample are listed 
in Table 5. 

Table 4: Results obtained for Abu Rusheid 
reference sample

Table 5: Results obtained for Abu Zeniema 
mineralized sample

              

                                       

Elements Abu Rusheid Sample

IC 

Procedure

(ppm)

ACME Lab. 

ICP-MS

(ppm)

U 510.3 514.7

Th 14.7 15.20

              

Elements IC Reading / 

ppm

U 1035

Th 51.15
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ايونى  تبادل  ذو  فصل  عمود  باستخدام  اليورانيوم  تمعدنات  فى  الثوريوم  وتقدير  فصل 
مختلط بواسطة التحليل الكروماتوجرافى االيونى

شيرين  حسين  أحمد

اليورانيوم  تمعدنات  فى  الثوريوم  عنصر  وتقدير  لفصل  كروماتوجرافية  تحليل  طريقة  تطوير  تم       
واالنيونى.  الكاتيونى  التبادل  مواقع  من  كال  على  يحتوى  مختلط  ايونى  تبادل  ذو  فصل  عمود  باستخدام 
وقد تمت عملية الفصل االنتقائى لعنصرى اليورانيوم السداسى والثوريوم الرباعى عن طريق االزاحة 
المتدرجة باستخدام الوسط المتحرك الذى يحتوى على محلولى ازاحة يتكونان من ٠٫١ جزيئى كبريتات 
االمونيوم / ٠٫١ جزيئى حمض الهيدروكلوريك و ٠٫٢ جزيئى كبريتات االمونيوم / ٠٫١ جزيئى حمض 
الطيفى  التحليل  باستخدام  للعنصرين  المفصولة  االيونات  تعيين  تم  كما  الترتيب.  على  الهيدروكلوريك 
اللونى عند الطول الموجى ٦٥٥ ن م بعد خلطه بالمادة الملونة ٣ مللى جزيئى من االرزينازو الثالثى. 
وقد اجريت دراسة لعوامل الفصل بين اليورانيوم والثوريوم والتى اثبتت انها تعتمد على تركيز كال من 
مكونات الوسط المتحرك وهما كبريتات االمونيوم وحمض الهيدروكلوريك والى مدى اكبر بكثير على 
العنصرين  لتحليل  تطبيقها  طريق  عن  تطويرها  تم  التى  الطريقة  صالحية  تأكدت  ولقد  سريانه.  معدل 
(اليورايوم والثوريوم) فى عينة مرجعية من تمعدن منطقة أبو رشيد وقد تلى ذلك استخدامها فى تحليل 

العنصرين فى عينة متمعدنة من منطقة أبو زنيمة. 
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