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ABSTRACT 
 

This article studies the effect of ion exchange method and the amount of rare 
earth element absorption by Dowex 5owx8 ( H ) resin in Acid_ Leaching solution 
of Saghand’s uranium mine in Iran. In this research, column method has been used 
for separating yttrium, cerium and lanthanum, because ion exchange process is one 
of the effective processes in separation and extraction of rare earth elements. After 
region sampling and doing XRF and ICP-MS analyzer process on the sample, the 
obtained solution from the region’s acid leaching including 500ppm yttrium, 
580ppm cerium and 940ppm lanthanum, has been contacted by different amounts of 
Dowex 5owx8 ( H ) resin (100-200 mesh). In each experiment, 50cc of the sample 
has been contacted with different amounts of (0.25 – 2) cc of resin for 30 minutes 
based on volume, percentage. The sample analysis showed that the maximum 
amount of rare earth element absorption includes %77 yttrium, % 40 cerium and 
%65 lanthanum in 0.5cc resin. As a result, 0.5cc resin was selected as the optimal 
amount because of its being expensive in industrial scale. 
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INTRODUCTION 
 “Rare earth elements” (REEs) is a 

collective term for 17 elements, namely 
Cerium (Ce), Yttrium (Y), and the 
Lanthanides. As the 17 elements have similar 
chemical behavior, purification of   is quite 
difficult and the usage of rare earths was 
very small until 20 years ago1.  The most 
important application of REEs at the present 

time is the production of catalyzes of 

chemical process some of these REEs 
include: Cerium use for preventing the 
pollution of environmental life in factories 
cars and oil refineries, Yttrium used in order 
to economize car fuels for reducing 
environmental pollution and Lanthanum 
applied for helping chemical reaction 
necessary for the fuel of airplanes and 
transportation vehicles. Malaysia has an 
estimated rare earths reserve of 30000 tons 
and this mainly comes from the tin by-
product minerals2. The REEs can be found in 
copious amounts in tow main ore Bastnasite 
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which is a fluoride carbonate and Monazite 
which is a phosphate. These two minerals are 
rich in Lanthanum and Cerium. Xenotime 
mineral which is a phosphate reach in 
Yttrium is rarer. Mining rare earth elements 
is accompanied by sanitary dangerous. We 
should be cautious when we are using or 
producing the high amount of pure metals 
and their combinations because they may 
create Sevier poisoning3. 

Retrieving elements from Bastnasite or 
Monazite minerals is done by using acid 
leaching. Unfortunately there is no match 
between the separate use of REEs and their 
relative abundance. So, it is necessary to 
cumulate some of these elements in order to 
produce the enough amounts of other 
elements. The resulting solutions from acid 
leaching of heavy minerals in the sample of 
Saghand are the experimental basis of this 
research. Presence of these resistant minerals 
in the sample causes difficulty in solving 
REEs and prevention of their entrance to 
water phase. In this research, attempts have 
been made in studying the resulting solution 
from leaching using ion exchange column 
method with the aim of studding effect of the 
amount of resin on absorbing Yttrium, 
Cerium and La.  

Study Area 
Saghand Mine is located in the center of 

Iran and in the northeastern part of Yazd city 
with a longitude of 55˚15′E and latitude 
32˚30′ N. This area is situated in the 
northeastern part of Yazd city and it 
distances 190 km from there and 20 km from 
Chadermaloo iron stone mine. This area 
relatively is topography even and smooth. 
There are some not long hills around it. Most 
of these hills have expanded along NW and 
SE4. The average height of this reagent is 
1250m from the sea level. The geological 

conditions are very complex in this area, 
because the main part of these regions is 
composed of Metasomatite rocks. Studying 
the available heavy minerals in this rocks 
indicates that there are minerals such as, 
Bastnasite, Scolarite, Lanthanite and Anataz 
that Lanthanite mineral with 

oHCoLaCe 23 8)(  composition been 
produced by submerging Bastnasite5. 

MATERIAL AND METHODS 
In this research, because of relative 

complexity of the solution under experiment 
which includes some obtrusive elements such 
as, U, Th, Zr, Fe, Al, Mn, Mg, etc. The 
experiment has been done on the simulated 
elements like Y, Ce and La then the obtained 
results have been extended on the optimal 
solution. 

First of all, XRF analyzer has been done 
on the samples of the area and then the 
selected sample has been affected by acid 
leaching process which somehow depends on 
physical characteristics of the minerals such 
as element mineralogy, ore releasing, and the 
feature of other minerals. After that, the 
obtained product of acid leaching is spilt into 
ion exchange column. It is contacted with 
Dowex 5owx8 ( H ) with 100-200 mesh for 
30 minutes. In this process, REEs are 
absorbed by resin and the additional minerals 
emits in lower part of ion exchanging 
column. In the next process, nitrate 
ammonium, Y and La solutions is eluted and 
emitted by 1mol/Lit.In this research, eluting 
process, has been omitted and the effect of 
resin on absorption of REEs has been studied 
the emphasis is on the amount of absorption 
of Y, Ce and La on resin. 

Solid Phase Extraction 
This technique has been expanding in 

this ten years and it plays an important role 
in separating especially in separating 
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biological materials. Nowdays, all chemists 
who are doing research in the field of 
pharmaceutics, food industry, mineral 
synthesis, medical science, and life 
environment need this technique6. 

The determination of the REEs in 
uranium-containing matrices by ICP-AES 
requires separation of the uranium prior to 
measurement of the REEs in order to 
minimize spectral interferences. The limits of 
quantification achievable by ICP-AES for 
some of the REEs, namely Ce and La have 
been united by the poor sensitivity of the 
technique. As such, several solid-phase 
extraction procedures have been published in 
the literature for the preconcentration of 
REEs and analysis by ICP-AES7. 

The most important advantages of Solid 
Phase Extraction on other methods, 

especially on solvent extraction method are: 
1. Better separation and efficiency 
2. Spending less time on synthesis (faster 

technique) 
3. Using less amount of dissolver 
4. Needing less amount of the samples 
5. This method is less expensive in 

comparison with solvent extraction 
The structure of this technique which is a 

physical separation is that a solid phase 
(resin) which has been located in a small 
column has a contact with liquid phase 
including the sample phase as it can be 
observed in Fig. 1.  

Solid phase according to its chemical 
features reacts with the sample and keep 
some of them and emits others from the 
column. Then, the samples have been kept by 
the solid phase are eluted by suitable 
dissolver. 

 
Fig. 1 : The way of doing experiments by solid phase extraction 

 
RESULTS AND DISCUSSION 
The different physical and chemical 

features of resins can affect a lot on REEs 
absorption. So, it is necessary to specify the 
kind of resin. In this research Dowex 5owx8 

( H ) resin with the amount of 100-200 
mesh has been used because every cube of 
resin theoretically has a capacity of 
absorbing 100 kg of Y, Ce and La oxide in 
pH=1.5 but it can absorb 45 to70 kg resin in 
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every cube practically or based on 
cumulative percentage 0.45-0.75 cc8. 

In this research, different amount of 
Dowex 5owx8 ( H ) resin in 0.5cc resin to 
2cc with a fixed condition of 50cc acid 
leaching solution (pH=0.7) for 30 minutes 
contact has been considered. 

The amount of REEs absorption by 
different amounts of Dowex 5owx8 ( H ) 
resin has been shown in Table 1. In fact, 
among the tow stages of absorption and 
eluting, the absorption stage has been 
analyzed because we can not expect any 
result of the eluting process unless rare earth 
elements are absorbed correctly by resin.

Table 1: The amount of REEs absorption by different amounts of Dowex 5owx8 ( H ) resin 

Amount of  
Resin (cc) 

Amount of  
yttrium absorption 

 (ppm) 

Amount of  
Cerium absorption 

 (ppm) 

Amount of  
Lanthanum 
absorption 

 (ppm) 

0.25 110 145 526.4 

0.5 385 232 611 

0.75 400 237 582.8 

1 420 255 592.2 

1.25 400 255 582.8 

1.5 410 261 592.2 

2 415 255.2 592.2 
 

The results shown in Table 1, indicates 
that the different amount of resin Dowex 
5owx8 ( H )   can play a significant role in 
absorbing Y, Ce and La on condition 
however, almost the same condition should 
be provided for the above three elements. 
According to Table 1, this condition is 
provided if the amount of 0.5cc resin Dowex 
5owx8 ( H ) with 50cc solution containing 
500ppm Yttrium, 580ppm Cerium, 940ppm 
lanthanum in the column with features 50 cm 
height and 1 cm diameter containing solid 
phase is eluted by methanol and in the next 
stage the solution inside the column is spilled 
and brought into contact 30 minutes with 

resin. After passing this time, the amount of 
385ppmYtterium, 232ppmCerium and 
611ppm lanthanum remains on the resin. It 
can be observed that increasing the amount 
of resin from 0.5cc to 2cc cannot have any 
increase on the amount of absorbing Yttrium, 
Cerium and lanthanum reaches the minimum 
amount of 0.25 resin.  

In conclusion, the amount of 110ppm 
Yttrium, 145ppm Cerium, 526ppm 
Lanthanum remains on the resin which is not 
sufficient for REEs absorption. So, it can 
reach the suitable condition if it doubles the 
amount of resin from 0.25cc to 0.5cc.
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Fig. 2 : The absorbed percentage amount of Yttrium by Dowex 5owx8 ( H ) resin 

In Fig. 2, amount of resin has been increasing from 0.25cc to0.5cc but when 0.5cc resin 
contacts with solution, it can absorb 0.77 Yttrium .This shows that by increasing the amount 
of resin from 0.5 cc to 2cc, the curve has almost the same fixed amount. 
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Fig. 3 : The absorbed percentage amount of Cerium by Dowex 5owx8 ( H ) resin 

In Fig. 3, the amount of absorbed cerium is little in comparison to Yttrium. This shows 
that if 0.5cc resin has a contact with solution, %40 of it has been absorbed by cerium which is 
less that the absorption of %37 Yttrium. In simple words, the process of absorbing Cerium by 
resin is the same as Yttrium but it shows lower percentage. 
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Fig.4 : The absorbed percentage amount of Lanthanum by Dowex 5owx8 ( H ) resin 

In Fig. 4, the amount of absorbed cerium 
is little in comparison to Yttrium. This shows 
that if 0.5cc resin has a contact with solution, 
%40 of it has been absorbed by cerium 
which is less that the absorption of %37 
Yttrium. In simple words, the process of 
absorbing Cerium by resin is the same as 
Yttrium but it shows lower percentage. 

The amount of absorbed Lanthanum is 
less in comparison to Yttrium but it is more 
than Cerium. This shows that if 0.5cc resin 
has a contact with solution, %65 of it has 
been absorbed by Lanthanum which is less 
that the absorption of %12 Yttrium however, 
absorption percentage it is more in 
comparison to Cerium. But we can say that 
the way of absorbing Lanthanum by resin is 
the same as Yttrium and Cerium. 

CONCLUSION 
The amounts of REEs absorption by 

resin Dowex 5owx8 ( H ) almost equal to 
2cc.it can be concluded that by increasing the 
amount of resin four times then the usual 
amount doesn’t have significant effect on 

absorbing Y, Ce and La. So, because the 
price of resin is more expensive in 
experimental scale in comparison with that 
of industrial scale, we should consider the 
maximum amount of REEs absorption by 
resin in relation to the minimum amount of 
resin. 
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