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ABSTRACT 

An amidoxime fibrous adsorbent is contacted with uranium-enriched seawater 
(10 ppm); about 10 mg uranium is loaded per 1 g dry fiber. Then the rate and yield 
of uranium desorption from the fiber are determined with various eluents. Acid 
solutions are superior to alkali carbonate solutions as eluents. With a 0.1 mo1.L-I 
HCI solution. desorption is completed in 2 hours regardless of the presence of 
uranium in the leaching solution up to 15 ppm (=6 x mo1.L-'). Serial opera- 
tion of the adsorption-desorption cycle four times does not affect desorption efti- 
ciency, but the addition of heavy metal ions to the eluent at a level of 1.8 x 
mo1.L- significantly decreases desorption efficiency. 

INTRODUCTION 

The recovery of uranium from seawater has been tested with various 
adsorbents (1, 2). Fibrous adsorbents are superior to granular ones be- 
cause of their higher adsorption rate and a lower probability of entrainment 
from the adsorption unit. Amidoxime adsorbents prepared with commer- 
cial poly(acry1onitrile) fiber are especially promising and can collect ura- 
nium from seawater up to 1-10 g uranium per kg dry fiber (3-10). This 
concentration is of the same order of magnitude as that in lean uranium 
ores. The process of uranium desorption from seawater has the merit 
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that it produces much less waste than does ore processing. The uranium- 
enriched eluate can be treated by conventional separation systems. 

On the other hand, feasibility testing of uranium desorption from ami- 
doxime adsorbent is still insufficient. The desorption rate increases with 
increasing eluent acidity (1 1). Hirotsu et al. (12) investigated the separative 
elution of uranium from amidoxime polymer beads packed in a column 
and found that the uranium concentration in the eluate was increased by 
the step elution method, changing the HCI concentration from 0.1 to 1.0 
mo1.L-I. However, the lower the acid concentration, the smaller the dam- 
age to the fiber. Changes in adsorption rate and fiber strength after con- 
tacting fiber with eluent in the desorption step should be evaluated from 
the viewpoint of fiber durability. There must be an optimum eluent acidity. 
Furthermore, metal ions coadsorbed with uranium affect the desorption 
yield. 

In the present study, the rate and yield of uranium desorption from 
amidoxime fiber adsorbent are determined with various eluents. Repeti- 
tive tests of adsorption and desorption are carried out. The effects of the 
types of eluent and the concentrations of uranium and other metal ions 
in the eluent on the desorption efficiency are also examined. 

EXPERIMENTAL 

Materials 

A commercial poly(acrylonitri1e) bicomponent fiber of 6 denier was ob- 
tained from Mitsubishi Rayon Co. The fiber was composed of a part 
blended with 5.8 wt% methyl acrylate and 0.4 wt% sodium methallylsulfo- 
nate and a part blended with 1.2 wt% sodium methallylsulfonate. The 
cross section of the solid-shaped dry fiber is shown in Fig. 1. The fiber 
was treated in a 1.5 wt% methanolic solution of NH20H at 353 K for 9 
hours, then modified in a 0.1 mol-L-' NaOH solution at 353 K for 45 
minutes. Details of the treatment and the properties of the fiber prepared 

2 7 p m 4  

FIG. 1 Cross-sectional shape of dry fiber. 
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DESORPTION OF URANIUM 2231 

are described in previous papers (9, 10). Adsorption sites (mostly the 
amidoxime group) were homogeneously formed in the fiber (9). The intrin- 
sic adsorption rate of uranium in seawater, excluding the liquid-solid mass 
transfer resistance, was about 300 mg/kg dry fiber per day. 

Adsorption 

The potassium salt of uranyl tricarbonate [K4U02(COs)3 .2Hz0] was 
dissolved in seawater at a uranium concentration of 10 ppm. Uranium- 
loaded fibers for the desorption experiment were prepared by agitating 
the amidoxime fiber in the uranium-enriched solution for 24 hours. The 
amount of uranium adsorbed was determined from the difference in ura- 
nium concentration measured by ICP spectroscopy before and after ad- 
sorption. The uranium adsorbed was about 10 g/kg dry fiber throughout 
the present study. 

Desorption 

Hydrochloric acid (0.01-1 mol.L-'), nitric acid (0.01-0.5 mol-L-'), 
sulfuric acid (0.1 mol.L-'), sodium carbonate (0.5-2 mol.L-'), and so- 
dium hydrogen carbonate (0.5 mo1.L-I) solutions were used as the 
eluents. To check the effect of uranium dissolved in the eluent on the 
desorption rate, the initial uranium concentration was varied between 0 
and 15 ppm in a 0.1 mol.L-' HCI solution. The effect of foreign ions, 
Mg(II), Ca(II), Fe(III), Cu(II), and Zn(II), was also evaluated. The species 
were chosen on the basis of the results of Hirotsu et al. (12), who reported 
the major adsorbates of an amidoxime adsorbent from seawater. 

Uranium-loaded amidoxime fiber (0.05 g) was mixed in 50 mL eluent, 
and the mixture was shaken at 303 K. After 500-fold dilution, the uranium 
concentration was determined by ICP mass spectroscopy. The desorption 
yield is defined as 

( 1 )  
amounts of U desorbed into eluent 

amounts of U loaded on fiber Desorption yield = 

RESULTS AND DISCUSSION 

Figure 2 shows the evolution of desorption yield with different leaching 
solutions. The rates of desorption by mineral acid solutions were faster 
than those by carbonate and hydrogen carbonate solutions. After 6 hours 
of leaching, desorption was completed for the 0.05 mol-L-' HCI solution. 
The desorption yields for 0.5 mo1.L-I Na2C03 and NaHC03 after 10 
hours of leaching were only 60 and 45%, respectively. Since a uranyl ion 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
2
1
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



2232 GOT0 ET AL. 

t 
0 0  

0 100 200 300 400 500 600 700 f 
Time [min] 

10 

FIG. 2 HC1, (A) 0.05 
mol.L-' HNOt, (m) 0.05 rno1.L- ' H2S04, (0) 0.5 rno1.L-I Na2C03, (A) 0.5 rno1.L-I 

NaHCO3. 

Effect of leaching solution on desorption yield: (0) 0.05 rno1.L 

forms a stable complex with three carbonate ions (13), a concentrated 
carbonate salt solution is an eluent candidate. Even when the concentra- 
tion of NazCOs was increased to 2 mol-L- ', the desorption yield remained 
unchanged at a low level. 
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FIG. 3 Effect of HCI concentration on desorption yield: (0) 0.01 rno1.L-l HCI, (A) 0.05 
rnol.L-', (0) 0 .1  rnobL-', (0) 0.2 rno1.L-l. 
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Figure 3 reveals the effect of HCl concentration on desorption yield. 
The desorption rate was accelerated by increasing the acid concentration, 
and complete desorption was achieved within 30 minutes with a 0.5 
mol.L-' HC1 solution. Hirotsu et al. (12) studied the elution of uranium 
from an amidoxime polymer with a hydrochloric acid solution, and they 
showed that UOz+ begins to elute at pH 2-3. As shown in Fig. 3,  the 
desorption yield was equilibrated at about 5% in the 0.01 mol.L-' HCl 
solution, which agrees with their result. 

A high uranium concentration in an eluate is desirable for the down- 
stream separation process, and it can be attained by repeating the desorp- 
tion with the same solution. Figure 4 shows the desorption yield with 
0.1 mo1.L-I HC1 solutions containing different amounts of uranium. The 
desorption rate was independent of the initial uranium concentration up 
to 15 ppm in the eluent, and the yield reached 100% after 120 minutes. 
This concentration is more than that in the eluent from uranium ores, and 
it is easily enriched by conventional methods. 

The adsorption-desorption cycle was carried out four times with the 
same solution and the reloaded fiber. Each desorption period was 120 
minutes. As indicated in Fig. 5 ,  the desorption yield after each cycle was 
virtually 100%. The adsorption capacity of the amidoxime fiber was at 
the same level for each cycle. Thus, the undamaged fiber could be reused 
after each repetition. 

Table 1 indicates the desorption yield by the eluents containing metal 
ions as well as uranium (10 ppm) in the 0.1 mo1.L- HCl solution. Eluent 
2 simulates the composition of the corresponding species in seawater. The 
results with two paired eluents, 1 and 2, 3 and 4, show that no significant 
change in desorption yield is caused by the addition of a large quantity 
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FIG. 4 Effect of initial uranium concentration in 0.1 mo1.L - '  HC1 solution on desorption 
yield: (0) 0 pprn, (M) 5 ppm, (A) 10 ppm, (*) 15 ppm. 
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0 1 2 3 4 
Number of cycles (-1 

FIG. 5 Change in desorption yield by number of cycles: (0) initial uranium concentration 
= 0 ppm, (W 5 ppm, (A) 10 ppm, (+) 15 ppm. 

TABLE 1 
Desorption Yield by Eluents Containing Metal Ions 

~~~ ~~~~ 

Eluent 1 Eluent 2 Eluent 3 Eluent 4 

Metal ion concentration in 0.1 rno1.L-l HCl solution: 
Fe(II1) 4.7 x 10-4 4.7 x 10-4 9.3 x 10-4 9.3 x 10-4 
Zn(I1) 3.6 x 10-4 3.6 x 1 0 - 4  7.2 x 10-4 7.2 x 10-4 
Cu(I1) 6.8 X lo-' 6.8 x 1.4 x 10-4 1 .4  x 10-4 
Mg(II) - 5.6 X lo-' - 1 . 1  x lo- '  
Ca(I1) - 3.4 x 1 0 - 2  - 6.8 x lo-* 

Desorption yield after 120 minutes (%) 
87.6 90.2 64.4 68.0 

of magnesium and calcium ions. When the total concentration of such 
heavy metal ions as Fe(III), Zn(II), and Cu(I1) was doubled to 1.8 x 
mol-L- ' (Eluents 2 and 4), however, the desorption yield after 120 minutes 
fell to 64-68%. When the acid concentration was increased from 0.1 to 1 
mo1.L-l at the same metal ion concentration, the desorption yield was 
improved to -90% in spite of the presence of heavy metal ions. 

CONCLUSION 

The desorption of uranium ion from amidoxime fiber adsorbent was 
studied with various eluents. Hydrochloric acid was superior to Na2C0, 
and NaHC03 solutions. After 2 hours of leaching in a 0.1 mol .L-~ '  HCl 
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DESORPTION OF URANIUM 2235 

solution containing 0-15 ppm uranium. desorption was virtually com- 
pleted. Serial operation (four cycles) resulted in no reduction of the de- 
sorption yield. The effect of heavy metal ions on elution was significant 
when a 0.1 mol-L-' HC1 solution was used. 
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