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ABSTRACT

Separation of Re and Mo by adsorption ol active carbon has been studied. The results show that Re and

Mo can be separated effectively by adjusting the pH value. As pH > 8.2, the coellicient ol separation 5, Mo

3.042. The adsorption isotherm lor Re contorms to the Freundlich formula.
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1 INTRODUCTION

Adsorption of active carbon has been wi-
dely used in industry and other ftields. The adsor-
ption by active carbon of Re has also been re-
poried abroad" V. Because active carbon has a
fluffy structure. a great surface area and a
strong adsorption ability. 1t does not contami-
nate the environment as solven( extraction for
separating Re and Mo does. and the cost 1s ch-
eaper and the separation efficiency higher com-
pared with ion-exchange methods. Therefore
the separation of Re and Mo by adsorption of
active carbon was studied 1n this project.

2 EXPERIMENTAL

A spectrophotometer 721. accurate pH
meter PHS—2C and super thermostat LB&OI
were used. The granularities of two kinds of
active carbon (analytically pure) were 0.8~ 1.4
mm and 1.4~ 1.8 mm respectively. The purity
of ammonium perrhenate was 99.99%. and of
rhenium powder 99.99%. and the ammonium
molybdenate was analytically pure. The static-
adsorption solution containing 0.1 wt—% Re
was made of either NH;ReO, or {NH ).MoO,.
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The pH values were adjusted by agquecus am-
monia or sulphuricacid.

The contents of Re and Mo were analvzed
by Thiourea and EDTAMrespeciively. The amo-
unt of Re adsorbed. the absorpuon rate. the
distribution ratio and the separation coetfici-
ent were determined by a static adsorption me-
thod. 2 gram of active carbon was put 1o a
100 mL conical bottle and then 25 mL adsorp-
tion solution was added. Each experiment was
carried out at 25C and lasted for 40 h. In or-
der to determine the influences of temperature
and granularity of the uctive carbon on adsorp-
tion rate. the conical bottle was declinelyv set on
the water surface of a thermostat and it was ro-
tated at intervals.

Alfter experimenting. the amount of Re
adsorbed (¢). the absorption rate (h). the dis-
tribution ratio( D) and the separation coeffi-
cient (Sy. ..} were calculated respectively by
nsing equations (1)~ (2). The results were list-
ed in Table | and Table 2.

a={[Rel,~[Re]) 1" i’ (1
h= {IRe],~[Re]5) . [Re],| Y {2)
Dy, = URe)~[Relyi . ([Re]. 1) (3)
Ske Mo = Dre 7 Dy (4)
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where [Re]l,— concentration of Re in solu-
tion before adsorption:

[ Re] ,— concentration of Re in solu-
tion after adsorption;

J’— volume of solution;

W— weight of active carbon
3 DISCUSSIONS

3.1 Adsorption Amount of Re at Constant
Temperature

As shown in Fig. 1. the adsorption amou-
nts, lg @ have a linear relation to the equilibri-
um concentration of Re, 1g ¢. It conforms to
the Freundlich formula of adsorption isother-
ms, lg a=0.69+0.8 - lgc(where c is equivalent
to [Re)],, and ¢=0.005~0.017,6 mol / L).

In the process of production. higher Re
concentrations make for efficient uses of active
carbon.

Table 1 Adsorption amounts of Re (25T, pH = 10)

[Re), mg-mL™ 1 hl 3 Kl 3 0
[Rel. mol L 00016 00050 0008 D012 00141 00170
JefRe]. “OAG =23y S209 —1wa I &85 175
« mmol g G047 0072 0101 0128 016y 0 ]R3

lg 133 —1 14 S0 —uXe 0¥ -0 74

Table 2 Tufluence of acidity (pH) on separation
of Mo and Re (25 C)

[Rel, iMo]. Ho "
pH - . T D Dy SR we
mg ml o omg - mlL Rc Mn

20 0026 172 a6 el 3529 63 % 54
42 036 479 92 6 553 1571 156 101
52 05y s 93 922 44 8 I4x 5 1] 47
82 0030 1 6y 6 1 a7 ang 2 Ol 30420
DAY 0 053 1078 Q30 =000l Iee 7

o U U9s IR ®Y S 113 87 =

10,6 0 12% 09a 832 —OOIK 617

3.2 Influence of Temperature on Adsorption
Rate (?f Re

As shown in Table 3. the adsorption rate
(b) decreases gradually with increasing (empe-
rature (7). This proves that adsorption by acti-
ve carbon of Re may be a physical process. In
production, it is beneficial to decrease the tem-

perature for raising the adsorption rate and in-
creasing the efficiency of active carbon.
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Fig. 1 Adsorption isotherm of Re at constant(7)

Table 3 The influence of 7 on b
No | 2 3 4 5 6

T/C 20.0 30.0 40.0 50.0 60.0 700
[Rel,/ mg - mL™ 0.15 0.17 0.19 020 021 0.23
b/ % 72.0 685 648 63.0 61.1 574

3.3 Influences of Gramwlarity of Active Car-
born and Mo on Adsorption Rate of Re

The exterior surface of active carbon is
not regular, and its fluffy inner structure is not
uniform. In the cases of different granularities.
the same weights of active carbon do not have
the same adsorption surface. and so different
adsorption rates as well. As shown in Table 4.
when the granularity of carbon different the
adsorption rate (b) may be different. in spite of
the temperature. time and acidity being held
constant and the small granularity of active
carbon (0.8~ 1.4 mm) has a higher adsorption
rate than that of the large one (0.4~ 1.8 mm).

It can be also seen from Table 4 that the

Table 4 The adsorption rates of Re under different

granularities of carbon concentration of Mo

dia. 0.8~1.4 dia. 1.4~ 1.8
Time / min N Oy, =11 _
Cro =0 mg/ mL G =0
20 53.5 67.7 45.8
30 56.5 73.1 55.1
40 59.0 552

74.6
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presence of Mo increases the adsorption of Re.
The reason may be that the interaction betw-
een NH,ReO, and (NH,)-Mo0O, increases the
activity of NH,ReO,.

3.4 The Influence of Acidity on the Separa-
tion of Mo and Re

If the acidity is adjusted by aqueous am-
monia or sulphuricacid. the moleculae struc-
ture of NH,ReQ, in the solution consisting of
NH,ReO, and (NH,),MoO, does not change.
Thus, the adsorption efficiency tor Re changes
slightly. As shown in Table 2. whether the so-
lution is acidic (pH=2.0~ 5.2) or basic (pH=
8.2~ 10.6). the adsorption rates for Re are hi-
gher than 80%. Ammonium molvbdenate exi-
sts as large moleculae of (NH,;),Mo0-0-,. and
as the acidity of the solution varies greatly. its
molecular siructure also changes. Under acidic
conditions. formation of (NH ) Mo,0,, does
not change'®. In changing the acidity of the so-
lution. it was found that solutions containing Mo
consumed much more aqueous amimonia than
did those without molybdenum. proving that
NH,OH and (NH,};,Mo,0., become (NH,-MoO,.
According to the theory of molecular structure.
the larger the molecule. the more electrons it
contains. the greater it deforms and the easier it
can be adsorbed' " . Thus. under basic condi-
tions (pH=28.2~ 10.6). molybdenum was only
slightly adsorbed (below 0.7%). If the pH value
was 2.0~ 5.2, molybdenum was strongly adsor-
bed (44.8~ 84.0%).

It 1s also found from Table 2 that the sepa-
ration coefficient between Re and Mo is above
3,000 when the pH value is equal to 8.2. This is
much higher than the separation coefticient ob-
tained by the the ion-exchange method"”. When
the pH value is above 9. the adsorption for Mo
takes on a negative value. This is very useful for
the separation of Re and Mo.

In order to prove the above point. a leach
solution of roasted molybdenite ash with pH 9

~ 10 was used to separate Re and Mo by the
adsorption of active carbon. The original solu-
tion and the solution passing through the ac-
tive carbon were both analyzed. However it was
found that the concentration of Mo did not
change at all. That means Mo was not adsor-
bed from the leach solution. As a matter of fa-
¢l. the substance adsorbed by active carbon was
verified by X-ray analysis to be NH;ReO,. and
Mo was not found by spectrum analysis in
crystallized NH,ReO, either.

4 CONCLUSIONS

(1) Active carbon can effectively adsorb
Re and separate Re from Mo. The adserption
rate for Re can reach 96.1%. Sg. . > 3-000:

(2} At 25C . pH=10. the adsorption iso-
therm of active carbon for Re confirms to the
Freundlich formula: Ig ¢ =0.69+0.8 - 1g «:

(3) The adsorption rate for Re decreased
from 72% to 57.4% when temperature increas-
ed from 20C to 70C . This shows that adsorp-
tion at normal temperature is suitable:

(4) The adsorption rate of smaller granu-
larity (0.8~ 1.4 mm) s higher than that for a
bigger one (1.4~ 1.8 mm):

(5) Having Mo preseni in the adsorption
solution, the adsorption rate of Re increases
about 15%.
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