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Adsorption of Rhenium(l) with D301 Resin
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Abstract: The adsorption properties of D301 resin  (D301R) for Re(V) were investigated. The statically saturated
adsorption capacity is 715 mg-g™ at 298 K in HAc-NaAc medium at pH 2.7. Re(V) adsorbed on D301R can be

eluted by 0.5~5.0 mol-L™" HCI and the elution percentage is as high as 100% in 4.0 mol-L™" HCI solution. The
apparent adsorption rate constant of D301R for Re(l) at the initial stage is kg =7.2x107 s7'. The adsorption

behavior obeys the Freundlich empirical formula. The thermodynamic adsorption parameter, enthalpy change AH

is —4.4 kJ -mol . The molar ratio of the functional group of D30IR to Re(V) is about 1:1. The adsorption

mechanism of D301R for Re(Vl) was examined by using chemical method and IR spectrometry.
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Rhenium is a kind of valuable metal with high
melting point and plays an important role in many fields
such as chemical industry, metallurgy, spaceflight,
national defense and other fields. However, it always
exists in molybdenite rather than individual mineral in
nature. In recent years, rhenium is always in short
supply on the world market. Thus, the recovery of
rhenium from molybdenite and wastewater makes an
interesting task. There are various methods to recover

thenium like precipitation, extraction®” and ion
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B~181 ahout which much

exchange on polymeric materials
attention has been paid to the synthesis, characteriza-
tion and adsorption property due to the advantages such
as high adsorption capacity, easy regeneration and
convenient operation, etc. In some papers, strong base
resin which have a quaternary amine functional group
like IRA400, D296, AV-17, D201x7 and Dowex-1 were
used to concentrate thenium from the aqueous

effectively. Unfortunately, the elution of rhenium from

these ion exchangers are always accomplished with
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thiocyanate or with HCIO, or HNO;. Recently, weak
base resin also displays a good exchange capacity for
rhenium and what’ s more, it is possible to desorb
perrhenate ions with aqueous ammonia. Therefore, the
present paper aims at studying the adsorption behavior
of D301 resin which is a weak base resin containing
a functional group of [N(CHs),] for rhenium(Vl). The
adsorption capacity is good and elution can be achieved
by hydrochloric acid. The basic adsorption parameters
are also determined. The experimental results may
provide a basis for the further studying of concentrating

rhenium in hydrometallurgy.
1 Experimental

1.1 Materials and instruments

D301R: D301 resin  (provided by Nankai
university, activated before use). The aqueous stock
rhenium (V) solution of 1.0 mg -mL~" was obtained by
dissolving 1.000 0 g rhenium powder (99.99%) in 10
mL concentrated hydrochloric acid and by adding 30%
hydrogen peroxide until it was decomposed completely,
and then diluted to 1 L solution. The aqueous stock
molybdenum (V) solution of 1.0 mg-mL™" was prepared
by dissolving 1.840 3 ¢ (NH,)¢M0;0,+4H,0 into 1 L
purified water. Buffer solution with pH 2.7 ~6.0 were
prepared from 1.0 mol - L™ sodium acetate-acetic (NaAc
-HAc), other reagents were of A.R. grade.

UV-2401PC ultraviolet-visible spectrophotometer,
SartoriusPB-20 pH meter, SHZ-B temperature constant
shaking machine, AVATAR330 FTIR, Elemental
Analyzer EA 1110.

1.2 Experimental method
1.2.1  Adsorption equilibrium experiment

A desired amount of treated resin was pre-swollen
in a desired volume of buffer solution for 24 h before
adding a required amount of standard Re () solution
and shaken at constant temperature until adsorption
equilibrium arrived. The concentration of Re(Vl) in the
aqueous phase was determined by the reagent of
NH,SCN at 390 nm'".. The adsorption capacity (Q),
distribution coefficient(D) and separating coefficient(8)
were calculated with the following formulas:

co—co)V

0=""y

2

e

_ D Re
B Re/Mo— D
Mo

where ¢ is initial concentration (mg-mL™), ¢, is
equilibrium concentration (mg-mL™), V is total volume
of solution (mL), W is resin weight (g).
1.2.2  Elution test

According to 1.2.1, the adsorption capacity of the
desired amount resin for Re(Vl) was determined and the
resin separated from aqueous phase was washed three
times with pH 2.7 buffer solution. Then it was shaken

with eluant until equilibrium was reached and the

percentage of elution was obtained.
2 Results and discussion

2.1 Effect of pH on distribution coefficient

The test was carried out according to the above-
mentioned method. The effect of pH on the adsorption
behavior of D301R for Re(V) was shown in Fig.1. The
results demonstrate that the distribution coefficient
decreases with the increase of pH in HAc-NaAc
system. And it is also influenced by buffer system. The
value of 1gD is 4.09 at pH 2.7 in HAc-NaAc system
while it is only 3.15 in HCI-NaAc system. This may be
explained by the fact that Cl~existing in solution comp-
etes against ReO,". At the same time, the experiment of
the adsorption for Mo (V) was conducted individually.
From Fig.1, it can be found out that the distribution
coefficient of Mo(V]) reaches a maximum around pH 4.0
before decreasing gradually. So the separating coeffici-
ent between Re() and Mo (VD) is Brow=6.9 at pH 2.7,
which indicates that Re() and Mo(V) can be separated

4.0

35

3
3.0 o/o/_o 1: Re(Vll) (HAc-NaAc)

2: Mo(VI) (HAc-NaAc)
3: Re(Vl) (HCI-NaAc)

1gD

2.5

2.0 3.0 4.0 5.0 6.0
pH value

Resin 10.0 mg, ¢=7.0/30.0 (mg-mL™"), T=298 K

Fig.1  Effect of pH on distribution coefficient
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to a certain degree. Therefore, all further tests were
conducted at pH 2.7 in HAc-NaAc system.
2.2 Isotherm adsorption curve

10.0, 15.0, 20.0, 25.0, 30.0 mg of the resin were
weighed and put into conical flasks individually. The
other experimental conditions are shown in Fig.2. When
the adsorption equilibrium arrived, equilibrium concen-
tration ¢, (mg-mL™) was determined and its correspon-
ding adsorption capacity Q) (mg-g™) was calculated. The
experimental data are regressed by the Freundlich
equation Q=ac.”, i.e., 120 =(1/b)lgc.+lga, which is the
empirical relationship whereby it is assumed that the
adsorption energy of a metal binding to a site on an
absorbent depends on whether or not the adjacent sites
are already occupied, where b and a are Freundlich
constants. The regression equation at 298 K is IgQ) =
0.151gc.+2.99 with a correlation coefficient 0.995. So, b
is equal to 6.7 and a is 977.2. A value of b between 2
and 10 indicates easy adsorption of D301R for Re ()

from aqueous medium'¥.

-1.9 -1.5 -1.1 -0.7
lge,

=15.0/30.0 (mg-mL™), pH=2.7, T=298 K

Fig.2  Freundlich isotherm curve

2.3 Determination of adsorption rate constant
According to the experimental condition shown as
Fig.3, small samples of clear solution was taken out at
intervals for the determination of residual concentrat-
ion, after the remanent kept constant and volume was
corrected, a series of data was obtained. When the ads-
orption amount is half of that at equilibrium, the requi-
red time is #,,=2.5 h. According to Brykina method™
=In(1-F)=kt
where F=0/(Q., Q,and (). are the adsorption amounts at
certain time and at equilibrium, respectively. The
experimental results are accorded with the equation and
a straight line is obtained by plotting —In(1-F) against ¢
during the first 4 h. Therefore, the adsorption rate

constant calculated from the slope of the straight line is

kaosx=7.2x107 s™" at the initial stage.

600

450

Q/(mg-g™)

150

0 2 4 6 8 10 12
t/h

Resin 10.0 mg, ¢=10.0/50.0 (mg-mL™"), pH=2.7, =298 K

Fig.3 Adsorption capacity  in different adsorption time

1.0}

0.8

0.6

~In(1-F)

0.4

0.2

Resin 10.0 mg, ¢=10.0/50.0 (mg-mL™"), pH=2.7, T=298 K

Fig.4 Determination of adsorption rate constant

2.4 Effect of temperature on distribution
coefficient and determination of
thermodynamic parameter
Under the experimental condition shown in Fig.5,

distribution coefficient of Re(Vl) on the resin during the

range of temperature from 291 K to 318 K was
measured. A straight line was obtained by plotting gD
against 1/T with a correlation coefficient 0.990. The
result obviously indicates that it is unfavorable for the
adsorption with the increase of the temperature,
namely, the adsorption ability of the resin weakens as
the temperature of the solution rises. According to

lgD=—AH/(2.30R T)+constant

AH can be calculated to be —4.4 kJ-mol™ from the
slope of the line. The negative value of AH indicates

the exothermic nature of the process™.
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Fig.5 Effect of temperature on distribution coefficient

2.5 Effect of anion on the adsorption of D301R
for Re(

The effect of anion on the adsorption of D301R
for Re(Vl) was conducted by adding different amount of
NH,Cl, NH,NO; and (NH,),SO, to the solution. The
results shown in Fig.6 illustrates that the adsorption
capacity drops with the increase of the anion of
the solution (i.e., the increase of NH,Cl, NH,NO; and
(NH,),S04 concentration) and the order of different
anion on the adsorption for Re(Vl) is NO;>CI>S0,*.

¢/ (mol+ L)
Resin 10.0 mg, ¢=5.0/30.0 (mg-mL™"), pH=2.7, =298 K

Fig.6 Effect of anion on the adsorption of D301 for Re(\)

2.6 Determination of the molar ratio
2.6.1 Saturated method

Under the experimental condition of 7'=298 K,
¢=10.0/30.0 (mg-mL™), the experiment was performed
by using the above-mentioned method. The adsorption
capacity of the resin for Re(Vl) is 715 mg g™ resin. The
amount of functional group and the capacity of the resin
for Re(Vl) are calculated in Table 1, which indicates that
the molar ratio of the functional group to Re () is

approximately 1:1.

Table 1 Molar ratio of D301R functional group to Re()

Functional group capacity of D301R /
(mmol FG-g™)

Adsorption capacity of D30IR /
(mmol Re(Vll)-g™)

Molar ratio FG/Re(Wl)

4.05

2.6.2 Equimolar method

Six parts of different amount of resin were
accurately weighed and added into the conical flasks,
then mixed with different amount of Re(l). The total
amount of D301R and Re (V) was kept at 120.0 pmol
whatever the molar ratio may be. That was carried out
with the same method mentioned before. The adsorption

amount vs cReo;/(c ReO); +cmor) yields a curve shown in

Fig.7. The expected adsorption amount reaches the
maximum as the molar fraction of Re(Wl) is 0.49 shown
on the abscissa. It means that the molar ratio of
functional group to Re () is about 1:1, which is in
agreement with the conclusion of the saturated method.
2.6.3  Analysis of infrared spectra

In order to examine the mechanism of the

adsorption, we compared the spectra of the resin before
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7=298 K, pH=2.7
Fig.7 Equimolar series method

and after Re(Vll) adsorbed. It is easy to discover that the
new peak 940.8 cm ™ and 902.5 cm ™' which are the
characteristic adsorption peaks of the bond Re-O"”" has
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formed, while there is little change on the other
adsorption peaks. It means that ReO,” might be adsor-
bed by ion exchange mechanism under the present
experimental condition.
2.7 Elution and regeneration of resin

When HCI is used as an eluant, the percentages of
elution varies from 0.5 mol -L™" to 5.0 mol - L. HCI and

reaches 100% in 4.0 mol - L." HCI solution as listed in
Table 2. So, Re () adsorbed on the resin can be
recovered quantitatively. In order to examine the
practical value of HCI as an eluant, the elution rate of
4.0 mol - L™ HCI was determined and the results showed
that t,," was equal to 5 minutes, which was the time

required to reach 50% of elution.

Table 2 Elution test of Re()

Adsorption capacity of D301R /

Concentration of HCI / (mol - L)

(mg Re(M/10.0 mg)

Elution amount / mg Elution percentage / %

0.5 7.15
1.0 7.15
2.0 7.13
3.0 7.16
4.0 7.17
5.0 7.14

5.35 74.8
5.74 80.3
6.13 85.9
6.61 92.3
7.17 100.0
6.91 96.8

Three tests of regeneration were also carried out
and showed no change in the adsorption capacity of
D301R, which therefore allows the resin to be

regenerated and reused effectively.
3 Conclusion

(1) Rhenium(l) can be optimally adsorbed on
D301R in the HAc-NaAc system at pH 2.7. The
statically saturated adsorption capacity is 715 mg -g™
resin at 298 K. The Re(\) adsorbed on D301R can be
eluted by using 4.0 mol -L." HCI quantitatively. The
resin can be regenerated and reused without apparent
decrease in adsorption capacity.

(2) Under the experimental conditions, the
apparent adsorption rate constant at the initial stage is
ka0s k=7.2%107° s7'. The adsorption behavior of D301R
for Re(Vl) obeys the Freundlich empirical formula. The
thermodynamic adsorption parameter is AH=-4.4 k] -
mol . The adsorption mechanism of D301R for Re ()
was examined by using chemical method and IR

spectrometry.
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