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Abstract: The synergistic extraction of Re(\Vl) from hydrochloric media by

mixtures of tri-alkylamine (N235) and tri-n-butylphosphate (TBP) is studied.

The mixtures have higher synergistic effects on Re(V[) than that on Mo( V),

and the maximal synergistic factors of the mixture for Re(V[) and Mo( V) are
4.71 and 2. 16 at a concentration ratio of N235 to TBP of 1 to 9. Re(Vl) is
extracted as (R;NH"™ Cl ), + HReO, * B at pH =1, whereas Re () is
extracted as (R;NH"™ ClI" ) « HReO, ¢« B by the mixtures at the acidity of

3mol+ L7", instead of R;NH™ ReO;

by N235 alone. Furthermore, the

possibility of separating rhenium and molybdenum ions by the mixtures

according to the synergistic effects and extraction ability are proved.
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0 Introduction

Rhenium is mainly found in pegmatites,
rocks altered by pneumatolysis, and especially in
molybdenites associated with copper recovered
through roasting or direct reduction of the

]

concentratest’”. Among the recovery methods of

rhenium, extraction is a widely studied

method"*. The main source of rhenium is the
processing of flue-dust collected during the
molybdenite  roasting operation, so the
separation of rhenium from molybdenum in
aqueous solution is difficult because of their
similar chemical behavior, which has always
been a problem in hydrometallurgy™™. It is
important to explore some new extraction
systems or separation methods superior to the

current extraction process which has been widely
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applied to recovery of rhenium ®!,

Synergistic effect, as a universal phenomenon
studied

in solvent extraction, has been

918 In particular, the advantages of

extensively"
Re( V) extraction by a synergistic mixture of
tertiary amine and tributylphosphate have been
examined'™. Although amines or quaternary
ammonium salts are common reagents used to
extract and separate Re (W[) and Mo ( V[) in
practice, it is widely recognized that their
mutual separation needs to be improved. So it is
important to investigate new systems involving
tertiary amine as an extractant to extract

Re(\]l),

reagents as synergists, with a view toward

using  neutral organophosphorus

developing new systems to separate Re(V[) and
Mo V[ )

antagonistic effects. In the present work, the

according to the synergistic or
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extraction of Re(V[) from Mo(V[) by mixtures TBP is a neutral organophosphorus

of tri-alkylamine (N235, abbreviated as R;N)
and tri-n-butylphosphate (TBP, abbreviated as
B) will be studied.

1 Experiments

1.1 Reagents

Tri-alkylamine (N235, R;N, R = C;-Cy,)
was kindly supplied by Shanghai Institute of
Organic Chemical. Tri-n-butylphosphate (TBP)
was kindly supplied by Tianjin Chemical Reagent
No. 1 Plant. All the reagents were used without
further purification. NH,ReO, (99.9%) and
(NH,)sMo; Oy + 4H, 0O (99. 9%) were used to
prepare rhenium and molybdenum stock
solutions.
1.2 Procedure

N235 was pre-equilibrated with the same
volume of 3 mol/LL HCI solution in the absence
of the metal ions, and then was separated and
washed with distilled water until neutral pH for
the following experiment. For the equilibrium
experiments, equal volumes of aqueous phase
(5 mL) and organic phase (5 mL) were mixed
and shaken for 30 min at (298 &= 1) K, which
were sufficient for equilibrium attainment. After

phase separation, the concentration of Re (V[)

and Mo ( V[ ) in the aqueous phase was

determined by 7230 Model Grating
Spectrophotometer and PEAA 700 Atomic
Absorption spectrophotometer, respectively.

The concentration of metal ions in the organic
phase was determined by mass balance analysis.
The distribution ratio D was taken as the ratio of
the concentration of metal ion in the organic

phase to that in the aqueous phase.
2 Results and discussion

2.1 Extraction of Re( V[ ) with N235 or TBP
The extraction of Re(V[) with N235 from
(H, NH,) Cl solutions has been reported
]

earlier™®. The extraction mechanism of Re( V)

using N235 is shown as

R;NH" Cl” +ReO; <> Ry;NH ReO; +CI™ (1)

extractant. At these experimental conditions,
the result shows that the extraction effect of
Re(V[) with TBP alone is negligibly small.
Although the

hydrochloric acid media has been reported in

extraction of rhenium in
some references '*"*', TBP alone is not able to
extract rhenium due to low concentration of
hydrochloric acid at experimental conditions of
this paper. Thus, the value of Dqy at these
experimental conditions is regarded as 0.
2.2 Synergistic effect of Re( V[ ) and Mo ( V)
with the mixtures of N235 and TBP

Fig. 1 shows the extraction of Re( V) or
Mo( V) from chloride media with the mixtures
of N235 and TBP in heptane, where ;s
represents molar fraction of N235 in the
solution, and g represents ionic strength of
solution. The synergistic enhancement factors,
7= Dygssrop/ (Dxgss +Drpp) 5 are listed in Tab. 1.
The value of r indicates that the extraction has
synergistic effect (#>>1) and antagonistic effect
(r<<1). It is obvious that it shows more evident
synergistic effect on the extraction of Re ( V[)
than that of Mo( V) with the mixtures of N235
and TBP when cys; = 0. 010-0. 025 mol/L.

Moreover, at concentration ratio of N235 to

TBP of 1 to 9, the maximal synergistic
80
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Fig.1 Extraction of metal ions by N235 alone or
mixtures of N235 and TBP from Re(V[) or
Mo( V1) solution (¢(H") = 0.1 mol/L, p=
0.1 mol/L)
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Tab.1 Synergistic enhancement factors of Re(V[) and

Mo( V[) with the mixtures of N235 and TBP

exzss/(mol « L™ cppp/(mol « L™1) rRe Mo
0 0. 100 1. 00 1. 00
0.010 0. 090 4.71 2.16
0.020 0. 080 4.01 1.94
0.025 0.075 2.95 1. 86
0. 060 0. 040 1. 20 1.45
0. 080 0.020 0.93 1.08
0. 100 0 1. 00 1. 00

enhancement factor could be obtained as 4. 71 {or
Re(VI) and 2. 16 for Mo(Vl). This phenomenon
of synergistic effect can be explained as that TBP
is a nucleophilic (protic) reagent, which solvates
an amine salt cation thus enhances its extracting
ability 17,
2.3 Extraction mechanism of Re ( [ ) with
mixtures of N235 and TBP

Firstly, the effects of concentration of Cl™
on the extraction of Re(V[) by the mixtures have
been studied. It is found that they are
independent of each other, which means the

of CIT do not

synergistic extraction reaction™*’.

participate in the
Thus, the

synergistic extraction equation of Re (V[) with

species

the mixtures of N235 and TBP is expressed as
aR;NH" Cl" +b6B+ HReO, <
(R;NH" Cl ), « HReO, * B, (2
where a and b represent unknown coefficients,
then the distribution ratio ( Dysssrep ) of the
synergistic extraction system should be
log Dyossrop =log K +alog ¢(R;NH™' Cl,,) +
blog ¢(B¢,)) 3)
To examine the composition of extracted
complexes in the N235 and TBP system, the
distribution ratio Dyssmpp 1s determined at a
fixed concentration of N235 or TBP. Plots of
log Dxpssrup versus log ¢(R;NH T Clg,,) at a fixed
concentration of TBP give straight lines with
slopes of about 2. 0 at pH =1 and 1. 0 at
c(H")=3. 0 mol/L , whereas the slopes for
c(B,,) at a fixed

concentration of N235 are both about 1. 0 at the

log Dyess e versus  log

different acid concentrations, as shown in

Fig. 2(a) and (b). It is inferred that the
mechanism of extraction reaction is that the
number of TBP participating in extraction
reaction is more at high acidity (¢ (H7) =13.0
mol/L), while the number of TBP participating
in extraction reaction is less at low acidity (pH
=1), so more N235 can be bound with ReO; .
The synergistic extraction reaction can be
described by Egs. (4) and (5), respectively.

2R;NH" CI” +B-+ReO; <

(R;NH"Cl" ), « HReO, + B D
R;NH" Cl” +B+HReO, <
(R;NH"Cl7) « HReO, * B (5

Re( V) is extracted as (R;NH™ Cl7), -
HReO, * B at pH = 1, whereas Re (V[ ) is
extracted as (R;NH™ Cl7) »« HReO, * B by the
mixtures at ¢ (H" ) = 3. 0 mol/L, instead of
R;NH'" ReO;, by N235 alone. The chemical

structural formulas are as follows:

Rer

AR H-Cl
R—\%;H o, O--H k OQR//O-"
R/ N Cl r P, e\OH--- _ _OR
R 0 LOR — 0 P\OR

Cl-H--0 OH---0=P R—NH”
Sor RO
¢(H*)=3 mol/L pH=1

« y=1.840x+4.06(pH=1)
A& Z%7=0.997 7

;

8 O F%=0.989 8
§ e5=0.890, 2x+1.611 1(c(H")=3.0 mol/L),
3.
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Fig.2 Relationship  between

Dxossroe and equilibrium concentration of TBP

and N235 (c(Re(V[)) = 5X 107" mol/L)

2.4 Separation of Re( V) and Mo ( V[ ) with
mixtures of N235 and TBP

The separation factor (Buor.)» as one of the
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the

separation abilities, is the distribution ratio of

most common parameters of evaluating
two metals measured under the same condition.
Hence, the Bu,r. can be defined as Dy,/Dk..
The separation factors Bz Obtained at different
concentration ratios of N235 and TBP are given
in Tab. 2. It demonstrates that the separation
factors (Buo/re) are really high at the range of the
concentration ratio of N235 and TBP in the

1 tol: 1.5 at pH 2, and

mixtures from 1 :

higher than that in N235 alone system (21.11).
When the concentration ratio of N235 and TBP
in the mixtures is 1 # 1, it is clear that the
mixtures have effective separation ability for
rhenium and molybdenum (fy,r. = 45. 44) and
also higher extraction ability for them (Dg. =
5.62, Dy,=255.20). It means that Re(V[) and
Mo (VI ) can be extracted and separated if a

proper ratio of the two extractants is used.

Tab. 2 Separation factors Suore by using mixtures of N235 and TBP (c(Re(V[))=5X10"" mol/L,

c(Mo(V[))=5X10""*

mol/L, #=0.1 mol/L, ¢(N235)+c(TBP)=0. 2 mol/L)

Acid concentration n(N235) : n(TBP)=1:0

n(N235) + n(TBP)=1:1

n(N235) + n(TBP)=1: 1.5

of aqueous phase Dge Do BMo/Re Dge Do PMo/Re Dge Do BMo/Re
pH=10 5.45 0 0 1.43 1. 36 0.95 0.59 0.48 0. 82
pH =5 14. 11 1. 00 0.07 2.33 0. 90 0. 39 1.27 0. 81 0. 64
pH =2 13. 38 282. 44 21. 11 5.62 255. 20 45. 44 3.16 141. 33 44,67
pH=1 1.98 33.00 16.67 2.78 21.67 7.79 12.13 16. 49 1. 36
3 mol/L 0.81 0.01 0.02 0. 83 0 0 0. 82 0.02 0.03
Acid concentration n(N235) : n(TBP)=1: 14 n(N235) : n(TBP)=1: 9 n(N235) : n(TBP)=1: 19
of aqueous phase Dre Dwo BMo/Re Dre Do Bro/Re Drge Do Bvio/Re
pH=10 0.14 0.09 0. 66 0. 10 0. 06 0.61 0.01 0.02 1.91
pH =5 0.23 0. 69 2.97 0.11 0. 69 6. 10 0.13 0.67 5. 24
pH =2 0.67 6. 54 9.75 0. 37 3. 36 9.05 0.12 2.66 22.24
pH=1 8.63 6.16 0.71 22.48 3.65 0.16 1.61 2.69 1. 67
3 mol/L 0.58 0 0.01 0.52 0 0 0. 25 0.07 0.27
3  Conclusions extract molybdenum and rhenium, respectively.

Mixtures of tri-alkylamine (N235) and tri-
( TBP ) exhibit
synergistic effects when they are used to extract

Re(V[) from Mo (VI) in chloride media. The

stoichiometries of the extracted complexes with

n-butylphosphate evident

the synergistic mixtures have been determined
by numerical methods to be (R;NH™ Cl™ ), -
HReO, » B at pH =1 and (R,NH" Cl” ) -
HReO, « B at ¢(H")=3.0 mol/L, respectively.
It
Re(VI) from Mo(V[) at the concentration ratio
of N235 and TBP in the mixtures from 1 : 1 to

is feasible and advantageous to separate

1: 1.5 at pH 2 because of large enough Buo/re »
and then to extract Re(V[) at concentration ratio
of N235 to TBP of 1 to 9 due to large synergistic
enhancement factor r(4.71). The N235-TBP

synergistic extraction system can effectively
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