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Abstract — Effective extraction and separation of molybdenum, phosphorus and arsenic from aqueous and
leaching solutions of meolybdenum residues was studied using low concentration of primary smine and
tributylphosphate as solvents at the optimum acidity of pH §—7. The loaded organic phase was stripped with
NaOH solution with high O/A phase ratios, and the resultant aquecus selution containing high content of
molybdenum, phosphorus and arsenic was acidified and sodium salts of 12 - molybdophosphate or 12 - molyb-
doarsenate can be obtained. The extraction mechanism was investigated using chemical analysis, UV and IR
spectra as well as molar conductance determination, It was found that molybdenem, phesphorus and arsenic
was extracted into organic phase as 5 - molybdodiphosphoric acid and 6 - molybdodiarsenic acid by solvation
mechanism with the formation of hydrogen bond between heteropolyacids, primary amine and trib-
utylphosphate. However, the extracted species exist in organic phase as ion - associated species. It was pro-
posed that the transfer of proton from heteropolyacids to primary amine in extractedspecies occurs intramolec-
ularly resulting to the formation of ion - associated species because primary amine is a weak base and het-
eropolyacids are strong acids.
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1 Introduction

The removal of phosphorus, arsenic and silica as impurities from alkaline leaching solutions
is an important step in hydrometallurgy of tungsten and molybdenum. The traditional and effec-
tive method used in industry is by precipitation with the addition of magnesium salt to the leach-

ing solution., However, this process has many problems such as low recovery of metals, complex
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impurities separation flow sheet, especially difficulty to dispose of large amount of the precipitate
generated and pollution arising from the storage of it (Zhao, 1993).

So far, there are no effective and economic approach developed to treat and detoxify these
residues which contain toxic substances of arsenic and phosphorus as well as valuable metal of
molybdenum. At present, nearly all the residues are simply stored as common solid waste and
put on the ground. The leaching solution of residues generated by rainwater or surface water
usually contaminate the underground water. It is obvious that the treatment and detoxification of
molybdenum residues is urgent in both aspects of pollutian control and resources reclamation of
molybhdenum.

In our preliminary wark, the residues was leached with mineral acids and satisfactory results
were obtained. Phosphorus, arsenic and molybdenum in the residues can nearly be leached quan-
titatively and the resultant slags can be considered to be nontoxic and nonharmful to the environ-
ment. In this paper, only the separation and recovery of phosphorus, arsenic and molybdenum
from the leaching solutions were reported,

Few reports on the extraction of phosphorus and arsenic from aqueous solutions can be found
in literature. However, the extraction and separation of heteropolyacids of phosphorus and ar-
senic has been studied extensively in analytical chemistry with various extractants such .as
Alamine 336, MIBK, D,EHPA and TBP. Nearly all the solvent extraction processes developed
for the separation of heteropolyacids of phosphorus and arsenic were carried out in strong acidic
medium with high cost and low extraction efficiency.

In cur other rerorts, it has been found that primary amine and tributylphosphate can be
used for the effective extraction and separation of heteropolyacids of phosphorus, arsenic and
tungsten (Zhao. 1991; 1992; 1993). Further experiment found that molybdeoheteropolyacids of
phosphorus and arsenic can also be extracted effectively by this solvent system, and was devel-
oped for the separation and recovery of phosphorus, ersenic and molybdenum from aqueous or

leaching solution of molybdenum residues in this work.

2 Experimental

A mechanical shaker with about 60 oscillations per minute was used to mix aqueous and or-
ganic solutions at room temperature. In order to observe the extractability of phosphorus, arsenic
and molybdenum from leaching solutions of molybdenum residues, the aqueous phase used in the
experiments was prepared by sodium salts of arsenic, phosphorus and molybdenum. The results
were justified with leaching solution of molybdenum residues, A volume of 10 m! or both aqueous
and organic solution was used in the experiments unless it was indicated in the text . The initial
pH value of aqueous phase was adjusted by sulfuric acid solution and the equilibrium pH value
was determined after the extraction operation was completed. The difference between initial and
equilibrium pH value was found to be about 0. 7 when 1% primary aminc in organic phase was
used as extractants. The concentrations of primary amine and tributylphosphate (TBP) in organ-
ic phase were expressed as volume percent. 1% primary amine is equal to 30. 43 mmol/dm®. Pri-
mary amine with a total carbon ﬂumber of about 19—21 (R,R,CHNH, or simplified as RNH, for
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brevity in the following expressions) was supplied by Institute of Organic Chemistry, Chinese of
Academy of Sciences, Shanghai, and was purified by distillation. Commercial kerosene was used
as diluent. The other chemicals are of analytical grade purity. The colorimetric determination of
phosphorus, arsenic and molybdenum and UV spectra of loaded organic phase were carried out in
1 cm cells with HP - 8541 A spectrophotometer made by Hewlett - Parkard Company (USA).

The experimental results showed that two or three minutes of shaking were enough to ap-
proach the extraction equilibrium of all experiments involved while less than one minute for the
stripping of loaded organic phase.

Phosphorus and arsenic were analyzed colorimetrically with molyhdenum blue solution and

molybdenum with NH,SCN methods.

3  Results and discussion

3.1 Effect of acldity of aqueous solution
The extraction of phosphorus and arsenic is strongly dependent on the acidity of aquéous
phase as shown in Fig. 1. The optimum pH value was determined to be about 6. 5. However, in
the following experiments, the extraction acidity was chosen at the range of equilibrium pH 6—7
because it is difficult to keep the equilibrium pH value at 6. 5 for all the extraction operations.
3.2 Effect of molybdenum concentration

The concentration of molybdenum in leach-

ing solution of molybdenum residues in usually
P low, ranged from 1 to 10 g/dm®. The experi-

mental results showed that phosphorus and ar-
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and Mo from aqueocus solutions on equilibrium pH. aqueous solution. It can be seen that extraction
value Mo 40 g/dm?; P 262 mg/dm?; As 242 mg/

of phosphorus and- arsenic increases remarkably
dm®; 18°C; 125 RNH; +10% TBP in kerosene-

solution as the increase of molybdenum content in ague-

ous phase, and the extraction reaches the maxi-
mum value when the molybdenum concentration is higher than 5 g/dm® under the conditions of
Fig. 2. In general, the initial molybdenum content in aqueous solution should be high enough to
make Mo/P>>2. 5 and M/As>>3 simultaneously in order to obtain the optimum extraction of
phosphorus and arsenic. In the following experiments, a molybdenum content of 40 g/dm’ in

aqueous phase was used.
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3.3 Effect of phosphorus and arsenic content
80 The extraction of phosphorus and arsenic is
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extraction of P and As with 1% RNH: +10%
THP in kerosene solution
P 263 mg/dm?; Mo 40 g/dm?®; pH 6. 4; 17°C

traction of P and As with 1% RNH;+1¢% TBP
in kerosene solution
As 242 mg/dm’; Mo 40 g/dm*; pH 6. 3; 16°C

3.4 Effect of primary amine and tributylphosphate (TBP) concentration and phase ratios
(0/A)

From the experimental results mentioned above, it can be seen that when phosphorus and
arsenic content in aqueous phase increases to some extent, the phosphorus and arsenic can not be

extracted quantitatively. However, if the content of primary amine and TBP in organic phase in-
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creases, the extraction of phosphorus and arsenic as well as molybdenum will increase consider-

ably as shown in Fig. 5. For example, when the concentration of primary amine in organic phase

increases from 0. 2% to 5%, the extraction of phosphorus and arsenic increases from 58 to about
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Fig. 5 Relationship between the content of RNH; in or-
ganic phase and the extraction of P and As with
10% TBP in kerosens solution
P 262 mg/dm®; As 242 mg/dm?) Mo 40 g/dm?;
12°C

100%; respectively under the condition of Fig. 5.
In addition, it can be seen that the equilibrium
pH increases as the increass of content of prima-
ry amine in organic phase because the extraction
is carried out at the same initial pH value of 6. 0.
The content of primary amine in organic phase
should be chosen according to the concentration
of phosphorus and arsenic as well as molybde-
num in aqueous solutions. If the content of pri-
mary amine in organic phase is higher than
20% , the extraction power will decrease because
of the formation of hydrogen bonding between
primary amine molecules.

The addition of TBP to the organic phase
can increases the extraction of phosphorus, ar-

senic and molybdenum if the content of TBP

was less than 10%. Moreover, the loaded organic phase may appear the precipitate without the

presence of TBP (Table 1). The optimum TBP concentration in organic phase was determined to

be about 109,

Table 1 The relationship between the extraction of phosphorus, arsenic
and molybdenum and the content of TBP in organic phase

Content of TBP, % Extn, of P, % Extn, of As, % Extn. of Mo, %
G0 70,2 58. 9 9.8
5.0 Bl. 6 $0.1 9.7
10. G 82.1 91.2 9.8
15.0 5.5 80.3 8.9
20.0 72.8 78.9 9.7
40,9 70.0 75.1 9.5

Note: P 262 mg/dm®; As 242 mg/dm¥; Mo 40 g/dm? RNH, 1%, 12°C,

When the content of TBP is from 0. 0 to 4%, the precipitation ncours in organic phase

during the extraction operations

The extraction and separation of phosphorus, arsenic and molybdenum increase as the in-
creas of phase ratios (O/A) as shown in Fig. 6. The experimental results indicated that the third

phase may appear if the phase ratio is higher than 4. In the practical application, the effective ex-

traction may be obtained by increasing either phase ratio or concentration of primary amine. A

phase ratio of less than 4 and concentration of primary amine less than 20% was recommended.
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3.5 The extraction of molybdenum
The extraction of molybdenum increases as the decrease of pH value and the optimum ex-

traction may be obtained at acidic medium (Zhao, 1992). If the content of molybdenum in aque-
ous phase is high and can not be extracted completely with phosphorus and arsenic, the remained
molybdenum in aquecus phase should be extracted again with primary amine and TBP if neces-
sary,
3. 6 The stripping of loaded organic phase

The loaded organic phase can be stripped with NaOH solution and the quantitative stripping

can be obtained if the pH value in aqueous stripping solution is higher than 8. 5 as shown in Fig.
7. The loaded organic phase can be stripped with high phase ratioc (O/A) to increase the content
of phosphorus, arsenic and molybdenum in agqueous solution. For example, the content of phos-
phorus, arsenic and molybdenum in leaching solution is 120 mg P/dm’, 150 mg As/dm?® and 5g
Mo/dm?® respectively, which is extracted with a phase ratio of 4 and then stripped with a phase
ratio of 10, the resultant aqueous stripping contains 4800 mg P/dm’, 6000 mg As/dm®and 200g
Mo/dm?® respectively. The solution can be acidified and extracted with ether, 12 - molybdophos-

phoric acid and 12 - molybdoarsenic acid will be obtained readily.
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Fig. 6 Effect of phasc ratic (O/A} on the extraction of Fig. 7 Stripping of loaded organic phase with 0. 1 mol/

P, As and Mo from aqueous solution with 1% dm?3 NaOH solution

RNH;+10% TBP in kerosene solution Phase ratio (0/A) = 1:1: Composition of load-

Mo 40 g/dm®; As 243 mg/dm?3; P 262 mg/dm?; ed

pH 6.5 12°C organic phase: P 163 mg/dm?; As 279 mg/dm?;

Mo 3. 8 g/dm?; 15°C

3.7 The extraction and separation of phosphorus, arsenic and mol ybdenum from crude leach-
ing solution

The composition of molybdenum residues and their leaching solutions are varied. The typical
leaching solution and its extraction results with primary amine and TBP are shown in Table 2, It

can he seen that the phosphorus, arsenic and molybdenum in the leaching solution can be also ex-
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tracted and scparated very effectively. The results are in well agreement with that from the solu-
tions prepared by sodium salts of phosphorus, arsenic and molybdenum.

The composition of crude leaching solution is very complex. However, only the harmful ele-
ments such as phosphorus, arsenic as well as molybdenum can be extracted. The other sub-
stances such as Ca, Cu, Fe, Al, Mn, can not be extracted. The extraction of Si (as molybdosili-

cic acid) is negligible in comparison with that of phosphorus and arsenic.

Table 2 The typical composition of crude Leaching solution of molyhdenum residues and its extraction
and separation of phosphorys, arsenic and molyhdenum with primary amine and TBP as solvents

1 Effect of equil ibrium pH value

Equil. pH Mo extn. . % Pexwn. , % As extn. , ¥ Siextn, s %
7. 38 30 50 58 20 .
6. 80 40 95 80 30
5. 87 50 99 98 35

2 Effect of P, As and Si added to the aqueous phase

Equil, pH 7.02 5. 96 6.93 6. 86 7.04 6. 54
P added, mg/dm? 99 208 208 208 0 0
Total P in ag. soln. , mg/dm? 219 328 328 328 S 12¢ 120
As added, mg/dm? o 0 206 208 0 0
Total As in ag. soln. , mg/dm? 150 150 356 356 150 150
Si added, mg/dm?® 0 [ 0 84 80 133
Total Si in ag. soln. , mg/dm? 80 80 20 164 140 213
Pextn.. % 64 44 28 24 92 92
Asextn., % 87 73 31 32 80 90
Siextn. s % 13 18 13 14 23 14
Mo extn, » % 40 35 _ 40 45 35 44

Composition of crude leaching solution (mg/dm?), P 1205 As 1505 Mo 10000, Si 80; Cu 1004 Fe 1000,
Ca 2000; W 100; Zn 50; pH>>12; Organic phase; 1% RNH+ 105 TBP; 20°C

3.8 Extraction mechanism
The extracted species and extraction mechanism had been studied in detail (Zhao, 1991,
1992; 1993) and were summarized as follows. It was found that phosphorus, arsenic and molyb-

denum was extracted into organic phase as follows (pH 6—7):

ZH2P04 + SMOOJ, +XTBP+ GRNHg + 12H+ == [HﬁPzMOsozg:] [RNHz:le XTBP '+_ 5H20 (1 )
{solvation species)
[H5P2M05 023 ] [RNHg] 8 xTBP = [PgMOstg ] [RNH; ] 6 XTBP (2)

(ion - associated species)
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ZHASO4 + 6M004 + 6RNH2 + XTBP + 1. 6H+ - [H5A52M05025] [RNHZ]G XTBP “+‘ 6H20 (3)

(solvation species)

[H;As,Mo:O; |[RNH, s xTBP = [As;M0:03 [RNH, |, xTBP 4)
{ion - associated species)

2MoO, +4H* +TBP+-0. 5RNH,= [H,Mo0, |[RNH, ], ; xTBP (57
(solvation species)

[H,MoQ, ][RNH, ], ; xTBP= [MoO,][RNH, ], s xTBP (6

(ion - associated species)

Recanse the Joaded organic phase may contain the extracted species ol phosphorus, arsenic
and molybdenum simultaneously, the extracted species were determined from two - component
systems such as Mo -P, Mo - As, or pure molybdate solutions. The molar ratios in the extracted
species were obtained bascd on the Mo/P, RNH,/P, Mo/As and RNH./As in the loaded organic
phase as shown in Table 3 and Table 4. The heteropolyacids or anions showed above have heen
studied in detail. These acids or anions are found to be stable in pH 5—7 (Pope, 1983) and their
corresponding chemical formula are used in (1> —{5). It was proposed that the loaded organic
phase was saturated and all the primary amine was combined to form extracted species when the
molar ratios of Mo/P, RNH,/P, Mo/As and RNH,/As keep unchanged.

Table 3 The Mo/As and RNH,/As molar ratios in loaded organic phase
with 1% RNHz+ 10% TBP in n - heptane solution at pH 6. 5

No. 1 2 3 4 5

As conen. ,g/dm? 1.12 2. 24 3. 36 5.50 6. 60

Mo/ As in org. phase 5.2 3.3 3.0 3.0 3.0

RNH;/As in ¢rg. phase - 4.2 1.7 3.0 3.0 3.0
Mo 40 g/dm?®

Table 4 The Mo/P and RNH;/P molar ratios in loaded orgunic phase
with 1% RNH;+10% TBP In n - heptane solution at pH 6.5

No. 1 2 3 4 5.
P conen. , g/dm? 3.7 4.2 5.0 6.0 6.9
Mo/P in org. phase 2. 58 2. 66 2.51 2.38 2. 67(Av. =2, 56)
RNH;/P in org. phase 3.1 2.8 3.0 3.2 3.0

The UV and IR spectra of saturated loaded organic phase is shown in Table 5. It was found
that the primary amine in organic phase exists as jon species of [RNH;1*. The IR absorbtion of
P=0 in TBP was much stronger in the extracted species than that in free TBP molecules, but no
shift can be found. The maximum absorbtion of Mo - extracted species in UV spectra was found
to be 245 nm which disappeared in the saturated loaded organic phase of phosphorus or arsenic
extracted species. It can be proposed that in saturated organic phase, no extracted species of Mo
exists and the composition of extracted species of phosphorus and arsenic can be proposed to be

just the same as shown in (1)—(4).
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Table 5 IR and UV spectra of loaded organic phase

Systems Frequencies or wavelength Assignment

1% RNH:+10%TBP 3150 em 1, w RNH;,N-H

in n - heptane 1240 em~1ym TBP. P=0
1R

Loaded org. phase 3000 cm~',m RNH;,N—H

Mo/P=2. 5 or Mo/As=23 1240 em™1L,s TBP, P=0

1% RNH;+10%TBP 230 nm,s

in n - heptane soln, 270 nm,m

Loaded org. phase 310 nm, s

of only Mo 245 nm,m Absorbtion of

uv

Mo extd. species

Loaded org. phase 310 nm,s No absorbtion
Mo/P=2. 5 or Mo/As=3 &t 245 nm

The electric conductance of loaded organic phase in n - heptane solution was determined and
the results are shown in Fig. 8. It can be found that the dissociation of extracted species in organ-
ic solutions occurs. The molar conductance increases as the increase of concentration of extracted
species. The experimental results showed that the dissociation in organic phase increases consid-
erably if the polarity of solvent increases (for example, the n - heptanc in organic solution

was removed and TBP was used as diluent for

extracred species ). It is obvious that the ex-

%30 tracted species inorganic solvents is dissociated

g 20t weakly, which is in agreement with the results

g of IR spectra.

; 10¢ By considering the generally accepted con-

= o . ) cept that primary amine exists as neutral
i 0.2 0.3

Total content of extd. specios, /o molecules at pH 6 —7 (Zhao, 1993), it can be

proposed reasonably that phosphorus, arsenic

Fig. 8 The relationship between electric conductance and a1 molybdenum are extracted into organic

the total cm_mmrmm of Mo -P and Mo - As ex- phase by solvation mechanism with the forma-

tracted species tion of hydrogen bonding between primary
amine, TBP and heteropolyacids. Because the acids are strong acids, and primary amine is a
weak base, the transfer of proton from the acids to primary amine occurs intramolecularly to

form ion - associated species.

4 Conclusion

Phosphorus, arsenic and molybdenum can be extracted and separated very effectively from
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aqueous and crude leaching solution of molybdenum residues by solvation mechanism with prima-
ry amine and TBP as solvents. The composition of extracted species was determined and the
loaded organic phase was characterized with IR, UV spectra, electric conductance determination

and chemical analysis.
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