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요 약

황산용액에서 Alamine 336에 의한 몰리브덴과 텅스텐의 분리에 대해 수상의 pH와 추출제의 농도를 변화시키

며 조사했다. 수상의 pH가 3에서 5사이의 범위에서 낮은 농도의 아민에 의해 몰리브덴이 선택적으로 추출되었

다. Alamine 336과 양이온 추출제를 혼합하면 두 금속간의 분리인자가 다음 순서와 같이 증가했다 : D2EPHA >

PC88A > Decanol > Versatic acid. Alamine 336과 D2EHPA의 혼합용매에서 몰리브덴과 텅스텐의 탈거율은 매

우 낮았으나, Alamine 336과 Decanol의 혼합용매의 경우 NH4OH 와 NH4Cl의 혼합용액으로 두 금속을 모두 탈

거할 수 있었다.

주제어 : 몰리브덴, 텅스텐, 분리, 용매추출

Abstract

The separation behaviour of Mo and W from sulfuric acid solution by solvent extraction with Alamine 336 was investigated

as a function of solution pH and extractant concentration. Selective extraction of Mo over W by Alamine 336 was obtained in

the pH range of 3-5 with low amine concentration. The mixture of Alamine 336 and acidic extractants improved the separation

factor between Mo and W and was in the following order:  D2EPHA > PC88A > Decanol > Versatic acid. The stripping effi-

ciency of Mo and W from the loaded mixture of Alamine 336 and D2EHPA was very poor, while complete stripping of Mo

and W was possible from the mixture of Alamine 336 and Decanol by using a mixture of NH4OH and NH4Cl.
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1. Introduction

Molybdenum and tungsten are strategic metals used

in many applications. The chemical properties of Mo

and W are similar to each other and their mixtures are

encountered in mineral deposits as well as recycled

materials.1) In the recovery of Mo and W with high

purity from these sources, separation methods, such as

precipitation,2,3) ion exchange4-6) and solvent extraction7-12)

have been widely employed. Among these methods,

solvent extraction is considered to be more effective

than ion exchange in terms of separation efficiency.13)  

The separation of Mo and W from aqueous solutions

is difficult owing to their similar chemical properties.

The predominant aqueous species of Mo and W depends

on solution pH. Anionic species of Mo and W is

predominate at pH >2 (see Fig. 1).12,14-16) When solution

pH is lower than 2, a small amount of MoO3 and WO3

exist in the solution. Literature surveys show that three

kinds of extractants are employed for the separation of

W and Mo, namely acidic7-9)  and neutral extractants10),

and amines7,11,12). However, during the separation of the

two metals by cationic or neutral extractants from acidic

solution, tungsten can be precipitated as tungstic acid,

resulting in the formation of crud. Therefore, some

amount of hydrogen peroxide should be added to acidic

solutions to prevent the precipitation of tungsten. 

Previous study reported that LIX 63 offers selective

extraction of Mo over W in the equilibrium pH range

of 2-6 as a solvating extractant but the extraction

efficiency of Mo by this extractant is not high.17) Aliquat

336 can selectively extract W in presence of high

concentration of Mo in the pH range of 6-6.518). The

disadvantage of employing Aliquat 336 lies in the fact

that the co-extraction percentage of Mo is high and

thus the purity of W in the stripping solution is low.

It has been reported that tri-octyl/dodecyl amine (Alamine

336) offers high extraction of Mo but little information

is available on the extraction and separation behaviour

of Mo and W by Alamine 336. 

Among the several inorganic acids such as HCl, HNO3,

and H2SO4, the charge density of NO3
− and Cl− is

lower than that of the anionic species of Mo and W,

which results in low extraction percentage of Mo and

W by amine. However, the charge density of SO4
2− is

much higher than that of the anionic species of Mo

and W and thus the extraction percentage of Mo and

W by amines from sulphuric acid solution is generally

high.12) Moreover, sulphuric acid is most commonly used

because of more flexible material allowances for reactors,

lower cost and better recirculation possibilities.19) Hence,

the separation behaviour of Mo and W from sulphuric

acid solution by solvent extraction with Alamine 336

was studied in the present work. Effect of the mixture

of Alamine 336 and acidic extractants and stripping

condition was also investigated in detail.

Fig. 1. Distribution diagram of Mo(IV)-OH− and W(IV)-OH− species with the points showing the extraction path.15)
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2. Experimental

The synthetic solution containing Mo and W was

prepared by dissolving Na2MoO4 (Sigma Co., > 99%)

and Na2WO4 (Sigma Co., > 99%) in distilled water. Based

on real leaching solution reported in the literature,20)

the concentration of Mo and W in the synthetic solution

was kept at 10 g/L and 1 g/L respectively. The acidity

of the solution was adjusted by using NaOH or H2SO4

(Duksan Co.) solution. Alamine 336 (BASF Co.), Decanol

(Sigma-Aldrich), di-(2-ethylhexyl)phosphoric acid (D2EH

PA, IS Chem. Co.), Versatic Acid (IS Chem. Co.), and

2-thylhexyl phosphonic acid mono-2-ethylexyl ester (PC

88A, IS Chem. Co.) were used as received without any

treatment. Kerosene (Daejung Co.) was employed as a

diluent.

Solvent extraction experiments were performed by

mixing equal volumes (10 mL) of aqueous and organic

phases for 30 min (extraction and stripping equilibrium

were reached within 30 min in initial tests) using a

Burrell wrist action shaker (model 75). After shaking,

the two phases were separated with a separating funnel.

All experiments were performed at room temperature

(25 ± 1oC). The concentration of metal ions in the

aqueous phase was determined by inductively coupled

plasma-optical emission spectroscopy (ICP-OES; Spectro

Arcos). The concentration of metal ions in loaded organic

phase was calculated by mass balance. The pH of the

aqueous phase was determined by pH meter (Orion Star

A211). The distribution coefficient (D) was calculated

as the ratio of the concentration of the metal ions present

in the organic phase to that present in the aqueous

phase at equilibrium. The separation factor was calculated

from the ratio of the distribution coefficient. 

3. Results and discussion

3.1. Effect of solution pH 

The extraction behaviour of Mo and W by Alamine

336 was investigated by varying the initial pH from 2

to 6. The synthetic solution containing 10 g/L Mo and

1 g/L W was contacted with 0.1 M Alamine 336. The

volume ratio of aqueous and organic phases was unity

and the results are shown in Fig. 2. It is seen that most

of Mo and W was extracted by Alamine 336 at pH 2

and the extraction percentage of Mo and W decreased

steadily with the increase of initial pH. In the initial

pH range of 2-5, the equilibrium pH was much higher

than the initial pH while they were same at initial pH 6. 

Acid solutions are generally employed for the leaching

of metals from secondary resources, resulting in high

concentration of Mo in the leach liquor.19) It has been

reported that the extraction and separation of Mo and

W from acidic solution by acidic extractants is very

difficult due to the formation of high molecular weight

polyanions.8) In general, the tertiary amine should be

protonated before extraction to act as an anion exchanger.

In this work, Alamine 336 was not protonated before

extraction. Therefore, Alamine 336 was first protonated

by sulphuric acid and then these protonated amines can

take part in the solvent extraction reaction of W and

Mo. The decrease in the extraction percentage of Mo

and W by Alamine 336 might be related to the

protonation reaction of amines. At low pH, the concen-

tration of sulphuric acid was enough for Alamine 336

to be protonated leading to the increase of solution pH

but Alamine 336 was not protonated when solution pH

was high. The extraction percentage of Mo by Alamine

336 was higher than that of W within the experimental

Fig. 2. Effect of initial pH on extraction of Mo and W using

0.1 M Alamine 336. Aqueous, g/L: Mo-10; W-1; O/

A=1/1l; Initial pH=2-6.
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ranges employed in this work. Comparison of the

distribution diagram of Mo and W indicates that the

predominant species of Mo is more favourable than that

of W to the extraction with Alamine 336 in the solution

pH from 2 to 6. 

During the extraction process, a third phase or emulsion

was formed in the organic phase and thus a modifier

should be used. The cause of the formation of a third

phase might be related to the limited solubility of amine-

Mo complexes in the extracted organic.21)  It can be

concluded that both Mo and W was extracted by Alamine

336 at low pH (2.0), while selective extraction of Mo

over W was obtained in the pH range of 3-5.  

3.2. Effect of the mixtures of Alamine 336 and

Decanol/D2EHPA/Versatic Acid/PC 88A

Alamine 336 offered the selective extraction of Mo over

W in the range initial pH of 3-5 but the separation factor

between these two metals was not high. It has been reported

that binary mixture of tertiary amine and acidic extractants

shows synergism on the extraction of metals from a weak

acid solution22,23)and thus a mixture of Alamine 336 and

D2EPHA/PC88A/Versatic Acid was studied to improve the

separation of Mo and W in the present study. Due to the

formation of a third phase in Alamine 336, the addition of

decanol to Alamine 336 was also studied and the results

are compared with the above mixtures. 

The concentration of Alamine 336 and D2EPHA/

PC88A/Versatic Acid / Decanol was fixed at 0.1 and

0.005 M, respectively.  The synthetic solution containing

10 g/L Mo and 1 g/L W at initial pH 3 was contacted

with organic phases. Only Decanol and D2EHPA were

effective in preventing the formation of a third phase.

Variation in the extraction percentage and separation

factor by the systems is shown in Table 1. It is seen

that the presence of PC 88A and D2EHPA in Alamine

336 led to an increase in the separation factor between

Mo and W, while an opposite trend was obtained in

the case of Versatic Acid and Decanol. The separation

efficiency of Mo and W by the mixtures was in the

following order: D2EPHA > PC88A > Decanol> Versatic

Acid. Since the addition of D2EHPA to Alamine 336

not only prevented the formation of a third phase but

also increased the separation efficiency of Mo and W,

the mixture of D2EHPA and Alamine 336 was chosen

for further experiments. 

The extraction efficiency of Mo and W by the mixture

of D2EHPA and Alamine 336 was investigated by

varying D2EHPA concentration from 0.05 to 0.3 M in

0.1 M Alamine 336 at initial pH 3. Fig. 3 shows that

the extraction percentage of Mo and W was constant

within our experimental ranges, indicating that D2EHPA

did not take part in the solvent extraction reaction of

the two metals. 

3.3. Effect of Alamine 336 concentration and

O/A ratio

The effect of Alamine 336 concentration on the

Table 1. Effect of acidic extractants and Decanol in Alamine

336 on extraction of Mo and W. 

Modifier %W %Mo Separation factor

None 26.6 50.0 2.7

PC 88A 31.4 57.3 2.9

D2EHPA 21.3 56.5 4.8

Versatic Acid 32.1 28.9 1.8

Decanol 27.2 49.1 2.6

Aqueous: Mo-10 g/L, W-1 g/L; Initial pH =3.0; [Alamine 336] =

0.1M; [PC88A/D2EHPA/Versatic Acid/Decanol] = 0.05 M.

Fig. 3. Effect of D2EHPA concentration on extraction of Mo

and W by the mixture of D2EHPA and 0.1 M

Alamine 336. Aqueous: Mo-10 g/L; W-1 g/L; Initial

pH 3.0.
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extraction and separation of Mo and W from the synthetic

solution containing 10 g/L Mo and 1 g/L W at initial

pH 3 was investigated by varying its concentration from

0.1 to 0.5 M. The concentration of D2EHPA in Alamine

336 was fixed at 0.05 M. Fig. 4 shows that the extraction

percentage of Mo increased slowly with the increase of

Alamine 336 concentration from 0.1 to 0.5 M, while that

of W increased rapidly. The increase of Alamine 336

concentration showed a negative effect on the separation

efficiency of Mo and W. When Alamine 336 concentration

was 0.5 M, the extraction percentage of Mo and W was

same and thus it was impossible to separate the two metals.

The change in equilibrium pH of the solution with Alamine

336 concentrations is shown in Table 2. The equilibrium

pH increased from 5.2 to 5.8 with the increase of Alamine

336 concentration from 0.1 to 0.5. 

It has been reported that metal-OH species compete

with another species and can be extracted into organic

phase.17) According to distribution diagram, Mo-OH

species and W12O39
6- are formed at pH 5.0 and thus

the extraction of Mo by 0.1 M Alamine 336 was higher

than that of W. Increase in Alamine 336 concentration

led to an increase in equilibrium pH where MoO4
2−

and WO4
2− are predominant. The charge density of

WO4
2− is smaller than that of MoO4

2−, resulting in

larger solvation interaction between WO4
2− and Alamine

336.2)
 This is the reason why the extraction percentage

of W increased rapidly with the increase of Alamine

336 concentration, while that of Mo increased slowly

at the same condition. It can be concluded that the

control of Alamine 336 concentration is very important

in the separation of Mo and W. The optimum

concentration of Alamine 336 to selectively extract Mo

from the solution with initial pH 3 was 0.1 M.

In order to investigate the effect of the volume ratio

of the two phases (O/A ratio) on the extraction and

separation of Mo and W using 0.1 M Alamine 336,

O/A ratio was varied from 0.2 to 4. In these experiments,

the mixture of 0.1 M Alamine 336 and 0.05 M D2EHPA

was contacted to the synthetic solution containing 10

g/L Mo and 1 g/L W at initial pH 3.  The extraction

percentage of Mo and W increased slowly with the

increase of O/A ratio from 0.2 to 4 (see Fig. 5). The

slow increase in the extraction percentage of Mo may

be ascribed to the change in the solution pH with the

variation of the O/A ratio. 

3.5. Stripping 

Fig. 1 indicates that alkaline solution can strip Mo

and W from loaded Alamine 336. Therefore, several

stripping agents such as NaOH, NH4OH and the mixture

of NH4OH and NH4Cl were employed. The loaded

organic phase containing 7.5 g/L Mo and 0.86 g/L W

was prepared by contacting the synthetic solution

containing 10 g/L Mo and 1 g/L W with 0.5 M Alamine

336 + 0.05 M D2EHPA at initial pH 3. It was observed

Fig. 4. Effect of Alamine 336 concentration on extraction of

Mo and W by the mixture of Alamine 336 and 0.05

M D2EHPA. Aqueous: Mo-10 g/L; W-1 g/L; Initial

pH 3.0.

Table 2. Equilibrium pH of the solution by varying Alamine

336 concentration in the presence of 0.05 M

D2EHPA.

[Alamine 336], M Equilibrium pH

0.1 5.2

0.15 5.45

0.2 5.56

0.25 5.60

0.3 5.63

0.4 5.7

0.5 5.74

Aqueous: Mo-10 g/L; W-1 g/L; Initial pH 3.0.
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that the separation of the two phases was difficult when

NaOH or NH4OH was used for a stripping agent. 

The stripping results by the mixture of NH4OH and

NH4Cl are shown in Table 3. The stripping percentage

of Mo and W from the loaded mixture of Alamine 336

and D2EHPA by this mixture was only 40%. In order

to compare the effect of the nature of a modifier on

the stripping, stripping experiments were done from the

loaded mixture of Alamine 336 and Decanol. For this

purpose, the mixture of 0.5 M Alamine 336 and 0.05

M Decanol was contacted at the same extraction

condition. The concentration of Mo and W in the loaded

mixture was 6.44 and 0.84 g/L W, respectively. Table 3

also shows that complete stripping of the two metals

by the mixture of NH4Cl and NH4OH was obtained

from the loaded mixture of Alamine 336 and Decanol. 

The difference in the stripping behaviour of the two

metals between the loaded mixture of D2EHPA and

Decanol/D2EHPA may be ascribed to the interaction

between Alamine 336 and D2EHPA. D2EHPA is acidic,

while Alamine 336 is basic. Therefore, acid-base reaction

can occur between Alamine 336 and D2EHPA, resulting

in the formation of salt.22)
 Therefore, addition of Decanol

to Alamine 336 as a modifier is better on the basis of

the stripping performance. Since the stripping behaviour

of the Mo and W from the loaded Alamine 336 was

similar, it was impossible to separate the two metals

by selective stripping. 

4. Conclusions

The extraction and separation behaviour of Mo and

W from sulfuric acid solution by Alamine 336 was

investigated as a function of solution pH and extractant

concentration. The extraction behaviour of Mo and W

by Alamine 336 depended strongly on solution pH.

Both Mo and W were extracted at initial pH 2 and

then extraction percentage of these metals decreased

rapidly with the increase of initial pH value from 2 to

6. Selective extraction of Mo over W from sulphuric

acid solution by Alamine 336 was obtained in the initial

pH range of 3-5. The separation efficiency of Mo and

W by the mixture of Alamine 336 and PC88A/Versatic

acid/D2EHPA/Decanol was in the order of D2EPHA >

PC88A > Decanol > Versatic acid. However, the formation

of a third phase was only prevented in the presence of

D2EHPA or Decanol in Alamine 336. In the extraction

Table 3. Stripping behaviour of Mo and W from loaded Alamine 336+D2EHPA/Decanol

Stripping reagent

Alamine 336 

+ D2EHPA

Alamine 336 

+ Decanol

% Mo % W % Mo % W

2 M NH4OH+0.5 M NH4Cl 37.6 32.6 100 100

3 M NH4OH+0.5 M NH4Cl 38.6 32.8 100 100

2 M NH4OH+1 M NH4Cl 39.7 32.5 100 100

Aqueous: Mo-10 g/L, W-1 g/L; Initial pH =3.0; Loaded 0.5 M Alamine 336 + 0.05 M D2EHPA: 7.5 g/L Mo and 0.86 g/L W; Loaded

0.5 M Alamine 336 + 0.05 M Decanol: 6.44 g/L Mo and 0.84 g/L W

Fig. 5. Effect of O/A ratio on extraction of Mo and W by the

mixture of 0.1 M Alamine 336 and 0.05 M

D2EHPA. Aqueous, g/L: Mo- 10; W-1; Initial pH

=3.0; O/A = 0.2-4.
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with the mixture of Alamine 336 and D2EHPA, Alamine

336 concentration affected strongly the extraction and

separation behaviour of Mo and W, while the effect of

D2EHPA concentration was negligible. The stripping results

indicated that the stripping efficiency of Mo and W from

the mixture of Alamine 336 and D2EHPA was poor, while

complete stripping of these metals from the mixture of

Alamine 336 and Decanol was obtained by using the

mixture of NH4OH and NH4Cl as a stripping reagent.
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