
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Separation Science and Technology
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713708471

Extraction of Platinum(IV) with Trioctylamine and its Application to
Liquid Membrane Transport
Jianshun Fua; Shigeto Nakamuraa; Kenichi Akibaa

a INSTITUTE FOR ADVANCED MATERIALS PROCESSING TOHOKU UNIVERSITY, SENDAI,
JAPAN

To cite this Article Fu, Jianshun , Nakamura, Shigeto and Akiba, Kenichi(1995) 'Extraction of Platinum(IV) with
Trioctylamine and its Application to Liquid Membrane Transport', Separation Science and Technology, 30: 4, 609 — 619
To link to this Article: DOI: 10.1080/01496399508225612
URL: http://dx.doi.org/10.1080/01496399508225612

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713708471
http://dx.doi.org/10.1080/01496399508225612
http://www.informaworld.com/terms-and-conditions-of-access.pdf


SEPARATION SCIENCE AND TECHNOLOGY, 30(4), pp. 609-619, 1995 

Extraction of Platinum(1V) with Trioctylamine and Its 
Application to Liquid Membrane Transport 

JIANSHUN FU, SHIGETO NAKAMURA, and KENICHI AKIBA 
INSTITUTE FOR ADVANCED MATERIALS PROCESSING 
TOHOKU UNIVERSITY 
KATAHIRA-2. AOBA-KU, SENDAI 980, JAPAN 

ABSTRACT 

The extraction and stripping behavior of platinum(1V) between trioctylamine 
(TOA) in kerosene and different aqueous media has been investigated. Perchlorate 
anion was found to be most effective for the stripping of platinum under acidic 
and neutral conditions. The transport of platinum was performed through a s u p  
ported liquid membrane (SLM) impregnated with TOA as a mobile carrier. Plati- 
num was almost quantitatively transported from the hydrochloric acid solution to 
the stripping solutions containing perchlorate anion against its large concentration 
gradient without accumulation in the liquid membrane layer. The transport behav- 
ior of platinum was greatly improved by the addition of I-octanol in SLM, and 
the permeation rate was mainly controlled by diffusion in the aqueous boundary 
layer. 

INTRODUCTION 

A supported liquid membrane consisting of a combination of extraction 
and stripping processes of desired species appears particularly promising 
for many kinds of separation processes. This technique is potentially use- 
ful provided that suitable mobile carriers and stripping reagents are 
available. 

Solvent extraction of platinum group metals (PGMs) has been exten- 
sively studied by adopting varieties of extractants, including many chelat- 
ing reagents having a high selectivity for some individual elements of 
PGMs ( 1 ) .  However, applications of these extraction systems to mem- 
brane transport of PGMs have been limited to a few cases due to their 
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slow extraction kinetics and difficulties in stripping (2 ,  3). In  addition. a 
tendency to precipitate as complex species of PGMs in some systems may 
cause practical problems in the quantitative transport of metals (4. 5). 
Certain amines have strong extractability and good kinetic behavior to 
most PGMs, but their poor stripping problems are not still solved (3) .  The 
transport of metal species across a liquid membrane depends not only on 
the equilibrium distribution ratios but on the kinetics in extraction and 
stripping processes. 

The present paper is concerned with the solvent extraction of Pt(1V) 
with trioctylamine; in particular, the stripping behavior with various strip- 
ping solutions and its application to a membrane transport system. 

EXPERIMENTAL 

Materials 

Trioctylamine (TOA. Wako Pure Chemical Ind.) of more than 97%) pu- 
rity was diluted with kerosene. A platinum solution was prepared by dilut- 
ing a standard solution containing 1000 ppm platinum(1V) in 1 M (M = 
mol.dm-') HCI. Other chemicals employed were of guaranteed reagent 
grade. A microporous polytetrafluoroethylene membrane (Fluoropore FP- 
045, Sumitomo Electric Ind.). 80 pn thick, with 74% porosity, and of 
0.45 pm pore siLe, wah used as a solid support. 

Extraction and Stripping of Platinum(1V) 

An aqueous solution and an equal volume of an organic solution were 
shaken at 25°C for 5 minutes unless otherwise noted. After phase separa- 
tion by centrifugation, the concentration of Pt(1V) in the aqueous phase 
was determined by inductively coupled plasma atomic emission spectrom- 
etry (ICP-AES). The concentration of Pt(1V) in the organic phase was 
evaluated from the difference between the concentrations of Pt(1V) in the 
aqueous phase before and after extraction. 

Transport of Platinum(1V) 

An experimental apparatus for measuring the permeation rates of Pt(1V) 
was composed of inner and outer polypropylene vessels (6). A micropo- 
rous support (26 cm3) was attached to the bottom of inner vessel and 
impregnated with a kerosene solution of TOA. A feed solution of 0.5 M 
HCI (100 cm3) initially containing 2.56 x lo-' M Pt(IV) was placed in 
the outer vessel, and usually an equal volume of the product solution was 
placed in the inner vessel. The apparatus was shaken at 120 strokes per 
minute (spm) in a water bath at 23°C. Portions of the feed and product 
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solutions were periodically sampled, and the concentrations of Pt(1V) 
were determined by ICP-AES. 

RESULTS AND DISCUSSION 

Extraction of Platinum(1V) with TOA 

Amines with long chains have high extraction ability for PGMs; for 
example, the extraction of Pt(IV) with TOA (R3N) from hydrochloric acid 
solution is written as (7) 

R,Norg + HCLq - R3NHCLg ( 1 )  

2R3NHCIC,,, + PtCI;,;, . (R3NH)2PtC16,,, + 2C1, (2) 

This extraction reaction proceeds fast and lies greatly to the right (8). As 
Fig. 1 shows, Pt(1V) was quantitatively extracted with 0.1 M TOA in 
kerosene below 2 M HCI, and 86% of Pt(IV) was extracted even at 9 M 
HCI. The high extractability suggests that stripping with concentrated HCI 
is not a practical scheme for the liquid membrane transport of Pt(IV), and 
that other suitable reagents are required for sufficient stripping. 

Stripping of Pt(lV) 

Optimum stripping conditions are essential to apply the above extrac- 
tion system to a membrane transport system. Several prospective reagents 
were tested as stripping solutions for Pt(1V) from the loaded TOA solution. 
Stripping of Pt(IV) was performed with acids and salts by breaking the 

I I I 

-1 0 1 0' 

log [HCI] 

FIG. I Effect of HCI concentration on the extraction of platinum with 0.1 M TOA in 
kerosene. 
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ion pair and some strong coordinating ligands like thiourea (tu). As seen 
in Fig. 2, Pt(IV) was stripped in a short time except for the case of tu. 
The slow stripping rate with tu is due to low substitution kinetics for Pt(1V) 
having the d6 electron configuration (9). The stripping ability for Pt(IV) 
decreased in the order: HC104. NaC104 > dimethylamine, NH3 > HNO3 
> NaSCN > tu/HCI. Perchloric acid and its salt were found to be most 
effective for stripping, and the reaction can be described by 

(R3NH)2ptCk.org + 2ClOZaq - 2R3NHC104,,,, + PtCI&;, (3) 

In acid solutions, TOA extracts an acid (HX) to form the alkylammo- 
nium salt 

R3Nwg + HXaq - R3NHXorg (4) 

The affinity of anions for R3NH+ decreases in the order (10) C10; > 
NO; > C 1 ~  > HSO, . Among these anions, CIO;, which has the highest 
affinity for R3NH + , appears to be the best stripping anion. As illustrated 
in Fig. 3, the D value decreased with increasing HC104 concentration to 
a low enough value to readily strip Pt(1V). When HC1O4 is employed as 
the product solution in the transport process, the reaction of Eq. (3) pro- 
ceeds to the right, forming R3NHC104 in the product side of the SLM. 
Hence, because of the difference in the distribution ratio between the feed 
and product sides, Pt(IV) can be transported across the membrane. 

100 

8 

g 50 
5 

. 
Q) c .- 
.- 
L 

0 5 10 
t I min 

FIG. 2 Stripping of  platinum from the loaded TOA solution. Organic phase: 0.1 M TOA 
in kerosene; aqueous phase: (0) 2 M HCIO4. (0) 10% dimethylamine, (B) 0.5 M NaSCN, 

(V) 0.5 M tu10.5 M HCI, (0) 2 M HNO3. (A) 2 M NaC104, (A) 8.3% NH3. 
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EXTRACTION OF PLATINUM(IV) 61 3 

FIG. 3 Effect of HC104 concentration on the distribution ratio of platinum with 0.1 M 
TOA in kerosene. 

Application to the Transport of Platinum(1V) through SLM 

Based on its favorable extraction and stripping behavior, this TOA ex- 
traction system was applied to the liquid membrane transport of Pt(1V). 
The transport of Pt(1V) through SLM containing 0.5 M TOA was carried 
out from 0.5 M HCl solution to 1 M HCIO4 solution. Figure 4 shows the 
time-dependent fractions of Pt(1V) both in the feed and product solutions. 

C 
0 
3 0  
2 LL 

4 

----- 
0 100 200 300 400 

t / rnin 

FIG. 4 Transport of platinum through SLM containing 0.5 M TOA in kerosene. Feed: 0.5 
M HCI; product: 1 M HC104. (0) Feed; (0) product. The broken line corresponds to the 

fraction remaining in the membrane phase. 
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The Pt(1V) fraction in the feed solution smoothly decreased with shaking 
time, and that in the product solution increased at a slower rate. Then a 
considerable time lag was observed; for example, the time of one-half 
transport in the product side was delayed about 30 minutes compared with 
the decreasing time in the feed side. The Pt(1V) fraction remaining in 
the membrane phase was estimated from the difference in the fractions 
experimentally determined in the feed and product sides. Variation in this 
estimated fraction is depicted as a function of time by the broken line in 
Fig. 4. This remaining fraction might be due to insufficient stripping. 

In liquid-liquid extraction, the third phase containing Pt(IV) was found 
on the boundary of organic and aqueous phases. and a similar third phase 
was also observed on SLM in the product side, in which the Pt(IV) species 
was hardly stripped to the product solution. Further, in these transport 
experiments. a portion of the liquid membrane gradually leached out into 
the aqueous solutions, and the SLM must be mended by impregnating the 
organic phase about every 2 hours. 

As for other stripping reagents, only a small portion (<30% at 5 hours) 
of Pt(1V) was transported by 10% dimethylamine, with a large portion of 
Pt(1V) remaining in the membrane phase. Dimethylamine itself was back- 
transferred from the product to the feed solution. In the case of 0.5 M 
NaSCN. Pt(IV) was transported to a considerable extent. However, 
Pt-SCN complexes built up as orange-yellow deposits in the feed side of 
the SLM. Among the reagents tested, perchloric acid and perchlorate salt 
were found to be most suitable for stripping Pt(IV). 

Addition of 1-Octanol in SLM 

In order to accomplish sufficient striping to reduce the Pt(lV) fraction 
in the membrane layer. the liquid membrane was modified by the addition 
of a long-chain alcohol. Figure 5 illustrates the effect of I-octanol contents 
on the distribution ratios of Pt(1V) between 0.5 M TOA in kerosene and 
0.5 M HCIO,. The distribution ratio of Pt(lV) decreased with increasing 
I-octanol content. This appears to be due to a decrease in free TOA con- 
centration by the reaction between TOA and I-octanol ( I  1).  This will serve 
to promote the stripping of Pt(1V) from the TOA SLM. 

Transport of Pt(IV) through an SLM containing I-octanol is shown in 
Fig. 6. Decreasing fractions in the feed side were only slightly affected 
by the I-octanol content. but increasing fractions in the product side were 
greatly enhanced with increasing 1-octanol content. With a I-octanol con- 
tent of IO-20%. the Pt(IV) fractions in both sides were approximately 
equal. indicating that Pt(IV) accumulation in the SLM was practically 
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EXTRACTION OF PLATINUM(IV) 615 

0 20 40 60 
1 -0ctanol / % 

FIG. 5 Effect of I-octanol contents on the distribution ratio of platinum. Organic phase: 
0.5 M TOA in kerosene: aqueous phase: 0.5 M HCIO,. 

negligible. Thus permeation of Pt(1V) through the TOA liquid membrane 
was promoted by the addition of I-octanol. 

Long-chain alcohols sometimes play an important role in a transport 
process (12). As for the TOA system, besides those advantages described 
above, the third phase containing Pt(1V) was readily overcome by the 
addition of 1-octanol. Furthermore, the SLM was stabilized to be effective 
for about 5 hours without loss of the carrier in the presence of 20% 
1-octanol. 

t / min 

FIG. 6 Effect of I-octanol contents on the transport of platinum. Feed: 0.5 M HCI; product: 
I M HC104: SLM: 0.5 M TOA and (0.0) 096, (0. W) 5%. (a, *) 20% I-octanol in kerosene. 

Open symbols: feed: tilled symbols: product. 
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Effect of TOA Concentration 

The quantitative transport of Pt(IV) was accomplished through an SLM 
impregnated with 0.1-0.8 M of TOA in the presence of 20% l-octanol. 
The apparent rate constant, kf.obs. for the transport of Pt(1V) is evaluated 
from the following equation: 

In([Ptlf.t/[Ptlf.~) = - kf.obsf ( 5 )  

The kf,ob5 value increased slightly with TOA concentration, as shown in 
Fig. 7. 

Effect of HCIO4 Concentration 

Figure 8 shows the transport of Pt(IV) into different concentrations of 
HCIO,. The experimental results on transport are summarized in Table 
1 ; the value of kf.0t.s almost remained unaltered below 1 .O M HC104, and 
further increasing the HCI04 concentration led a slight drop in kf,obs. This 
is difficult to explain from liquid-liquid extraction data. One reason may 
be that a small amount of C 1 0 ~  in the product solution permeated through 
the SLM to the feed side and lowered the extractability of Pt(1V). Al- 
though insufficient stripping occurred only at low concentrations (such as  
0.1 M), Pt(1V) was almost quantitatively transported into the HC104 solu- 
tion above 0.5 M after 9 hours. 

Concentration Factor 

The product volume was set much smaller than the volume of the feed 
solution to concentrate Pt(IV) into the product solution. The values of 

FIG. 7 Effect of TOA concentration on the apparent rate constant. SLM: TOA-2070 1- 
octanol in kerosene; feed: 0.5 M HCI; product: I M HC104. 
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C 
0 .- 
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0 100 200 300 400 
t I min 

FIG. 8 Effect of HC104 concentration on the transport of platinum. SLM: 0.5 M TOA and 
20% I-octanol in kerosene; feed: 0.5 M HCI; product: (0. 0 )  0.1 M, (V, V) 0.3 M, (A,  A )  

1.0 M HC104. Open symbols: feed; filled symbols: product. 

the concentration gradient [Pt],/[Pt]f and the concentration factor [Pt],/ 
[Pt]f,O after 9 hours are listed in Table 1. Pt(1V) in HCI solution was trans- 
ported into the HC104 solution against its large concentration gradient. 
The concentration factors obtained were close to the corresponding ratio 
of the feed volume ( V f )  and the product volume (Vp). Even when the 
concentration factor was as high as nearly 20, more than 97% of the initial 
Pt(IV) was recovered in the product solution. Thus, the SLM with TOA 
carrier can be successfully utilized in the separation and concentration of 
Pt(IV) from dilute solutions. 

TABLE 1 
Transport and Concentration of Platinum(1V)" 

[PtlP/[Ptlf Recovery 
HC104 Vp at 9 [Ptl,/[Pt]r.~ at 9 hours 
(M) (cm3) VdV, kf,ohs ( s - ' )  hours at 9 hours (%) 

0.1 100 I 3.13 x 10-4 10 0.674 67.4 
0.3 I00 1 3.10 X 34 0.916 91.6 
0.5 I00 1 3.12 x 10-4 62 0.970 97.0 
1 .O 100 I 3.17 x 10-4 96 0.973 97.3 
3.0 100 I 2.50 x I00 0.981 98.1 
3.0 25 4 2.62 x 1 0 - 4  650 3.92 98.8 
3.0 10 10 2.60 x 10-4 1324 9.71 97.3 
3.0 5 20 2.55 x 10-4 3275 19.3 97.2 

a Feed: 0.5 M HCI, 100 cm3. SLM: 0.5 M TOA and 20% I-octanol in kerosene. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
0
7
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



61 8 FU, NAKAMURA, AND AKIBA 

-9 

7 
0 
0 - 

-10- 

Effect of Pt(IV) Concentration 

The influence of the initial Pt(1V) concentration in the feed side on 
transport across an SLM containing 0.5 M TOA-X% I-octanol is shown 
in Fig. 9. The initial Pt(IV) flux through an SLM. J (mol.cm-'.s-'). is 
given by 

- 

where S refers the geometric area of the SLM. 
At low concentration regions below lo-'  M [Ptlf.(,, the flux varied in 

proportion to the initial Pt(lV) concentration, beyond which it reached a 
constant value. Further increasing the Pt(1V) concentration produced an 
orange-yellow deposit on the SLM in the feed side. 

Effect of Shaking Speed 

Figure 10 illustrates the effect of shaking speed on the transport rate 
of Pt(1V). The kf.clh, value increased with shaking speed up to 130 spm, 
and then decline with any further increase in shaking speed because TOA 
was partially leached out from the SLM at too high a speed. Increasing 
AT.ohr with increasing shaking speed may be attributable to a decrease in 
the thickness of the boundary layer between the feed solution and the 
SLM (13). 

In conclusion. TOA can successfully serve as a carrier to transport 
Pt(1V) from a dilute HCI solution to a HCIO, solution. Pt(IV) can be 

- 
log [PtIf,O 

-4 -3 

FIG. 9 Effect of initial concentration of platinum in the feed solution on the llux. SLM: 
0.5 M TOA and 2 0 5  I-octanol in kerosene: feed: 0.5 iM HCI: product: 1 M HCIOJ. 
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v) n 
9 
r' -4. 
CI) 
0 - 

61 9 

1 

Shaking speed / spm 

FIG. 10 Effect of shaking speed on apparent rate constant. SLM: 0.5 M TOA and 2077 I -  
octanol in kerosene: feed: 0.5 M HCI: product: I M HCIO4. 

almost quantitatively transported across an SLM containing 0.5 M TOA 
and 20% 1-octanol to the product solution at an excellent rate > 
2.50 x lop4). The total transport of Pt(1V) may be primarily controlled 
by the diffusion process in the aqueous boundary layer. 
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