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Synergic transport of metal ions of yttrium has been studied in a supported liquid
membrane system using Aliquat-336 and TBP as anion exchange and solvating
extractant, respectively. In order to explore synergic transport of yttrium, supported lig-
uid membrane transport of yttrium with single extractant Aliquat-336 or TBP, has been
investigated. Possible reactions, occurring at interfaces of source and membrane or mem-
brane and receiving phases during the transport of yttrium metal ions, are proposed. Dif-
ferent experimental variables for these supported liquid membranes explored were stir-
ring speed of source or receiving phase (40 to 140 rpm), NH,SCN concentration (0.5 to 3
mol dm), pH of source phase (0.5 to 5), yttrium metal ion concentration (107 to 2 x
1072 mol dm™), carrier concentration (10to 0.1 mol dm™), concentration of complexing
agent in receiving phase (10° to 102 mol dm™), and pH of receiving phase in presence
of complexing agent (0.5 to 5). In addition to this, efficiency and stability of investigated

supported liquid membrane have been explored.
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Introduction

Yttrium plays an important role in several com-
mercial applications. It is an important constituent in
phosphoresces, catalyst and super conducting materi-
als. Yttrium behaves similar as lanthanide elements
in solvent extraction and separation methods.'? Rare
earth elements are associated with yttrium in natural
minerals. It is essential to explore new methods for
the ion transport behavior of yttrium. In solvent ex-
traction or liquid membrane system with acidic
extractants, yttrium behaves like heavy rare earths.
However, in nitrate media it behaves like heavy in
the extraction process with TBP or Aliquat-336 or
mixture of them.* Moreover, in thiocyanate media,
yttrium behaves like heavy rare earths in extraction
with TBP, or mixture of TBP and Aliquat-336 like
lighter rare earths with extraction with Aliquat-336.°
Thus yttrium can be separated from rare earth ele-
ments in Aliquat-336-thiocyanate system from lighter
once and from heavy lanthanides in the mixture of
TBP and Aliquat-336 or TBP or acidic extractants.
Such solvent extraction studies have been reported
earlier.”7 It is very interesting to explore ion trans-
port behavior of yttrium in salt and acid media in
supported liquid membrane system. Supported liquid
membrane system is an advanced economical viable
technique for separation and pre-concentration of
several metal ions. Therefore, this paper describes
the ion transport behavior of yttrium through sup-
ported liquid membrane system

Experimental

Reagents and apparatus

The extractants Aliquat-336  (tricaprylyl
monomethyl ammonium chloride or methyl trioctyl
ammonium chloride, R*Cl") and TBP (tri-butyl
phosphate) (Aldrich Chemicals Co, USA), were
used. The suitable concentration and volume of the
extractants over porous supports have been used.
Sandwich type supported liquid membranes were
used to separate the source and receiving aque-
ous phases. The suitable concentration of each
Aliquat-336 and tri-butyl phosphate was used. The
different concentrations of organic solutions were
prepared by diluting a desired amount of extractant
with kerosene. Metal ion solutions were prepared
by dissolving an appropriate quantity of yttrium tri-
oxide in hydrochloric acid. The solutions were di-
luted to 250 ml with distilled water after evaporat-
ing the excess acid. The content of metal ion in the
solution was confirmed complexometrically at pH 5
with xylenol orange as an indicator. All other chem-
ical used were of analytical grade.

The experimental apparatus sandwich type cell
used during these investigations to measure the per-
meability coefficient of metal ions is described in
Fig. 1. A membrane cell with an interfacial area
11.94 cm? was used. The variation of metal ion con-
centration with respect to time was estimated using
samples drawn from the source and receiving solu-
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Fig.1 — Schematic representation of apparatus used for

supported liquid membrane system

tions with spectrophotometer at the absorbance at
575 nm after colour development with Arsenazo I
indicator at pH 7.5. The reproducibility of the ex-
periment was checked with the experimental results
of means of two reproducible runs.

Preparation of SLM

A membrane sandwich type cell, which is sy-
nergic, supported liquid membrane of Aliquat-336,
and tributyl phosphate kerosene solution is prepared
by impregnation, soaking and removing excess so-
lution by filter paper. The total quantity of contain-
ing membrane phase 0.35 ml, source phase 35 ml
and receiving phase 25 ml, were used.

Procedure

A source solution with a suitable metal ion
concentration and 2.5 mol dm= ammonium thio-
cyanate or ammonium nitrate or nitric acid in 35 ml
was taken into big cell. Using dilute solutions of
hydrochloric acid or sodium hydroxide did its pH
adjustment to the desired value. The receiving
phase used 25 ml was in small cell with appropriate
pH solution. The source and receiving solutions
separated by liquid membrane were leak proof. The
samples of the source and receiving solutions were
pipetted out and the samples were estimated with
spectrophotometer at the absorbance at 575 nm af-
ter colour development with Arsenazo I indicator at
pH 7.5.

Results and discussion

Separation of yttrium from heavy or lighter
lanthanide elements can be achieved using number
of solvent extraction stages. In such cases, other
practical problems occurred as loading, flooding,
and loss of solvent, etc. In supported liquid mem-
brane system, less amount of solvent, continuous
operation, suitable design, conveniently number of

stages,® easy operation and suitable design, are the
added advantages.

A conventional solvent extraction system
which is carried out in two steps, either, for separa-
tion or pre-concentration of rare earth ions from its
source solution, can be illustrated in bulk solutions
as shown in Fig. 2. A bulk liquid membrane system,
which consists of source (s), membrane (m) and re-
ceiving (r) phases, is illustrated in Fig. 2. The ex-
traction and stripping processes are carried out one
after the other, after the equilibrium and separation
of two phases. However, during these processes,
different modes of occurrence involved are disper-
sion of one phase as drops in another phase, subse-
quent to coalescence of dispersed phase and phase
separation. This mode of operation frequently leads
to solvent loss by emulsion formation. This may
cause the loss of costly carriers or chelating agents,
and extractant loading. The dispersion free solvent
extraction technique, i.e. membrane technique elim-
inates all such shortcomings. Fig. 2 illustrates the
transport of trivalent rare earth ions (M*") from
source phase through liquid membrane to receiving
phase. This ion transport process of metal ion can
be represented by two extraction processes, namely,
transport of rare earth ion from the aqueous to or-
ganic phase as a forward extraction process, and
lanthanide ion transport from organic phase to the
aqueous phase as a backward extraction process.
These extraction processes can be simultaneously
carried out in synergic supported liquid membrane
extractor as extraction and stripping processes as
explored in the present investigations.

Forward extraction Backward extraction

S Interface | m Interface II r
Extraction Stripping
Jis TBP N
_ + —
—
M3 Aliquat-336 Mm+3
‘Jb.s Jf,r
(High salt or acid (Low salt or acid
concentration) concentration)

Source phase membrane phase receiving phase

Fig. 2 — Metal ion transport illustration in liquid membrane

Synergic ion transport mechanism
in liquid membrane system

Combination of liquid anion exchanger and
solvating solvent in ammonium thiocyanate media
is important for the separation of anionic com-
plexes. The combination of liquid anion exchanger
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(Aliquat-336, tri-caprylyl mono-methyl ammonium
thiocyanate, R* SCN-) and solvating extractants,
TBP, can be used for the continuous pumping of
metal ion from source to receiving phase through
liquid membrane phase using salt medium. The lig-
uid anion exchanger is converted into appropriate
anion form. The transport of anionic complex of
rare earth metal ions with ammonium thiocyanate
was explained as follows.

Solvent extraction process occurs with liquid
anion exchanger at interface I, the R* SCN- has
high affinity for M (SCN), in thiocyanate medium.

M(SCN); +2 R* SCN-,, © M(SCN)*5 (R"),,,, (1)
(at high concentration of NH, SCN)

TBP has high affinity towards solvation com-
plex formation with M( SCN), at interface I.

M(SCN), + 3 TBP,, < M(SCN); .3TBP,, ?)
(at high concentration of NH, SCN)

The formation of ion pair and solvated com-
plex with liquid anion exchanger, solvating extrac-
tant and M(SCN),, takes place as synergic extrac-
tions at interface I as follows.

M(SCN);, + 2 R'SCN ,+ 2 TBP, & o
< M (SCN)> 4(R"),. 2 TBP,,

Since, the concentration of ammonium thio-
cyanate receiving phase at interface II is very low,
the dissociation of the formed complexes at the in-
terface Il were taking place. The metal salt
M(SCN); is transferred from source phase to re-
ceiving phase. The released extracatnts liquid anion
exchanger and solvating solvents were diffused to
interface 1 for further transport of M(SCN),. It is
given as follows.

M(SCN); - 3TBP,, < M(SCN),, + 3 TBP,,  (4)
M(SCNY>5 (R"),,, < M(SCN);, + 2 R* SCN-,,  (5)

M(SCN)>; (R"), - 2 TBP, < )
< M(SCN),, + 2 TBP, + 2 R* SCN,, ()

(At low concentration of NH,SCN in receiving phase)

Combination of liquid anion exchanger and
solvating solvent in nitric acid media is an example
to illustrate the important role of acid in ion trans-
port of anionic complexes. The transport of anionic
complex of rare earth metal ions in nitric acid me-
dia was explained as follows. Solvent extraction
process occurs with liquid anion exchanger at inter-
face I. The R" NO;~ and TBP have high affinity for
M(NO;); in nitric acid medium, the formation of
ion pair and solvating complexes were taking place.
The synergistic complex is also formed. The liquid
anion exchange and adduct formation reactions are

pre-dominant. The formation of oxonium salt takes
place at interface I as

TBP, + HNO; < TBP - H" NO;,
(liquid anion exchanger or oxonium salt)

(7

(At high concentration of acid). It acts as a liquid
anion exchanger

TBP = H'NO;, + M(NOy, & o
< TBP - H" M(NOy), . ®)

M(NO3)3,r + R+ NOB_m hid MG\IOS)_4 (RJr)m
(at high concentration of HNO;)

M(NO;); ; + TBP,, < M(NO,); - TBP, (9)

M(NOs);, + R'NO; "\t TBR,, & |
M(NO,), R* * TBP,,

M(NO;); + R*NO; -+ TBP - H" NO; ", < (11
< TBP - H* M(NO;)5 R* - TBP,,

The ion exchange and stripping process took
place at interface II. M(NO;)7, (R"), TBP - H"
M(NOs),",,, M(NO5); - TBP,, , M(NO;), R" - TBP,,
and TBP - H* M(NO,)~5 R - TBP,, dissociated at
interface II because of low concentration of nitric
acid in receiving phase. The formed R* NO;~, TBP
- H*NO;~,, and TBP are diffused back for further
transport of M(NOs;);, at interface I to II. M(NO,); is
released in receiving phase. It is given as follows.

M(NO,) 4 (R") - TBP, & M(NOy); /+
+ TBP,, + R* NO,™ ,, (12)

TBP > H" M(NO;) R TBP, & |3,
< M(NO,),, + R"NO, -+ TBP - H* NO;"

M(NO;),” R",, < M(NO;);, + R" NO;, (14)
M(NO,), - TBP, < M(NO,),, + TBP, (15)

TBP - H * M(NO,),,, < TBP, - (16)
- H" NO37,m + M(NO3)3
Combination of liquid anion exchanger and
solvating solvent in ammonium nitrate media is sig-
nificant to note that the salt play an important role
in ion transport of metal in liquid membrane. The
transport of anionic complex of rare earth metal
ions in ammonium nitrate media was explained as
follows. Solvent extraction process occurs with lig-
uid anion exchanger at interface I. The R*NO;~ and
TBP have high affinity for M(NO;); in ammonium
nitrate medium, the formation of ion pair and
solvating complexes occurred. The synergistic com-
plex is also formed.

M(NO;);; + R"NO;", < M(NO;), (R)

(at high concentration of NH, NO;) " (17)
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M(NO;), , + TBP,, < M(NO,), - TBP,, (18)

M(NOy); , + R'NOy, + TBP, & o,
< M(NO;), R* - TBP,,

The ion exchange and stripping process took
place at interface II. M(NO;), (RY), M(NO;); -
TBP,, and M(NO;), R* - TBP,, are dissociated at
interface Il because of low concentration of ammo-
nium nitrate in receiving phase. The complexes
were dissociated at interface II, and liberated R™
NO;~ ,, and TBP,, are diffused back to the interface
I. M(NO,), is released to receiving phase at inter-
face II. It is given as follows.

M(NOy), (R) - TBP,, <
< M(NO,),, + TBP, + R* NO,,,  (20)

M(NO;), R", < M(NO;);, + R* NO; ™, (21)
M(NO;); - TBP,, < M(NO;);, + TBP,, (22)

Effect of the stirring speed

Source and receiving phases were stirred in the
range 40 to 140 rpm (Fig. 3). It was observed that
the permeability coefficient increased from 40 to 90
rpm and it remained almost same from 90 to 140
rpm. This observation shows that the diffusion layer
of ion transport in bulk solutions at interfaces I and
II decreases at 40 to 90 rpm speed and it reaches
maximum in 90 to 140 rpm. Similar observation
was noticed for TBP, Aliquat-336 and mixed
TBP+Aliquat-336 systems. Further experiments
were done at 100 rpm.

A A— A A
/A
/A
2ol /A/A —o—TBP
& —o— Aliquat-336
a —a— TBP + Aliquat-336
g af o
oo O—0p o
o o
e
3.0 g g
1 " 1 " 1 1 " 1 n |
40 60 80 100 120 140

rpm (revolution per minute)

Fig. 3 — The variation of permeability coefficient (P) with
stirring speed, rpm (revolution per minute), for yitrium, ¢y, =
1 mmol dm™, s. p. = 35 ml 2.5 mol dm™ NH,SCN, r. p = 25 ml
water, m. p. = 0.35 ml, pH_ 5 and A = 11.94 e’ (a) TBP =
0.01 mol dm™, (b) Aliquat(336 = 0.01 mol dm™ and (c) TBP =
0.01 mol dm= + Aliquat-336 = 0.01 mol dm™

Effect of ammonium thiocyanate concentration
in source phase

Ammonium thiocyanate concentration in source
phase was varied from 0.5 to 3 mol dm™ for the sys-
tems TBP, Aliquat-336 and mixed TBP+Aliquat-336

(Fig. 4a). The results of the permeability coefficient
of yttrium ion transport increased with the increase
of ammonium thiocyanate for these carrier systems.
However, further experiments were carried at 2.5
mol dm™ of ammonium thiocyanate.

a) —a—TBP + Aliquat-336 b —a—TBP + Aliquat-366
—e— Aliquat-336 —o— Aliquat-336
—=—TBP —o—TBP

Log P

T T T
1 2 3

NH,SCN, (M) pHof r.p.

Fig. 4 — The variation of permeability coefficient (P) with
ammonium thiocyanate concentration in source phase and pH
of receiving phase, for yitrium, cy,;, = 0.001 mol dm>, s. p. =
35 ml 2.5 mol dm™ NH,SCN, r. p = 25 ml water, m. p. = 0.35
ml, pH, 5 and A = 11.94 cn’, (a) TBP = 0.01 mol dm=, (b)
Aliquat(336 = 0.01 mol dm™ and (c) TBP = 0.01 mol dm™ +
Aliguat-336 = 0.01 mol dm™

Effect of variation pH of receiving phase

In general, the extraction of metal ion anionic
complexes occurs at the higher ammonium
thiocyanate concentration in comparison to that of
stripping process. In order to strip out the metal ion
from membrane phase, it is necessary to reduce ac-
tive concentration of ammonium thiocyanate and
make less competitive to metal ion anionic complex
formation during the stripping process towards
extractants. Thus, with the decrease in ammonium
thiocyanate concentration in receiving solution, the
distribution ratio of metal ion decreases at the strip-
ping side. However, to check the pH effect on strip-
ping out the metal ion from membrane phase, the
pH of receiving phase was varied in the range 0.5 to
5.0 for the TBP, Aliquat-336 systems. Permeability
coefficient for these systems was increased with in-
crease in pH of receiving phase from 0.5 to 5 (Fig.
4b). However, experimental studies are reported of
pH 5.

Effect of yHrium ion concentration
in source phase

The variation of metal concentration in source
phase for TBP, Aliquat-336 and TBP + Aliquat-336
system was carried out in the range 10 to 2 x 1072
mol dm= (Fig.5). The results show the permeability
coefficient nearly remains the same at lower con-
centration range from 107 to 10~ mol dm, at the
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Fig. 5 — The variation of permeability coefficient (P) with
metal ion concentration for yttrium, cyqy,, = 0.001 mol dm?, s.
p. =35 ml 2.5 mol dm™ NH,SCN, r. p = 25 ml water, m. p. =
0.35 ml, pH, 5 and A = 11.94 em?, (a) TBP = 0.01 mol dm>,
(b) Aliquat(336 = 0.01 mol dm™ and (c) TBP = 0.01 mol dm™>
+ Aliquat-336 = 0.01 mol dm™

above range, it decreases with the increase in the
metal ion concentration upto 2 x 102 mol dm
studied.

Effect of carrier concentration in ammonium
thiocyanate media.

Carrier plays an important role in a extractant
mediated separation technique. Therefore, the opti-
mization of carrier concentration is an essential.
Aliquat-336 concentration variation was carried out
from 10 to 0.1 mol dm= (Fig. 6a). The results
show that the permeability coefficient increases
with the increase in Aliquat-336 concentration for
Aliquar-336 and mixed TBP + Aliquat-336 sys-
tems. However, further experiments were done at
102 mol dm= Aliquat-336. The concentration of
TBP was varied from 107 to 0.1 mol dm~ (Fig.
6b). The permeability coefficient was increased
with the increase in TBP concentration. However,
permeability coefficient values observed are higher
for Aliquat-336 and mixed TBP + Aliquat-336 sys-
tems in comparison with that of TBP for yttrium.

Effect of carrier concentration variation
in ammonium nitrate media

Yttrium forms anionic nitrate complex in am-
monium nitrate in aqueous phase. Yttrium nitrate
salt can be extracted with TBP. Therefore, the trans-
port of yttrium ions through supported liquid mem-
brane has been investigated keeping similar condi-
tions as in the thiocyanate media and varying the
concentration of TBP or Aliquat-336 in individual
as well as in mixed systems; such studies are re-
ported in figures 6 c-d. In TBP, Aliquat-336 and
mixed TBP + Aliquat-336 systems, it is observed
that with the increase in carrier concentration, the
permeability coefficient increases.

Effect of carrier concentration
in nitric acid media.

Since yttrium has different characteristics of
complex formation in thiocyanate and nitrate, there-
fore, it is interesting to explore ion transport behavior
of yttrium in nitric acid media. Under the similar con-
ditions of thiocyanate media, carrier concentration was
varied from 10 to 0.1 M for the TBP, Aliquat-336
and mixed TBP + Aliquat-336 systems (Fig. 6 e-f). It
was observed that the permeability coefficient in-
creases with the increase in carrier concentration.

Effect of complexing agent concentration
in receiving phase

The complexing agent citric acid or tartaric
acid or EDTA can be used in receiving phase in or-
der to enhance the permeability of yttrium ions. The
concentration variation of citric acid, tartaric acid,
and EDTA, was carried out from 107 to 102 mol
dm> for TBP, Aliquat-336 and mixed TBP +
Aliquat-336 systems (Fig. 7 a-c). The results indi-
cate the use of complexing agents in receiving en-
hances the permeability coefficient with the in-
crease in complexing agent concentration for citric
acid, tartaric acid, and EDTA.

Effect of pH of receiving phase in presence
of complexing agent

Dissociation of complexing agent depends on
the pH of aqueous solution hence it has effect on
complexation of yttrium ion with citric acid, tartaric
acid, and EDTA, with variation of pH of aqueous
solution in order to enhance the complexation and
conversely it enhance the permeability coefficient
of yttrium ion. Thus, the pH of receiving phase in
presence of complexing agent for the TBP, Ali-
quat-336 and mixed TBP + Aliquat-336 was varied
from 0.5 to 5. The results show that the permeabil-
ity coefficient of yttrium increases with the pH
from 0.5 to 5 for TBP, Aliquat-336 and mixed TBP
+ Aliquat-336 systems (Fig. 8 a-c). The effective-
ness of complexing agent was found to be in the in-
creasing order tartaric acid < citric acid < EDTA.

Pre-concentration of metal ion
in thiocyanate media

The pre-concentration of yttrium from source
to receiving phase through supported liquid mem-
brane has been investigated in concentration range
1076 to 1072 mol dm™ for the TBP, Aliquat-336, and
TBP + Aliquat-336 system in thiocyanate media
(Fig. 9). Results show that pre-concentration of yt-
trium metal ions can be effectively achieved from
dilute solutions.
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Fig. 8 — The variation of permeability coefficient (P) with pH of source phase in presence of complexing agent for yttrium, Cyam
= 0.001 mol dm™, s. p. = 35 ml 2.5 mol dm™> NH,SCN, r. p = 25 ml water, m. p. = 0.35 ml, pH 5 and A = 11.94 cm’, TBP = 0.01 mol
dm3, Aliquat(336 = 0.01 mol dm™, (a) citric acid, (b) tartaric acid and (c) EDTA

—a—TBP + Aliquat-336

14 —o— Aliquat-336
—o—TBP
A A

Log P
/

A
-2
O O O.
11} O O O,
\I:I\ \O
u} O
3 . 1 A 1 R 1 . | A ]
0 10 20 30 40 50
Time, t/h

Fig. 10 — The stability constant of supported liquid mem-
brane system for yitrium, ¢y, = 0.001 mol dm™, s. p. = 35 ml
2.5 mol dm™ NH,SCN, r. p = 25 ml water, m. p. = 0.35 ml, pH,
5and A = 11.94 cm?, (a) TBP = 0.01 mol dm™, (b) Aliquat(336
= 0.01 mol dm™ and (c) TBP = 0.01 mol dm= + Aliquat-336 =
0.01 mol dm™

Stability of supported liquid membrane

The stability of investigated supported liquid
membrane of yttrium has been investigated for
TBP, Aliquat-336, and mixed TBP + Aliquat-336
systems for 50 h. The results show that the perme-

—a—TBP + Aliquat-336
—e— Aliquat-336

y T v T v T T T
-5 4 -3 -2

Log [M3], (M3 in moles/l)

Log EF

a,_

Fig. 9 — The variation of enrichment factor (EF) with
metal ion concentration for yttrium, cyqy,, = 0.001 mol dm?, s.
p. =35 ml 2.5 mol dm™ NH,SCN, r. p = 25 ml water, m. p. =
0.35 ml, pH_ 5 and A = 11.94 cm’, (@) TBP = 0.01 mol dm™,
(b) Aliquat(336 = 0.01 mol dm™ and (c) TBP = 0.01 mol dm™
+ Aliquat-336 = 0.01 mol dm™

ability coefficient remains more or less same for
50 h.

Presented experimental data support the devel-
oped mechanistic models for the synergic supported
liquid membrane system. However, the different
supported liquid membrane can be used for the
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synergic liquid membrane for the transport metal
ion based on ion exchange of anionic complex and
solvation. The system can be used for several metal
ions in different aqueous media depending on the
ability of anionic complex formation and solvation
such as in chloride, nitrate, thiocyanate, sulphated,
phosphate, organic acids, etc.

Conclusions

The transport of metal ion in a supported liquid
membrane system consisting of source, membrane
phase (immobilized on supports with the combina-
tion of sandwich type) and receiving phases, has
been investigated. Where transport of metal ion is
significantly depend on different parameters, such
as the ammonium thiocyanate concentration in
source solution, carrier concentration, etc. the effect
of complexing agents such as citrate, tartarate and
EDTA, has been investigated. The effects of these
complexing agents have been found efficient in or-

der to pre-concentrate metal ion selectively. The ap-
plication of developed membrane system has been
investigated for the stability of membrane and
pre-concentration of metal ion solution from dilute
solutions.
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