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A newly designed membrane cell was used to study the behavior of the transport and separation of
lanthanum, yttrium and lutetium metal ions using a cellulose fiber supported solid membrane. The cellulose
fiber membrane was prepared by the chemical modification of cellulose fiber using an esterification reaction
with citric acid. Different experimental variables were investigated, such as time, membrane size, stirring
of the source and receiving phases and the pH of the source phase. The use of different stripping agents
in the receiving phase was explored, including nitric acid, hydrochloric acid, sodium nitrate, ammonium
thiocyanate, D,EHPA, TBP, Aliquat-336, tartaric acid, EDTA and organic solvents. Pre-concentration of
lanthanum, yttrium and lutetium metal ions from dilute solutions was carried out.
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KAPAKTEPUCTUKHA HA TPAHCIIOPTOT U CEITAPAIIUJATA HA METAJIHUTE JOHHA
HA JIAHTAH, UTPUYM U JIYTELIUYM ITIPEKY HEJYJIO3HU
BJJAKHA HAHECEHHU HA IBPCTA MEMBPAHA

Kopucrena e HoBoaM3ajHMpaHa MeMOpaHa 3a Jia ce UCIIUTAaT KapaKTePUCTUKUTE Ha TPAHCIIOPTOT
W cerapanyjara Ha METaJHHUTE JOHM Ha JaHTaH, UTPUYM U JIYTEIUYM CO TIOMOII Ha IETYJI03HO BIAKHO
HaHeceHO Ha nBpcra MemOpana. [lemyno3HOTO BakHO 071 MeMOpaHara Oellle MOArOTBEHO CO HEroBa Xe-
MHCcKa MoauduUKanrja Bo peakija Ha ecTepuduKanmja co JMMOHCKa KUCENMHA. Bo TEKOT Ha TpaHCIOPTOT
Ce CJIC/ICHH Pa3JInYHU EKCIIEPUMEHTATHH TTapaMeTpH: BIIMjaHUue Ha BPEMETO, TMMEH3MN Ha MeMOpaHara,
MEIIake Ha MMOYCTHATA U KpajHaTa (asa mpu Tpancnopror ¥ pH Ha modyerHara ¢asa. [Tokpaj Toa, Bo Kpaj-
Hara (a3a e ucnuTaHa MpUMeHaTa Ha Pa3IMYHU CPEJICTBA 338 OTCTPaHyBakEe—a30THA KUCEIIUHA, XJIOPOBO-
JOpOjIHA KUCEJIMHA, HATPUyMHUTpAT, aMonrymTrHonujanar, D,EHPA, TBP, Aliquat-336, BuHcKa kucenvHa,
EDTA, oprancku pacTBopyBauu UTH. l13BefieHa € pe-KOHIEHTpalyja Ha JOHUTE Ha METaJINTE Ha JIAHTaH,
UTPUYM U JIyTCIUYM.

Kiyunn 300poBu: MeMOpaHa co IETyI03HO BIAKHO; JIAHTAH; HTPUYM; JTyTCIUYM; METAIHN jOHH;
HCIUTYBaKkE Ha TPAHCIOPT; CEMapaluy; PeareHCH 3a KOMIUIEKCUPAILE;

61/IHapHI/I CMECH, IMMOHCKa KHNCCIIMHA
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1. INTRODUCTION

Since rare earth elements are similar in the-
ir chemical and physical properties, many atte-
mpts had been made to separate them from ea-
ch other. In the literature, to cite a few references
in the progress of rare earth metal ion separation,
the effect of anions such as perchlorate, chlo-
ride, nitrate and acetate on the separation of rare
earths was studied using a cation exchange mem-
brane composed of 5,11,17,23-tetra-tert-butyl-
25,26,27,28-tetrakis-(di-phenyl-phosphinoyl-
methoxy)-calix[4]-arene (cone conformation) in
o-nitrophenyl hexyl ether (NPHE) [1-2]. Citric
acid under selected experimental conditions of
ion exchanger bed height and diameter has been
found to be useful for the separation of rare earth
elements. Solvent extraction has been reported
for rare earth elements with a macrocyclic ligand
[3]. A process was demonstrated for the efficient
separation of rare earth elements, using a combi-
nation of selective reduction and vacuum distil-
lation of halides [4]. The effect of the substitu-
tion of rare earth metal ions in the membrane for
the separation of water and acetic acid has been
reported [5]. The separation of rare earth met-
al ions has been reported using a micro-column
(0.5 mm i.d. and 75 mm long) packed with TSK
LS-212 high-performance cation exchange resin
[6]. The separation of adjacent rare earth metals
was improved using the difference in complex
formation ability between metals and EDTA [7].
The separation of rare earth metals has been in-
vestigated using microcapsules (MC) consisting
of a styrene (St)—divinylbenzene (DVB) copo-
lymer containing bis-(2-ethylhexyl)-phosphinic
acid (PIA-226) [8]. Also, centrifugal countercur-
rent type chromatography (centrifugal partition
chromatography) has been applied for the sepa-
ration of lighter rare earth metal ions, i.e. LaCl,,
CeCl,, PrCl,, NdCl,, SmCl, and EuCl, [9]. The
use of pressurized ion exchange chromatogra-
phy for the rapid separation of rare earth ele-
ments was demonstrated using Dowex 50W-X8
and o-hydroxyisobutyrate solution [10]. Anionic
complexes of rare earth elements were separat-
ed isocratically using anion-exchange resin and

ethylenediaminetetraacetic acid (EDTA) as the
mobile phase [11]. The separation of samarium
using a hollow fiber membrane has also been de-
scribed [12].

Since the rare earth elements are very
similar in their chemical and physical proper-
ties, developing separation methods for clean
and clear-cut separation for rare earth elements
is a challenging task. Several attempts in the
past have been made to develop selective sepa-
ration methods for the rare earth elements. Be-
sides these efforts, the task remains economi-
cally challenging. However, citric acid has been
used as an eluant in the separation of rare earth
metal ions using a cation exchange resin bed in
the column [13]. Tartaric acid and EDTA have
been used as complexing reagents for rare earth
metal ions [14]. HCl and HNO, have been used
as stripping agents in liquid-liquid extraction
and as eluants in ion exchange chromatography
for rare earths [15]. D,EHPA and beta-dike-
tones have been used as the extractant for rare
earth metal ions [16—18]. Organophosphorus
extractants, napthenic and versatic acids have
been explored for the separation of rare earth
metal ions [19-24].

There are several reports on the transport
and separation of rare earth elements using lig-
uid membrane techniques. Different extractants
were explored in these studies, such as D,EH-
PA, PC-88A and Aliquat-336 [25-27]. During
these investigations, different strippants in the
receiving phase included mineral acids and car-
boxylic acids [28-30]. Hollow fiber membrane
solvent extraction and supported liquid mem-
brane techniques have been explored for trans-
portive separation, enrichment and recovery of
rare earth metals ions [31-40]. However, there
has been no positive outcome for the commer-
cial process in terms of of economically viable
separation due to some drawbacks of the sup-
ported liquid membrane system. Therefore, it
is worthwhile to explore new ways to achieve
the transportive separation of metal ions using
a supported membrane system.

The ion exchange studies of some met-
al ions have been explored in mixed solvent
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systems since these metal ions form chloro-
complexes in a mixed solvent using different
organophosphorus extractants, where the two
mechanisms of ion exchange and solvent ex-
traction are involved [41-46]. However, in the
present investigation, the ion transport studies
of rare earth elements were carried out using a
chemically bonded citric acid phase on cellu-
lose fiber, which enhanced the selective trans-
port of rare earth metal ions by utilizing both
ion exchange and solvent extraction mecha-
nisms. The extraction and stripping processes
were simultaneously carried out in a single
step. Moreover, attempts were made to explore
the transportive behavior of lanthanum, yttrium
and lutetium metal ions through the immobile
citric acid on cellulose fibers using tartaric acid,
EDTA, HCI, HNO,, NH,SCN, D EHPA (di-
ethyl hexyl phosphoric acid), beta-diketones,
napthenic acid and versatic acids in the mixed
solvent in the receiving phase.

Design and development based on chem-
ically modified fiber supported solid mem-
branes is an emerging, versatile technique for
the transport and separation of several metal
ions. The advantages of fiber supported solid
membranes are that there is no loss of sol-
vent, the flow rates of the source and receiving
phases can be controlled and the desired solid
membrane phase can be chemically attached
to a fiber for selective separation. Moreover,
the amount of time required can be controlled
by increasing or decreasing the length of the
fiber solid membrane. In addition to this, citric
acid is environmentally friendly, non-polluting
and forms metal complexes with several metal
ions. Yttrium is associated with the rare earth
elements and also resembles the rare earth el-
ements in terms of its chemical and physical
properties. In solvent extraction using nitrate
and thiocyanate media, yttrium behaves like
heavy rare earth elements, but yttrium behaves
like light rare earth elements in thiocyanate me-
dium with Aliquat-336. Therefore, one interest-
ing aspect is to explore the transport behavior
of yttrium along with lanthanum and lutetium
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using the cellulose fiber membrane technique.
The aim of this paper was to explore a chemi-
cally modified cellulose fiber membrane for the
transport and separation of lanthanum, yttrium
and lutetium metal ions.

2. EXPERIMENTAL SECTION

2.1. Reagents and apparatus

All chemicals used were of analytical
grade. EDTA was standardized by titration
with thorium nitrate solution. Lanthanum metal
ions were analyzed by the oxalate gravimetric
method. Low concentrations of rare earth metal
ions were determined by spectrophotometri-
cally using an Arsenazo III reagent. Higher
concentrations of rare earth metal ions were
determined by EDTA titration using xylenol or-
ange or Alizarin Red S as indicators. Cellulose
porous solid fibers (Aldrich Chemicals) were
used for the preparation of the modified cellu-
lose fiber supported solid membrane. Tributyl
phosphate (TBP), methanol, ethanol, 2-propa-
nol, acetone, tetrahydrofuran and 1,4-dioxane
(Aldrich Chemicals CO, USA) were used with-
out further purification. Dilute acid solutions
were prepared from concentrated acid solutions
(Merck, India Ltd.,) in distilled and de-ionized
water. Most stock solutions of metal ions were
prepared from their chlorides or nitrates. The
concentration of metal ions in the solution was
analyzed by EDTA titration, or gravimetry or
spectrophotometry, depending on the metal ion
concentration.

2.2. Cellulose fiber membrane synthesis

The fibers were used with a diameter of
0.027 cm (270 um) and porosity 30 to 50 %. The
cross-section area of the porous fibers was 5.73
x 10 cm?. The amount of aqueous solution in
the porous fiber was calculated by weighing the
porous solid fibers before and after soaking in
an aqueous solution. The cellulose fibers were
modified by the following scheme.
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CH,COOH

CH,COOH

120 °C

[Cellulose}-OH + HO—C—COOH —— > HO—&—COOH

H,COOH

|
CH,COO—Cellulose

Scheme 1. Chemical modification of cellulose fibers with citric acid

The pre-treated cellulose fiber was treat-
ed with 0.5 M citric acid at a ratio of 1:12 (cel-
lulose fiber:acid, w/v) and stirred for 30 min.
The acid/cellulose fiber slurry was placed in
a stainless steel reactor and dried at 50°C in a
forced air oven. After 24 h, the thermochemi-
cal esterification between the acid and the cel-
lulose fiber was carried out by raising the oven
temperature to 120°C for 90 min. After cool-
ing, the esterified cellulose fibers were washed
with distilled water until the filtrate was free
of citric acid (tested as no turbidity with 0.1
M lead (II) nitrate solution). After filtration,
the esterified cellulose fiber product was sus-
pended in 0.1 M NaOH at a suitable ratio and
stirred for 60 min, followed by thorough wash-
ing with distilled water to remove residual al-
kali; the wet modified cellulose fibers were
then dried at 50°C for 24 h and preserved in a
desiccator until use. Before use, if necessary,
the cellulose fiber product was converted into
acidic form with acid treatment [47-52]. The
chemically modified fibers were designated as
a fiber supported solid membrane. Metal ion
transport studies were carried out through the

fiber supported solid membrane. A Teflon tube
with an o.d. of 0.4 cm and an i.d. of 0.2 cm
was used as the support for the fiber supported
solid membrane.

2.3. Procedure

A source solution was used with a rare
earth metal ion concentration in the range
from 10¢to 102 M in 15 ml in the source com-
partment of the cell. The receiving phase used
was 15 ml of an appropriate concentration of
acid or mixed solvents of acid, Aliquat-336
and organic solvents in the receiving compart-
ment of the cell. The pH of the source solution
was adjusted with dilute hydrochloric acid
and sodium hydroxide solutions. The source
and receiving solutions were connected by the
fiber supported solid membrane (supported in
a Teflon tube with an o.d. of 0.4 cm and an i.d.
of 0.2 cm) (Figure 1). Samples of the source
and receiving solutions were withdrawn and
analyzed. The permeability coefficients were
determined for the analysis of data. The exper-
iments were carried out at room temperature.

L Stirrer

Receiving
phase

‘ Fiber supported solid membrane

Fig. 1. The schematic presentation of the fiber supported solid membrane cell
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RESULTS AND DISCUSSION
3.1. Mechanism of metal ion transport

In the fiber supported solid membrane
technique, the separation mechanisms in-
volved are ion exchange and the diffusion of
metal ions through the fiber supported solid
membrane. The source phase, membrane and
receiving phase are stationary phases and there
is no mobile phase. The fiber plays the role of

the support. The driving force for the transport
of metal ions is the gradient concentration of
chemical species. Due to the large surface area
and capillary action of fine fibers, the micro-
fibers can absorb liquid up to seven times its
weight. Moreover, the water molecules in the
cellulose fibers are held together by hydrogen
bonding. The cellulose porous microfibers are
extremely durable and effective, even after
several uses. It is an exceptionally cost-effec-
tive product.

Sorption process Stripping process
s (liquid) m (fiber supported r (liquid)
solid membrane)
Extraction Stripping
«— «-—
— - >

La (1IT) Membrane phase
Y (1) HNO; + reagent + organic
Lu (IIT) solvent

Source phase

Membrane phase

Receiving phase

Fig. 2. Illustration of the transport of metal ions through the fiber supported solid membrane

In the fiber supported solid membrane
technique, the mechanism of metal ion transport
from the source to the receiving phase occurs
through the fiber supported solid membrane, as
illustrated in Figure 2. There is no continuous
flow of a mobile phase, either from the source
or the receiving phase, through the fiber sup-
ported solid membrane. The capillary action
mechanism in the porous fiber helps to maintain
liquid in the fiber during the transport of metal
ions. However, transport of metal ions from the
source through the membrane to the receiving
phase occurs due to the driving forces of the re-
ceiving phase. Moreover, ion exchange and the
diffusion of chemical species through the fiber
supported solid membrane are the important
aspects responsible for the transport of metal
ions. In the fiber, the supported solid membrane
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phase (chemically bonded to citric acid) is used
as the membrane barrier in between the source
and receiving phases. The driving forces of the
salt, acid and mixed solvent compositions in the
receiving phase enhance metal ion transport.

3.2. Determination
of the permeability coefficient

For the calculation of the permeability
coefficient (P), C, is the concentration of the
metal ion in the source phase at = 0 and (C*)
is the change in the concentration of the metal
ion in the source phase with respect to time (¢)
through a cross-sectional area (4); the volume
of the source phase (V) and the fiber column
membrane phase length (/) can be incorporated
into equation (2), where £ is a rate constant.
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dC; k-A-di

C; Vv, -1 (1)

After integrating equation (1), the perme-
ability coefficient (P) for the transport of metal
ions is obtained by equation (2).

C; P-A4-t
In—+t=- (2)
C, V -1

S

The calculated permeability coefficient
(P) is used to interpret the data of metal ion
transport through the porous solid fiber sup-
ported solid membrane under different experi-
mental conditions. The membrane with the
membrane support in the system may be used
with different designs for the effective transport
of metal ions, i.e. by changing the ratio of the
cross-sectional area to the length (4/) by in-
creasing the membrane length, /, while decreas-
ing the cross-sectional area, 4, of the mem-
brane. Thus, the proposed fiber-supported solid
membrane system may be considered as a fiber
with a long length and a small cross-sectional
area. The separation of rare earth elements was
carried out using citric acid as the eluant and a
micro-column cation exchange bed [53]. Thus,
by maintaining the travel path length and the
diameter of the travel band for the separation
of rare earth elements, the fiber supported cit-
ric acid solid membrane is a useful technique
since the ratio of the cross-sectional area, A,
to the length of the fiber supported membrane,
[, can be varied as required. Thus, the ratio of
the cross-sectional area and the length of mem-
brane is an important aspect to explore for the
transport behavior of rare earth elements.

3.3. lon exchange of metal ions

The reactions occurring in the fiber sup-
ported solid membrane system are the cation
exchange transport of metal ions (M) from the
source solution through the membrane (R—
COOH, citric acid bonded to cellulose) to the
receiving phase (HL, complexing reagents),
given by following equations.

M" +nR —COOH,, — (R —CO0"), -M"", +nH", (3)

(R-COO),M"", +nHL — nR —COOH,, +ML, (4)

>m

3.4. Metal ion concentration variation
with respect to time

The interpretation of the obtained data is
an important aspect when exploring the trans-
port behavior of metal ions through a fiber sup-
ported solid membrane from the source to the
receiving phase. With respect to time, the metal
ion exchange reaction proceeds via the metal
ion with solid membrane in the liquid phase,
hence the metal ion concentration in the source
phase decreases and that in the receiving phase
increases. The metal ion behavior in the mem-
brane cell was studied by estimating the per-
meability. The permeability coefficient of the
metal ion was estimated by the varying metal
ion concentration in the source and receiving
phases with respect to time. From the slope of
the plot of log (C,/C,) vs. 1, the permeability co-
efficient (P) was determined using the values of
A (5.73 x 10 * cm?, cross-sectional area), V (15
ml, volume) and / (2 cm, length) for different
experiments. Log (C,/C)) with respect to time
is given in Figure 3.

0.0
02+
~ 04}
Q
I3
® 06}
- —=—La(l
—A—Y(Ill)
08} —o—Lu(llly
-1.0 L 1 L 1 L 1 L 1 L 1 L
0 50 100 150 200 250 300

Time, min

Fig. 3. Plot of log (C,/C,) with respect to time
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3.5. Effect of stirring

The mechanism of transport of metal ions
through the fiber supported solid membrane in-
cludes the diffusion of metal ions through the
liquid phase and ion exchange of metal ions
between the liquid phase and solid membrane
cellulose fiber phase. For the transport behavior
of metal ions, stirring of the bulk source and
receiving phases is essential in order to achieve
effective diffusion of chemical species in the
bulk solution. Therefore, the source and receiv-
ing phases were stirred in the range from 40 to
140 rpm. The observed log P values with re-
spect to stirring speed (rpm) are given in Ta-
ble 1. The permeability coefficient P increased
with increased stirring speed rpm until 120 rpm.
After 120 rpm, there was no change in the log
P value. However, a stirring speed of 125 rpm
was used for further experimental studies. The
transport behavior of lanthanum, yttrium and
lutetium was observed in the transported com-
position in the order Lu>Y > La.

Table 1

Effect of stirring speed on logP values for
lanthanum, yttrium and lutetium metal ions,
M (1l) = 0.001 M, HNO, = 1 M and pH 5.5

membrane. In order to achieve efficient trans-
port of metal ions, it is necessary to design the
membrane cell in different ways. Thus, a new at-
tempt was made to design a membrane cell with
the membrane support. The membrane with the
membrane support could be designed by chang-
ing the ratio of the cross-sectional area to the
length (A4/]) by increasing the membrane length,
[, while decreasing the cross-sectional area, 4,
of the membrane. In the present membrane cell,
the proposed fiber-supported solid membrane
may be considered as a fiber with a long length
and a small cross-sectional area. The length of
the fiber supported solid membrane determines
the time required and the travel path length of
rare earth metal ions. Therefore, the length of
fiber supported solid membrane was varied in
between 1 to 12 cm. The observed log P val-
ues for lanthanum, yttrium and lutetium are
given in Table 2. The results show that as the
path length of the fiber supported solid mem-
brane increased, the log P value decreased. For
further studies, a path length 2 cm for the fiber
supported solid membrane was used.

Table 2
Effect of fiber supported solid membrane

length on logP values for lanthanum, yttrium
and lutetium metal ions, M (II1) = 0.001 M,

Metal ion HNO, = 1M and pH 5.5
RPM 3
La (1II) Y(I11) Lu (III)
40 1.32 1.52 1.82 Fiber supported Metal ion
60 1.51 1.73 2.01 membrane length,
80 1.71 1.94 2.22 om La(lll) Y(I) Lu ()
100 1.90 2.15 2.48
110 2.10 2.30 2.56 ! 247 265293
120 2.17 2.33 2.62 2 2.17 2.33 2.62
134 2.18 2.34 2.63 3 510 295 )53
140 2.17 2.33 2.62
4 2.01 2.15 2.44
6 1.85 1.98 2.29
3.6. Effect of fiber membrane length
8 1.69 1.81 2.14
The transport behavior of rare earth ele- 10 1.52 1.65 1.98
ments depends on the ratio of the cross-section- 12 1.42 1.56 187

al area to the length of the fiber supported solid

Maced. J. Chem. Chem. Eng. 31 (2), 255-269 (2012)
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3.7. Effect of the pH of the source phase

The binding of lanthanum, yttrium and
lutetium to the solid membrane depends on the
pH of the source solution, since the dissocia-
tion of the metal salt and citric acid in the solid
membrane depends on the pH of the source so-
lution. Therefore, the pH of the source phase is
an effective parameter for the transport behav-
ior of metal ions through a fiber supported solid
membrane. In order to avoid the precipitation
of lanthanum, yttrium and lutetium metal ions
in the alkaline pH range, the pH of the source
phase, containing the metal ions, was studied
from 2 to 6 (Table 3). The pH effect shows that
increasing the pH of the source phase up to 6
caused more exchange of lanthanum, yttrium
and lutetium metal ions. Hence, lanthanum, yt-
trium and lutetium metal ions were effectively
transported from the source to the receiving
phase. However, a source solution of pH 5.5
was used for further studies.

Table 3

Effect of the pH of the source solution on logP
values for lanthanum, yttrium and lutetium
metal ions, M (III) = 0.001 M and HNO, = 1 M

Metal ion
pH
s La (III) Y (I1I) Lu (I1I)
2 1.31 1.43 1.69
3 1.63 1.72 2.01
4 1.89 2.02 2.33
5 2.18 2.34 2.63
6 2.19 2.35 2.64

In order to observe the transport behavior
of the rare earth metal ions from the source to the
receiving solution through the fiber supported
solid membrane, it was important to explore addi-
tional experimental variables. These experimen-
tal variables include the concentration and nature
of the stripping agent in the receiving phase. The
stripping agent is an essential reagent to enhance
the transport of metal ions from the source to the

receiving phase. Therefore, different stripping
agents were used in the receiving phase.

3.8. Effect of HCl and HNO, concentration

In order to strip out the metal ions from
the fiber supported solid membrane phase, ef-
fective strippants are required in the receiving
phase. In order to achieve efficient transport
of metal ions from the source to the receiving
phase through the membrane, different strip-
pants were tested in the receiving phase. HCI
and HNO, were used in the receiving phase.
The transport behavior of the rare earth metal
ions lanthanum, yttrium and lutetium were ob-
served, depending on the metal ion complex
formation ability or affinity of HCI or HNO, for
metal ions. In the comparison of HCl and HNO,
stripping reagents in the receiving phase, HNO,
formed strong complexes has and had greater
affinity for rare earth metal ions. The concen-
trations of HCI and HNO, were varied in the
receiving phase from 0 to 2.5 M. The results
show that with an increase in the concentration
of HCI and HNO, in the range 0 to 2.5 M, the
permeability coefficients (P) of the rare earth
metal ions increased (Figure 4). The transport
behavior of lanthanum, yttrium and lutetium
was observed in the order Lu >Y > La.

Log P

0 1 2
HCIHMO, A

Fig. 4. Effect of nitric and hydrochloric acid
on transport of rare earth metal ions,
M (III) = 0.001 M and pH_= 5.5
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3.9. Effect of NaNO, and NH SCN

concentration

Metal ions are extracted by the solid mem-
brane on the source solution side, and these met-
al ions are stripped out from the solid membrane
phase on the receiving phase side. Therefore, it
was essential to test the stripping out efficiency
of sodium nitrate and ammonium thiocyanate
by using them in the receiving phase. For effec-
tive transport of rare earth metal ions from the
source to the receiving phase through the mem-
brane phase, sodium nitrate and ammonium thi-
ocyanate were tested in the receiving phase. The
concentration of sodium nitrate and ammonium
thiocyanate in the receiving phase was varied
from 0 to 3 M. The permeability coefficient (P)
increased with an increased concentration from
0 to 3 M (Figure 5).

25

NH,SCN
La(ll)
(i

—O—Lu(lll)

NaNO,

< La(il)

D)

—— Lu(lll)

1

151

1 2 ' 3

NaNO,/NH,SCN, M

Fig. 5. Effect of sodium nitrate and ammonium
thiocyanate on the transport of rare earth metal ions,
M (III) = 0.001 M and pH_= 5.5

3.10. Effect of beta-diketone and
D ,EHPA concentration

Mineral acids, water soluble complexing
agents, alkali metals and ammonium salts have
been used as strippants in the receiving phase.
Here, new attempts were made to use these ex-
tractants as stripping reagents. Beta-diketone
and D,EHPA as extractants in toluene were
used in the receiving phase.

Maced. J. Chem. Chem. Eng. 31 (2), 255-269 (2012)

The purpose behind the use of beta-dike-
tone and D,EHPA was to enhance the transport
of metal ions from the source phase where both
extractants form strong metal complexes with
rare earth metal ions. The concentration of be-
ta-diketone and D,EHPA was varied from 0.001
to 0.01 M. The results showed increased perme-
ability coefficients (P) of the rare earth metal
ions (Figure 6) with increasing beta-diketone
and D,EHPA concentration.

DEHP A

3o r B
Wi
i
Be-dlke tone
gLa@m
Wi
25 0 ¥

Log P

1.4+

| |
0.000 0.005 0.010
Beta-diketonef DEHPA, M

Fig. 6. Effect of beta-diketone and D,EHPA on the
transport of rare earth metal ions,
M (IIT) = 0.001 M and pH_= 5.5

3.11. Effect of Versatic 10 and
naphthenic acid concentration

Bulky and long chain organic carboxylic
acids such as Versatic 10 and naphthenic acid
can be used as extractants for rare earth metal
ions from the aqueous phase. Here, attempts
were to use these extractants as the stripping
reagent. Versatic 10 and naphthenic acids were
used in toluene in the receiving phase in order
to check the effective transport of rare earth
metal ions through the fiber supported solid
membrane. The concentration of Versatic 10
and naphthenic acids in toluene was varied in
the receiving phase from 0.001 to 0.01 M. The
observed permeability coefficient (P) increased
with an increased concentration of these acids
(Figure 7).
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Fig. 7. Effect of Versatic 10 and naphthenic acid
on the transport of rare earth metal ions,
M (III) = 0.001 M and pH_= 5.5

3.12. Effect of EDTA and tartaric
acid concentration

EDTA and tartaric acid form strong com-
plexes with rare earth metal ions. EDTA and
tartaric acid can be used as strippants for rare
earth metal ions. EDTA and tartaric acid were
tested in the receiving phase for the transport
of rare earth metal ions from the source to the
receiving phase through the fiber supported sol-
id membrane. The concentration of EDTA and
tartaric acid in the receiving phase was varied
from 0.001 to 0.02 M. The results show that the
permeability coefficient (P) increased with an
increased concentration of EDTA and tartaric
acid from 0.001 to 0.02 M (Figure 8).
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Fig. 8. Effect of EDTA and tartaric acid on the transport
of rare earth metal ions, M (IIT) = 0.001 M and pH_= 5.5

3.13. Effect of mixed solvents

In order to explore the effect of organic
solvents, since, the organic solvent has low di-
electric constant and favors the ion pair forma-
tion, nitrate and thiocyanate anions were tested
in a mixed solvent in the receiving phase for the
transport of rare earth metal ions. Controlled
proportions of nitric acid and ammonium thio-
cyanate, H,O, TBP, Aliquat-336 and the organic
solvents methanol, ethanol, 2-propanol, acetone,
1,4-dioxane and tetrahydrofuran were used.

Nitrate media
Aliquat-336
-5 Laqin)

Yy
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Lu(lll)

Log P

25

20 L 1 L 1 L 1 L 1 L 1
0 10 20 30 40 50

Organic solvent, %

Fig. 9. Effect of an organic solvent on the transport
of rare earth metal ions in nitrate media,
M (III) = 0.001 M and pH = 5.5
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Fig. 10. Effect of an organic solvent on the transport
of rare earth metal ions in thiocyanate media,
M (III) = 0.001 M and pH = 5.5
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A mixture of HNO, or ammonium thio-
cyanate, organic solvent such as methanol,
ethanol, 2-propanol, acetone, 1,4-dioxane, tet-
rahydrofuran and TBP (tributyl phosphate) or
Aliquat-336 favors the ion pair formation and
hence enhances the metal ion transport to the
receiving phase. In Figures 9 and 10, log P vs.
the percentage of the organic solvent acetone in
conjunction with nitric acid or ammonium thio-
cyanate in TBP or Aliquat 336 is shown. The
increased percentage of the organic solvent in
conjunction with salt increased the log P of the
metal ions.

3.14. Variation in logP
with different mixed solvents

For the aspects of metal ion transport, the
role of organic solvents such as acetone and tri-
octyl phosphine oxide (TOPO) in the receiving
phase was explored. Log P values were deter-
mined for the different compositions of nitric
acid and an organic solvent, such as acetone,
and 0.01 M trioctyl phosphine oxide (TOPO).
The metal ion transport of lanthanum, yttrium,
and lutetium were studied using nitric acid and
organic solvents in mixed systems including
TOPO. The chemical properties of the metal
ions, such as nitro complex formation, solva-
tion and ion exchange, are important factors
involved in the transport of lanthanum, yttrium
and lutetium metal ions. Log P values were de-
termined for the different combinations of ni-
tric acid and organic solvents at 0.01 M TOPO.
The combinations of nitric acid and the organic
solvent were useful for the selective transport
of metal ions from the source to the receiving
phase (Table 4).

The transport of lanthanum, yttrium and
lutetium metal ions through the fiber supported
solid membrane was observed in the sequence
of decreasing efficiency: chemically modified
fiber (mixed solvents HNO, + organic solvent
+ TOPO as the stripping agent in the receiv-
ing phase) > chemically modified fiber (mixed
solvents HNO, + organic solvent as the strip-
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ping agent in the receiving phase) > chemically
modified fiber (mineral acids as the stripping
agent in the receiving phase). The efficiency of
the organic solvents in the mixed solvents can
be arranged in decreasing order: TOPO + tet-
rahydrofuran > TOPO +1, 4 dioxane > TOPO +
acetone > TOPO + 2-propanol > TOPO + etha-
nol > TOPO + methanol > TOPO.

Table 4

LogP values for some rare earth metal ions
in the mixed solvents of 1 M HNO, and
0.0IM TOPO containing organic solvent,
M (I1l) = 0.001 M and pH 5.5

Organic solvent

Metal ion

20% 40% 60% 80%
Methanol
La (IIT) 1.52 1.63 1.72 1.84
Y (I1I) 1.69 1.79 1.90 1.99
Lu (IIT) 1.80 1.89 1.98 2.09
Ethanol
La (IIT) 1.55 1.66 1.74 1.90
Y (IIT) 1.65 1.82 1.93 2.03
Lu (I1I) 1.84 1.93 2.04 2.19
2-Propanol
La (IIT) 1.58 1.69 1.82 1.92
Y(III) 1.72 1.85 1.95 2.14
Lu (I1I) 1.84 1.97 2.17 2.29
Acetone
La (I1I) 1.63 1.74 1.87 1.95
Y (I1D) 1.79 1.89 2.02 2.13
Lu (IIT) 1.89 1.98 2.11 2.27
1,4-Dioxane
La (III) 1.65 1.77 1.89 1.99
Y (1I0) 1.82 1.91 2.02 2.12
Lu (IIT) 1.87 1.99 2.12 2.21
Tetrahydrofuran

La (I1T) 1.67 1.79 1.92 2.05
Y (I11) 1.83 1.97 2.05 2.15
Lu (IIT) 1.95 2.05 2.15 2.29
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3.15. Separation of lanthanum
from binary mixtures

The separation factor [54-55] a, o = P,/
P, for two metal ions can be used for selective
transport of metal ions from the source phase
through the fiber supported solid membrane.
P, is the permeability coefficient of a metal ion
which is weakly bound and selectively favora-
ble to nitrate/chloride ion complex formation.
P, is the permeability coefficient of a strongly
bound metal ion that is less selectively favora-
ble to nitrate/chloride ion complex formation.
For example, La is relatively strongly bound;
however, other foreign ions are weakly bound
in comparison with lanthanum. Therefore, La
moves slowly.

Metal ion transport was studied in bina-
ry mixtures using hydrochloric/nitric acid and
organic solvents. The amount of metal ions in

Table 5

the source solution is given in the Table 5. The
separation of La(IIl) metal ions from zinc, cop-
per, iron, cobalt, manganese, nickel, beryllium,
titanium, aluminum, calcium, magnesium, po-
tassium, bismuth, cadmium, lead, indium, gal-
lium, thallium, gold, palladium and platinum
metal ions was carried out from the source
phase through the fiber supported solid mem-
brane. 0.5 M HCI in the receiving phase was
used for lithium and sodium. However, 0.5 M
HCI in 20% TBP and 60% tetrahydrofuran in
the receiving phase was used for As, Sb, Cd,
Pb and Bi. 0.5 M HCI in 80% acetone in the
receiving phase was used for zinc, copper, iron,
cobalt, manganese, nickel, indium, gallium and
thallium. Moreover, 0.25 M HCI in 80% tet-
rahydrofuran in the receiving phase was used
for gold, palladium and platinum metal ions.
Lanthanum metal ions remained in the source
solution and membrane phase.

The transport of La(Ill) = 0.15 mmol from binary mixtures in mixed solvent systems

Foreign ions

La (I1I) found,

Mixed solvents

Foreign ions amount added mmol mmol Recovery (%) for other metal ions

Li(I) 0.20 0.15 100 0.5 M HCI

Na(l) 0.15 0.149 99.3

As(I1I) 0.15 0.15 100 0.25 M HCl in 20% TBP
Sb(III) 0.15 0.15 100 in 60% tetrahydrofuran
Sn(I1T) 0.15 0.15 100

Cd(II) 0.20 0.20 100

Pb(1I) 0.20 0.20 100

Bi(IlI) 0.20 0.20 100

In(IIT) 0.15 0.15 100 0.5 M HCl in 80% acetone
Ga(III) 0.15 0.15 100

TI(I1D) 0.15 0.15 100

Zn(1D) 0.20 0.15 100

Cu(II) 0.20 0.20 100

Fe(III) 0.20 0.20 100

Mn(1I) 0.20 0.20 100

Co(II) 0.20 0.20 100

Ni(II) 0.20 0.20 100

Pd(1I) 0.15 0.15 100 0.25 M HCl in 80% tetrahydrofuran
Pt(IV) 0.15 0.15 100

Au(III) 0.15 0.15 100
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3.16. Pre-concentration of rare
earth metal ions

The pre-concentration of lanthanum, yt-
trium and lutetium metal ions was carried out
from dilute solutions in the concentration range
of 107 to 10° M. In Table 6, the pre-concentra-
tion of lanthanum, yttrium and lutetium metal
ions is illustrated. It was observed that the pre-
concentration of lanthanum, yttrium and lute-
tium metal ions from dilute solutions was quite
effective.

Tableb6

EF values for lanthanum, yttrium and
lutetium metal ions in mixed solvents with
variable metal ion concentrations

Metal ion, Metal ion
logM] oy  Y@m  Lu()
-3 2.56 2.79 2.99
4 273 312 308
-5 353 378 3.99
6 436 4.64 4.89

4. CONCLUSION

Cellulose fiber modified with citric acid
was used for the transport of metal ions. The
effect of time, stirring of the bulk phases, fiber
membrane length, the pH of the source phase
and different complexing agents in the receiv-
ing phase was explored in the transport and sep-
aration of metal ions through the fiber support-
ed solid membrane. Foreign metal ions were
removed from lanthanum in a mixed solvent
system. The proposed novel cellulose fiber sup-
ported solid membrane is useful for the trans-
port of rare earth metal ions from the source to
the receiving phase.

Maced. J. Chem. Chem. Eng. 31 (2), 255-269 (2012)
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