
 

 

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

Synthesis and Ion-Exchange Properties of Lanthanum Tungstate, A New
Inorganic Ion Exchanger
S. Waqif Husaina; Sh. Rasheedzada; J. L. Manzooria; Y. Jabbaria

a ANALYTICAL LABORATORIES CHEMISTRY DEPARTMENT FACULTY OF SCIENCE,
UNIVERSITY OF TABRIZ, TABRIZ, IRAN

To cite this Article Husain, S. Waqif , Rasheedzad, Sh. , Manzoori, J. L. and Jabbari, Y.(1982) 'Synthesis and Ion-Exchange
Properties of Lanthanum Tungstate, A New Inorganic Ion Exchanger', Separation Science and Technology, 17: 7, 935 —
943
To link to this Article: DOI: 10.1080/01496398208082104
URL: http://dx.doi.org/10.1080/01496398208082104

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/10.1080/01496398208082104
http://www.informaworld.com/terms-and-conditions-of-access.pdf


SEPARATION SCIENCE AND TECHNOLOGY, 17(7), pp. 935-943, 1982 

NOTE 

Synthesis and Ion-Exchange Properties of 
Lanthanum Tungstate, A New Inorganic 
Ion Exchanger 

S. WAQIF HUSAIN. SH. RASHEEDZAD, J. L. MANZOORI, and Y. 
JABBARI 
ANALYTICAL LABORATORIES 
CHEMISTRY DEPARTMENT 
I-ACULTY OF SCIENCE 
UNIVERSITY OF TABRIZ 
IABRIZ .  I R A N  

Abstract 

Amorphous samples of a ncw inorganic ion exchanger, lanthanum tungstate. have 
k e n  prcparcd under varying conditions. The material prepared by mixing 0.05 iM 
lanthanum nitratc and 0.05 M sodium tungstate in a ratio of I :2 was studied in detail 
for its ion-cxchangc capacity, chemical stability, IR. thermogravimetry. and K,, 
values. Its columns have bcen used for the separation of CD’ ’ from Pd2 -, Mn2+. 
and Cu2 ’ . and Ni” from Pd2 ’. 

INTRODUCTION 

During the last few years considerable advances in ion exchange have 
been in the area of inorganic ion exchangers. New synthetic inorganic ion 
exchangers have been reported which show high selectivities toward certain 
elements (1-5).  Very few studies have been made on lanthanum-based ion 
exchangers. Lanthanum telluratc has been reported to show ion-exchange 
properties (6). In an earlier paper (7) we reported the separation of toxic 
metals on thin layers of lanthanum tungstate, a new inorganic ion exchanger, 
but no further studies were made. The present paper describes the syn- 
thesis, ion-exchange properties, and analytical applications of lanthanum 
tungstate. 
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936 WAQlF HUSAIN ETAL. 

EXP ER I MENTAL 

Reagents. All the chemicals were of analytical grade (B.D.H. or E. 
Merck). 

Apparatus. The thermogravimetric analysis was performed on a Stanton 
thermobalance-type 750/770 and x-ray studies were made with a Philips 
unit. A Perkin-Elmer IR spectrophotometer and a Zeiss Atomic Absorption 
spectrophotometer were used for IR studies and determinations. 

Synthesis of Lanthanum Tungstate. Lanthanum tungstate was 
prepared by mixing sodium tungstate and lanthanum nitrate solutions under 
the conditions given in Table 1. The pH of the reaction mixture was adjusted 
by adding either HCl of NaOH. On standing for 24 h, the gel settled. It was 
then filtered off, washed three times with demineralized water, and dried in 
an oven at 50°C. The material was converted into the H+ form. 

ton-Exchange Capacity. The ion-exchange capacity of each sample 
was determined by the standard method as before (8).  Results are given in 
Table 1. 

Chemical Composition. 100 mg portions of the ion-exchanger sample 
were fused with 5 g of Na2C03 for an hour at about 1000°C. The fused 
masses were digested with dilute acid and filtered. Tungsten (9)  and 
lanthanum (10) were determined in these solutions, and the results are 
recorded in Table 1. 

Chemical Stability. All the samples are insoluble in water, alcohol, and 

TABLE 1 

Synthesis and Properties of Lanthanum TungstateO 

Conditions of synthesis 

Concentration of 
reagents (M) Mixing 

volume 
Sample LN ST ratio pH 

1 0.1 0.1 1:l 6 
2 0.1 0.1 1:2 8 
3 0.1 0.1 112 2-3 
4 0.05 0.05 1:l 6 
5 0.05 0.05 1:2 7 
6 0.05 0.05 1:2 2-3 

Properties 

Ion exchange Color 
Composition, capacity in H+ 

La: W medg form 

1:1.40 0.7 1 WY 
1 :2.20 0.72 WY 
1:2.00 0.85 LY 
1:2.20 0.74 LY 
1:2.30 0.61 WY 
1:1.20 1.04 Y 

nLN = lanthanum nitrate, ST = sodium tungstate, WY = whitish yellow, LY = light yellow, 
Y = ycllow. 
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LANTHANUM TUNGSTATE 937 

benzene. When heated for 1 h with concentrated H2S04, HNO,, 
CH,COOH, and HCl, none of them was dissolved. They are appreciably 
soluble in alkalies and ammonia solution. Quantitative studies on the 
stability of the ion exchanger (Sample 6) in different solvents were made by 
shaking 500 mg in 50 mL of the solvents for 6 h at 25°C. Lanthanum ( 2 1 )  
and tungsten (12) were determined spectrophotometrically in the solutions. 
The results are recorded in Table 2. 

Distribution Coefficients. The Kd values for metal ions were deter- 
mined as reported earlier (8).  In this case a 25-mL solution containing 50 
ppm of the element was equilibrated at 25 k 1°C for 24 h with occasional 
shaking. The elements were determined by atomic absorption methods under 
standard conditions. 

RESULTS 

X-Ray Analysis 

radiation being used, show that they are all noncrystalline (glassy). 
X-ray photographs of samples dried at 50"C, nickel-filtered Cu-K, 

IR Absorption Spectra 

The IR spectrum of Sample 6 in H+ form is recorded in Fig. 1. 
IR spectra of samples were measured by the standard KBr disk technique. 

Thermogravimetric Studies 

Thermogravimetric analysis of various samples in the H+ form was 
performed at a heating rate of 10"C/min. The thermogram for Sample 6 is 
given in Fig. 2. 

TABLE 2 

Stability of Lanthanum Tungstate (Sample 6) in Different Solvents. Values in md50  mL 

Solvent 

Lanthanum Tungsten 
dissolved dissolved 

( m d  (ms) 

4 M HNO, 0.85 6.60 
Demineralized water 0.00 0.00 

1 M N a O H  2.92 50.00 
1 M Oxalic acid 1.65 34.50 

4 M H2SO4 0.00 3.4d 
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LANTHANUM TUNGSTATE 939 
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FIG. 2. Thermogram of lanthanum tungstate (Sample 6) in H+ form. 
Heating rate: 10"C/min. 

DISCUSSION 

The chemical composition and the degree of hydration of amorphous 
inorganic ion-exchangers depend considerably on the method of their 
preparation (13). These two factors are responsible for the size and shape of 
the cavities inside the exchanger and its chemical stability (14). Out of six 
different samples of lanthanum tungstate prepared (Table l), Sample 6 
shows good ion-exchange capacity, is easy to prepare, and is very stable in 
water and dilute mineral acids. It can be prepared with reproducible 
exchange properties (Table 3), and therefore it has been studied in detail. 

The IR spectrum of lanthanum tungstate (Fig. 1) shows three absorption 
peaks. On the basis of IR data for tungstates (2, 15), we can say that the first 
peak between 2900-3500 cm-' with a maximum at 3300 cm-' is due to 
interstitial water and hydroxyl groups, the second sharp peak at 1600 cm-' is 
probably due to the deformation vibration of free water molecules, and the 
third broad band between 650-900 cm-' corresponds to metal-oxygen 
bonds, presumably in a polymeric compound. 

The thermogram for Sample 6 given in Fig. 2 suggests that the weight loss 
of the ion exchanger up to 180" is due to the removal of free external water 
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TABLE 3 

Data of 'Reproducibility of Lanthanum Tungstate (Sample 6) 

Ion-exchange capacity 
(meq/g) of exchanging ion Distribution coefficient (mL/g) for Four samples 

prepared at 
different dates Naf Mg2+ Cu2+ SG+ Pd2+ Cd2+ 

I 
I1 
111 
IV 

1.09 0.98 60.13 209.87 0.00 T.A.a 
1.04 0.88 58.69 200.00 0.00 T.A. 
0.93 0.92 50.40 187.21 0.00 T.A. 
I .04 0.85 60.00 212.00 0.00 T.A. 

OTotal adsorption. 

molecules. At higher temperatures, 320-6 1 O"C, condensation takes place, 
resulting in the removal of interstitial water molecules. Above 610°C the 
weight becomes constant owing to the formation of oxides. 

The Kd values given in Table 4 show that lanthanum tungstate is a useful 
ion exchanger, and this has also been demonstrated by thin-layer chromato- 
graphic studies in our laboratories (7). The cadmium is highly adsorbed on 
this ion exchanger, and therefore its quantitative separation from Mn2+, 
Cu2+, and Pd2+ has been easily achieved (Fig. 3). Elution of cadmium is 
easier due to the formation of a complex anion CdCli- in the presence of 

TABLE 4 

Distribution Coefficients for Metal Ions on Lanthanum Tungstate (Sample 6) 

Equilibrium concentration of 
external solution Kd value 

Metal ion Salt used (PPm) (mL/g) 

Mg(I1) Sulfate 7.00 307.14 
Ca(1I) Carbonate 5.00 450.00 
Mn(I1) Nitrate 20.00 75.00 
Ni( 11) Nitrate 1 .oo 2450.00 
Cu(I1) Nitrate 23.00 58.69 
Sr( 11) Nitrate 10.00 200.00 
Pd( 11) Chloride 50.00 0.00 
Cd(I1) Acetate 0.00 Total adsorption 
Ba( 11) Nitrate 7.99 263.00 
Pb( 11) Nitrate 11 .oo 177.27 
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excess chloride (16, 17). Cadmium is toxic to humans and animals (18), and 
its removal from biomatrices lacks selective methods (19). This ion 
exchanger may prove useful in this regard. Very few methods are available 
for the quantitative separation of platinum metals such as palladium (20). 
Here palladium, as it is not adsorbed on the exchanger, is easily separated 
from its strongly interfering base, metal nickel. Nickel is eluted later by dilute 
nitric acid due to the formation of weakly charged species. This idea is 
supported by the weak electrophoretic migration of nickel in dilute HN03 
(21) and its negligible adsorption from dilute HN03 on other ion exchangers 
(22). 
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