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Abstract: Nano-powder zirconium vanadate was chemically synthesized using homogeneous precipitation

technique. The synthesis conditions such as reactant concentrations and precipitating agent concentration

were changed to optimize the ion exchange properties of the produced ion exchanger. 0.4M sodium

vanadate added to 0.1M zirconium oxy chloride in presence of 1.5g urea & 0.04M HCl were the optimum

conditions  that  produce  zirconium  vanadate with maximum ion exchange capacity equal 1.26meq/g.

The granulometry, morphology, composition and structure of that exchanger with the maximum capacity

were studied using SEM, XRD, TGA-DSC, and FTIR. Composition of the poly-crystalline zirconium

2 4 2 2vanadate can be written as Zr(OH) (HVO ) .2H O. Ion exchange capacity (IEC) and thermal stability

studies were also carried out to understand the cation exchange behavior of the materials. Organic-

inorganic hybrid materials enable the integration of useful organic and inorganic characteristics within a

molecular-scale composite. So the effect of the binding polymer mixture of polyvinyl alcohol and alginate

on the physicochemical properties of prepared zirconium vanadate ion exchanger was studied.  

Key words: Zirconium vanadate, Homogenous precipitation, Nano-powder, Inorganic ion exchanger,

Organic-inorganic hybrid.

INTRODUCTION

Interest of inorganic exchangers in the industrial

applications has increased rapidly since the mid 1980’s.

Ion exchange was originally discovered in naturally

occurring materials such as soils, clays and zeolites.

These materials found application as water softeners,

but the first commercially available ion exchangers

were amorphous aluminiumsilicate gels. In spite of

their low cost but their industrial use was often

difficult (impurities, bad physical properties for packed

bed operations) and they sometimes need a chemical or

thermal pretreatment. This is by its rule makes a need

for alternatives, which led to development and

synthesis of organic ion exchange resins in 1930’s.

However, extensive studies on the synthetic inorganic

ion exchangers have proved their potential in solving

diverse problems of environmental and analytical

chemistries.

Synthetic inorganic ion exchange sorbents have

been used more extensively in the past two decades.

Insoluble oxides, crystalline silicates, salts of poly basic

acids and multivalent metals have been thoroughly

studied. Since they offer definite advantages over the

organic resins. They are distinguished by their greater

thermal stability at elevated temperatures and resistance

to high radiation fields, and their selectivity to certain

ions which are a properties the organic resins tend to

lack. They are also have a high chemical stability and

have compatibility with final waste forms. Some of the

inorganic ion exchangers have proved to have greater

selectivity for trace radionuclides compared to organic

ion exchangers, and much better operation over a wide

pH range . However, the inorganic ion exchangers[12 ,3 ,4]

have their own limitations. For instance, these

materials, in general are reported to be not very much

reproducible in behavior and fabrication of the

inorganic exchangers into rigid beads type media

suitable for column operation is quite difficult. Further,

they have generally worse mechanical strength than the

organic counterpart because of their inorganic nature.

In order to overcome the above limitations of organic

resins and inorganic exchangers. Incorporation of a

polymer materials into an inorganic ion exchanger

provide a class of hybrid ion exchangers. Many

investigators have introduced organic-inorganic hybrid

ion exchangers consisting of inorganic ion exchangers

and organic binding matrices . These materials[5 ,6 ,7 ,8 ,9]

have conjugate the mechanical properties of the organic

polymers with the intrinsic properties of the inorganic

compound creating a new class of hybrid organic-

inorganic materials with improvement in mechanical



J. Appl. Sci. Res., 4(1): 1-13, 2008

2

properties, chemical inertness,  high temperature and

radiation stability, reproducibility and high selectivity

for harmful ions. This type of ion exchanger refers to

a composite group of inorganic ion exchangers, which

are modified by some binding polymeric materials for

the preparation of large size particles with granular

strength . Inorganic ion exchange materials may[10]

encapsulated through immobilization with porous

polymeric materials. Such as alginate, agar,

polyacrylamide, carrageenan, cellulose acetate and poly-

vinylalcohol (PVA) . The porous structure of[11 ,12]

polymers allows metal ions to diffuse into the internal

pores and exchanged with the internal ion exchanger.

The major focus was to select a suitable support

polymeric material for the immobilization of inorganic

ion exchanger. Recently, biopolymers have a large

attention due to their cheap cost and easiness of their

preparation techniques which does not involve chemical

initiation as the synthetic polymers. Alginate, agar and

carrageenan, are known as the major binding

biopolymers. On the other hand they are also used to

bind metals strongly. However, the mechanical strength

of agar is rather weak, also carrageenan, has the

economical disadvantage of a high removal cost for

carrageenan causing the gel to become weak.

Consequently, it may be impractical to apply these

polymeric materials to wastewater treatment as

immobilization carriers. Many studies have been carried

out about the application of alginic acid to the aqueous

phase separation of heavy metals, and the possibility of

alginic acid for the adsorbent material has been

suggested .  In such applications, alginic acid is not[13 ,14]

rigid enough to be used in a down flow packed-bed

column operation and presents an unacceptable pressure

drop . The use of polyvinyl alcohol (PVA) as an[15]

immobilization carrier was initiated about 10 years

ago . PVA is a raw material of vinylon and can be[16]

produced industrially rather cheaply. PVA also offers

v a r io u s  a d v a n ta g e s  o v e r  th e  c o n ve n tio n a l

immobilization methods, such as low cost, high

durability and chemical stability. Up till now, several

methods of immobilization using PVA have been

reported . Immobilization using PVA can be made[17 ,19]

using only PVA crosslinked with boric acid . But the[20]

formed beads had a strong tendency to agglomerate

into a mass of polymer which was very difficult to

break up. This agglomeration problem appears to be

due to the relatively slow crosslinking of the PVA by

boric acid. Droplets of PVA, which have not been

sufficiently crosslinked, tend to agglomerate. This

problem persisted even with vigorous stirring of the

boric  acid  solution to keep the beads suspended .[21]

So, many attempts to form spherical beads, which is

the preferred shape for application, from PVA took

place using alginate to prevent agglomeration. Mixed

solution of PVA and sodium alginate were used by few

researchers. Remmers and Vorlop  reported that the[22]

fracture strength for alginate beads is smaller than

PVA–alginate beads, in addition the PVA–alginic beads

were also stable under strong acidic (below pH 1.0)

and high temperature (above 170°C) conditions. On the

other hand Dave and Madamwar  mentioned that the[23]

beads produced from a mixed polymers (alginate &

PVA) exhibited rubber like elastic properties, PVA

contributed strength and durability to the beads,

whereas calcium alginate improved the surface

properties, reducing the tendency to agglomerate.

In the present study, we have chosen the synthesis,

characterization, and ion-exchange studies of zirconium

vanadate ion exchanger that prepared by Homogeneous

precipitation technique. The ion exchange capacity was

used as an indicator for the best prepared ion

exchanger. Incorporation of a mixed polymers PVA &

Alginate was used to enhance the mechanical properties

of the best prepared ion exchanger, in order to form

spherical ion exchanger beads adequate for column

operation.

MATERIALS AND METHODS

Reagents: The main reagents used for the synthesis of

the inorganic ion exchanger and its composite were

Zirconium oxy chloride (AVONCHEM, United

Kingdom) , Sodium vanadate (ACROS, USA), Poly

vinyl alcohol (MERCK, Germany), Alginic Acid

(SIGMA, USA.), Urea (Sisco Research Laboratories

PVT.LTD., India). All other reagents and chemicals

were of analytical grade. 

Apparatus: A digital pH-meter (Denver Instrument

Co.,  U.S.A.)  was used for pH measurements, a

thermo  gravimetric  analyzer TGA (Shimadzu TGA-

50,  Japan) &  DSC  (Shimadzu DSC-60A, Japan)

were  used  for Thermal stability, X-ray Diffractometer

of  (Schimadzu-7000,  U.S.A.) for X-ray diffraction,

for  FTIR  (Shimadzu  FTIR-8400  S,  Japan),

scanning  electron  microscope  (JEOL  JSM  6360LA,

Japan),  shaking  incubator  (Yellow line Os10

Control, Germany) for shaking, and Muffle furnace

(Carbolite,  Aston  Lane,  England)  for  burning

were used. 

Preparation Of Reagents and Solution: Solution of

0.1M zirconium oxychloride was prepared in presence

of HCl, while sodium vanadate solutions of different

molarities were prepared with demineralized water

(DMW). On the other side, for preparing the

composite, solution of 4% PVA was prepared by

dissolving 20g of PVA (its molecular weight 72000) in

the  demineralized  water  by  heating the solution to
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around 60ºC with continuous stirring to dissolve PVA.

1% alginate solution was prepared by dissolving alginic

acid (medium viscosity ~3500cps) in  water with gentle

heating and stirring.

Preparation of Zirconium Vanadate Ion Exchanger

by Homogeneous Precipitation: In the first step, 0.1M

2 2of ZrOCl .8H O was dissolved in an aqueous

hydrochloric acid (0.04mol/L) mixed with 1.5g of urea.

Then solution of sodium vanadate (0.4M) was added to

the previous solution. The resulting solution was heated

to the dissociation temperature of urea on an hot plate

with continuous stirring to decompose the precipitating

agent, leading to the formation of zirconium vanadate.

After precipitation, the material was allowed to rest at

that temperature for another three hours. The produced

precipitate was filtered and washed repeatedly with

distilled water for the removal of  chloride traces, after

which it was dried at 40ºC for 24 hour. The product

was then ground and transformed to its hydrogen form

as mentioned previously . The effect of precipitating[24]

agent concentration (0.5-6g), hydrochloric acid

concentration (0-2M) and sodium vanadate (0.2-0.8M)

concentration on the ion exchange capacity (IEC) and

the chemical composition were studied. on the basis of

Na  ion exchange capacity sample S13 was selected to+

immobilized on the mixed polymers in order to form

the composite ion exchanger and to run the detailed

characterization studies.

Preparation of Organic-Inorganic Hybrid Ion

Exchanger: Zirconium vanadate prepared by

homogeneous precipitation technique was mixed

thoroughly with an aqueous solution of 5% PVA

containing 0.5% sodium alginate using the homogenizer

for 5min at 14000rpm. This mixture was pumped by a

peristaltic pump at 10 ml/min and then dropped  into

a gently stirred 6% boric acid solution containing 3%

2CaCl  to form spherical beads. In order to complete

gelation inside beads, these beads were stirred gently

2in the boric acid-CaCl  solution for 24h. The beads

were then removed and washed with distilled water.

Finally the washed beads were dried at 40ºC for 24 h.

The dried composite was used for detailed studies.

Chemical Characterization of the Synthesized Ion

Exchangers:

Ion  Exchange  Capacity (IEC): IEC of the

exchanger  was  determined  by equilibrating about

0.5g  solid  with 50 ml of 2M sodium chloride

solution  and  different  alkali  ions  and  alkaline

earth  metal  ions  for 12 hour and the liberated H+

was estimated by titration with a NaOH solution of

0.1M concentration .[25]

Effect of Eluant concentration on IEC: To find out

the optimum concentration of the eluant for  complete

elution of H  ions. 0.5g of ion exchanger was shaken+

with 50ml sodium chloride solution with concentrations

range from 0.2M to 2M with unit difference of 0.2M.

The elution curves of the hydrogen ion were

determined for various concentrations of NaCl.

Effect Of Time On IEC: The optimum shaking time

of  ion  exchanger  with  sodium  chloride  solution

for complete elution of H  ions was determined. 0.5g+

of ion exchanger was shaken with 50ml sodium

chloride and the amount of librated H  ions was+

titrated against the standard alkali NaOH solution after

every 1-h interval.

Elution Behavior: To find out the efficiency of the

prepared zirconium vanadate ion exchanger column.

Since an optimum concentration of NaCl for complete

elution was determined previously, a glass column

having an outer diameter (o.d.) ~12mm and fitted with

glass wool support at the bottom containing 1g of the

exchanger in its H  form was eluted with 1M NaCl+

solution in different 10ml fractions with minimum flow

rate (~0.5ml/min) and each fraction of 10ml effluent

was titrated against a standard alkali NaOH solution for

the H  ions eluted out.+

pH Titration: Topp and Pepper’s method (1949)[26]

was employed for pH titration. 0.5g of the exchanger

was taken in each of several conical flasks followed by

equimolar solutions of alkali metal chlorides and their

hydroxides in different volume ratios, the final volume

being  50ml to maintain the ionic strength (0.05M).

The pH of the solution was recorded every 24h until

equilibrium was attained (5 days were needed). The pH

at equilibrium was plotted against the millimoles  of

OH ions added. - 

Ion Exchange Capacity for Different Metal Ions:

The ion exchange capacity of prepared zirconium

vanadate for alkali and alkaline earth metal ions, was

determined  by  equilibrating 0.5g of the exchanger

with  50ml  of 2M solution of different metal salts.

The liberated acid was determined by titration with

standard alkali solution.

Thermal Effect on Ion Exchange Capacity: To study

the effect of temperature on the ion exchange capacity,

0.5g sample of the prepared ion exchange materials in

the H  form were heated at various temperatures in+

muffle furnace for 1hour and the Na  ion exchange+

capacity after cooling to room temperature was

determined as mentioned in the ion exchange capacity

technique .[27]
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Physical Characterization of the Synthesized Ion

Exchangers:
Thermal Analysis (TGA/DSC): The thermal stability

of the prepared ion exchanger was evaluated by TGA
& DSC. The measurements were carried out with a

2heating rate of 20ºC/min under flow of  N  starting
from ambient condition up to 800ºC.

Infrared Spectroscopy (IR): The I.R. spectrum of the

prepared  ion exchanger was measured using FTIR.
The disc technique using KBr as a matrix was found

to be suitable. In this concern, the ion exchanger was
thoroughly mixed with KBr and the mixture was

ground and then pressed with a special press to give a
disc of standard diameter. The I.R. spectrum was

scanned over the wave length range 600-4000 cm  . -1

X-ray Diffraction (XRD): X-ray powder diffractometry

áwas carried out using X-ray diffractometer with Cu K

radiation beam (ë= 0.154060 nm). The finely powdered
samples of the ion exchanger were packed into a flat

aluminum sample holder, where the X-ray source was
a rotating anode operating at 30 kV and 30 mA with

a copper target. Data were collected between 10º and
80º in 2è.

Morphological Characterization  (SEM): The ground

ion exchanger was stocked over a holder. Then it was
gold-sputtered before examination. The samples were

scanned to identify the structure of prepared samples
and estimate the particle diameter at different

magnifications 50000X and 10000X.

RESULTS AND DISCUSSIONS

In this study a number of samples of a new and
novel zirconium vanadate ion exchangers were prepared

through the Homogeneous precipitation technique.
Among them, sample S13 possessed better Na  ion+

exchange capacity (1.26 meq/dry g) was chosen for
detailed studies and characterization. 

X-ray diffraction of the ion exchanger (fig.1)
shows two  peaks, the first peak at 2è= 9º & the other

at  2è= 30.2º of a weak intensities equals 84& 70
respectively, which indicate some degree of crystallinity

and the compound can be considered as poly-crystalline
in nature. The average diameter of zirconium vanadate

was found to be 53nm, which calculated from the full
width at half-maximum of the peak using Debye

Scherrer's equation :      [28]

D = 
                            

Where D  is the average crystal size in nm, ë is the

characteristic wavelength of X-ray used (1.5406Å), è is

2è  the diffraction angle ,and B is the angular width in

radiaus at an intensity equal to half of the maximum
peak intensity . [29]

It is cleared from fig. (2) that the morphological
structure of zirconium vanadate is a spherical shape

with average diameter of 60 nm. Thus it was
confirmed from both 

XRD & SEM that  the material particle size shows
the nano-range. Table (1) shows the ion exchange

capacities  for  alkali and alkaline earth metal ions.
The maximum ion exchange capacity was found to be

2.4 meq/g for Cs  ion and 1.68 meq/g for Ba  ion.+ 2+

The affinity sequences for alkali metal ions K>Na>Li,

on the other side for alkaline earth metals Ba>Ca>Mg
and for the radioactive metals Cs>Sr. The size and

charge of the exchanging ion affects the ion exchange
capacity of zirconium vanadate. This sequence is in

accordance with the size of the hydrated radii of the
exchanging ions. 

Ions with the smaller radii easily enter the pore of
the exchanger, resulting in greater IEC. These results

were also similar as reported by Nabi et al.  and[3 1 ]

Nilchi et al. .[32]

The pH titration curve (Fig.3) shows that the ion
exchanger material releases H  ions easily on addition+

of NaCl solution to the system in neutral medium,
which is indicated by a pH value~ 2.8 of the solution.

Further, the titration curve shows only one inflexion
point indicating that zirconium vanadate behaves as

monofunctional ion exchanger . After that point, in[33]

the region when more NaOH are added, the

equilibrium  pH  further increases but more slowly.
This slow increase of pH implies due to surface

precipitation other than conventional ion exchange or
surface adsorption .[8]

The effect of the concentration of NaCl (Fig.4) and
equilibration time (Fig.5) on exchange capacity of this

compound shows a constant capacity at concentration
greater than 0.8M and after 6h of equilibration. As a

result the exchange capacity  was determined using 1M
salt solution and samples are equilibrated for 6h.

The efficiency of 1g cation exchanger column
determined by the elution behavior (Fig.6). It is

indicated that the exchange is quite fast as at the
beginning all the exchangeable H  ions are eluted out+

in the first 100 or 150 ml of the effluent.
It was observed from table (2) that on heating

prepared zirconium vanadate at different temperatures
for 1 hour, the mass, physical appearance and ion

exchange capacity were changed. The material was
found to possess higher thermal stability as the sample

maintained about 69% of the initial mass by heating up
to 700ºC.  However, in respect to ion exchange

capacity, this material was found stable up to 200ºC.
Where it retains about 55% of its initial ion exchange

capacity by heating up to 200ºC.
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Table 1: Effect of size and charge of the exchanged ion on the exchange capacity

Hydrated ionic Radii (Aº)Exchanging ions pH of the metal solutions Ionic Radii (Aº)  [30] IEC (meq/g)[30]

6.7Li 0.4 3 0.7+

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6.7Na 0.5 2.25 1.24+

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6.8K 0.8 1.5 1.3+

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6.5M g 0.45 4 0.42+

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6.5Ca 0.7 3 0.622+

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6.3Ba 1.05 2.5 1.682+

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6.3Sr 0.85 2.5 1.422+

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6.3Cs 1.05 1.25 2.4+

Table 2: Effect of temperature on ion-exchange capacity  of zirconium vanadate

IEC (meq/g)Heating temp. (ºC) Appearance color Weight loss % % Retention of IEC 

40 Brownish red   - 1.26 100

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

100 Brownish red 4.92 0.9 71.43

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

150 Brownish red 9.57 0.82 65.07

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

200 Brownish red 12.85 0.7 55.55

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

300 Green 16.38 0.54 42.86

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

500 Dark green 21.33 0.3 23.8

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

700 black 30.67 0.2 15.87

Fig. 1: X-ray  diffraction pattern of zirconium vanadate

In order to explore the reason of decreasing the
exchange capacity with the increase in the temperature.

The  heated  sample  were characterized using TGA.
It is clear from the thermogram for heated samples as

shown in Fig. 7 that the percentage weight losses
decrease as the heated temperature for samples

increased until sample heated at 700ºC that posses
weight losses only 1.6% from its original weight due

to losses of the remaining external water after heating.
That is mean when zirconium vanadate heated to the

elevated temperature it loss most of its external &
structural water which are responsible for exchange

capacity, this was accomplished with the decrease in
IEC of the prepared exchanger. 

The FTIR spectrum of the cation exchange material
zirconium vanadate (Fig.8)  shows a strong and broad
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Fig. 2: Scanning  electron microscope ( SEM)  of zirconium vanadate 

Fig. 3: pH titration curve of zirconium vanadate 

Fig. 4: Exchange capacity of zirconium vanadate as

a function of eluent concentration

peak  around  3200 cm  corresponds to the presence!1

of  interstitial  water  and hydroxyl groups . A[34 ,35]

sharp peak at 1617 cm  corresponds to the!1

deformation vibration of free water molecules.

However,  the  peak at 1000 cm  show the presence-1  

of  vanadate  ion.  Finally,  a broad peak in  the

region around 730 cm  was due to metal–oxygen!1

bond . Hence, from the IR analysis, it can be[36 ,37]

2deduced  that  H O,-OH,  vanadate  ion and Zr-O-H

are present.

Fig. 5: Effect of elution time on ion exchange

capacity of zirconium vanadate 

Fig. 6: Elution behavior of zirconium vanadate 

Fig. 9 and Fig.10 show the DSC and the

thermogram curves of zirconium vanadate.  From the

DSC thermogram it is a broad endothermic peak in

temperature region 26-170ºC that heat losses is due to

gradual loss of external water molecules from the

materials. This is followed by a broad shoulder which

is terminates in another small inflexion at 360ºC may

be resulting from the loss of structural water. An

exothermic peak is noticed at 450ºC may be caused by

physical transitions such as crystallization occurring

during heating .[38]
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Table 3: The ion-exchange capacity (IEC) of zirconium vanadate  precipitated at different HCl concentration

Sample no. HCl concentration (M) Appearance color IEC(meq/g)

1 0 Greenish yellow 0.16

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2 0.02 White brown 0.3

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 0.04 Brownish yellow 0.82

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4 0.5 Yellow 0.4

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5 1 Yellow 0.36

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6 2 ---- No precipitate

Table 4: The ion-exchange capacity (IEC) of zirconium vanadate  precipitated at different urea concentration

Sample no. Urea concentration Appearance color IEC(meq/g)

7 0.5 yellow 0.64

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

8 1.5 yellow 0.82

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

9 3 yellow 0.76

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

10 6 White yellow 0.46

Fig. 7: Thermogram for heated zirconium vanadate 

These conclusions are also supported by the

thermogram of zirconium vanadate. It was confirmed

that the weight loss of the ion exchanger up to 170ºC

is due to the removal of free external water

molecules . Above 360ºC the gradual loss in weight[39]

is due to the removal of interstitial water molecules by

condensation  of exchangeable hydroxyl groups(–OH)

from the material, which is  characteristic of synthetic

inorganic ion exchangers. There is no significant

weight loss after 400ºC which indicates that no

structural changes occur in material. The curve pattern

suggests that the ion exchanger is stable up to 1000ºC.

The 9.1% weight loss of mass represented by TGA

2curve at 100ºC must be due to the loss of nH O from

the ion exchanger structure. The value of “n”, the

external water molecules, can be calculated using

Alberti’s equation .  [40]

C 18n=X[(M+18n)/100]

where x is the percent weight loss (9.1%) of the

exchanger by heating up to 170 ºC and (M+18n) is the

molecular weight of the material. The calculations give

~2.0 for the external water molecule (n) per molecule

of the cation-exchanger (sample S13).

As a result of the above findings, a tentative

2 4 2 2formula of Zr(OH) (HVO ) .2H O has been assigned to

the exchanger.

Condition for the synthesis of zirconium vanadate

using  Homogeneous  precipitation technique such as
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Fig. 8: FTIR spectra of zirconium vanadate 

Fig. 9: DSC curve of zirconium vanadate 

sodium vanadate, hydrochloric acid concentrations and

amount of precipitating agent were varied producing

fifteen samples have a significant difference in their

physical appearance and ion exchange capacity.

The ion exchange capacity & physical appearance

of six samples of zirconium vanadate exchanger which

2were prepared using 0.1M ZrOCl & 0.2M sodium

vanadate& 1.5g urea at different hydrochloric acid

morality  of  zirconium  oxy chloride are given in

table (3).

The results show that the amount of replaceable

hydrogen ion present in the zirconium vanadate

products increase with increase in morality of acid

present until concentration 0.04M. But further increase

in acid concentration decreased IEC of the produced

ion exchanger and with acid concentration 2M, no

precipitate formed. This is may attributed to the

increase in the acid present in the preparation media

increase the replaceable hydrogen ion associated with

vanadate  group  inside  the produced ion exchanger.
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Fig. 10: Thermogram of zirconium vanadate 

Fig. 11: FTIR spectra of zirconium vanadate & its organic hybrid 

But further increase in the acid cause dissolution in the

produced ion exchanger, especially dissolve the

vanadate groups present inside the prepared exchanger,

which by its rule decrease IEC of prepared exchanger.

Further increase in acid in the preparation media

dissolve all produced precipitate and at 2M HCl no ion

exchanger formed.   

In order to determine the most proper amount of

the precipitating agent (urea) to yield ion exchanger

with higher IEC. Four samples were prepared using

20.1M ZrOCl & 0.04M HCl& 0.2M sodium vanadate at

different amounts of urea related to the weight of

zirconium oxy chloride used.     

As evident from table (4) that for the produced

exchanger the physical appearance has no effect with

the change in urea concentration. However, exchange

capacity increase as the amount of urea increase then

tend to decrease. This is returned to the presence of

carbonate precipitate from urea hydrolysis mixed with

the produced ion exchanger, which by its rule

decreased the exchange capacity of the exchanger.

G.L.J.P. da Silva  mention that an excess of local[41]
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precipitating agent should be avoided in the

precipitation processes in order to avoid contamination

of prepared exchanger with carbonate produced from

the hydrolysis of urea in an initially acidic solution as

follows :

  

2 2 2 2 4(NH ) CO + 3H O             CO + 2NH  + 2OH+ -

This hydrolytic reaction takes place slowly and

occurs at temperatures just below the boiling point of

water. In order to generate hydroxyl ions, allowing for

the precipitation of zirconium vanadate with different

characteristics . So, as the amount of urea increased[41]

the chance for contamination the prepared exchanger

with carbonate increased, which by its rule decrease the

exchange capacity of the synthesized exchanger . 

Sodium vanadate concentration has a significant

effect on both the external appearance and IEC of the

produced ion exchanger. Table (5) shows five samples

2prepared using 0.1M ZrOCl & 0.04M HCl& 1.5g urea

at different sodium vanadate concentration.

It was found that increasing the concentration of

sodium vanadate increase the ion exchange capacity

until 0.4M then with further increase in vanadate

concentration IEC tend to decrease. This may be

returned to the responsibility of the vanadate group to

the H  exchanging inside the exchanger as suggesting+

form its structure. So as the vanadate group increase

inside the exchanger the IEC of the produced

exchanger increased. This suggestion is in compatable

with S.A. Nabi , he was concluded that anionic part[37] 

inside the prepared Zr(IV) tungstomolybdate contributed

towards ion-exchange capacity as the replaceable

H groups are attached to this group. Also, this result is+

in accordance with Nilchi , he was found that the[32]

increase in the ratio of molybedate to ceric increase

IEC in the prepared cerium molybdate. 

However, the increase in the vanadate

concentration (up to 0.4M) show a decrease in IEC of

the prepared exchanger may be returned to the

consumption of the HCl present in the preparation

media. As mentioned above as the concentration of

HCl decrease the IEC of the produced exchanger

decrease. So, the concentration of HCl should be

increased in order to save H  ions associated with+

vanadate group. 

In order to monitoring the effect of the binding

polymer mixture of polyvinyl alcohol and alginate on

the physicochemical properties of zirconium vanadate.

Poly crystalline zirconium vanadate sample S13 has

been obtained in the spherically granulated form using

the mixed polymers as described above. The binding of

the inorganic exchanger with its organic hybrid was

confirmed by their IR spectra fig.11. The organic

hybrid spectra is identical to the inorganic spectra

excepet it was observed new peaks were appeared due

to the presence of organic polymers. an absorption

bands at 1716 cm  was observed, which were!1

attributed  to  the  carboxyl  group of alginate .[42 ,43]

The C–H stretching of CH2  present in PVA showed

an absorption band at 1460  cm . The vibrational!1[44]

2peak at 1445 cm  is assigned to CH  scissor mode of!1

PVA. C–C stretching  at PVA occurring at 1230

cm . These spectra are in close resemblance with!1[45]

each other, indicating the binding of inorganic

precipitate with organic polymer mixture and formation

of organic–inorganic hybrid. 

The binding of inorganic precipitate with organic

polymer mixture was olso confirmed from the TGA

analysis. It is so clear from fig.12 that thermal stability

of the host polymer mixtures was enhanced through

presence of  inorganic zirconium vanadate in the

composite, which may be attributed to the high thermal

stability of zirconium vanadate and the nature of

crosslinking network between the zirconium vanadate

phase and the mixed polymers. On the other site,

presence of the organic mixed polymer with the

inorganic exchanger decrease its thermal stability

through increasing its percentage weight losses as

indicated in fig13. this is returned to the low thermal

stability  of  the  organic polymes. As evident from

fig. 12 that the mixed polymers showed three main

degradation steps. The first degradation step is

associated with removal of external water together with

degradation of alginate chain. It is interpreted that the

second decomposition temperatures is due to the

elimination of side-groups of PVA that  occurred at

lower temperature 200º -325 ºC coupled with the

degradation of polymers chain . The third-stage[46]

decomposition is therefore obviously due to the

complete loss of total organics i.e. decomposition of

main chain of PVA and alginate thus leading to a

weight loss of about 43% .[47]

In this way, it was thought that the presence of the

host polymer mixture may might contribute to decline

the thermal stability of zirconium vanadate in the

composite. However, on the other site it improve its

ion exchange capacity from 1.24 meq/g for zirconium

vanadate to 1.4meq/g for composite. This is returened

to the presence of the exchangable groups (-OH) in

both alginate and PVA in the polymer matrix.

Conclusion: In the light of the above discussion and

various results of ion exchange capacities of the

synthetized zirconium vanadate using the homogenous

precipitation  technique.  Ion  exchange  capacity  of
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Table 5: The ion-exchange capacity (IEC) of zirconium vanadate  precipitated at different sodium vanadate concentration

Sample no. Sodium vanadate concentration (M) Appearance color IEC(meq/g)

11 0.1 Brownish yellow 0.42

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

12 0.2 brown 0.82

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

13 0.4 Brownish red 1.26

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

14 0.6 Brown 0.64

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

15 0.8 Brown 0.48

Fig. 12: Thermogram of organic polymer mixture & the organic hybrid

Fig. 13: Thermogram for zirconium vanadate& the host polymers & its organic hybrid
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zirconium vanadate was found directly depend on

sodium vanadate, hydrochloric acid and urea
concentrations. Zirconium vanadate prepared under the

optimum synthetic conditions that has the highest ion
exchange capacity 1.24meq/g was characterized. It has

poly crystalline structure with  particle diameter 60nm,
also it  behaves as a mono functional ion exchanger.

Furthermore, it is relatively resistance toword heat. On
the basis of its chemical behaviour, thermal studies and

infrared spectra, a tentative formula of the prepared

2zirconium vanadate can be proposed as Zr(OH)

4 2 2(HVO ) .2H O. The presence of the host polymer
mixture (PVA & alginate) decline the thermal stability

of zirconium vanadate composite than the inorganic
zirconium vanadate. However, on the other site it

improve its ion exchange capacity from 1.24 meq/g for
zirconium vanadate to 1.4 meq/g for composite.    
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