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

Pt e STEVEN 4, CRANTR Separation Science and Technology
Publication details, including instructions for authors and subscription information:
SEPARATION SCIENCE

http://www.informaworld.com/smpp/title~content=t713708471

Sorption Behavior of Microamounts of Zinc on Titanium Oxide from
b ol | Aqueous Solutions
Syed Moosa Hasany?; Flyyaz Ahmed Chughtai®; Abdul Ghaffar®
* Nuclear Chemistry Division, Pakistan Institute of Nuclear Science and Technology, Islamabad,
Pakistan ® Department of Chemistry, University of Agriculture, Faisalabad, Pakistan

To cite this Article Hasany, Syed Moosa , Chughtai, Flyyaz Ahmed and Ghaffar, Abdul(1991) 'Sorption Behavior of
Microamounts of Zinc on Titanium Oxide from Aqueous Solutions', Separation Science and Technology, 26: 8, 1131 —
1146

To link to this Article: DOI: 10.1080/01496399108050519
URL: http://dx.doi.org/10.1080/01496399108050519

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-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 formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conmplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmges 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/10.1080/01496399108050519
http://www.informaworld.com/terms-and-conditions-of-access.pdf

12:41 25 January 2011

Downl oaded At:

SEPARATION SCIENCE AND TECHNOLOGY, 26(8), pp. 1131-1146, 1991

Sorption Behavior of Microamounts of Zinc on Titanium
Oxide from Aqueous Solutions

SYED MOOSA HASANY*

NUCLEAR CHEMISTRY DIVISION
PAKISTAN INSTITUTE OF NUCLEAR SCIENCE AND TECHNOLOGY
P.O. NILORE, ISLAMABAD, PAKISTAN

FLYYAZ AHMED CHUGHTAI

DEPARTMENT OF CHEMISTRY
UNIVERSITY OF AGRICULTURE
FAISALABAD, PAKISTAN

ABDUL GHAFFAR

NUCLEAR CHEMISTRY DIVISION
PAKISTAN INSTITUTE OF NUCLEAR SCIENCE AND TECHNOLOGY
P.O. NILORE, ISLAMABAD, PAKISTAN

Abstract

The adsorption of microamounts of zinc on titanium oxide, prepared and char-
acterized in this laboratory, has been studied in detail. Zinc adsorption has been
found to be dependent on the pH of the aqueous solution, amount of oxide, and
zinc concentration. Maximum adsorption is from pH 10 buffer. EDTA and cyanide
ions inhibit adsorption significantly. The adsorption of other elements under
optimal conditions has also been measured on this oxide. Sc(IiI) and Cs(I)
show almost negligible adsorption. Zinc adsorptlon follows the linear form of the
Freundlich adsorption isotherm:

log Cuqs = log A + (1/n) log Cay

with A = 0.48 mol/g and n = 1. Except at a very low bulk concentration (3 x
10~ mol/dm?), the Langmuir adsorption isotherm is also linear for the entire zinc
concentration investigated. The limiting adsorbed concentration is estimated to be
0.18 mol/g.

*To whom correspondence should be addressed.

1131

Copyright © 1991 by Marcel Dekker, Inc.



12:41 25 January 2011

Downl oaded At:

1132 HASANY, CHUGHTAI, AND GHAFFAR

INTRODUCTION

Zinc is an essential element for animals and plants. It is needed in plants
in small amounts, and its deficiency in plants hampers the healthy devel-
opment of leaves and causes several diseases. Growing plants depend on
the nutritional supply of essential elements from soil (7). Zinc is available
for plants in soil solution and in soil solid phase (2). To correlate soil
response toward zinc, it is necessary to study its adsorption in detail on
soils or on their constituents. The adsorption of a number of elements on
titanium oxide (3-9), one of the constituents of soils (10), has been studied,
but no detailed study about the adsorption of zinc on titanium oxide has
been cited except a few sketchy reports (11, 12). However, adsorption of
zinc on a number of oxides such as cerium oxide (I3), zirconium oxide
(14), aluminum oxide (15), tin oxide (16), antimony oxide (17), iron oxide
(18), and manganese dioxide (18-22) has been studied. The present com-
munication deals with the adsorption of zinc in microamounts from aqueous
solution on titanium oxide, prepared and characterized in this laboratory.

EXPERIMENTAL
Reagents and Radiotracers

Preparation of Titanium Oxide

Titanium oxide was prepared as reported (5) by neutralizing a 1.6-mol/
dm? titanium trichloride solution in 6.4 mol/dm?* hydrochloric acid (250
cm®) with 1 mol/dm® ammonium hydroxide added in small portions. The
reaction mixture was stirred continuously up to 48 h. The titanium oxide
thus formed was allowed to settle down overnight, and the supernatant
was decanted. The precipitates were suspended in doubly distilled deion-
ized water and stirred for 7 h, then allowed to settle down overnight and
the supernatant was again decanted. This procedure was repeated 5 times.
The precipitates were finally filtered and washed several times with water.
The precipitates were dried in air for 3 days and then in a vacuum desiccator
for 2 weeks over calcium hydroxide to constant weight. Later, it was ground
and sieved to 200 mesh. '

85Zn tracer was prepared by irradiating specpure zinc metal (Johnson &
Matthey) in the PARR-1 research reactor of this institute and then dis-
solved in nitric acid. The final concentration of nitric acid in stock solution
was 0.027 mol/dm?. All other tracers used were produced locally, and their
radiochemical purity was checked by gamma spectroscopy. All solutions
were made from doubly distilled deionized water and analytical reagents.
The composition of the buffer solutions used in this study was given earlier
(23).
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instrumentation

The instruments used for BET surface area, pore size distribution and
skeletal density, and spectrophotometric measurements are given else-
where (24). Thermogravimetric measurements were made with a Stanton
Redcroft thermorecording balance model TG 750 at a heating rate of 5°C/
min. Differential thermograms were obtained at a heating rate of 10°C/
min using alumina as a comparison standard. Infrared spectra were re-
corded on potassium bromide pellets on a Perkin-Elmer 580 IR spectrom-
eter with a sodium chloride prism. Powder x-ray diffractional patterns were
taken on a x-ray diffractometer model D-Max II Rigaku, Japan, with a
copper target at a wavelength of 1.5405 A. The wavelength dispersive x-
ray fluorescence spectrometer used was Rigaku model 3134. Inductively
coupled plasma emission spectroscopic (ICP-ES) measurements were made
with a computerized optical emission spectrometer Model 3580 from Ap-
plied Research Laboratories, Switzerland. The instruments used for pH
(23) and radiometric (24) measurements were described before.

Procedure

Distribution coefficients (K ;) were determined radiometrically by using
the batch technique at room temperature (23 = 2°C). A solution (4.5 cm?)
of an appropriate electrolyte having a specified concentration of zinc or
other element was shaken with a known amount of titanium oxide for a
given time and then centrifuged for phase separation. The initial and final
activities of the radiotracer solution were assayed, and K, values were
estimated in the usual manner (25). All measurements were the average
of at least triplicate runs.

RESULTS AND DISCUSSION

Characterization of Titanium Oxide

Infrared spectra of titanium oxide prepared in the laboratory show four
absorption bands, the first between 2800 and 3700 cm~! with maxima at
3150 and 3430 cm ; the second between 1300 and 1700 cm~! with maxima
at 1400, 1560, and 1655 cm~'; the third between 380 and 900 cm ™' with a
maximum at 640 cm™!; and the fourth between 250 and 380 cm™!' with
maxima at 330 and 360 cm~'. The first band is characteristic of interstitial
or free water and the hydroxyl group, the second of interstitial water, and
the third of the Ti—O group (26). Similar absorption bands with maxima
at 1400 (26, 27), 1550 (26), 1650 (28), and 3440 cm~! (27) have been
observed in other hydrous oxides.

Thermogravimetric analysis indicates that titanium oxide starts losing
water at a low temperature (35°C), and a substantial weight loss with respect
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to the initial weight is noticed at around 100°C (13.4%) (Fig. 1). The weight
loss between 200 and 400°C is much less, the total loss reaching about
24%. This is of the same order of magnitude as reported for hydrous
titanium oxide (26). No significant weight loss is observed beyond 400°C
up to 900°C (1.2%). It can be concluded on the basis of earlier observations
that up to 200°C the weight loss may be due to the removal of the interstitial
or free water. At higher temperatures, 200-400°C, chemically bound water
is lost. The last part of the curve shown in Fig. 1 may indicate anhydrous
phase equilibrium or loss of chloride traces present in the sample. Figure
2 shows the differential thermogram of the oxide. This shows two distinct
peaks between 105 and 210°C, and from 270 to 350°C. This thermogram
is in agreement with the results of thermogravimetric analysis.

The x-ray diffraction spectra of titanium oxide show no significant peak.
However, small peaks at 20 = 24, 31, 48, 55, and 63° indicate that the
structure is neither completely amorphous nor crystalline in nature. From
these results it may be interpreted that the sample has a disordered phase.
The x-ray fluorescence analysis indicates no impurity present in the sample
except traces of chloride ions whereas ICP-ES results reveal 46.08% ti-
tanium in the sample. On the basis of these data, the oxide has the formula
T10214H20 or Tlolg(OH)0213H20.

The BET surface area, as determined by adsorbing nitrogen, was found
to be 92 m?/g. The porosity was estimated to be 0.66 cm’g, and the average
pore size diameter 37 nm. The skeletal density was computed to be 1.37
g/cm®. The solubility of titanium oxide thus prepared was checked by
shaking the oxide with 4.5 cm?® of all the electrolytes used in adsorption
studies for 2 h. Titanium was measured spectrophotometrically (29) by

— AT

45 85 125 165 205 245 285 325 365 405 445 4BS
— Temperature (°C) —»

FiG. 2. Differential thermogram of titanium oxide.
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using chromotropic acid as a chromogenic reagent in a supernatant solu-
tion. Titanium was not detected in any sample. The detection limit of this
method is 40 ng/cm?.

Adsorption Studles

The adsorption of zinc (6.12 X 10-5 mol/dm®) from 0.01 mol/dm? so-
lutions of perchloric acid, nitric acid, and hydrochloric acid has been studied
on 50 mg of titanium oxide as a function of shaking time (1 to 60 min) to
test whether adsorption equilibrium between adsorbate and adsorbent has
been established. This low acid concentration of electrolytes was selected
in view of our experience where higher distribution coefficients (K ) have
been obtained at low acid concentrations in the case of zirconium (24) and
europium (30) adsorption on manganese dioxide. The results are shown
in Fig. 3. In all three acid solutions in the initial 5 min, the adsorption
increases with increasing shaking time and attains a constant value at
around 10 min. In general, the distribution coefficients are in the order
perchloric acid > hydrochloric acid > nitric acid. The adsorption of ger-
manium on different adsorbents from perchloric acid was always found

40

30

=
L

'SR

3 -1
KD(cm )

10 {

o — —
0 20 40 60
Shaking Time(min)

FIG. 3. Adsorption of zinc (6.12 x 10* mol/dm?) on titanium oxide (50 mg) from 0.01 mol/
dm’ solution of 1) perchloric acid, 2) hydrochloric acid, and 3) nitric acid as a function of
shaking time.
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higher than its adsorption from nitric acid of equal molarity (31). At equi-
librium the maximum distribution coefficient (Kp) corresponds to 29.2,
23.2, and 18.2% adsorption from the three acid solutions, respectively.
The concentration of zinc was kept constant at 6.12 x 10~> mol/dm?
throughout these investigations except where specified.

Because of the low distribution coefficient (<37 cm?/g), it was obviously
not considered feasible to investigate further the adsorption of zinc in detail
from acid solutions. Therefore, buffer solutions of pH 4, 7, 10, and 12
covering acidic and alkaline regions were employed to determine the ad-
sorption equilibrium from 1 to 420 min. The results are given in Fig. 4.
From pH 4, 7, and 12 buffer, K, increases with an increase in shaking
time and attains a constant value in 30 min whereas from pH 10 buffer
solution the equilibrium was established within 2 min and K, remained
constant throughout the entire time duration investigated. After equilib-
rium, the adsorption of zinc was found to be in the order from pH 10 >
12 > 7 > 4. Although from pH 4 to 10 the K, value increases in the order
of 10%, the percent adsorption changes only from 83.6 to 99.9%.

In view of these resuits, it was considered worthwhile to investigate the
adsorption of zinc on 50 mg titanium oxide as a function of initial pH (1
to 10). Because hydrogen and hydroxyl ions are potential-determining ions
for most adsorbents, their concentration in an electrolyte can affect ad-
sorption very substantially. Ten minutes shaking time was used for this
study. The results are depicted in Fig. 5. The distribution coefficient in-
creases with increasing pH and attains a maximum value of the order of
10° cm®/g at pH 10. A steep rise was observed between pH 2 and 6. The
Kp values obtained at pH 2 and 4 were of the same order of magnitude
as reported earlier (1). As maximum adsorption was achieved from pH
10 buffer solution, this electrolyte was used in all subsequent measure-
ments. A spontaneous change in the nature of a trace element in solution
may alter the adsorption. Therefore, a change in the pH alters the nature
of the zinc species and consequently affects the adsorption.

Another parameter, the amount of adsorbent which influences the ad-
sorption, was varied from 5 to 500 mg. The distribution coefficient registers
an enhancement with an increase in the amount of titanium oxide, attains
a maximum value around 10 mg, and then starts decreasing with a further
increase in the amount of adsorbent (Fig. 6). Therefore, 10 mg titanium
oxide was used in further experiments. The trend of the variation of K,
with that of the amount of the adsorbent is almost identical with the trend
that was observed in the cases of zirconium (24) and mercury (25) ad-
sorption on manganese dioxide. Although the distribution coefficient varies
by a factor of 10? from 5 to 500 mg of the oxide, the percent adsorption
of zinc always remains >99.9%.
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FiG. 4. Adsorption of zinc (6.12 x 10° mol/dm?) on titanium oxide (50 mg) from buffers of
pH 4 (@), 7 (%), 10 (O), and 12 ([O) as a function of shaking time.
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FIG. 5. Distribution coefficient of zinc (6.12 x 10°> mol/dm®) on titanium oxide (50 mg) as
a function of pH.
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FIG. 6. The dependence of zinc (6.12 x 10~° mol/dm?) adsorption on the amount of titanium
oxide from pH 10 buffer solution.

The influence of zinc concentration on its adsorption from pH 10 buffer
was also investigated in the range from 3 x 10~% to 10~3 mol/dm? under
optimum conditions. The results are recorded in Fig. 7. The distribution
coefficient first increases with increasing zinc concentration and attains a
maximum at 10~¢ mol/dm’ concentration. Beyond this concentration the
K, starts decreasing with a further increase in zinc concentration. This
pattern is similar to what has been observed in our studies of zirconium
(24) and mercury (25) adsorption on manganese dioxide. The relation
between zinc adsorption and its concentration was subjected to the linear
form of the Freundlich adsorption isotherm:

log Cpys = log A + (1/n) log Cgyy

where C,q is the adsorbed concentration of zinc in mol/g of the oxide,
Cguy is the bulk concentration of metal in mol/dm?, and A and n are
characteristic constants related to a specific adsorption system. The plot
of log Cags Vs log Cgyy is linear throughout the entire bulk concentration
of zinc studied (Fig. 8). From the slope of Fig. 8, the value of n was
estimated to be unity and that of A to be 0.48 mol/g.
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F1G. 7. The influence of zinc concentration on its adsorption on titanium oxide (10 mg) from
pH 10 buffer solution.

The Langmuir adsorption isotherm was also tested in the following form:

CBulk _ CBulk + 1
CAds CSaluration B CSaturation

where a plot of Cpyy/Cags vs Cpux Was found to be a straight line (Fig. 9)
except at very low zinc concentration (3 X 1075 mol/dm?3). This indicates
that the Langmuir adsorption isotherm is also followed by zinc adsorp-
tion with a deviation at low concentration. From the slope of the plot, the
value of limiting adsorbed concentration at saturation was computed to
be Csauraion = 0.18 mol/g.

In order to understand the adsorption mechanism, it is necessary to
ascertain the nature of the different species present in the aqueous solutions
of different pHs. It is established that zinc can be present in solution either
as divalent Zn?* or in hydrolyzed Zn(OH)*, Zn(OH),, Zn(OH); , and
Zn(OH);~ forms. By using corresponding formation constants (32), the
percent of each species present under certain pH conditions may be cal-
culated. No hydrolysis of zinc takes place up to pH 6, and at pH 7 the
dominant species of zinc would remain Zn2* (99.33%). At pH 8 zinc will
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FiG. 8. Freundlich adsorption isotherm of zinc on titanium oxide.

be present as Zn** (93.67%), Zn(OH)* (2.91%), and Zn(OH), (3.42%).
In a solution at pH 9, the dominant species would be Zn?** (59.66%),
Zn(OH), (36.99%), and Zn(OH)* (3.16%), whereas at pH 10 the major
species would be Zn(OH), (82.26%), Zn** (12.88%), and Zn(OH);
(4.10%). Moreover, at pH 12 the dominant species are expected to be
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Fi1G. 9. Langmuir adsorption isotherm of zinc on titanium oxide.
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Zn(OH); (55.44%), Zn(OH);~ (27.79%), and Zn(OH), (16.61%). Atall
pHs the polymeric species of zinc, namely Zn,(OH)** and Zn,(OH);~
(32), would be very small. The maximum adsorption occurs at pH 10,
where the maximal proportion of the neutral species, i.e., Zn(OH),, is
obtained. This is in conformity with what has been envisaged (33). More-
over, advance hydrolysis may be one of the reasons why the pH dependence
of adsorption of hydrolyzable zinc passes through a maximum at pH 10
and then decreases due to the increasing proportion of hydroxo anions.

The low adsorption observed at pH 12 compared to that at pH 10 (Fig.
4) can be explained in terms of repulsion between the negatively charged
species Zn(OH); and Zn(OH);~ and negatively charged surface of the
oxide, whereas there would be no repulsion between neutral Zn(OH), and
Zn?* species and the oxide surface. Instead, there is an attraction between
positively charged Zn?** and the negatively charged oxide surface. The
PZC of hydrous titanium oxide is 5.6—6 (34). This means that the oxide
surface is positively charged below pH 6 and negatively charged above pH
6. Up to pH 6 there is specific absorption of Zn** ions on an oxide surface
having OH~ and O?- groups on its surface. However, at pH > 9 there is
condensation of different hydrolyzed species formed on the oxide surface.
Hydrolyzed cations show a strong tendency to be adsorbed on any available
surface, perhaps due to their lower hydration. The hydroxyl group renders
the complex more hydrophobic and stimulates the action of van der Waals
forces or permits the formation of a hydrogen bond between hydrolyzed
ions and some strongly electronegative atoms on the surface. The hydrolytic
adsorption mechanism has. also been proposed for the adsorption of zinc
onto manganese dioxide (35).

The influence of various anions and cations on zinc adsorption has been
examined under specific conditions where maximum adsorption of zinc has
been noticed. The results are listed in Table 1. EDTA and cyanide dras-
tically reduce the adsorption, whereas tartrate, molybdate, sulfate, fluor-
ide, carbonate, and all the cations increase the distribution coefficient
significantly. Except in the cases of EDTA and cyanide, the percent ad-
sorption of zinc remains >99% in the presence of all the anions and cations
tested. In general, substances which form strong complexes with the species
undergoing adsorption can influence adsorption where such complexes are
adsorbed more or less strongly. The decrease in the adsorption caused by
EDTA and cyanide can be explained as being due either to a very low
affinity between the complexes of zinc with these anions and the oxide or
due to the adsorption of anions themselves on the surface of adsorbent,
thus blocking the adsorption sites and making them inaccessible for zinc
ions or replacing them from the surface. The strong complexes of zinc with
EDTA and cyanide have been reported in the literature (32, 36, 37).
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TABLE 1
The Influence of Additional Ions on the Adsorption of Zinc
(6.12 x 10~* mol/dm?) on Titanium Oxide from pH 10
Buffer Solution

Additional ion K,

(~10-2 mol/dm?) (cm®/g) % Adsorption
Nil 1.54 x 10° 99.7
EDTA 2 <1
Cyanide 16.9 3.6
Vanadate 0.81 x 10° 99.4
Acetate 0.94 x 10° 99.5
Ascorbate 1.27 x 16 99.6
Citrate 1.34 x 10° 99.6
Phosphate 1.35 x 10° 99.7
Oxalate 1.45 x 10° 99.7
Todide 1.56 x 10° 99.7
Tartrate 1.99 x 10° 99.8
Molybdate 2.30 x 10° 9.8
Sulfate 2.64 x 10° 99.8
Fluoride 4,70 x 10° 99.9
Carbonate 4.77 x 1¢¢ 99.9
Li(T) 4.16 x 10° 99.9
Mg(II) 2.64 x 10° 99.8
Sr(IT) 2.25 x 10° 99.8
Ca(Il) 2.13 x 10° 99.8

Moreover, the adsorption of anions on the oxide surfaces has also been
cited (38, 39). Similarly, the enhancement in the adsorption of zinc in the
presence of certain anions can be due to stronger adsorption of corre-
sponding zinc complexes on the oxide than the zinc ions themselves. The
complexes of zinc with carbonate (36), tartrate (32, 36, 37), sulfate (32,
36), and fluoride (36) are possible. The addition of cations like Cu(Il),
Cd(II), Co(II), Pb(II), A(IIT), and Ce(III) has caused precipitation, there-
fore the results of zinc adsorption in their presence have not been recorded
in Table 1. Changes in the adsorption behavior of zinc in the presence of
anions or cations may also be explained as being due to changes in structure
size of adsorbed colloids in the presence of foreign impurities.

To check the selectivity of the oxide, the adsorption of different elements
from the periodic table was measured under optimal conditions. The results
are listed in Table 2. It is clear that under specified conditions only Cs(I)
and Sc(III) show almost negligible adsorption whereas all other cations
except Ni(II) and Hg(II) have lower distribution coefficients than Zn(II).
However, for most of the cations tested, the percent adsorption remains
above 97%. Only trivalent thulium, terbium, gallium, arsenic, and samar-
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TABLE 2
Adsorption of Other Metal Ions on Titanium Oxide Surface
from pH 10 Buffer

Metal ion Kp(cm?/g) % Adsorption
Sc(11I) 0.29 <0.1
Cs(I) <1 0.2
Tm(IIT) 35 6.5
Th(III) 4.63 x 102 48.0
As(IIT) 1.28 x 10° 74.0
Ga(lll) 2.88 x 1¢® 86.5
Co(II) 443 x 10° 89.7
Sm(IIT) 6.54 x 10° 93.6
HIf(IV) 1.54 x 10 97.1
Ag(l) 1.83 x 10¢ 97.6
Gd(11I) 3.11 x 10¢ 98.6
Dy(II) 3.50 x 108 98.7
Eu(IIN) 3.92 x 10° 98.8
Cu(Il) 7.29 x 10* 99.4
Mn(II) 7.33 x 10 99.4
Zr(1V) 8.21 x 10¢ 99.5
Zn(IN) 1.54 x 10° 99.7
Hg(I1) 173 x 10° 99.7
Ni(II) 5.85 x 10° 9.9

ium and cobalt(IT) exhibit lower percent adsorption. It is possible to sep-
arate Sc(III) and Cs(I) from Zn(II) and all other cations which have high
Kp values. This oxide can also be used to preconcentrate Zn(1I) and other
cations like Ag(I), Cu(II), Ni(IT), Mn(II), Hf(IV), Zr(IV), and rare earths
by eluting them from the oxide column with a suitable eluant after their
quantitative adsorption on the oxide surface. It is interesting to note that
radiochemical separation of zinc and scandium is very important from the
neutron activation analysis point of view because gamma energies of the
%Zn (1115 keV) and *Sc (1121 keV) nuclides are too close to be separated
easily by a multichannel analyzer.
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