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ABSTRACT
This paper presents the adsorption characteristics for the removal of Cr (VI) from aqueous solutions using

alumina obtained from Etibank Aluminum Plant. In order to define the optimum conditions, the effects of contact
time, activation process, pH of solution, initial concentration, adsorbent dose and salinityon the removal of Cr (VI)
have been investigated. it is shown that the Freundlich Isotherm Model adequately deseribed batch adsorption da
ta. Although the removal percentage of Cr(VI) on activated alumina under optimal conditions is high, in practice,
it could not be used as a potential sorbent for removal of Cr(VI) because high dose of adsorbent.
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SULU ÇÖZELTiLERDEN Cr(VI) GiDERiMiNDE ALÜMiNANIN ROLÜ

ÖZ
Bu makale, Etibank Alüminyum Fabrikasından temin edilen alumina ile sulu çözeltilerden Cr(VI) giderimi

için adsorpsiyon karakteristiklerini sunmaktadır. Optimum şartları tayin etmek amacıyla, temas süresinin, aktivas
yon prosesinin, çözelti pH'nın başlangıç konsantrasyonunun, adsorbent dozajının ve tuzluluğun Cr(VI) giderimin
deki etkisi incelenmiştir. Freundlich İzoterm Modelinin adsorpsiyon verilerini oldukça iyi tanımladığı görülmüştür.

Optimum şartlarda Cr(VI)'nın aktif alumina üzerindeki giderim yüzdesi yüksek olmasına rağmen, yüksek adsorbent
dozajı gerektirdiğinden uygulamada Cr(VI) giderimi için potansiyel bir sorbent olarak kullanılamaz.

Anahtar Kelimeler: Adsorpsiyon, alumina, krom (VI), Freundlich izothermi, giderim

1. INTRODUCTION

Aquatic media have been contaminated with chro
mium originating from metal plating, chrome leather
tanning, point and pigment, glass and ceramic, photog
raphy, and alloy preparation industries. Chromium oc
curs in aqueous systems as both trivalent and hexava
lent forms. The hexavalent chromium must be removed
from aquatic media before being discharged into sewa
ge system because of its toxic effect. In general, advan
ced treatment processes are used such as chemical pre
cipitation, ion exchange, reverse osmosis, electrodialy
sis, and activated carbon adsorption. Since most of the
se processes are rather expensive, the use of industrial
by-product or agricultural residues having biological
activates has been received considerable attention.

Interest has arisen recently in the investigation of
some unconventional methods and materials for sca
venging heavy metal ions from industrial wastewater. A
number of agricultural residues such as moss (Lee and
Low, 1989; Sharma and Forster, 1993), coconut husk
(Low, et.al., 1995), sawdust (Ajmal, et.al., 1998; Raji
and Anirudhan, 1998), chitosan (Saucedo, et.al., 1992),
rise husk (Munah and Zein,1997; Suemitsu el.aL,1986;
Cici and Keles,1990), sugar beet pulp (Özer, et.al.,
1997), tea leaf (Tee and Khan, 1988) have been repor
ted to be able to remove toxic metals from aqueous so
lutions. However, various other materials such as bitu
minous coal (Rawat and Singh,1992), bentonite (Kapo
or and Viraraghavan, 1998» and hematite (Chakra
varty, et.al 1998) have also been studied for the remo
val of heavy metals from aqueous solutions.
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where Ce is the equilibrium concentration (mg/L), x/m
is the amount adsorbed per specified amount of adsor
bent (mg/g), kf and I/n are Freundlich constants descri
bing adsorption capacity and intensity, respectively.

from solutions by filtration, and the equilibrium con
centrations were analyzed by atomic absorption spect
rometry (Unicam 929) for total chromium. The removal
percentages of Cr (VI) were caiculated from the diffe
rences between the concentration of chromium in the
initial solutions and filtrate.

3. RESULT AND DISCUSSION

3.1 Salinity Effect

In order to investigate the effect of salinityon the
adsorption of Cr (VI), the experiments were carried out
by addition of sodium chloride to Lo mg Cr(VI)/L solu
tion. The concentration of NaCl used was 0.58 g/100
ml, that is 0.1 M NaCL. Then, 100 ml of Cr (VI) soluti-

(2)

(i)

Log(~)= Loglkr) + ;Log(Ce)

or

2.4 Adsorption Isotherms

The distribution of metal ions between the liquid
phase and the solid phase can be deseribed by several
mathematica! model equations such as the standard
Langmuir model and Freundlich model equations
(Chacravarty and et.al., 1998).

The Freundlich model assumes that the uptake of
metal ions occur on a heterogeneous by monolayer ad
sorption. The model is deseribed by the equation

4. The washed cake was dried for 12 hours in oven

adjusted to 90 oC.

5. Then, the cake was crushed and sieved to have
partiCıes of size of -200 mesh.

it is shown that the alumina has increased about
10% in weight by the activation process. To investigate
the effect of salinityon adsorption process, solution of
0.1 M NaCl was used in the second series.

3. 100 ml of distilled water was passed through the
cake.

The samples of alumina were sieved to particle si
ze of -200 mesh, and this fraction was used in the ex
periments. In this study, the alumina was used both in
conditions with and without activated form. The activa
tion process was made as follows:

I. 100 g of alumina having size of -200 mesh we
re boiled through 500 ml of i M HCl under condenser
for two hours.

2. In the end of two hours, the sample was filtrated,
and the cake was obtained.

2. MATERIAL AND METHOD

2.1 Preparation of Adsorbent

Alumina used in this study was obtained from Eti
bank Aluminum Factory, Seydisehir. The obtained alu
mina contains 98% A1203 , and 2% some impurities

such as silica and alkalizes. However, it was found that
nearly 35% of AI203 was in a-A1203 form.

The present work examines the removal of Cr (VI)
from aqueous solutions by using alumina which is a by
product of an aluminilm factory.

2.2 Adsorbate Solution

Figure ı. Effect of salinity and contact time on removal of
Cr(VI) species using activated alumina as an
adsorbent (Conditions: Initial concentration of
Cr(VI)=lO mg/l, pH=3.0, adsorbent dose = 5g/100mI).
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2.3 Adsorption Studies

The stock solutions of Cr (VI) were prepared to be
1000 mg/L by dissolved potassium chromate
(K2Cr04.4H20) in distilled water. All working solution

were prepared by diluting the stock solution with distil
led water. All other reagents used were analytical grade.

Batch adsorption experiments were carried out by
shaking desired amount of alumina with 100 ml of Cr
(VI) sol utions of specified concentrations at various pH
between i and 5, and at various contact time between 5
and 60 minutes. The initial pH of the solutions was ad
justed with either i N NaOH or HCl solutions by using
a pH meter. The samples were shaken at 400 rpm. At
the end of the contact time, the adsorbent was removed
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ons both with and without NaCl solution were shaken
by the activated alumina at various contact times.

The results of the removal of Cr (VI) both in the
presence and absence of sodium chloride are shown in
Figure 1. As can be seen Figure 1, the removal percen
tage of Cr (VI) reduces in the presence of sodium chlo
ride. At pH 3, Cr(VI) has dominant species, Cr20i2,

HCr04 . These species are most easily excharged with

CI- (Raji and Anirudhan, 1998). Thus, adsorption capa
city of Cr(VI) on alumina are limited. In the presence of
sodium chloride, it is shown that Cr(VI) removal has re
ached nearly 60 % at contact time of 30 minutes. Accor
ding to the results, the contact time is selected to be 30
minutes for future experiments.

es of Cr(VI). Cr (VI) at acidic pHs have different speci

es such as Crı07-ı, HCr04, Cr30ıü-2, Cr4013-2

(Weckhuysen eLal.,1996; Raji and Anirudhan,1998).
Chromate ion tends to fonn dichromate ion which is a
good oxidizing agent.

2C -2 + -2
r04 + 2H <=>Cr207 + H20 (3)

At acidic pH, Cr(VI) ions are either Cr04-2 or

Cr20i2 in solutions. At lover pHs, Cr30Iü-2, Cr4013-2

species are formed. That is, decreasing of the pH results
in the formation of more polymerized chromium oxide
species. Consequently, chromium ions are found in
Cr(VI) form due to absence of organic matter in medi
um.

3.2 Effect of pH

Figure 2 shows the removal of Cr(VI) from
aqueous solutions without of sodium chloride by both
activated and non-activated alumina at pH values bet
ween 1 and 5. However, its effect on Cr(VI) removal
was also investigated when alumina was activated, At
pH 2, Cr(VI) removal by activated and non-activated
alumina took place in levels of approximately 68 and 57
%, respectively. The pH value of the solution is an im
portant factor that control s the sorption of (Cr VI). As
can be seen in Figure 2, the optimum pH for Cr(VI) re
moval is about 2. For very acidic pHs, the amount of
Cr(VI) removed increases with the increase of pH up to
a maximum then decreasing sharply and continuously
for pH values higher than 2. Adsorption capacity deere
ases as pH of solution increases. The maximum remo
val for Cr(VI) occurs to be 68% at pH 2 by activated
alumina. it is shown that an acidic medium is needed
for Cr(VI) adsorption.

Cr(VI) removal by activated alumina is govemed

by adsorption of HCr04 ions which are mainly speci-

3.3 Effect of Dosage on the Adsorption Process

The effect of the activated alumina dose on the ad
sorption of Cr(VI) can be understood from Figure 3
which depicts the variation of the removal of metal ions
versus dosage of the activated alumina. The data indi
cates that the adsorption increases by an increase in the
dose. it has been observed in this figure that the remo
val of chromium (VI) reaches about 97 % at LO g of ad
sorbent/lOOml. This is because at the higher dose of
sorbent due to increased surface area, more adsorption
sites are available causing higher removal of Cr(VI).

3.4 Effect of Initial Concentration

The effect of the initial concentrations on Cr (VI)
removal is shown in Figure 4. The initial concentrations
of metal ions in the samples are within range of 5 to 50
mg/I. pH of samples were kept to be 2.0, adsorbent do
sage was taken to be LO g per 100 ml of sample, and the
contact time was selected to be 30 min. All this condi
tions are optimal at last experiments.
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Figure 2. Effect of pH on removal of Cr (VI) species using acti
vated and non-activated alumina as an adsorbent
(Conditions: Initial concentration of Cr (VI) = 10
mg/l, contact time= 30 min., adsorbent dose =
191100ml ).

Figure 3. Effect of adsorbent dose on removal of Cr (VI) speci
es using activated alumina as an adsorbent (Conditi
ons: Initial concentration of Cr(VI) = 10 mg/l, pH=2,
contact time=30 min).
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Figure 4. Effect of initial concentrations on removal of Cr(VI)
species using activated alumina as an adsorbent
(Conditions:pU=2, contact time=30 min, adsorbent
dose = 10 g).

Figure 5. Freundlich plot for the adsorption of Cr(VI) species
by activated alumina (conditions: pU=2, contact
time=30 min, adsorbent dose=10g/100ml).

4. CONCLUSION

mina, 0.5 193, indicated that the intrapartiCıe diffusion
is the rate limiting step. it may be observed from Tab
le i that the uptake of Cr(VI) on activated alumina is 10
wer than other adsorbents. If Table is investigated, it is
shown that the value of kf is lower in activated alumi-

na than in other adsorbents. This means that the amount
of activated alumina is greater than other for an effecti
ve removal.

The removal of Cr(VI) by alumina from on aqueo
us solution has been investigated at various conditions
of medium, such as pH of solutions, contact time of
aqueous solution including Cr(VI) ions with adsorbent,
dosage of alumina in the presence and absence of sodi
um chloride, and activation process. The study reveals
that the pH of solution, the adsorbent dose and the pre
sence of sodium chloride strongly influence the adsorp
tion process.

The investigations are quite useful in developing
an appropriate technology for designing a wastewater
treatment plant. Although the removal of Cr(VI) was
high level, process is not economically feasible and
easy to carry out since the adsorbent dose to be used is
too high.

Table 1. Freundlich parameters for the adsorption of Cr (VI) in different adsorbent.

3.5 Adsorption Isotherms of the Activated Alumina

Figure 5 presents the applicability of Freundlich
isotherm. The Freundlich type adsorption isotherm is an
indication of surface heterogeneity of the adsorbent
(Low et.al.,1995). This leads to the conclusion that the
surface of alumina is made up of smail heterogeneous
adsorptiorı. A linear relationship was observed among
the plotted parameters which indicates the applicability
of the Freundlich aquation. As can be seen the results
of Freundlich isotherm, kf is 0.14, and lin is 0.5193.

The values of the Freundlich parameters kf and lin for

the adsorption of Cr(VI) in different adsorbents in the
literature with the adsorbent of the present work are
summarized in Table ı. The values of 0.I<1/n<1.0
shows that adsorption of Cr(VI) on the anion exehanger
is favorable (Mckay et al., 1982). However, it has been
reported that the magnitude of 1/n is 0.5 for intrapartic
le diffusion to be the rate limiting step (Morris and We
ber, 1963). 1/n value for Cr(VI) uptake on activated alu-

it is shown that the adsorption density increased
from 0.04878 to 0.427 mg/g for Cr(VI) ions while the
removal percentage decreased by increasing the initial
concentrations of Cr(VI).

Freundlich Parameters

Adsorbent kı (mglg) 1/n References

Activated groundnut carbon
Activated coconut shell carbon
Activated bagasse carbon

Activated coconut jute carbon
Activated carbon

Granular activated carbon
Amberlite IRA-900 (Cr form)

Amine modified coconut coir (CI· form)
Sawdust (PGSD-AE)

Activated alumina

5.61
2.2

0.19

1.55
13.2
5.09

149.9
16.6
12.4
0.14

0.21
0.14

0.981

0.368

0.566

0.319
0.089
0.503
0.519

Periasamy et.al. (1991)
Alaerts et.al.,(1989)

Chand et.al. (19!:14)
Chand et.al. (1994)
Srinivasan et.al, (1988)

Ramos et aL. (1994)
Beas et al, (1997)

Beas et aL. (1997)
Raji and Anirudhan (1998)

Present work
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In conclusion the activated alumina in practice co
uld not be used as a potential sorbent for removal of Cr
(VI) ions from wastewater. But the column experiments
must alsa be made to understand the treatment mecha
nism.

REFERENCES
Ajmal, M., Khan, A. H., Ahmad, S. and Ahmad, A.

(1998). Role of Sawdust in the Removal of Cop
per (II) from Industrial Wastes. Water Research,
32,3085-3091

Alaerts, GJ., Jitjaturant, V. and Keldarman, P. (1989).
Use of Coconut Shell Based Activated Carbon
for Chromium (VI) Removal. Water Science and
Technology, 21,1701-1704.

Beas, A. U., Okuda T., Nishijima, W., Shoto E. and
Okada, M. (1997). Adsorption and lon Exchange
of Some Groundwater Anion Contaminants in an
Amine Modified Coconut Coir. Water Science
and Technology, 35, 89-95.

Chakravarty, R., Prasad, G. and Raupainwar, D.C.
(1998). Static Removal of Copper (II) from Aqu
eous Solutions by Hematite. Environmental
Technology, 19,315-322.

Chand, S., Agarwal, V.K. and Pavankumar, C. (1994).
Removal of Hexavalent Chromium from Waste
water by Adsorption. Indian Journal of Environ
mental Health, 36,151-158.

Cici, M. and Keles, E. (1990). Removal of Chromium
(VI) lons from Solutions with Active Carbon
Prepared from Rice Hulls. Pakistan Journal of
Scientific and Industrial Research, 33, 347- 350.

Kapoor, A. and Viraraghavan, T. (1998). Use of Immo
bilized Bentonite in Removal of Heavy Metals
from Wastewater. Journal of Environmental En
gineering ASCE, 124, 1020-1024.

Lee, C.K. and Law, K.S. (1989). Removal of Copper
from Solution Using Moss. Environmental Tech
nology, 10,395-404.

Law, K.S., Lee, C.K, and Wong, S.L. (1995). Effect of.
Dye Modification on the Sorption of Copper by
Coconut Husk. Environmental Technology, 16,
877-883.

Mckay, G" Blair, H.S. and Garden, J.R. (1982). Ad
sorption of Dyes on Chitin i. Equilibrium Studi
es. Journal of Applied Polymer Science, 27,
3043-3057.

Morris, J.C. and Weber, WJ. (1963). Kinetics of Ad
sorption on Carbon from Solution. Journal Sani
tation Engineering Division PASCE 89(SA2), 31.

205

Munah, E., Zein, R.( 1997). The use Rice Husk for Re
mova1 of Toxic Metals from Wastewater. Envi
ronmental Technology, 18,359-362.

Özl, A., Tümen, E, and Bildik, M. (1997). Cr(VI)
Removal from Aqueous Solutions by Depec
tinated Sugar Beet Pulp. Chimica Acta Turcica,
25,113-118.

Periasamy, K., Srinivasan, K, and Murugan, P.R.
(1991). Studies on Chromium (VI) Removal by
Activated Groundnut Husk Carbon. Indian Jour
nal of Environmental Health, 33,433-439.

Raji, C., and Anirudhan, T.S. (1998). Batch Cr(VI)
Removal by Polyacrylamide-Grafted Sawdust:
Kinetics and Thermodynamics. Water Research,
32(12),3772-3780.

Ramos, R.L., Martinez, Al. and Coronado, R.M.G.
(1994). Adsorption of Chromium(VI) from aque
ous Solutions on Activated Carbon. Water Scien
ce and Technology, 30,191-197.

Rawat, N.S. and Singh, D. (1992) Removal of
Chromium(VI) on Bituminous Coal. Asian En
vironment, 14,30-41.

Saucedo, 1., Guibal, E., Roulph, C.H., and Cloirec, P.
(1992). Sorption of Uranyl lons by a Modified
Chitosan: Kinetics and equilibrium studies. En
vironmental Technology, 13, 1101-1116.

Sharma, D.C. and Forster, C.E (1993). Removal of
Hexavalent Chromium using Sphagnum Moss
Peat. Water Research, 27,1201-1206.

Srinivasan, K., Balasubramanian, N. and Ramakrish
nan, T.V. (1988) Studies on Chromium Removal
by Rice Husk Carbon. Indian Journal Environ
mental Health, 30, 376-387.

Suemitsu R., Uenishi R.,Akashi i. Nakano M., (1986).
The Use of Dyestuff-Treated Rice Hulls for
Removal of Heavy Metals from Wastewater.
Journal ofApplied Polymer Science, 31,75-83.

Tan, W.T., Ooi, S.T., and Lee, C.K. (1993). Removal of
Chromium (VI) from Solution by Coconut Husk
and Palm Pressed Fibres. Environmental Tech
nology, 14,277-281.

Tee, TW., and Khan,A.R.M. (1988). Removal of Lead,
Cadmium and Zinc by Waste Tea Leaves. En
vironmental Technology Letter, 9,1223-1232.

Weckhuysen, B.M., Wachs, LE., and Schoonheydt,
RA. (1996) Surface Chemistry and Spectros
copy of Chromium in organic Oxides. Chemical
Review, 96, 3327-3349.



206

Halil Hasar was bom on 01.03 .1975
in Bingöl, Turkey. He received the
B.S. degree in Environmental Engi
neering in 1994 and the M.S. desree
in Environmental Technology in 1997
from Fırat University, Elazığ, Turkey.
Currently he is pursuing his PhD.
degree in Environmental Technology

at Fırat University. He is a ReserarchAssociate with the
Department of Environmental Engineering at the same
university.

Yakup Cuci was bom on 26.03.1972
in Besni, Adıyaman, Turkey. He re
ceived the B.S. degree in Chemical
Engineering in 1995 and the M.S.
degree in Environmental Sciences in
1999 from Fırat University, Elazığ,

Turkey. Currently he is pursuing his
PhD. degree in Environmental Sci

ences at Fırat University. He is a Specialist with the De
partment of Environmental Engineering at the same
university.

Anadolu Üniversitesi Bilim ve Teknoloji Dergisi,I (1)


