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ABSTRACT

The adsorption of Cr (111) on the adsorbent produced from lignite coal was studied as a function of time, amount
of adsorbent, pH and temperature. Cr (l1l) adsorption data obeyed Freundlich, Langmuir and Lagergren
equations. The values of AH?, AS® and AG® were calculated. The results showed that adsorption is endothermic.
The negative free energy values indicate that the process of Cr (111) adsorption is spontaneous and favoured at
high temperatures. The adsorption of Cr (I11) in the presence of different cations was also studied at 20° C. The
results were correlated with the ionic potential of cations.
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SULU COZELTILERDEN ADSORPSIYON ILE Cr (Ill) UZAKLASTIRILMASI

OZET

Linyit kdmirinden elde edilen adsorbent (izerine Cr (111) adsorpsiyonu zamanin, adsorbent miktarinin, pH’'nin
ve sicakligin fonksiyonu olarak c¢alisildi. Cr (I11) adsorpsiyon verileri  Freundlich, Langmuir ve Lagergren
esitliklerine uydu. AH?, AS’ ve AGP® degerleri hesaplandi. Sonuglar adsorpsiyonun endotermik oldugunu
gosterdi. Negatif serbest enerji degerleri Cr (I11) adsorpsiyonunun kendiliginden oldugunu ve ylksek
sicakliklarda daha uygun oldugunu gosterdi. Cr (l11) adsorpsiyonu, ¢esitli katyonlarin varhginda 20 °C'de
calisildi. Sonuglar katyonlarin ionik potensiyelleri iliskilendirildi.

Anahtar Kelimeler : Adsorpsiyon, Cr (VI), Cr(l11), Termodinamik parametreler, Adsorpsiyon izotermi

water soluble, extremely toxic and potentialy
carcinogenic in humans whereas it is presumed that
Cr (I11) is an essentia trace element for mammals
including man and nontoxic to aquatic organisms. It
was reported to be responsible for the contral of
glucose and lipid metabolism in mammals
(Anderson, 1989). This hypothesis was also
supported by the discovery of the so called glucose

1. INTRODUCTION

Chromium in waters originates from natural sources
such as wet precipititation, dry fall out from the
atmosphere and run off from the terrestial systems.
The land increase in chromium concentrations in
waters may be originated from by discharge of waste

water from industries such as metal, electroplating
and chemical (Kotas and Stasicka, 2000). Under
environmental conditions chromium exists in two
stable oxidative states. Cr (l11) and Cr (VI) (Kotas
and Stasicka, 2000). These two states are different in
charge, physicohemical properties as well as
chemical and biochemical reactivity. Cr (VI) is
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tolerance factor which contains Cr (l11), nicotinic
acid, glycine, glutamic acid and cysteine
(Nieber and Jisys, 1988).

The dominant Cr (I11) species in water depends on
pH, according to the following equilibrium reactions
(Selomulyaet al., 1999).
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Cr¥*+H,0 = Cr(OH)* + H* logK = - 4
Cr¥*+ 2H,0= Cr(OH),*+ 2H" logK =- 9.65
Cr¥+ 4H,0= Cr(OH), + 4H" | ogK =- 27.4
Cr**+3H,0= Cr(OH)3g+ 3H" logK =-12

Cr(OH), speciesisdominant at pH values between
6 and 8 ,while Cr(OH)*" and Cr** predominate in
more acidic conditions . Cr(OH)’y and Cr(OH)zs
are most likely to be found in alkaline medium.

Although disposal of Cr (I11) can be considered to be
less problematic than Cr (VI1), the hazard of Cr (I11)
istantamount to Cr (V1) if oxidation occurs.

Removal of Cr ( lll) from waste water can be
achieved by addition of limein a basic medium to
precipitate a s Cr(OH )3. But this process produces a
large volume of waste sludge (Macchi et al., 1991).
Adsorption seems an aternative proecess to remove
metals from waters. In our laboratory adsorbents
produced from coa have been used to remove
some inorganic and  organic  pollutants
(Mahramanlioglu et al. 1998a; Mahramanlioglu et
al.1998b). Although various studies have been
published on the adsorption of hexavalent chromium
on different adsorbents, the adsorption of Cr (1)
on the adsorbents has been the subject of relatively
few studies (Huang and Wu, 1975; Alaerts et a.,
1989; Periasamy et a. 1991; Ramos et a., 1995;
Ajmal et al., 1996; Low et al., 1997; Ozer and Ozer,
1997; Ozer et al., 1998; Raji and Anirudhan, 1998;
Selomulya et al., 1999; Navasivayam and Y amuna,
1999; Krishnaet al., 2000).

Activated carbon has been widely used as an
adsorbent for the remova of the inorganic and
organic pollutants from waste waters since they have
both high surface areas and porosities. They can be
produced from different raw materials such as coal,
coconut-shell,almond shell olive and peah stones, oil
palm trunks (Hussein et al., 1996). Cod is the most
commonly used precursor due to its low cost and
large supply, and also activated carbon produced
from coal is superior to those derived from
lignocellulosic materials in terms of mechanical
properties (Ahmadpour and Do. 1996).

In our laboratory, adsorbents produced from coal
have been tested to understand their adsorption
capacity using some pollutants such as cobalt,
uranium, nylomine blue, p-toluene sulphonic acid
in recent years (Mahramanlioglu et a., 2000a;
Mahramanlioglu and Bicger, 2000; Mahramanlioglu
et a., 2001). Coal can be found abundantly in our
country and it is possible to notably increase the
surface area and porosity of the coa by meas of
activation methods.

In the present study, Kemerburgaz coa has been
chosen as presursor of activated carbon within the
above scope. The present study is devoted to the
adsorption of Cr (I11) on the adsorbent produced
from coal.

2. MATERIAL AND METHOD

All the chemicals used in the study were obtained
from Merck Company. All the solutions used in the
study were prepared with distilled water.

The coal samples obtained from Kemerburgaz were
crushed and sieved to the particle size < 0.1 mm.
These samples were dried at 105 °C for two hours.

There are two different process to produce activated
carbon : chemical and physical activation.

Physical activation consists of carbonization and
activation by suitable gases. The chemical activation
consists of carbonization a a relatively low
temperature with the addition of a dehytrating
agent (eg.ZnCl ,, KOH,). In our study physica
activation was chosen to produce activated carbon.

2. 1. Carbonization

Carbonization of coal samples were performed in a
furnace under a stream of N,. The samples were
heated at 25 °C /min from room temperature to
550 °C and then kept at 550 °C for 1 hour.

2. 2. Activation

Following the carbonization of the coal the chars
obtained were subject to activation in CO, at 850 °C
for one hour in order to increase the surface area and
pore volumes of the coal. The samples obtained
were cooled to room temperature and washed 0.1
M HCI wash to remove ash. Then the samples were
washed with pure water. The prepared adsorbents
were dried for 6 hours at 105 °C. Prior to use as
adsorbent, the product was sieved again according
to the particle size < 0.1 mm and stored in air tight
containers.

2. 3. Outgassing of the Adsorbent

All physisorbed material has to be removed from the
surface of the adsorbent before the determination of
the surface area of the adsorbent and adsorption
studies (Gregg and Singh, 1982).
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This can be achieved by exposing of the surface to
high vacuum , the exact conditions required being
dependent on the particular gas-solid system.

In routine determinations of the surface area it is
generally advisable not to remove any chemisorbed
species which may be presenrt:thus the hydroxlated
oxides are usually outgassed at 150 °C. Activated
carbons which has micropores require higher
temperatrures since the complete removal of
physisorbed material from their narrow pores.
Therefore adsorbent produced in our study was
outgassed by exposure of the surface areaat 10° torr
and 350 °C.

Prior to use as adsorbent, the product was sieved
again according to the particle size < 0.1 mm and
stored in air tight containers. Surface area of the
adsorbent produced was determined by an ‘one
point’ N, gas adsorption method using
Quantochrome Monosorb  BET equipment
(Quantachrome Corp.) and found to be 838 m*.g .

2. 4. Adsorption Procedure

Adsorption eperiments were carried out by a batch
method at constant temperature( 20, 30, 40, 50 °C).
A known amount of adsorbent was shaken with 100
mL of Cr (Ill) solution. The solutions were
centrifuged and then concentrations of Cr (I11) were
measured. Cr (I11) concentration was determined
using atomic absorption spectrophotometer.

All the equilibrium and kinetic studies were carried
out at pH = 6.00 except pH studies, since thisvaue
is the optimum for the adsorption process of Cr (l11).
pH of the solutions was adjusted by HCl or NaOH.

3. RESULT AND DISCUSSION

3. 1. Effect of Contact Time

Figure 1 shows the adsorption of Cr (lIl) on the
adsorbent produced from lignite coa with shaking
time for different initid concnetrations. The
concentration of Cr( I11) decreases rapidly initially.
But the decrease of Cr (Ill) concentration slows
down. It is seen from the Figure 1 that the
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Figure 1. Effect of contact time on the adsorption of
Cr(111)

3. 2. Adsorption Kinetics

The Lagergren equation was applied to the kinetic
datain the form (Kizilcikli et a., 1999).

In (qe 'q) = er_kat

Where g and g are the amounts of Cr (I11) adsorbed
at equilibrium time and time, t, k; is the Lagergren
equation constant .

Plots of In (ge —q) versus t for differemnt initial
concentrations are given in Figure 2. The values of
k, obtained from the slopes were found to be as
0.0421, 0.0435, 0.044 min' for the initia
concentrations 45, 60 and 75 mg.dm™ respectively.
It is seen from the values of the rate constants that
concentration does not affect the values of k,
significiantly.
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Figure 2. Lagergren plots for the adsorption of
Cr(I11)

equilibrium time is 100 minutes for dl the 3. 3. Effect of Adsorbent Concentration
concentrations.
The effect of the adsorbent concentration on the
adsorption of Cr (I11) is shown in Figure 3. It is seen
from the figure that concentration decreased with
the rise in the concentration of adsorbent. The
Muhendidik Bilimleri Dergisi 2002 8 (3) 387-393 389 Journal of Engineering Sciences 2002 8 (3) 387-393
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maximum removal was exhibited at a dosage
0.325¢/100 mL.This is due to the increase in the
number of active sites with an increase in amount of
adsorbent.
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Figure 3. Effect of the adsorbent concentration on
the adsorption of Cr (I11)

3. 4. Adsorption Isotherm

In order to calculate the adsorption capacity of the
adsorbent, the equilibrium data were fitted using the
Langmuir and Freundlich isotherms.

The Freundlich equation can be written as,

g=kC"

Where g is the amount of Cr (lIl) adsorbed per
weight of the adsorbent, C is the equilibrium
concentration , k and n are the Freundlich isotherm
constants.

This equation can be linearized as follows.
Ing=Ink+n.InC

The values of k and n were caculated from the

slope and the intercept of the plot and were found to
beas 16.76 and 0.186 (Figure 4).
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Figure 4 . Freundich isotherm for the adsorption of
Cr (1)

The Langmuir equation can be written as
C/q=C/Q0 +1/Q0 b

Where Qg and b are the Langmuir isotherm constants
A straight line is obtained by plotting C/q versus C
indicated that the Langmuir equation can be applied
in the concentration studied(Figure 5).
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Figure 5. Langmuir isotherm for the adsorption of Cr

@y

The values of Q, and b were calculated from the
slope and intercept of the plot in the Figure 5 and
were found to be as 31.55mg.g™* and 0.896.

The authors examined some studies on the asorption
of Cr (II) in the literature. The vaues of Qg
obtained in these studies are given as 2.7, 25.3, 0.2,
18.9, 7.8, 23.037 mg.g*for activated carbon,
activated carbon oxidised with HNO,, activated
carbon oxidised with  HNO3; and heated at 873 K in
a N, flow in 2 hr, natural moss, bhiogas residual
slurry and activated carbon with mineral origin
respectively (Ramos et a., 1995; Namasivayam and
Y amuna, 1999).

If the Qp value obtained in this study is compared
with those adsorbents ,it is seen that the adsorption
capacity of the adsorbent produced for this study is
greater than the adsorbents used in other studies.

In order to predict the adsorption efficiency of the
adsorption process, the dimensionless equilibrium
parameter was determined by using the following
equation (Mahramanlioglu et al., 2000b).

r= 1
1+ b.CO

Values of r < 1 represent favourable adsorption and
values greater than 1.0 represent unfavourable
adsorption. The r value for the initial concentration
of 60 mg.dm™ was found to be as 0.019. The value
obtained shows that our system is favourable
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3. 5. Effect of pH

It is known that pH of the solution affects the
adsorption. Therefore pH experiments were carried
out for the initial concentration of 60 mg.dm?.

The adsorption of Cr (llII) on the adsorbents
produced from coal as afunction of pH is shown in
Fig 6. It is seen from the Figure 6 that the adsorption
of Cr (1) hasastrong pH dependent characteristics
and removal of Cr (Il) ions decreases with the
increase in pH. The influence of pH on Cr(lIl)
adsorption can be explained as follows: At low pH
(i.e.3), the surface is protonated resulting in lower
removal of Cr (I11) by the adsorbent and the surface
has the negative charges while pH increases so the
negative charges on the surface increase and

Cr (Ill) ions are adsorbed through electrostatic
attractions.

25 4
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0
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Figure 6 . The effect of pH on the adsorption of Cr
(1

3. 6. Thermodynamic Parameters

In order to calculate the values of AH® and A S° the
adsorption experiments were carried out at different
temperatures(20, 30, 40, 50 °C).

The vaues of entalphy and entropy changes were
calculated using the following equation.

INnK=ASL/R— AHYRT

Where K is the equilibrium constant at different
temperatures, R is the universal gas constant, A H°
and A S are the entalphy and entropy changes. The
linear plot of INK vs1/T indicates the applicability of
the above equation (Figure 7). The values of A H°
and A S were calculated from the slope and
intercept of the linear plot and were found to be as
22914 Jmol™ and 96.50J.deg.mol™. The positive
values of A H° show that the adsorption process is
endothermic and the positive values of A S° shows

the increase of randomness at adsorbent /solution
interface.
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Figure 7.van't Hoff plot for the adsoption of Cr (I11).

The standart free energy change was calculated by
the equation,

AG=AH-TAS

The values of A G®were calculated as -5361, - 6326,
-7290, -8255 Jmol™. The results indicate that the
adsorption process is more spontaneous at high
temperatures.

3. 7. The Effect of Different Cations

The other substances in the medium affect the
reaction kinetic, adsorption kinetic and adsorption
capacity (Tuncay et al.1999; Mahramanlioglu et al.,
2000c). Therefore the effect of different cations such
as Cd* , Zn** , Co** and La*on the adsorption of
Cr (ll1) was dso studied. In order to predict the
adsorption capacity of the adsorbent in the presence
of different cations, Q, vaues of the Langmuir
isotherm  were calculated. The Qg values were
calculated since the value of Q, indicates the
adsorption capacity of the adsorbent. The
concentrations of cations were fixed at 30mg.L™.
But the concentrations of Cr (I1) was different to
calculate the Q, constants of the Langmuir equation.
The values of Q, constants of the Langmuir
equation were caculated with the least square
method using the Langmuir equation above in the
text and was given in Table 1.

Table 1. Langmuir Isotherm Constant, Q,, For the
Adsorption of Cr(lll) in the Presence of Different
Cations

Cations Qx(mg.g?h) lonic potential , Z/r
Only Cr (111 3155 -
La" 23.89 2.830
Co* 24.71 2.778
zn* 25.12 2.707
Cd** 28.15 2.062
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It is seen from the results that the adsorption of Cr
(1) is lowered since these cations are coadsorbed
aongwith Cr(ll1) on the adsorbent. The cations
reduce the adsorption of Cr (I11) in order of La**>
Co?* > Zn** > Cd*. This result indicates that the
cation which larger Z/r values has greater effect on
the adsorption of Cr (l11).

4. CONCLUSION

Remova of Cr (I1l) by activated carbon increased
with an increase in solution pH. Kinetic
experimental studies showed that adsorption reached
equilibrium in 100 minutes. Adsorption followed
Languir and Freundlich isotherms. Adsorption
capacity of the adsorbent used in the study for Cr
(1) is greater than the adsorbent used in other
studies.

The results showed that adsorption is
endothermic.and the process of Cr (111) adsorption is
spontaneous and favoured at high temperatures. The
adsorption of Cr(Il1) in the presence of different
cations decreased.

The authors think that the data obtained can be
helpful for the engineers who work in waste water
treatment plants for the removal of Cr (l11).

Based on these findings, the adsorbent used in the
study can be proposed to be used to treat Cr (I11)
containing wastes.

5. REFERENCES

Ahmadpour, A. and Do, D. D. 1996. The
Preparatipon of Active Carbons From Coa by
Chemical and Physical Activation . Carbon. 34 (4),
471-479.

Ajmal, M., Al Khan, R. and Siddiqui, B. 1996.
Studies on Removal and Recovery of Cr(VI) From
Electroplating Waste. Wat. Res. (30), 1478-1482.

Alaerts,G.J., Jittaturant,V. and Kelderman, P. 1989.
Use of Coconut Shell Based Activated Carbon For
Chromium (VI) Removal. Water Sci. Technal. (21),
1701-1704.

Anderson, R. A. 1989. Essentially of Chromium in
Humans. Sci. Tt. Environ. (86), 75-81.

Gregg, S. J. and Singh, K. S. W. 1982. Adsorption,
Surface Area and Porosity ACADEMIC
PRESS.Jovarovich Publishers 303.

Huang, Chin-Pao. and Wu, Min-Hwang. 1975.
Chromium Removal by Carbon Adsorption. Journal
WPCF, Vol. 47. No. 10. 2437-2446.

Hussein, M. Z., Tarmizi, Z., Zainal, Z., ibrahim, R.
1996. Preparation and Characterization of Active
Carbon From Oil Palm Shells. Carbon. 34 (11),
1447-1454.

Kizilcikli, 1., Mahramanlioglu, M., Sezer, S. and
Tuncay, M. 1999. Removal of Fluoride From
Aqueous Solution By Activated Bentonite. Chimica
Acta Turcica 27 (1), 37-40.

Kotas, J. and Stasicka, Z. 2000.Chromium
Occurence in the Environment and Methods of its
Speciation, Environmental  Pollution.  (107),
263-283.

Krishna, B. S., Murty, D. S. R., Prakash, B. S. Jai.
2000. Thermodynamics of Chromium (V1) Anionic
Species  Sorption onto  Surfactant-Modified
Montmorillonite Clay. Journal of Colloid and
Interface Science, Vol. 229. 230-236.

Low, K. S, Lee C., King, A. Y. 1997
Chromium(VI) Sorption on Quaternized Rice Hull.
J. Environ. Sci. Health, Vol. A32 (6), 1849-1860.

Macchi, G.,Pagano,M., Pettine,M., Santori, M. and
Trivanti, G., ' A Bench Study on Chromium
Recovery From Tannery Sludge'. Water Research,
25, (1991)-1019-26.

Mahramanlioglu, M., Gilensoy, H., Kizilcikli, i.
1998a. Aktiflestirilmis Linyit Kémirleri ile Sulu
Cozdtilerinden Fenol'in Adsorbsiyonu. Pamukkale
Universites, Mihendisik Fakiltesi, Miuhendislik
Bilimleri Dergisi, Cilt 4 (1-2), 585-588.

Mahramanlioglu, M., Kizilcikl, |. and Biger. O.
2000c. Nylomine Blue Removal From Ageous
Sollutions by Activated Coal . Bulletin of Pure and
Applied Sciences. 19C (2), 101-107.

Mahramanlioglu, M., Kizilcikli, 1., Aroguz, A. 2001.
The Adsorption of p-Toluene Sulphonic Acid by the
Activated Coal Produced form Agacli Coals. Journal
of Yildiz Technical University.Vol (2), 1-9.

Mahramanlioglu, M., Kizilcikli, 1., Biger, 1. O. and
Tuncay, M. 2000b. Removal of 2, 4-D From
Aqueous Solution by the Adsorbent From Spent
Bleaching Earth. J. Environ. Sci. Health. B15 (2),
187-200.

Mahramanlioglu, M., Kizilcikh, I., Biger, 1. O,
Kodsen, G. and Tungay, M. 1998b. The Removal of

Muhendidlik Bilimleri Dergisi 2002 8 (3) 387-393

392

Journal of Engineering Sciences 2002 8 (3) 387-393




Cr(I11) Removal From Aqueous Solutions By Adsorption, M. Mahramanlioglu, 7. Kizilcikli, K. Giicl

Phenoxyacetic Acids from Effluents Using
Activated carbons Produced from Used Tires. 9™
International Congress Pesticide Chemistry,
Volume two.Topics 5-8.August. London.U.K.

Mahramanlioglu,.M. Tuncer, G., Bicer O., Ozgen,
O. 2000a. Adsorption of Cobalt from Aqueous
Solutions on to the Adsorbent Produced from Agacli
Coals.Procedings of the 12 th Coal Congress of
Turkey.KDZ.Eregli-Zonguldak75-82.

Namasivayam, C. and Yamuna, R. T. 1999. Studies
on Chromium (I11) Removal from Aqueous Solution
by Adsorption onto Biogas Residual Slurry and its
Application to Tannery Wastewater Treatment
Water. Air and Soil Pollution, Vol. (113), 371-384.

Nieboer, E., Jisys, A. A. 1988. Biologic Chemistry
of Chromium. In. Nriagu, J. Q. Nieboer. E. (Eds)
Chromium in Natural and Human Environments.
Wiley Interscience. New York. 21-81.

Ozer, A., Tumen, F. and Bildik, M. 1997. Cr (VI)
Removal From Aqueous Solutions By Depectinated
Sugar Beet Pulp. Chimica Acta Turcica. (25),
113-118.

Periasamy, K., Sirinivasan, K. and Murugan, P. R.
1991. Studies on Chromium (V1) Remova By
Activated Ground-nut Husk Carbon. Ind. J. Environ.
Health. 33 (4), 433-439.

Raji, C. and Anirudhan, T. S. 1998. Batch Cr(VI)
Removal By Polyacrylamide-Grafted Sawdust.
Kinetics and Thermodynamic. Wat. Res, Vol. 32
(12), 3772-3780.

Ramos, R. L., Rubi, L. F., Coronado, R. M. G.,
Barron, J. M. 1995. Adsorption of Trivalent
Chromium from Aqueous Solutions onto Activated
Carbon. J. Chem. Tech. Biotechnol. (62), 64-67.

Selomulya, C., Meeyoo, V. and Amal, R. 1999.
Mechanisms of Cr(VI) Removal From Water By
Various Types of Activated Carbons. Journal of
Chemical  Technology and  Biotechnology.
(74), 111-122.

Tuncay, M., Ylce, N., Arikan, B., Goktirk, S. 1999.
A Kinetic Study of the Reaction Between Cooloidal
Manganese Dioxide and Formic Acid in Aqueous
Perchloric Acid Solution in the Presence of Surface
Active Agents. (149), 279-284.

Muhendidlik Bilimleri Dergisi 2002 8 (3) 387-393

393

Journal of Engineering Sciences 2002 8 (3) 387-393




