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In this study, the active carbon was prepared from rice hulls by activating with and without zine chloride at the

different tempeatures. Then the obtained active carbon has been used for Cr(VI) removal from solution. The effects of

carbonization temperature of hulls, concentration of Cr (VI), and adsorbate-adsorbent ratio on adsorption of Cr (VI) ions

were examined in order to find out the optimum conditions. The removal of Cr (V1) ions ranged from 30.5% to 99.4%

when 20, 100 and 200 ppm solutions were used.
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Introduction

Removal of heavy metals from waste waters has become
a major concern Lo minimize environmental problems in
recent years [1-4]. The most hecavy metals are responsive to
conventional treatment methods which have alrcady been

~developed and utilized for water purification and metal recovery
opcrations. ;

Treatment methods for waste waters include chemical
precipitation, solventextraction, ccmentation, reverse 0Smosis,
electrodepositionand adsorptionon active carbon ora synthetic
resin [5-7]. Active carbon adsorption appears particularly
competative and cffective in the removal of heavy metals at
tracc quantitics [8]. In addition, if agricultural by-products arc
used to prepare active carbon, the process must be more
cconomical.

Interest has arisen recently in the investigation of some
unconventional methods and use of agricultural by-products,
such as rice hulls, peanut skins, rice straw, bagassc and garlic
skins, etc., for waste walter treatment. Rice hull ash has been
found tobe very cffective in water treatment as afilter medium
and coagulant [9]. The adsorption abilitics of dyestuff-trcated
ricc hulls against some heavy metals were investigated [3].
Some modificd agricultural wastes were used for heavy metal
removal from solutions [1,2]. Usmani et al. [10] reported that
active carbons prepared from rice hulls have shown good
adsorptive capacity in aqueous systems.

Rice hulls, the largest milling by-product of rice, are not
uscd as fodder, because they have hard tissue containing a lot
of silica. Approximately 168.000 tonnes of rice annually
harvested with the yicld of 2625 kg per hectar in Turkey [11].
Rough rice is milled for removing the hull from kernel for
human consumption. During this step, it is possiblc to obtain
33.600 tonnes rice hulls from one-year rice production.

The present study is concentrated on the utilization of
ricc hull as a source of active carbon. The active carbon

obtained at the different temperaturcs was used forthe removal
of Cr(VI) ions from aqucous solution.

Experimental

- Preparation of active carbon. Rice hulls obtained from
district of K.Maras were dricd at 105° for 12 hr and then
divided into two portions. One of them was mixed with 60%
zinc chloride solution by 1/1 (w/v) ratio [12]. Zinc chloride
was used as an activating agent since it has the highest solvent
action on cellulose and it reacts with the inorganic matter in
the raw material at the temperaturc of carbonization, rendering
them into a form in which they are casily removeable by
washing [10]. The trcated and untrcated samples were
carbonized at 300, 500, 600, 700, 800, 900 and 1000° for
1/2 hr under the nitrogen atmosphere (Fig. 1). The cooled
mixture was washed with distilled water and dried at 105°
Finally, all the active carbon samples obtained were grinded
and passed through 100-mesh sieve.
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Fig. 1. Active carbon preparation apparatus.

The active carbon prepared from untreated hull at 900°
was heated at 1000° to determine the ignitable fraction. The
unignitable fraction was considered as inorganic compounds
and analyzed by atomic absorption spectrophotometer and
flame photometry. The composition was found to be, ignitable

~ [raction 62.96%, SiO, 34.97%, AL,O, 0.28%, CaO 0.75%,

Mg0 0.22%, K,0 0.12% and MnO 0.15%.
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Adsorption tests and analysis. The chromium solutions
were prepared by dissolving chemically pure Na,Cr,O, 2H,0
in dcionized walter.

A known quantity of active carbon sample (1,2,34 g)
was shaken with 100 ml of the chromium solution for 30 min.,
at room temperature. The mixture was then filtered and
analyzed for Cr(VI) ions by atomic absorption
spectrophotometer (Perkin Elmer 370). The amount of the Cr

(VI) ions adsorbed on the active carbon was estimated by
considering the initial and final concentrations of the chromium
in solution.

Results and Discussion
Theresultsobtained from adsorption experiments (batch
methods) are given in Tables 1-2. The Cr (VI) ions have been
cffectively removed from solutions by the active carbon

Tasre 1. Removar or Cr (VI) Ions By Active CARBON, PREPARED FROM UNTREATED HULLS.

Symbol C, Intial C, Final Absorbed Cr C.-C, m log(C -C))/m logC,
) ~ (ppm) pH  (ppm) pH % mg/kg (ppm) (2) o
AK-300 20 2.07 139 4.89 30.5 610 6.1 1 0.78 1.14
100 3.09 56.3 5.85 43.7 4370 43.7 1 1.64 1.75
200 3.74 78.4 6.92 60.8 12160 121.6 1 2.08 1.89
AK-500 20 2.07 127 4.71 36.5 730 73 1 0.86 1.10
100 3.09 434 513 56.6 5660 56.6 1 1.73 1.63
200 3.74 68.2 6.81 659 13180 131.8 1 2.11 1.83
AK-600 20 2.07 4.0 4.53 80.0 1600 16.0 1 1.20 0.60
100 3.09 18.9 5.69 81.1 8110 81.1 1 1.90 1.2%
200 3.74 234 6.72 88.3 17660 176.6 1 2.24 1.36
AK-700 20 2.07 32 448 84.0 1680 16.8 1 1.22 0.50
100 3.09 14.2 5.54 85.5 8580 85.8 1 1.93 1.15
200 3.74 19:9 6.33 90.0 18000 180.0 1 225 1.29
AK-800 20 2.07 4.8 3.82 76.0 1520 152 1 1.18 0.68
100 3.09 223 533 77.7 7770 77.7 1 1.89 1.34
200 3.74 344 6.27 82.8 16560 165.6 1 221 1.53
AK-900 20 2.07 6.0 3.7 70.0 140.0 14.0 1 1.14 0.77
100 3.09 24.7 5.27 753 7530 75:3 1 1.87 1.39
200 3.74 38.2 6.13 80.9 16180 161.8 1 2.20 1.58
AK-1000 20 2.07 6.9 3.60 65.5 1310 13.1 1 1.11 0.83
100 3.09 29.4 5:13 70.6 7060 70.6 1 1.87 1.46
6.09 15780 1

200 3.74 421

78.9

157.8 2.19 1.62

. TasLe 2. RemovaL or Cr (VI) Tons By Activie CARBON, PripARED FrRoM HutL TREATED WiTH ZiNe CHLORIDE.

Symbol C, Initial m” C,  Absorbed Cr m"
(ppm)  pH (ppm) %  mg/kg
ZAK-300 20 2.07 2 48 760 1520 3
100 3.09 2 193  80.7 8070 3
200 3.74 2 354 823 16460 3
ZAK-500 20 2.07 2 32 840 1680 3
100 3.09 2 154 845 8460 3
200 3.74 2 242 879 17580 3
7.AK-600 20 2.07 2 24 88.0 1760 3
100 3.09 2 60 940 9400 3
200 3.74 2 57 971 19420 3
ZAK-700 20 2.07 2 12 940 1880 3
100 3.09 2 26 974 9740 3
200 3.74 2 2.1 989 19780 3
ZAK-800 20 2.07 2 1.7 915 1830 3
100 3.09 2 45 955 9550 3
200 3.74 2 41 979 19580 3
ZAK-900 20 2.07 2 22 89.0 1780 3
100 3.09 2 113 887 8870 3
200 3.74 2 10.7 946 18920 3
ZAK-1000 20 2.07 2 2.7 865 1730 3
100 3.09 2 149  85.1 8510 3
200 3.74 2 3

124 938 18760

C,  Absorbed Cr m’ C,  _Absorbed Cr
(ppm) %  mg/kg (ppm) % mg/kg
40 800 1600 4 3.5 82.5 1650
114 886 8860 4 8.5 91.5 9150
179 91.0 18200 4 1.2 944 18880
31 845 1690 4 2.9 85.5 1710
84  91.6 9160 4 53 94.5 9450
13.0 935 18700 4 6.9 96.5 193000
23 885 1770 4 23 89.0 1780
47 953 9530 4 3.9 96.1 9610
43 978 19560 4 3.7 98.1 19620
09 955 1910 4 0.5 975 950
23 977 9770 4 19 98.1 9810
1.7 99.1 19820 4 1.1 99.4 19880
13 935 1870 4 1.1 94.5 1890
39 961 9610 4 3.1 96.9 9690
34 983 19660 4 27 98.6 19720
1.9 90,5 1810 4 1.4 930 1860
107 893 8930 4 9.3 90.7 9070
92 954 19080 4 34 983 19660
22 890 1780 4 20 900 1800
131 869 8690 4 112 8838 8880

113 943 4 42 979

18860 19580

m”: Adsorbent (g/100ml)
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samples preparcd at the different temperatures. The percentage
removal of Cr(VI) ions from the solutions ranges from 30.5%
t0 99.4%. The best results were obtained with active carbon
preparedat 700° (ZAK-700). This can be partially attributable
to the transition of amorphous silica to crystaline form
occured at this temperature [11]. In addition, a maximum
porous structure develops in the material at 700° and thus
creates a larger internal surface arca. It can be concluded that
the optimum temperature for the production of active carbon

fromrice hullis 700° . The active carbons produced by adding
zine¢ chloride (ZAK) have higher adsorption capacities than
the untreated ones (AK). It is understood that the use of zinc
chloride has a definite effect on the adsorption capacities of
active carbons. The chemical treatment of rice hull with zinc
chloride prior to carbonization must be considered as a
pre-requisite for producing an active carbon with high
adsorption capacity. Zinc chloride hasa dehydrating action as
itcauses hydrogen and oxygen atoms in the raw material to be
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Fig. 2. Absorption isotherms for the removal of Cr(VI) ions Fig. 3. Cr (VI) removal capacity of active carbon prepared from hull with treatment

by active carbon , prepared from untreated hull. of zinc chloride as a function of carbon doze.
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stripped away as water and thus creates a vast network of
molccular capillaries to increase the adsorptive power of
active carbons [10].

The inital Cr (VI) concentration has a considerable
effect on the adsorbed amount of Cr (VI) ions on the active
carbons prepared (rom rice hull. The amounts of Cr(VI) ions
takem up by the active carbons increased with increase in the
initial Cr(VI) concentration.

It is well known that adsorption of hcavy metal ions by
active carbon depends on pH of the solution. The adsorption
capacity generally increases asthe pH decreases. Thus, removal
of Cr(VI) ions has been performed under acidic conditions, in
the range of 2.07-3.74 to rcach maximum adsorption. In all
cascs there was an increase in pH after adsorption. Increasing
in pH may be attributed to the ion cxchange phenomenon.
The changes in pH decreased by increasing carbonization
temperature of hulls.

Adsorption tests were carricd out by using fourtcen
different active carbons and Cr(VI) solutions at various
concentrations in order to determine the conditions for the
most clfective removal of Cr(VI) ions. It is scen in Table 2
that the most cffective carbon for removal of Cr(VI) ions has
been found to be zinc chloride added carbon prepared at 700°
(ZAK-700).

The Cr(VI) ions are removed probably by reduction of
Cr(VID) to Cr(IlT) and by the adsorption of Cr(VI) specics at the
active carbon surface. Reduction reaction may take place at
the external surface and the adsorption and reduction reactions
occur simultancously.

The adsorption isotherms may be developed from the
data shown in Table 1 (Fig. 2). The Frcundlich isotherm
describes the adsorption according to the [ollowing relation:

C,-C/m=kCM

where:  C_ = Initial concentration of Cr(VI) ions (ppm),
C, = Final concentration of Cr(VI) ions (ppm),
m = The amount of active carbon used (g/100 ml
solution),
K,n = Empirical constants.

Itis seen that the adsorption process is in agreement with
the Freundlich isotherm. The value of k and n are given on the
isotherms. The adsorption is generally proportional to the
concentration of Cr {VI) ions in the solution and the amount
of active carbon used (Fig. 3).

In conclusion, the present investigation demonstrates
that the active carbon prepared from rice hull can be used for
Cr(VI) removal from solution. The use of thesc active carbons
represents another unconventional and inexpensive mcthod
for removing of hecavy metals from waste waters. It may be
potentially uscful for treatment of industrial and domestic
wastc waters.
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