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Abstract 

  In this work activated carbon (AC) was successfully prepared from local 
raw material namely Iraqi Reed .This source is cheap and available and in this 
work AC is prepared from it for the first time. A chemical method using zinc 
chloride was used in the activation process. The proper carbonization temperature 
was found to be 450 oC and the time required for carbonization was one hour. The 
adsorption capacity for acetone of the prepared AC was measured and found to be 
15.6%. Some important properties were also studied such as: apparent density 
(0.451 g/cm3), ash content (9.4%), moisture content   (4.8%).  The x- ray 
diffraction also showed that AC exhibited a poorly crystalline structure, with a 
little amount of silica and graphite. 
Decolorization capacity (DC %) of AC on: (a) Caramel dye solution (b) Potassium 
permanganate solution, were studied.  The effect of quantity Of AC and contact 
time was investigated using UV- spectrophotometer. It was found that 
decolorization capacity DC% of KMnO4 solution (93%) and it was better adsorbed 
within one hour, while DC% of caramel dye solution was (87%) and it was a better 
adsorbent for the color within two hours.     It is concluded that AC prepared in this 
work has a good specification compared with standard sample thus it is suitable for 
industrial uses. 
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 تحضير الكاربون المنشط من مادة القصب العراقية 
  الخلاصه

ث وبنجاح وللمرة الاولى تحضير ماده الكاربون المنشط من ماده محليه متوفره حهذا الب تم في  
في عملية ) ريد الزنكالتي يستعمل فيها كلو( استخدمت الطريقه الكيمياويه  .العراقيالقصب  وهي ماده
درجه مئويه وافضل زمن  450ان افضل درجة حرارة استعملت لعمليه الكربنه هي درجة . التنشيط

تم دراسة سعة الكاربون المنشط على الامتزاز والتي تم اختيارها  .لاجراء عملية الكربنه هو ساعة واحده
تم كذلك قياس عدد من الخواص المهمة . مائهبال 6.15بامتزاز الاسيتون وكانت نسبة الامتزاز مساويه الى 

     .) % 3.8(  ، محتوى الرطوبه )%9.4(، محتوى الرماد )3سم \غم 451.0(الاخرى مثل الكثافه 
بينت نتائج فحص حيود الاشعه السينية لنماذج الكاربون المحضر ان الكاربون يمتلك تركيب بلوري 

تم ايضا دراسة قابلية الكاربون المنشط  .لك الكرافيتضعيف ويحتوي على نسبه واطئه من السليكا وكذ
برمنكنات البوتاسيوم ،وتم دراسة كمبة  محلول) ب(محلول الكرملة   ) أ(  لـالمحضر على ازالة اللون 

بينت النتائج ان النسبة . وباستخدام مطيافية الاشعه فوق البنفسجيه  نشطوزمن التماس مع الكاربون الم
ازالة لون  بالمائة وان) 87(بالمائه بينما بلغت الازاله للون الكرملة ) 93(البرمنكنات  المئوية لازالة لون

من الفحوصات وما تقدم .    الكرملة تم في حوالي الساعتين ،بينما كان ساعه واحدة في حالة البرمنكنات
ية الموجودة يمتلك خصائص مقاربة للنماذج القياس بان الكاربون المنشط المحضر بهذا البحث يتبين

   .الصناعي صناعياً تؤهله للاستخدام
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1. Introduction 

     The terms of activated 
carbon, charcoal, wood charcoal, 
active or activated charcoal, bone coal 
and animal charcoal are synonyms for 
forms of carbon, which all having 
marked adsorptive properties; all 
possess a readily accessible internal 
surface area (porosity) greatly in 
excess of the superficial surface 1,2. On 
the other hand Juhola 3 defined 
activated carbon (AC) as a 
microcrystalline, non graphite form of 
carbon has been processed to 
developed internal porosity. All AC 
posses a porous structure with a small 
amount of chemically bonded oxygen 
and hydrogen, also AC can contain up 
to 20% of mineral matter 4. Nearly all 
carbon containing material can be 
used for manufacture of AC such as 
nut shell, coal count shells, leather 
waste, peat, oil shale, rubber waste, 
sawdust and wood. 1 

During the 19th century many 
studies were made to develop 
Commercial decolorizing carbon 5, 6. 
The chemical activation of sawdust 
with zinc chloride producing AC     
was first described by Osterr 7 which 
was then operated by Bayer. Repik et. 
al 8 described a process in a fluidized 
bed which includes continuous 
activation in the bed, while Ninomiyal 
et.al 9   used coconut shell, sawdust as 
a carbon starting material  in 
production of the coarse granular AC 
by means also of fluidized  bed  in 
reactor. Oda et. Al 10 used a shift kiln 
for producing AC. Whiten and co- 
workers11 described a method for 
producing AC employing a moving 
grate stoker. The starting material may 
be any one or more of various 
carbonaceous materials Alford 12 

described a process for production of 
high yield AC particles of high 
activity using a multiple heat furnace. 
Barnebey and co-workers 13 described 
a combustion method for particular 
material in furnace structure. 

Shiral et.al 14 described a 
process for preparing AC by 
carbonizing and then activating 
cellulose material. Many authors 
described production of AC using 
phosphoric acid as activating agent.15 
Mcmillan 16 used foamed polymers for 
preparation of light weight porous 
carbon Watanabe et. al. 17  provided  a   
process  for producing granular AC 
form a waste tire pyrolysis residue 
Some works were carried out in Iraq 18 
AC was prepared form locally 
available raw materials such as walnut 
peelings and date stone , Also sulfur 
residual and asphalt’s binder material 
were used to prepare AC. 19 

In recent years the interest 
was increased in studying adsorption    
properties and application of 
AC.Cooney and co-workers 20 used 
four commercially available AC to 
evaluate their abilities in adsorbing 
phenobarbital, chlorpheniramine 
maleate and theophylline in vitro,Atta-
politou et.al studied the adsorption 
characteristics of chlorpromazine on 
AC. 

Nakamura et.al 22 studied 
invitro adsorption characteristic of 
parquet and diquat with AC. and they 
found that the adsorption depends on 
the particle size of carbon Baski from 
et.al 23 studied the preparation of AC 
from Bamboo and the development of 
AC produced towards 
commercialization  

Recently AC was prepared 
using three types of Iraqi raw 
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materials: date nuts, rice hull and 
sawdust by chemical method also 
decolorisation capacity was studied. 24 

AC is used in various 
applications such as decolorizing of 
sugar and sweeteners , drinking water 
treatment , gold recovery , production 
of pharmaceuticals and fine chemicals 
, catalytic processes , off  gas  
treatment of waste incinerators , 
automotive vapor filters .25 Very 
recently Jaguaribe et.al. 26 studied the 
performance of AC from sugarcane 
bagasses, babassu, and cocount shells 
in removel residual chlorine. 

In present work, AC has been 
prepared using an iraqi raw material, 
Reed by chemical method, zinc 
chloride was used as activating agent. 
Decolorisation capacity on colored 
solution was studied by using the 
prepared AC, some important physical 
and chemical properties were also 
studied.  
 
2. Experimental part  
2.1) Chemicals used  
1. Zinc chloride powder (ZnCl2) 
[Riedel de-Haenag] purity 99.9%. 
2. Aceton (Fluka chemika). 
3. KMnO4 (Gillman South Australia). 
2.2)  Instruments used  
1. UV- visible Recorder 

Spectorphotometer UV-160 
Shimadza  

2. Electronic balance  
3. Muffle furnace (Nabertherm, 

lilienthal.    Mod.N54 /E Germany. 
4. X-ray diffractometer Philips   (type 

PW1840) Holland. 
All the above Instruments avialable   
in Chem. Eng.Dept. Univ. of 
Technology 
2.2) Raw materials  
Reed was used as a source of carbon 
for preparation of activated carbon it 
was collected from Balad city.  

2.3) Preparation of activated 
carbon  
1. Reed was cleaned and dried at (80 - 

1000C) for one hour then it was 
crushed and milled into small 
pieces. 

2. By using mechanical mixer 50 g of 
Reed was mixed carefully with 200 
g of zinc chloride solution (40%) 
then it was impregnated in the 
solution for 24 hours. 

3. The mixture was washed and 
filtered then dried in an oven at a 
temperature of 800C for one hour 

(24). 
4. The dried sample was covered with 
aluminum foil and placed inside a 
special stainless steel container then it 
was covered with a layer of graphite 
powder to avoid oxidation, the lid of 
container was closed and the container 
was placed in a muffle furnace and the 
samples were heated to a temperature 
range between 300- 700 0C and for 
various times range between 1-3 
hours. 
5. Some of dried samples were mixed 
with Novalac paste and shaped using a 
special mould prepared for this 
purpose into circular shape using a 
pressure of (3 T/cm2) these circular 
samples were dried also and 
transferred to the container (s.s.) and 
covered with a layer of graphite, the 
container was covered and transfered 
to a muffle furnace and heated at a 
temperature as mentioned before     
(step 4) 
6. The AC obtained after heating in a 
muffle furnace was tested as follows:   
2.4) Measurements and 
Techniques  
4.2.1) X- ray diffraction  
The standard diffractometric 
technique was used to study the 
structure of the prepared AC and also 
to determine the content of materials. 
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2.4.2) Apparent density 
measurements  
This measurement was carried out 
according to ASTM method D2854- 
83(27) 
 
2.4.3) Determination of 
adsorption capacity 1  
The test was commenced   as follows: 
two a graduated cylinder (100 ml), 20 
ml. of an acetone were transferred and 
mixed carefully with 1g of dried 
powered of activated carbon. Then the 
cylinder was closed carefully at room 
temperature, and then the reduction in 
volume of the mixture was 
determined. The adsorption capacity 
of the activated carbon was expressed 
by the volume of acetone adsorbed. 
2.4.4) Determinations of total ash 

contents 
This test was carried out according to 
ASTM – designation D- 2866 – 83 (28) 
as follows: 
1. An accurately weighed sample 
(10g) of dried AC was transferred to 
porcelain crucible 
2. The crucible was placed in a muffle 
furnace and the sample was heated at 
temperature adjusted to (650)0C.± 50C 
3. The sample was heated for hours 
until a constant weight was achieved. 
4. The crucible was cooled in 
desiccators to ambient temperature 
and re-weighed.  
5. The weight of ash content is 
expressed as follows 
 
Total ash% = [(D-B)/(C-B)] *100  
                                                      (2-1) 
Where  
B= weight   of crucible (g)  
C= weight   of crucible + sample (g) 
D= weight   of crucible + ash (g) 
2.4.5) Determination of moisture 

content of AC 

This test was carried out according to 
ASTM- method D2867 - 83 (29). The 
test was carried out as follows: 
1. The weight of dry closed capsule 
was determined.  
2. Ten grams of AC were transferred   
to the capsule. The weight of capsule 
with sample was determined 
accurately 
3. The capsule was opened and placed 
with its lid in a preheated oven (145 to 
1550C) for 3 hours.  
4. The sample was dried to constant 
weight then it was removed from the 
oven with the capsule closed, cooled 
to ambient temperature, the capsule 
was weighed again accurately. 
5. Moisture contents were calculated 
as follows 
      
Miosture content=[ (C-D)/(C-B)]* 100 

               (2.2) 
where  
 
B= weight   of capsule+ cover (g)  
C= weight   of capsule+ cover+ 
original sample (g) 
D= weight   of capsule + cover + dried 
sample (g) 
2.4.6) Preparation of Caramel 

solution (dye solution samples)  
1-The Caramel solution, was prepared 
from a weighed amount of sugar 
which was heated until light brown 
color was obtained, then 100ml of 
distilled water was added to obtain the 
original caramel solution which is 
dark brown 24. 
2-From solution in step (1) 10ml were 
diluted to 200ml to obtain the stock 
solution. 
3-Different volumes were taken from 
stock solution to plot the calibration 
curve with concentration ranges 
between (500) ppm to (5000) ppm as 
shown in Table (1)  
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4-From the UV-spectrum of each 
solution it was concluded that λmax is 
equal to 310 nm. 
5-The absorbance value of each of the 
five standard solutions at λmax (310 
nm) was measured and plotted against 
their concentration (ppm) to obtain the 
calibration curve as shown in Fig (1). 
Plot falls in the region of applicability 
of Lambert-Beer’s law. 
6. This calibration curve was utilized 
in subsequent quantitative estimation 
through out the course of this work.( 
Table (1)) 
2.4.7) Preparation of KMnO4 

solution  
1. The stock solution of KMnO4 
(1000) ppm was prepared from which 
the following solution were prepared 
(Table 2) 
2. From UV – spectrum of each 
solution it was concluded that (λ max) 
equals to 525 nm. 
3. The absorbance value of each of the 
eight standard solution at λ max (525 
nm) was measured and plotted against 
their concentration (ppm) to obtain the 
calibration curve as shown in fig 
(2).Plot falls in the region of 
applicability of Lambert-Beers law. 
4. This calibration curve was utilized 
in subsequent quantitative estimation 
through out the course of this work. 
2.4.8) Determination of 

equilibrium time of 
adsorption  

Forty ml of (5000)ppm concentration 
of Caramel solution and KMnO4 
solution were shaken with (1)g of AC 
, then the concentration of adsorbate 
solution was determined 
spectrophotometrically at different 
intervals (5, 10, 15, 30, 60, 120 ,240 
,480) minute until reaching 
equilibrium (no further uptake of 
adsorbate). From the results it can be 
concluded that the equilibrium time is 
(1-2) hrs. 

2.4.9) Determination 
decolorisation capacities 1 

A volume of 40ml of Caramel solution 
and KMnO4 solutions at ambient 
temperature (RT) was shaken with 
1gm of AC, after the mixture was 
allowed to settle, the clear solution 
was filtered using filter paper and the 
equilibrium concentrations were 
obtained by the usual manner of 
comparing the experimental data with 
the calibration curve. Decolorisation 
capacity was calculated using the 
following expression: 
  
Decolorisation capacity = (1- C/ Co)                              
                                                (2-3) 
C=the final concentration of the dye  
Co= the original concentration. 
 
3. Result s and Discussion 
3.1) Choice of carbonization 
temperature  

Carbonization temperature: is 
the temperature at which the matter 
should be totally pyrolysis. As it was 
mentioned before in the experimental 
part ,different  temperature were 
examined(300-700oC) to determined 
the carbonization temperature, and it 
was found that the optimum 
temperature  is 450 oC. This 
temperature at which maximum 
decolorization has been achieved. Our 
result in good agreement with result 
obtained by Jaguaribe and co-workers 

26, they obtained a carbonization 
temperature of 500 oC for cane sugar 
bagasse. 
3.2) Choice of carbonization time 
 Heating treatment was carried out at 
different period of time ranged 
between (1-3) hours and the optimum 
time of heating was one hour. 
Accordingly all experiments were 
commencing at optimum temperature 
of   450 oC and heating treatment time 
of one hour. 
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3.3) X- ray Diffraction 
As it is well known that when 

cellulose material subjected to 
sufficient heat in an inert atmosphere, 
it will crack thermally to carbon. 
Carbon is an amorphous and can 
easily be detected by x- ray 
diffraction. Figure (3) shows the 
diffractogram of carbon obtained from 
the Iraqi Reed material, from this 
figure it is shown that: Firstly: carbon 
is poorly crystalline. Secondly: the 
lattice structure of Reed contains silica 
along with carbon. Thirdly: it has two 
graphite peaks in the lattice structure 
.Finally: our result in good agreement 
with result obtained by Muhammad 
(24) and Finch   30 . 
3.4) Apparent Density 

measurement: 
The density of AC derived 

from Iraqi Reed source is: 0.451 
g/cm3. Apparent density of AC; as it 
was mentioned before in method of 
determination is the weight per unit 
volume of it, thus it including the 
pores and voids between particles. 
Therefore the smaller the density, the 
greater the pores and accordingly the 
higher the surface area available with 
AC that means the adsorption capacity 
proportional inversely with the 
increase in density. Our result is not 
far from the result obtained by 
Wennerberg et.al.31 (0.32 g/cm 3), 
Baski and co- workers 23 (0, 28 g/cm3) 
and Muhammad 24 (0.32 g/cm3) for 
carbon prepared from date nut. 
3.5) Adsorption capacity 

 The result of adsorption 
capacity of AC measured in the 
experimental part for Iraqi Reed is 
15.6% .From this result it is clear that 
Iraqi Reed sample yield AC having a 
higher surface area as result of higher 
pores inside the bulk of AC, our result 
in good agreement with result 
obtained by Muhammad (24). (Who 

obtained 15%for adsorption capacity 
of AC prepared from Rice hill and 
Fujiwara et.al.(32) . 
3.6) Decolorization experiments 
3.6.1) Effect of contact time 

 Table (3) shows the results of 
decolorization of Iraqi Reed and 
contact time, also figure (4) shows the 
relation between percent DC For 
caramel dye solution (A) and KMnO4 
(B) and contact time. From this figure 
it is clearly seen that: there is a rapid 
adsorb of color by AC  in a contact 
time of less than hour and almost 
reach a steady state at 60 minutes in 
the case of KMnO4 dye solution and 
120 minutes in the  case of Caramel 
dye solution. This indicates that 
Caramel dye solution is better 
adsorbed the color within one to two 
hours while KMnO4 dye solution is 
better adsorbed the color within one 
hour, and the isotherm equilibrium 
was established above this time. Also 
this may be attributed to the higher 
pores area posses by the AC.prepared 
from Iraqi Reed.                                     
3.6.2) Effect of AC quantity 
Table (4) shows the result of 
increasing AC quantity on 
decolorization capacity    
Also figure (5) shows the relation 
between quantity of AC and %D.C. It 
can be seen that the decolorization 
capacity is increased with increasing 
the quantity of activated carbon. This 
behavior is similar to that recoded by 
Muhammad. 24  

3.7) Determination of total ash 
content 

   The amount of ash content 
in our Reed as a raw material is found 
to be   9.4 %. As it is well known that 
the inorganic constituents of carbon 
are usually reported as being in the 
form in which they appear when 

carbon is ashes (1) .As raw material 
contains mineral component which 
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becomes more concentrated during the 
activation process. Moreover, the 
inorganic chemicals of activation are 
often only incompletely removed. 

The amount of ash obtained 
seams to be high, this may be 
attributed to the inorganic constituent 
present with carbon: such as SiO2, as 
shown in fig. (6), which shows the x- 
ray diffractogram of ash after five 
hours of heating. Our results are in 
good agreement with the result 
obtained by Whitten and co-workers 

(11), and Yokogama and co-workers. 32 
3.8) Determination of moisture 
content 

The result of moisture content 
of AC prepared from Iraqi Reed in 
this work is .As it is well known that 
the permissible range <10% (1) our 
result indicates, that the moisture 
content is in the permissible range. 
Moisture content does not affect the 
adsorptive power, but it dilutes the AC 
this additional weight of moist carbon 
is required to provide the required dry 
weight. Our results are in good 
agreement with the result obtained by 
Muhammad 24. 
 

Conclusion 
1-Iraqi Reed was used as a new source 
for preparation of activated carbon for 
the first time Reed is cheap, available 
in nature and gives a higher 
decolorizing capacity. The 
carbonization temperature of AC was 
determined, also time required to 
reach carbonization temperature was 
established. 
2- Decolorizing capacity of caramel 
solution and KMnO4were determined, 
also the adsorption capacity of 
prepared AC was measured. 
3- Some important characterization 
was determined. 
4- From all previous results and 
characterizations obtained, it is 

concluded that the prepared AC is 
suitable and can be used in industry. 
5- The Iraqi reed may be invested to 
build up a factory for producing AC 
commercially. 
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Table (1): 

Caramel solutions with different 
concentration 

 
 
 

 

 
 
Table (2): KMnO4 solutions with 
different concentration 

Table (3) Decoloization capacity as 
function of contact time for Iraqi Reed 
A.Caramel dye 
B- KMnO4                     
Table (4) Decolorization capacity as 
function of AC quantity of Iraqi Reed 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 

Sample 
No. 

Concentration 
(ppm) 

1 500 
2 1500 
3 2500 
4 3750 
5 5000 

Sample 
No. Concentration( ppm) 

1 5 
2 10 
3 15 
4 20 
5 25 
6 30 
7 35 
8 40 

Material     Time 
(min) Adsorption Conc. 

(PPM) C/C0 DC% 

Iraqi Reed 

5 0.104 60 0.150 85 
10 0.089 5.2 0.130 87 
15 0.087 5.0 0.125 875 
30 0.082 4.6 0.115 885 
60 0.079 4.4 0.110 89 
120 0.075 4.2 0.105 89.5 
240 240 0.061 3.4 91.5 
480 0.050 2.8 0.070 93 

Material     Time 
(min) Adsorption Conc. 

(PPM) C/C0 DC% 

Iraqi Reed 

5 0.50 2188 0.43 56.2 
10 0.448 1950 0.39 61 
15 0.4 1750 0.35 65 
30 0.351 1575 0.32 68 
60 0.311 1350 0.27 73 

120 0.276 1150 0.23 77 
240 0.226 1000 0.20 80 
480 0.148 650 0.13 87 

 
Quantity AC. 

(mg) 

%Decolorization capacity 
of AC 

250 85 
500 86 
750 87 

1000 88 
1250 89 
1500 90 
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Fig. (1)Calibration curve for standard solutions of Caramel 

 

Fig. (2)Calibration curve for standard solutions of KMnO4 
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Fig. (4): The effect of time on %D.C. for         
A- Caramel solution   B- KMnO4 
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Fig. (5): The effect of Quantity on %D.C. for KMnO4
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