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ABSTRACT 
 

Aims: Investigate the changes occurring in the composition of Garcinia kola nut shell after an 
activation process, especially the characteristics of the chemically activated carbons (ACs) 
obtained. 

Original Research Article 
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Study Design: Determine of the physicochemical properties of the prepared ACs using optimized 
experimental data. 
Place and Duration of Study: Research Unit of Noxious Chemistry and Environmental 
Engineering, Department of Chemistry, Faculty of Science, University of Dschang, between 
February 2016 and March 2018.

 

Methodology: Garcinia kola nut shell (bitter kola nut shell) were used to prepare ACs by chemical 
activation using H3PO4, KOH and ZnCl2 using the carbonization temperatures 400, 450 and 500°C 
and the different impregnation ratios 1/1 and 2/1. The effects of the composition of the components 
on the iodine number and iodine methylene blue number of the ACs were investigated. The best 
ACs were selected after optimization of the experimental data obtained in the laboratory. 
Results: Increase in carbonization temperature from 400°C to 500°C led to a decrease in the 
iodine number and an increase of in burn-off. For the production of ACs, the optimum temperature 
was found to be 400°C for 1 hour heating, with impregnation ratio of 1/1 by KOH, ZnCl2 ACs and 
2/1 for the H3PO4 AC. Thermo-gravimetric analysis of the raw material was carried out to confirm 
the thermal stability of the ACs obtained at the optimum temperature of 400°C. The functional 
surfaces of the ACs and raw materials were studied by Bohem titration, pH, pzc, and FT-IR 
techniques. SEM analysis illustrates an irregular and heterogeneous surface morphology with a 
developed and fragmented porous structure of various sizes. Powder X-ray diffraction analysis 
showed that the raw material and ACs prepared are essentially amorphous. 
Conclusion: Chemical activation is one of the appropriate methods that can be used to obtain new 
ACs. The maximum iodine number of the ACs was obtained at carbonization temperature of 400°C 
for a period of 1 hr, with impregnation ratios 2/1 and 1/1.  

 
 
Keywords:  Garcina kola shell; Activated Carbons (ACs); chemical activation; iodine number; burn-off; 

amorphous. 
 
ABBREVIATIONS 
 

ACs : Activated Carbons 
CBH : Activated Carbon Impregnated by 

Phosphoric Acid 
CBK : Activated Carbon Impregnated by 

Potassium Hydroxide 
CBZ : Activated Carbon Impregnated by Zinc 

Chloride 
ASTM : American Society for Testing and 

Materials 
pHzpc :  pH at Zero-point Charge 
 

1. INTRODUCTION 
 
The worldwide increase of urbanization and 
industrialization obviously leads to huge 
environmental contaminations, especially in 
surface and groundwater resources. To reduce 
environmental contaminants, activated carbons 
(ACs) which are solid materials, black in color 
and highly porous in nature, are well-established 
good adsorbents. It has been clearly shown that 
their high adsorbent capacity is due to their 
microporosity, mesoporosity, high surface area, 
large pore volume, greater extent of surface 
reactivity [1] and variable characteristics of 
surface chemistry, low ash content, relatively 
high mechanical strength, and their amorphous 
nature. ACs are the final product of activation 

process of carbonaceous materials from different 
sources and with carbon content in the range 70-
90% [2]. Porous structures and adsorption 
properties can be obtained in carbonaceous 
materials via either chemical or physical 
activation. In recent years, ACs are being 
produced from a large number of easily available 
low-cost materials and carbonaceous materials 
such as coal, or fossil-based raw materials have 
high carbon with low inorganic content and are 
relatively expensive which limits the extensive 
use [3]. Alternatives are, for example, agricultural 
products like rice and coffee husks [4], kola nut 
shells [5], reedy grass leaves [6] and fox nut shell 
[7]. Activated carbon preparation is performed 
either by a physical or a chemical activation [7]. 
Physical activation is performed in two steps; one 
step is pyrolysis or carbonization of the precursor 
in an inert atmosphere and at a temperature 
range from 400 to 500°C. The second step is an 
activation process of the resulting char in the 
presence of steam, CO2, nitrogen or air, where 
the char is placed under a heat treatment at high 
temperature from 700 to 1100°C in the presence 
of oxidizing agents, such as CO2, water steam, 
nitrogen or air [7]. In chemical activation, the 
precursor is mixed with a certain amount of 
active agents such as KOH [5], H3PO4 [4,5,6,7], 
ZnCl2 [1,5], NaOH, HNO3, CaCl2 [8], or K2CO3 [9]. 
In the chemical activation method, the process is 
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carried out at lower temperature (400-700°C) 
[10]. The activating agent act as dehydrating 
agent that inhibit the formation of tar as well as 
reject volatile substances during the process, 
which helps to enhance the yield of the activated 
carbons and to decrease the carbonization 
temperature compared to physical activation 
method. The production of AC from agricultural 
by-products has both economic and 
environmental effects, as it converts unwanted, 
low-value agricultural waste to useful high-value 
adsorbent [11]. Finally, it reduces the importation 
of activated carbon. 
 
In the present work, ACs were prepared from 
carbonaceous agriculture waste, bitter kola nut 
shell by using chemical activating agents 
phosphoric acid, potassium hydroxide and zinc 
chloride at different temperatures and 
impregnation ratios. Bitter kola nut shell are 
waste products obtained when bitter kola 
(Garcinia kola) are removed. Garcinia kola, a 
flowering plant (Clusiacae family) also known as 
“bitter kola” is an economic tree growing in humid 
forestlands of West and Central Africa with a 
long history of use in traditional medicine [12] 
and traditional events. Cameroonians greatly 
consume it, particularly in the West region. After 
bitter kola are removed most of its nut shells are 
discarded as solid waste or burned off in stacks 
or used as mulch, which suppresses weeds, and 
other vegetable growth. In turn, the shell of bitter 
kola becomes a residue, which has no 
commercial value and causes environmental 
pollution and degradation. Therefore, the 
preparation of activated carbons from bitter kola 
nut shell appears to be an alternative method to 
valorize it, and thus reduce environmental 
pollution. To the best of our knowledge, no study 
has been reported on the preparation of ACs 
from bitter kola nut shell. The present study has 
been motivated by the fact that bitter kola nut 
shell has a low value of ash content (9%) and a 
high volatile matter percentage (62%). It is thus a 
potential new precursor for the production of 
ACs.  

 
The aim of the present work was to study the 
characteristics of chemically activated carbons 
(with H3PO4, KOH and ZnCl2 as activating 
agents) obtained from bitter kola nut shells. The 
changes in structural morphology, chemical and 
physical properties of raw material and its 
obtained ACs have also been investigated. The 
surface functional groups, surface morphology 
constituents were analyzed by FTIR, TGA and 
SEM. The acidic or basic surface behavior was 

determined using Boehm titration and pHzpc. The 
influence of impregnation ratio and carbonization 
temperature is also reported herein.  
 

2. MATERIALS AND METHODS  
 

2.1 Preparation of Garcinia kola Shell 
Adsorbents  

 
Garcinia kola nut shell were collected from the 
field in the Manjo subdivision, located in the 
Mungo Division, Littoral Region of Cameroon. 
The raw material was carefully washed with tap 
water and rinsed with distilled water to eliminate 
impurities. It was then dried under sunlight for 
one month and dried in an oven at 105°C for 72 
h to remove excess or residual water. The dried 
raw materials were mechanically crushed and 
sieved to obtain particle size ranging between 
250-1000 μm. 
 

2.2 Preparation of Activated Carbons by 
Chemical Activation 

 
The preparation of activated carbons from 
Garcinia kola nut shell was performed through a 
one-step chemical activation process. The 
impregnation ratio (IR) was determined as the 
ratio of the weight of activating agents (W) to the 
weight of the dried bitter kola nut shell (Wraw) 
[13].  
 

rawW

W
IR                            (1) 

  
200 g of dried Garcinia kola nut shell was 
impregnated with different solutions of activating 
agents (H3PO4, KOH and ZnCl2) at 0.20 M, with 
impregnation ratios 1/1 and 2/1. Each mixture, 
maintained at room temperature, was shaken 
manually for 20 min. The impregnated Garcinia 
kola nut shell was dried at 105°C for 48 h in an 
oven. Thereby, any water present in the sample 
was completely evaporated. The dried mixtures 
of impregnated Garcinia kola nut shell were then 
cooled for 45 min at room temperature and the 
dry mass noted. Then, the impregnated Garcinia 
kola nut shell was placed into porcelain crucibles 
with lids and introduced in an electric furnace of 
mark ISUNU, which has an automatic regulation, 
and a temperature programmer coupled to it. The 
samples have been carbonized and activated in 
one step for 1 h at different temperature 400°C, 
450°C and 500°C, at a heating rate of 5°C/min in 
absence of CO2; H2O; O2; N2 gases. The weights 
of the activated sample were further measured 
and reported.  
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Following cooling at room temperature, the 
calcinated samples were ground in a mortar and 
pestle, and washed several times with distilled 
water to remove the residual chemical agents 
until a pH value of the resulting water was 
neutral. The various activated carbons thus 
obtained (CBH, CBK, CBZ) were dried for 24 
hours in an oven set at 105°C. The resulting 
products were crushed into powder and well-kept 
for further tests. The ACs obtained were 
characterized by the determination of their iodine 
number for optimal impregnation ratio and 
optimal temperature of H3PO4, KOH and ZnCl2 

activation. The proximate analysis of the Garcinia 
kola nut shell was determined according to 
standard techniques ASTM D2866-94 [11], and 
the results are provided in Table 1. 
 

2.3 Activated Carbon Yield and Burn-off 
 
The activated carbons (ACs) yield and burn-off 
were calculated using the formulae: 
 

 100
0

x
W

W
Yield charbon                                            (2)    

 

100
0

0 x
W

WW
offBurn charbon

                                 (3)  

 
W0  = weight of raw material impregnated 

(g) 
Wcharbon = weight of activated carbon obtained 

after calcination (g) 
 

2.4 Characterization of Garcina kola Nut 
Shell and Obtained ACs 

 
2.4.1 Proximate analysis  

 
The proximate analysis of activated carbon is 
used to determine the distribution of products 

obtained when the carbon samples are heated 
under specific conditions. 
 
2.4.1.1  Moisture content and water content 
 
The moisture content of AC samples were 
determined using the standard test method 
ASTM D2867-95 [14]. For this test, 5 g of the 
precursor were weighed and placed in a clean 
dry porcelain crucible of known mass. The 
crucible was heated at 105°C for 2 h in an oven. 
The weights of the sample before heating and 
after heating (and cooling in desiccators) was 
determined in order to calculate the moisture 
contents of the samples. The moisture and   
water content were calculated using equation (4) 
and (5): 
 

100
(g)weight sample Initial

 (g) dryingon in weight  Loss
(%) xcontentMoisture   

                      (4) 
 

100
)(

(g) dryingon in weight  Loss
(%) x

gdriedcarbonactivatedofWeight
contentWater 

(5) 
 

2.4.1.2 Ash content 
 
The ash content of the activated carbon samples 
was determined using standard test method 
ASTM D2866-94. To determine the ash content, 
a porcelain crucible was pre-heated in the 
furnace at about 500°C for 1 h, then cooled in a 
desiccator and weighed. Then 1.0 g of activated 
carbon was transferred into the crucibles and 
heated at 500°C for 2 h. The crucible and its 
content were cooled to room temperature in a 
desiccator and reweighed. The ash content was 
calculated using equation 6. 

 

100
(g) dry weightOven 

(g) Ash weight
(%) xcontentAsh           (6) 

 
Table 1. Proximate analysis of the raw material 

 

Proximate analysis Raw material: CB (wt%) ASTM standard techniques 

Moisture content 5 D2866-94 

Ash content 9 D2866-94 

Volatile matter 62 D2866-94 

Fixed carbon 

Water content 

pH 

pHpzc  

Bulk density (g/cm
3
) 

24 

5.26 

6.298 

2.972 

0.485 

D2866-94 

 

D3838 -80 
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2.4.1.3 Volatile matter and fixed carbon content 

 
With the aim to determining volatile matter, 1.0 g 
of sample was put into a crucible pre-heated in 
the furnace to about 500°C for 1h and of known 
weight. The crucible and its content were then 
placed in a furnace regulated at 500°C for                          
2 h. After heating, the crucible is quickly          
covered, cooled in desiccator to ambient 
temperature and weighed. The percentage of 
volatile matter was calculated as indicated in 
equation (7):  

 

100
)(

)(
(%) x

gweightdryOven

gcomponentvolatileofWeight
matterVolatile 

  

(7) 

 
The fixed carbon content of the activated carbon 
samples were calculated using equation 8. 

   

      contentAshcontentmoisturemattervolatile

carbonFixed

%%%100

(%)



   

(8) 

 
2.4.2 Bulk density 

 
In order to determine the bulk density, an empty 
measuring cylinder was weighed. It was then 
filled with the prepared sample of AC and gently 
tapped during 10 min until no change in the level 
of the sample was observed. The volume 
occupied by the packed sample was recorded 
(Vs = 25cm3). Let Wc be the weight of the empty 
cylinder and W the weight of the cylinder and its 
contained sample, the weight of the sample Ws 
was obtained through the operation WS=W-WC 
and the bulk density was calculated using 
equation (9): 
 

325cm

W
d S
app                                                      (9) 

 
Ws = weight of the sample (g) 
dapp = bulk density (g/cm3) 

 
2.4.3 Determination of pH 
 
In order to determine the pH values of activated 
carbon samples, the standard test method 
ASTM-D3838-80 was used. 100 mg sample of 
each AC was transferred into 30 mL of distilled 
water in a flask. The container was sealed and 
placed on an agitator for 24 h at room 
temperature. The pH value was then measured 
using pH meter (pHS-25). 

2.4.4 Determination of pHzpc 

 
The pH value of the zero charge point, pHzpc 
corresponds to the pH at which the net surface 
charge is zero. pHzpc of the activated carbon 
samples were estimated according to standard 
procedure [15]. The pHzpc of AC sample was 
determined by adding 0.1 g of each material to a 
30 mL solution of 0.1 M NaCl whose initial pH 
had been measured and adjusted with 0.1 M 
NaOH or 0.1 M HCl to between 2, 4, 6, 8, 10, 
and 12. The containers were sealed and placed 
on an agitator for 24 hours at ambient 
temperature, after which the final pH value 
(pHfinal) was measured. The pHzpc being the point 
where the curve pHfinal versus pHinitial intercepts 
the line pHfinal = pHinitial. 
 
2.4.5 Determination of iodine number 

 
The iodine number is the most fundamental 
parameter used to measure the AC performance 
in terms of activity [16]. The iodine number was 
measured according to the procedure 
established by the American Society for Testing 
and Materials (ASTM D2866-94) [11]. Iodine 
number was employed in this study as a test for 
micro porosity via volumetric analysis. 0.1 g of 
AC was mixed with 30 mL of 0.02 N iodine 
solution, stirred for 3 ho and then the contents 
filtered. 10 mL of the filtrate was titrated against 
0.005 N sodium thiosulphate solution using 
starch as indicator until a clear solution was 
observed. The remaining iodine in the solutions 
was calculated using equation 10.  
 
 NaIOSNaIONaS 22 642232                 (10) 

   
2.4.6 Methylene blue number 

 
The methylene blue (MB) is the maximum 
amount of dye adsorbed on 1.0 mg of adsorbent 
[17]. The Methylene blue number (QMB) of our 
ACs was measured according to the standard 
accepted methods.  
 
For Batch studies of Methylene blue number, 0.1 
g of ACs was added to 50 mL of 150 mg/L MB 
and then balanced for 24 h at 200 rpm at room 
temperature. Then the solution was filtered and 
the remaining concentration of methylene blue 
determined by measuring the absorbance at 664 
nm using a UV-Visible spectrophotometer 
(Jenway model 6715). The methylene blue 
number was calculated using equation 11: 
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m

VCC
Q e

MB

)( 0                                   (11) 

 
where: m = mass of activated carbon (g); V = 
volume of test solution (L); C0=initial 
concentration of MB (mg/L) and Ce = 
concentration of MB at equilibrium (mg/L). 
 
Following the estimation of methylene blue 
number (mg/g), the relative surface area of 
methylene blue (SMB, m

2
/g) was calculated using 

equation 12. 
 

MB

AMB
MB

M

NSQ
S

..
                                     (12) 

 
NA: Avogadro’s number; S: cross sectional area, 
which is taken as 120 Å

2
 for MB; QMB: Methylene 

blue number; MMB: molar mass of MB. 

 
2.4.7 Determination of surface functional 

groups 

   
The surface functional groups containing oxygen 
were determined using Boehm titration [18,19]. 
0.1 g of AC was added to 25 mL of 0.1 M of the 
following solutions: sodium hydroxide (NaOH), 
sodium carbonate (Na2CO3), and sodium 
bicarbonate (NaHCO3) for acidic groups and 0.1 
M HCl for basic groups. The samples were 
shaken for 48 h at room temperature and then 
filtered to separate the ACs from solution. 
Subsequently, the aqueous solutions were back-
titrated with HCl (0.1 M) for acidic and NaOH (0.1 
M) for basic groups both in presence of 
phenolphthalein as indicator [11]. The number 
and type of acidic sites were calculated by 
considering that NaOH neutralizes carboxylic, 
lactonic and phenolic groups, Na2CO3 neutralizes 
carboxylic and lactonic groups and that NaHCO3 
neutralizes only carboxylic groups [11]. The 
number of basic sites was calculated by titration 
with HCl that reacted with ACs. In order to 
neutralize basic groups remaining HCl in the 
solution was back-titrated with 0.1 M NaOH. 
 
2.4.8 Thermogravimetric analysis (TGA) 

 
Thermogravimetric analysis (TGA/DSC) is used 
to measure the mass changes of a sample with 
linearly increasing temperature [20]. Thermal 
behavior of Garcinia kola nut shell were 
investigated from the thermograms (TGA/DSC) 
obtained by LINSEIS STA PT-1000 thermal 
gravimetric analyzer (Laboratory of 
Physicochemistry of Materials, University of 

Yaoundé I). The samples were heated from 25-
1000°C with a heating rate of 10°C/min, under 
ambient atmosphere in order to determine the 
general decomposition characteristics of the 
biomass source during the activation and 
appropriate carbonization temperature for the 
production of AC.  
 
2.4.9 Fourier transform infra-red 
   
Adsorbents were characterized by Fourier 
Transform Infra-red Spectroscopy to identify the 
functional groups and chemical bonding on their 
structure. The FTIR was recorded in the wave 
number range from 4000 cm-1-500 cm-1 using 
Nicolet iS5 FTIR Spectrometer. 
 
2.4.10  Scanning electron microscopy (SEM) 
 
Scanning electron microscopy was used to 
identify the surface morphology of raw material 
and activated carbons. SEM of AC and raw 
material have been determined by sputter coater 
analysis. 
 
2.4.11  Powder X-ray diffraction (XRD) study 
 
Crystallinity and amorphous structure of the raw 
material and prepared activated carbons were 
determined by X-ray diffraction analysis using a 
STOE Stadi-p X-ray powder diffractometer 
(STOE & Cie GmbH, Darmstadt, Germany), with 
Cu Kα1 radiation (40 kV, 30 mA and λ=1.54056 
Å). The diffraction angle was varied from 0° to 
70°. The X-ray diffraction patterns were collected 
with scan rate of 5°/min. 
 

3. RESULTS AND DISCUSSION 
 

3.1 The Physicochemical Characteri-
zation 

 
The physical properties of raw materials are 
reported in Table 1. An observation of the pH 
value recorded in that table shows that the 
surface of raw material is primarily acidic. The 
9% ash content obtained in this study, which is 
lower than the norm (10%) [21] reveals that 
Garcinia kola nut shell is suitable as AC 
precursors. The physical properties of ACs 
(CBH2/1 activating agent H3PO4 impregnation 
ratio 2/1; CBK1/1 activating agent KOH and 
impregnation ratio 1/1; CBZ1/1 activating agent 
ZnCl2  and impregnation ratio 1/1) selected after 
optimization are reported in Table 2. The pH 
values show that the surfaces of the different 
prepared ACs are basic. CBH2/1; CBK1/1 and 
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CBZ1/1 have high carbon content, low mineral 
content or inorganic residue with low water 
content. The ash content of the samples varies 
between 5 and 7.6% thus lower than 10% and 
indicates that the materials contained mainly 
organic matter. It is concluded from data in Table 
2 that all ACs have a low ash content, which 
means an increase in the fixed carbon value. The 
American Water Work Association has set 0.25 
g/cm3 as the lower limit on the bulk density for 
AC if it has to be of practical use [4]. The bulk 
densities of the prepared ACs given in Table 2 
satisfy this condition i.e. are higher than the said 
limit. Indeed, higher density provides greater 
volume activity and normally indicates better 
quality AC [8]. The moisture contents of the 
prepared ACs are also reported in Table 2. Their 
values 1.6%; 2.8% and 3.2% respectively 
obtained for CBH2/1; CBK1/1 and CBZ1/1 are within 
the norm, since the traditional value of the water 
content varies between 1 to 5% by mass. Studies 
have shown that lower moisture content 
increases the rate of adsorption of contaminants 
[8]. It is evident from Table 2 that all ACs have 
good iodine numbers. The same table shows that 
the methylene blue numbers of the three ACs are 
high. The values obtained reveal that the ACs 
equally possess mesopore sizes. 
 

3.2 Effect of Temperature on Yield and 
Burn-off 

 
The carbonization temperature is a factor that is 
usually taken into consideration because of inter-
dependence with all other properties of the 
carbon [22]. The activation temperature 
determines the devolatilization and activation 
reaction rates of the carbon. The carbonization 
temperature plays a significant role in the 
activated carbon yield and burn-off. Fig. 1 shows 

the percentage yield and burn-off of activated 
carbons as a function of carbonization 
temperature. From this figure, it is found that the 
yield of activated carbons decreased 
continuously with increasing carbonization 
temperature. This is due to the loss of most of 
the volatile matter. The samples also exhibited a 
reasonable yield of 38% at 400°C, which shows 
the presence of carbon content. The raw 
materials and activation methods have an 
influence on the yield. However, yields are 
affected by various parameters such as weight 
ratio of Garcinia kola nut shell to activation agent, 
activation temperature and time of calcination 
and activation. The decrease in yield at high 
temperature may be due to the release of oxygen 
and hydrogen as CO, CO2 and CH4 from 
lignocellulosic materials rather than H2O [23]. 
These results perfectly agree with those obtained 
by Ndi et al. [5]. 
 
Furthermore, it is observed from Fig. 1 that, 
when yield decreases, burn-off of activated 
carbons increases, with carbonization 
temperature increasing. The burn-off occurred 
due to the steam reforming reaction of char, 
forming carbon monoxide and hydrogen. The 
increasing burn-off degree observed in the three 
curves depended on the temperature and leads 
to micropore widening. This observation is in 
agreement with the results reported by other 
researchers [5]. 
 

3.3 Effect of Temperature on the Iodine 
Number 

 
The carbonization temperature is one of the most 
influential factors that govern porosity 
development during the activation process [24]. 
Fig. 2 shows that the iodine number of ACs 

 
Table 2. Physicochemical characterization of ACs (CBH2/1; CBK1/1; CBZ1/1) 

 
Activated carbons parameters CBH2/1 400°C CBK1/1 400°C CBZ1/1 400°C 
Activating agent H3PO4 KOH ZnCl2 

Ash content (%) 5 6.5 7.6 
Volatile matter (%) 53 55 52.5 
Fixed carbon (%) 40.4 38.5 39.9 
Moisture content (%) 1.6 2.8 3.2 
Water content (%) 1.63 2.88 3.31 
Iodine number (mg/g) 1073.62 1065.05 970.82 
Methylene blue number (mg/g) 72.858 73.177 72.590 
Surface area of methylene blue (SMB, m

2
/g) 147.96 148.61 147.41 

Bulk density (g/cm3) 0.773 0.750 0.825 
pH 8.201 8.305 7.601 
Yield (%C) 35.04 34.87 37.92 
Burn-off (%) 64.96 65.13 62.08 
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Fig. 1. Effect of carbonization temperature on the Yield and Burn-off 

 
decreased when the carbonization temperature 
increased in the range 400-500°C. An increasing 
carbonization temperature results in a decrease 
of the microporosity of the AC samples and 
consequently decreases the adsorption capacity 
of the ACs. As the iodine number decreases, 
there is a decrease in porosity of ACs. The 
maximum values of iodine number obtained 
herein are at 400°C for CBH2/1, CBK1/1 and 
CBZ1/1. The highest values of iodine number for 
ACs obtained at 400°C were attributed to the 
presence of a large micropore structure and to 
the high probability of carbons having a large 
surface area due to enlargement of their pore 
structure [10]. Similar results and conclusions 
have been obtained by Ndi et al. [5] and Ajifack 
et al. [21]. However, the increase iodine number 
for CBZ1/1 from 450 to 500°C indicates the 
development of micropores, because an increase 
in temperature increases distillation of tar from 

the carbon, which in turn releases some pores 
for adsorption of iodine. 
 

3.4 Thermogravimetric (TGA) Analysis 
 
The thermal behavior of Garcina kola nut shell 
was evaluated by TGA in ambient atmosphere. 
The curve obtained is presented in Fig. 3. This 
figure presents three weight loss stages. The first 
stage from 0 to 145°C shows a weight loss of 
3.8% with an endothermic decomposition peak at 
54°C in DSC that can be attributed to 
dehydration, removal of moisture and volatile 
contents. The second stage from (150-360°C) 
leading to an exothermic decomposition peak at 
312°C in DSC shows a 30.4% weight loss, due 
to the decomposition of cellulose and 
hemicelluloses in CB [25] and some volatile 
matters and decomposition of pectins. The third 
stage is observed between 380 and 540°C
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Fig. 2. Effect of carbonization temperature on the iodine number 

 

400 420 440 460 480 500

24

26

28

30

32

34

36

38

40

Y
ie

ld
 (

%
)

Temperature (°C)

 CBH
2/1

 CBK
1/1

 CBZ
1/1

400 420 440 460 480 500

62

64

66

68

70

72

74

76

B
ur

n
-o

ff
 (

%
)

Temperature (°C)

 CBH
2/1

 CBK
1/1

 CBZ
1/1

 



and causes a weight loss of 14.9%, with two 
exothermic decomposition peaks observed in the 
DSC curve at 451°C and 468°C. The maximum 
exothermic decomposition peak is obtained at 
451°C. At this temperature range (380
aromatization takes place (around 400°C). The 
weight losses in this temperature range are 
attributed to the formation of graphitic layers and 
decomposition of lignin component of CB. 
Thermogravimetric (TGA) analysis reveals that 
carbonization of CB occurs around 400°C. 
Similar results were obtained by Ahmad et al. 
[10]. 
 

3.5 FTIR Spectra  
 
FTIR spectroscopy was used to determine the 
various functional groups present on 
kola nut shell powders and the ACs prepared 
from these raw materials with different 
impregnation solutions. The spectra obtained are 
presented in Fig. 4. Between 3500 
and at 3349 cm-1, a broad and strong intense 
band attributable to the stretching vibration of the 
hydroxyl group (OH) and adsorbed water is 
observed. The small absorption band at 2922 
cm-1 is attributable to symmetric - CH
stretching groups. The stretching vibration band 
at 1637 cm

-1
 can be associated to the carbonyl 

and carboxylate group C=O. At 1559 cm
stretching band associated with C=C in the 
aromatic ring [24] is observed. The region around 
1450 cm-1, corresponds to bending vibration of 
O-H or C-O groups of alcohols or carboxylic 
groups. The band around 1374 cm-

to the C-H bending vibration or stretching 
vibration of aliphatic nitro compounds (
 

Fig. 3. Thermogravimetric (TGA) analysis (TGA/DSC) of 
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FTIR spectroscopy was used to determine the 
oups present on Garcina 
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aromatic ring [24] is observed. The region around 

, corresponds to bending vibration of 
O groups of alcohols or carboxylic 
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H bending vibration or stretching 

vibration of aliphatic nitro compounds (–NO2). 

The band around 1264 cm-1 is attributable to the 
C-O stretching vibration of aryl group of lignin. 
The band at 1036 cm

-1
 is associated with C

stretching vibration of carboxylic acids, alcohols, 
ester, and ether. Between 500-
observed the small absorption band attributed to 
stretching vibration C-X of halogeno
and C-H bending vibration or C=C aromatic
polynuclear system. 
 
The spectra of different AC CBH2/1

CBZ1/1 pre-treated with different impregnation 
solutions are different from that of the raw 
material in the fact that many bands disappeared 
during the activation and carbonization stages. 
Indeed, the reduction in the intensities of the 
broad band around 3349 cm
disappearance of the band at 1036 cm
attributed to the disappearance of H
after activation. The band at 2922 cm
the IR spectrum of the raw material disappears in 
the ACs due to the decomposition of the surface 
functions during pyrolysis. This disappearance 
indicates decomposition of functional groups 
present in oxygenated hydrocarbons, reflecting 
the carbohydrate structure of cellulose and 
hemicellulose [9,26]. A Similar phenomenon was 
observed for bands at 1316 cm

-1
, 1243 cm

1158 cm-1 in CBH2/1, CBK1/1 and CBZ
that a chemical transformation occurred. The 
stretching absorption band at 1637 cm
observed from the raw material associated to the 
carbonyl C=O group is absent in the ACs, 
indicating that the chemical activation led to the 
breakage of many bonds in aliphatic and 
aromatic species and the elimination of many 
volatile and light substrates [27].
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obtained approximately at 1587 cm-1 in the three 
ACs, indicates the presence of C=O stretching 
vibration of lactone and carbonyl groups [28]. 
This band can also be attributed to the C=C 
stretching vibration of alkene or aromatic ring. 
The shift, absence, or presence of bands in ACs 
also signifies that the samples reacted differently 
with the various activating agents [21]. 
 

3.6 Boehm Titration Results 
 

Boehm titration was used to characterize the 
oxygen functional groups of the raw material 
(CB) and ACs (CBH2/1, CBK1/1 and CBZ1/1). From 
Table 3, the quantities of the acidic and                   
basic surface functional groups determined can 
be compared. It can be observed that the                  
total of basic groups is higher than the total of 
acidic groups from the three ACs (CBH2/1, CBK1/1 
and CBZ1/1), while the surface total of acidic 
groups is larger than the total of basic groups in 
the raw material (CB). The abundance of basic 
groups in CBH2/1, CBK1/1 and CBZ1/1 is clearly 
due to the chemical reaction that took place 
during the heating of the impregnated raw 
material. 
 

3.7 pHzpc 
 
The pHzpc is the pH where the adsorbent net 
surface charge corresponds to zero. It offers        
the possible mechanism for the electrostatic 

interaction between adsorbent and adsorbate. 
The significance of the pHzpc value of a given 
activated carbons surface is that it will have a 
positive charge in solution with pH less than their 
pHzpc and will thus easily adsorb anion. On the 
other hand, if the pH value of the solution is 
higher than the pHzpc value of the ACs, the 
carbon surface will be negatively charged, and 
will easily absorb cations [16]. The pHzpc values 
obtained for each AC and raw material (shown in 
Fig. 5) are coherent with the quantification of the 
surface functional groups obtained by the Boehm 
method. In this Figure we observed the values: 
pHzpc (CBH2/1) = 7.751; pHzpc (CBK1/1) = 8.324; 
pHzpc (CBZ1/1) = 7.589 and the pHzpc (CB) = 
2.972.  
 
3.8 Scanning Electron Microscopy (SEM) 
 
The impregnation ratios of different activating 
agents (H3PO4, KOH and ZnCl2) and final 
carbonization temperature are effective in 
creating well-developed pores on the surface of 
the activated carbons [29]. In the chemical 
activation process, new pores are formed due to 
the reaction between carbon and the activating 
agents [29]. The SEM images of CB at the 
operating conditions with 1500 and 8000 
magnification are presented in Fig. 6(a & b). The 
SEM images of ACs (CBH2/1, CBK1/1 and CBZ1/1) 

developed at 400°C at the operating condition 
magnified at 1500 and 8000 are also presented

 

 
 

Fig. 4. FTIR spectra of Garcinia kola nut shell (CB) and ACs (CBH2/1, CBK1/1 and CBZ1/1) 
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Table 3. Boehm titration for the determination of oxygen surface functional groups of carbon 
samples and raw materials 

 

Materials CBH2/1 CBK1/1 CBZ1/1 CB 

Carboxyl groups (meq/g) 2.4 2.399 2.399 2.4035 

Lactone groups (meq/g) 0.001 5x10-4 0.003 0.0185 

Phenolic groups (meq/g) 0.025 0.028 0.0275 0.015 

Total acidic (meq/g) 2.426 2.428 2.43 2.437 

Total basic (meq/g) 3.04 3.08 3.045 1.535 

Nature of material Basic Basic Basic Acidic 
 

 
 

Fig. 5. Graph for the determination of pHzpc for CBH2/1, CBK1/1, CBZ1/1 and CB  
 
in Fig. 6(c & d); 6(e & f) and 6(g & h), 
respectively. There are significant differences 
between the surface morphology of the Garcinia 
kola nut shells and that of the prepared ACs. an 
observation of Fig. 6(a & b) reveals that the 
surface of CB of raw material is moderately 
smooth, very rough and has few pores or voids 
on the surface. Fig. 6(c & d); 6(e & f) and 6(g & 
h) displaying SEM images of prepared ACs 
CBH2/1, CBK1/1 and CBZ1/1 respectively, 
illustrates an irregular and heterogeneous 
surface morphology with a developed and 
fragmented porous structure in various sizes.  
The pores exhibited by CBH2/1, CBK1/1 and 
CBZ1/1 are honeycomb like in shape and are not 
clearly visible on the surface. However, it can be 
seen from the micrographs that the external 
surface of the ACs has cracks and crevices. 
These pores result from the evaporation of the 
chemical reagents (H3PO4, KOH and ZnCl2) 
during carbonization, leaving empty spaces [28], 
but also due to the breakdown of the 

lignocellulosic material at carbonization 
temperature (400°C) followed by removal of 
volatile matters leaving samples with developed 
pores.  
 

3.9 X-ray Diffraction (XRD) Analysis  

The results of powder X-ray diffraction obtained 
for CB, CBH2/1, CBK1/1 and CBZ1/1 are presented 
in Fig. 7. As concerning the Garcinia kola nut 
shell, the existence of two broad peaks indicates 
that the material is amorphous. The absence of a 
sharp peaks reveals that all ACs prepared from 
CB are mainly amorphous. The amorphous 
nature of our ACs is an advantageous property 
for well-defined adsorbents. However the small 
sharp peak presented by the X-ray graphs of 
CBH2/1 (2θ = 27°) and CBZ1/1 (2θ = 28°) indicate 
a very low crystallinity on these ACs resulting 
from better layer alignment [29]. In addition, the 
small sharp peaks of CBZ1/1 are due to the 
presence of zinc oxide and zinc carbide [2]. 
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Fig. 6. SEM of samples: (a & b) Garcinia kola nut shell (CB); (c & d) CBH2/1, (e & f) CBK1/1 and (g 

& h) CBZ1/1 ACs prepared at 400°C of carbonization temperature 
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Fig. 7. XRD of samples: Garcinia kola nut shell (CB); CBH2/1, CBK1/1 and CBZ1/1 ACs prepared at 

400°C of carbonization temperature 
 
4. CONCLUSION 
 
Chemical activation is one of the appropriate 
methods to obtain new ACs. In the present study, 
ACs with developed pore structure were 
prepared from Garcinia kola nut shell by 
chemical activation with phosphoric acid, 
potassium hydroxide and zinc chloride. The 
present investigation revealed that when the 
carbonization temperature increased, iodine 
number decreased. The maximum iodine number 
was obtained at a carbonization temperature of 
400°C for a period of 1 h, and impregnation 
ratios of 2/1 for CBH and 1/1 for CBK and CBZ. 
However, the yield of activated carbons 
decreased as carbonization temperature 
increased. The Boehm titration and pHzpc 
showed that the three new activated carbons 
have a basic character. XRD analysis showed 
that the raw material and ACs prepared are 
mainly amorphous. SEM images showed an 
irregular and heterogeneous surface morphology 
with a developed and fragmented porous 
structure in various sizes. The pores exhibited 

are honeycomb like in shape and are not clearly 
visible.  
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