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橄榄渣基活性炭活化工艺的优化
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摘摇 要:摇 采用 KOH 对橄榄渣进行活化得到活性炭。 设计 23 正交试验来优化制备工艺条件,水平和因子包括活化温度(600,
900 益)、活化时间(1, 3 h)和浸渍比(1 颐2, 1 颐4)。 活性炭的比表面积作为优化的评价指标。 通过氮吸附仪、红外光谱仪和扫

描电镜等手段对活性炭的表面化学和孔结构进行表征。 结果表明,所有因子及其交互水平都非常显著(p<0. 05)。 活性炭的

比表面积和制备条件的相关系数为 99. 2% 。 在最条件下制备的活性炭,比表面积为 672 m2 / g、平均孔径为 2. 05 nm,微孔和介

孔率分别为 81. 36%和 18. 37% 。
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Optimizing the preparation conditions of activated carbons
from olive cake using KOH activation
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Abstract: 摇 Activated carbons were prepared from olive cake waste by KOH activation. A full factorial 23 experimental design was
used to optimize their preparation conditions. The factors and levels included are activation temperature (600 and 900 益), activa鄄
tion time (1 and 3 h) and impregnation ratio (1 颐2 and 1 颐4) . The surface area of the activated carbons was chosen as a measure of
the optimization. The surface and pore properties of the activated carbon obtained at the optimum conditions were characterized by
nitrogen adsorption, infrared spectroscopy and scanning electron microscopy. Results indicated that all factors and their interactions
are significant (p<0. 05) . A function was used to correlate the surface area of the activated carbons to their preparation conditions
with a correlation coefficient of 99. 2% . The activated carbon prepared at the optimum conditions has a BET surface area of 672 m2 /
g and an average pore size of 2. 05 nm with micro and mesopore volumes of 81. 36 and 18. 37% , respectively.
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1摇 Introduction
For a long time, activated carbons (ACs) have

been widely used as an effective and less expensive
adsorbent for the removal of different pollutants from
contaminated water. Although, several techniques are
applied to water decontamination, the adsorption
using ACs is preferred for its simplicity in applica鄄
tion, efficiency and relatively cost effectiveness. AC
is an amorphous form of carbon that is specially trea鄄
ted to produce a highly developed internal pore struc鄄

ture and a large surface area, thereby, producing rea鄄
sonably cheap and excellent adsorbent[1] . Usually,
the materials used for the preparation of ACs are fossil
fuel generated hydrocarbons and lignocelluloses from
biomass, wood or some agricultural wastes[1] . Two
methods have been used for preparation of ACs. They
are physical activation and chemical activation meth鄄
ods[2] . In chemical activation method, the precursors
used for AC preparation are impregnated with a chem鄄
ical activation agent such as ZnCl2, H3PO4, KOH,
H2SO4 and NaOH, followed by carbonization[1] .
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Among the chemical activation agents, KOH is usual鄄
ly preferred as it is more eco鄄friendly than other acti鄄
vators. Another advantage of using KOH is that
K2CO3 formed after the interaction between KOH and
char can prevent excessive sample burn鄄off, resulting
in a high yield and well developed internal
porosity[3] .

Different agricultural wastes have been proposed
as precursors for the preparation of ACs. In the pres鄄
ent work, an attempt is made to produce ACs from
olive cake generated as a waste from olive oil facto鄄
ries. Olive trees are widely planted in the Mediterra鄄
nean region. The average world production of olive
oil is 2. 5 伊106 ton, most of which comes from the
Mediterranean countries[4] . According to El鄄Hamouz
et al[5], olive waste鄄based ACs have special features,
which makes it desirable to develop ACs from olive
wastes.

The preparation of a high quality AC is influ鄄
enced by many factors. The most influential factors
based on previously reported studies were found to be
impregnation ratio ( IR), activation temperature and
activation time[4] . The use of an adequate experimen鄄
tal design is particularly important to optimize the
preparation conditions. The factorial experimental de鄄
sign, which involves changing all the variables from
one experiment to another, has been found to be a
useful tool to study the effect of variables as well as
the interactions of two or more variables with a re鄄
duced number of experiments. The full factorial de鄄
sign consists of a 2k experiment (k factors, each ex鄄
periment at two levels), which is very useful for ei鄄
ther preliminary studies or in initial optimization
steps, while factorial designs are almost mandatory
when the problem involves a large number of fac鄄
tors[6] .

The aim of the present work is to optimize the
production of a high surface area and porous AC from
olive cake waste using a full factorial experiment de鄄
sign. The AC produced under the optimum conditions
was characterized for its main porous properties.

2摇 Experimental
2. 1摇 Materials

The olive鄄waste cake used as a precursor for the
preparation of AC was obtained from olive oil pro鄄
cessing factory in the Agricultural Research Center,
Egypt. All Chemicals and reagents used in the study
were of analytical grade supplied from Sigma Co.

2. 2摇 Preparation of AC
The olive cake was washed by double deionized

water with shaking at 200 r / min in a water bath at
50 益 to remove any adherent dirt and dried in an ov鄄
en at 60 益 until constant weight. Carbonization was
carried out in an oven at 400 益 for 1 h[7] . The char
produced was then soaked in KOH solutions with dif鄄
ferent KOH / char ratios. The mixture was then de鄄
hydrated in an oven overnight at 100 益 to remove
moisture[8] . The activation was carried out in a muf鄄
fle furnace at different conditions indicated in the fac鄄
torial experiment design. After activation, the AC
samples were washed sequentially with 0. 05 M HCl,
hot water and cold deionized water until the pH value
of the effluent reached 7, filtered and finally dried at
105 益.
2. 3摇 Optimization of AC preparation

In order to optimize the preparation conditions of
the olive cake鄄based ACs, a full factorial 23 factorial
design with three operational parameters each in two
levels was employed. The three studied parameters
chosen in this study are the KOH / char mass ratio,
the activation temperature and the activation time.
The high and low levels defined for the 23 factorial
design are listed in Table 1. The low and high levels
for the factors were selected according to some pre鄄
liminary experiments. The factorial design matrix and
the surface area of ACs measured in each factorial ex鄄
periment are given in Table 2.

Table 1摇 High and low levels of the
factorial 23 experimental design.

Factor / (code) High level (+) Low level ( 鄄)
Charcoal: KOH (A) 1 颐2 1 颐4

Activation temperature (B) 600 益 900 益
Activation time (C) 1 h 3 h

Table 2摇 Surface area of the prepared AC
with the 23 experimental design.

Factors
A B C

Specific surface area (m2 / g)
Result 1 Result 2 Mean

-1 -1 -1 1008. 7 1057. 3 1033
+1 -1 -1 827. 4 856. 7 842. 05
-1 -1 +1 36. 27 36. 27 36. 27
+1 -1 +1 580. 9 504. 4 542. 65
-1 +1 -1 94. 95 94. 56 94. 76
-1 +1 +1 229. 5 225. 15 227. 33
+1 +1 -1 924. 4 1102. 9 1013. 65
+1 +1 +1 160. 57 175. 17 167. 87

摇 摇 The order by which the experiments were carried
out was randomized to avoid systematic errors. The
surface area taken as response in these experiments
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was measured as described by Igbokwe[9] . The results
were analyzed with the Minitab 15 software, and the
main effects and interactions between factors were de鄄
termined.
2. 4摇 Characterization of ACs

The morphology of the olive cake and the AC
prepared at the optimum conditions was identified by
scanning electron microscopy ( SEM) using a JSM鄄
6390LV (JEOL Ltd, Japan) with a 3 kV accelerating
voltage. The samples were dried overnight at approxi鄄
mately 105 益 under vacuum before SEM analysis.

The surface functional groups of the olive cake
and ACs were studied using an FT鄄IR (AVATAR 370
Csl, Thermo Nicolet Co. , USA ) at a resolution

4 cm-1 over the range of 500鄄 4 000 cm-1 . The sam鄄
ples were introduced as KBr pellets.

The surface area and the porosity of the AC at
the optimized conditions were characterized by N2 ad鄄
sorption using a Quantachrom NOVA Automated Gas
sorption system version 1. 12.

3摇 Results and discussion
摇 摇 The results of the main factors爷 effect, factors爷
interaction effect, coefficients of the model, standard
deviation of each coefficient and the probability as
well as t test values for each effect for the full 23 fac鄄
torial designs are displayed in Table 3.

Table 3摇 Estimated effects and coefficients for surface area (coded units) .

Term Effect Coefficient Standard error
Coefficient t p

Constant 497. 8 12. 5 39. 62 0. 000
A 301. 1 150. 5 12. 56 11. 98 0. 000
B 鄄244. 9 鄄122. 5 12. 56 鄄9. 75 0. 000
C -509. 6 -254. 8 12. 56 -20. 28 0. 000

A. B 129. 8 64. 9 12. 56 5. 17 0. 001
B. C 152. 0 76. 0 12. 56 6. 05 0. 000
A. C -76. 5 -38. 3 12. 56 -3. 04 0. 016

A. B. C -411. 7 -205. 8 12. 56 -16. 38 0. 000
Note: R鄄Sq = 99. 20% ; R鄄Sq (predicted) = 96. 80% ; R鄄Sq(adjusted) = 98. 50% .

摇 摇 The codified mathematical model employed for
the 23 factorial design as reported by several au鄄
thors[6,10,11] is given by the Eq. (1):

R2 = a0+a1 A + a2 B + a3 C + … (1)
where a0 represents the global mean and ai the

other regression coefficients.
Substituting the coefficients ai in Eq. (1) by

their corresponding values from Table 3, the surface
areas of ACs (Y) in terms of coded factors after the
non鄄 significant terms were excluded could be repre鄄
sented by the Eq. (2):

Y= 497. 8 +150. 5A 鄄122. 5. 9B鄄254. 8C+
64. 9A. B +76B. C鄄38. 8A. C 鄄205. 8A. B. C (2)

This equation describes how the experimental
variables and their interactions influence the surface
area of the prepared ACs. The main advantage of the

2k factorial design compared with the traditional ap鄄
proaches lies in its ability to model not only the
effects of each factor, but also their interactions. The
suitability and quality of the model developed were e鄄
valuated using the correlation coefficient R2 which was
found to be 99. 2% as given in Table 3. The high
values of R2 indicate a good agreement between ex鄄
perimental data and the model predicted ones.
3. 1摇 Effects of the main factors

The main effect plot of the studied factors based
on the surface area results is shown in Fig. 1. The
plot represents the deviations of the average between
the high and low level for each factor. When the
effect of a factor is positive, the response (Y) increa鄄
ses as the factor changes from its low to its high lev鄄
els, and vice versus. [6] .

Fig. 1摇 Main effects plot for surface area.
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摇 摇 Also from Fig. 1, it can be inferred that the lar鄄
ger the vertical line, the larger the change in the re鄄
sponse ( surface area of activated carbon) when the
factors were changed from level -1 to level +1. It
should be pointed out that the statistical significance
of a factor is directly related to the length of the verti鄄
cal line[6] .

By analyzing the results given in Table 3 and the
main effect plot (Fig. 1), it can be concluded that the
KOH / char mass ratio has a significant effect (p = 0)
on the surface area of the ACs. Also the ratio is
shown to have a positive coefficient, indicating that
the surface area of the ACs increases with the ratio.
This finding is in agreement with the work of Tan et
al. [12] who found that during the impregnation of ol鄄
ive precursor with KOH, the KOH / char ratio played
a crucial role in formation of pores. This phenomenon
is ascribed to the fact that char reacts with KOH,
forming K2CO3 with simultaneous evolution of CO2

and CO and so pore formation, leading to an increase
of surface area[12] . Also it was found that KOH could
accelerate the activation reaction rates and increase
quantity of pores during the preparation of ACs. Also
Patil et al found that the KOH / char ratio has a signifi鄄
cant effect on surface area[13] when they studied the
preparation of high surface area ACs from cassava
peel by chemical activation. However El鄄Hendawy[14]

has observed that a high KOH / char ratio might lead
to formation of K2CO3 and metallic potassium that
were left in carbon and can爷 t be easily leached off e鄄
ven after repeated washing, which may lead to bloc鄄
king of some pores and a drastic decrease in surface
area.

From Table 3 and Fig. 1, the effect of activation
temperature (B) is significant with a negative coeffi鄄
cient, indicating that the surface area decreases with
the activation temperature. According to Alsalibi et
al. [1], an increase of temperature does not always
lead to surface area development, and in most cases a
decline in surface area is observed at high tempera鄄
tures especially in the case of chemical activation,
where a decline in surface area at high temperatures in
range of 450鄄800 益 is often observed[1] .

Regarding the effect of activation time, it can be
noticed from Table 3 and Fig. 1 that the activation
time is the most significant factor (p=0) affecting the
surface area of the prepared ACs with the highest co鄄
efficient value as seen from Table 3. In line with our
results , Abechi et al. [3] found that the activation
time affects the surface area of the prepared ACs.
They have reported that activation time for carboniza鄄
tion affects the overall texture, quality and quantity of
the carbonized product, which affects on the ash,

moisture and possibly metal contents. Physical char鄄
acteristics of precursors determine the period required
for a full carbonization.

Fig. 2摇 Interaction plots.

3. 2摇 The interaction effects
An interaction between two factors is in effect

when the change in the surface area from the low to
high levels of a factor is dependent on the level of a
second factor, i. e. when the lines do not run paral鄄
lel[6] . Fig. 2 shows the plots of interactions between
the studied factors (AB, AC, and BC) . These plots
clearly indicate that the interaction between activation
temperature and activation time (BC) is the strongest
among them (AB, BC and AC) t as the (BC) and
(AB) interactions have less parallel lines. From the
data in Table. 3 it is also clear that all interactions of
factors are significant (p<0. 05) . The data also show
that the interactions (AB) and (BC) have positive
coefficients, indicating synergistic effects between
each pair of these factors. The interaction (AC) has
a negative coefficient signifying an antagonistic effect
between the ratio and activation time[15] .

The synergistic effect between activation temper鄄
ature and activation time was earlier explained by Tan
et al. [12] who stated that the progressive temperature
rise and prolonged activation time would increase the
C鄄KOH and C鄄CO2 reaction rates, resulting in an in鄄
creasing of devolatilization, which further developed
the basic pore structure in the char and also enhanced
the existing pores and created new porosities. Similar鄄
ly, the synergistic effect between the activation tem鄄
perature and the ratio is mainly because the increase in
both parameters enhances the existing pores, leading
to an increased surface area and absorption rates. This
observation could probably be due to the drastic ex鄄
pansion of the carbon structure, leading to the in鄄
crease of surface area[16] .

The interaction between the three studied factors
(A. B. C) was found to be significant (p<0. 05) and
with a high negative coefficient, implying that combi鄄
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ning the three studied factors at their low level was
more effective for the production of high surface area
ACs.
3. 3摇 Analysis of variance ANOVA

After the estimation of the effects of main factors
and their interactions, ANOVA analysis of the data
was performed and the results are depicted in Table 4
and it is shown that the sum of squares used to esti鄄
mate the factors爷 effect and the F鄄ratios are defined as
the ratio of the respective mean鄄square鄄effect to the
mean鄄square鄄error. It爷s a measure of variation in the
data about the mean. The ANOVA of the regression
of the model demonstrates that the model is highly

significant as evident from the calculated F鄄value and
the very low p鄄value, which defined as the lowest
level of significance leading to the rejection of the null
hypothesis[6], as the higher the magnitude of F鄄value
and the smaller the p鄄value, the higher significance of
the coefficient. So it can be concluded that the main
factors, the two鄄way interactions and the three鄄way
interaction are all significant at 5% of probability lev鄄
el (p<0. 05) . Obviously the three鄄way interaction is
the most effective in the model as all effects have the
same p鄄value but the three鄄way interaction has the lar鄄
gest F鄄value.

Table 4摇 Analysis of variances for surface area (coded units) .
Source DF Seq SS Adj SS Adj MS F p

Main effects 3 1641208 1641208 547069 216. 60 0
2鄄Way interactions 3 183252 183252 61084 24. 19 0
3鄄Way interactions 1 677905 677905 677905 268. 41 0

Residual error 8 20205 20205 2526 鄄 鄄
Pure error 8 20205 20205 2526 鄄 鄄

Total 15 2522571
Note: DF: degree of freedom, Seq SS: sequential sum of squares, Adj SS: adjusted sum of squares, Adj MS: adjusted mean sum of squares, F: fis鄄
chers variance ratio ( factor F) and p: probability.

3. 4摇 The pareto chart
The relative importance of the main effects and

their interactions is illustrated in the pareto chart
( Fig. 3 ) . The t test was employed to determine
whether the calculated effects were significantly dif鄄
ferent from zero. It was observed that for a 95% con鄄
fidence level and eight degrees of freedom, the t鄄val鄄
ue was equal to 2. 31. The vertical line in the pareto
chart indicates a minimum statistically significant
effect magnitude for a 95% confidence level. Values
shown in horizontal columns are the t test values for
each effect[10,11,17], they all present an absolute value
higher than 2. 31, which are located right of the verti鄄
cal line and significant. Thus, according to Fig. 3,
the main factors (A, B and C) and their interactions
(AB, AC, BC and ABC) were found to extend be鄄
yond the reference line, indicating that they are all
significant.

The figure also indicated that the activation time
is the most significant effect on the surface area of the
AC, then three way interactions (ABC), followed by
the ratio, then the activation temperature. The (AC)
interaction contributed the least to the development of
high surface area AC as it is very close to the refer鄄
ence line in the Pareto chart.

Fig. 3摇 Pareto chart for surface area.

3. 5摇 Normal probability plots
In order to check if experimental data are nor鄄

mally distributed or not, the normal probability plot
of standardized effects was obtained as given in Fig.
4. In this plot, the statistically significant effects are
characterized by square signs, which are situated
away from the center line whereas the insignificant
effects are given by the circle signs which tend to fol鄄
low a normal distribution[10] . Also, according to Bin鄄
gol et al. [6], the points far away from the line likely
represent the “ real冶 factor effects. From Fig. 4, it
can be concluded that the three studied factors (A, B
and C) and their interactions (AB, AC, BC and
ABC) are considered to be “ real冶 as they are far a鄄
way from the straight line. The main factors and their
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interactions (B, C, AC and ABC) which lie on the
right of the line all have a positive effect on the re鄄
sponse. On the other hand those factors and interac鄄
tions that are situated to the left of the line (A, AB
and BC) have a negative effect on the response. It is
also clear from Fig. 4 that the activation time (C) has
the largest effect because its point lies farthest from
the line. The effects of the main factors and their in鄄
teractions were also found to decrease in the following
order: C>ABC>A>B>BC>AB>AC. It is clear that
these results confirm the previous Pareto chart analysis
and the data of Table 3.

Fig. 4摇 Normal probability plot of standardized effects.

摇 摇 Another important factor to be considered in the
statistical analysis of data is that the data come from a
normal distribution. The normality of the data can be
checked by plotting a normal probability plot of the
residuals. If the points on the plot fall fairly close to a
straight line, then the data are normally distribu鄄
ted[18] . The normal probability plot of residuals for
the surface area (Fig. 5) shows that the experimental
points are reasonably aligned, suggesting a normal
distribution. Thus the selected model effectively

shows how closely the set of observed values follow
the theoretical distribution.

Fig. 5摇 Normal probability plot of residuals.

3. 6摇 Surface and contour plots
The surface plots of the response functions are

useful in understanding both the main and interaction
effects of the factors[6] . Fig. 6 illustrates the response
surface contour plots when one parameter for each
graph is at a hold value. This figure also shows the
estimated Y parameter as a function of the normalized
independent variables, the height of the surface repre鄄
sents the value of Y. After a screening of factors using
a full 23 factorial design, the surface and contour plots
of the response (Y) indicated the same results as ob鄄
served in the interaction plot (Fig. 4) . The contour
plots are curved lines because the model contains the
interactions of the factors (AB, AC, and BC) . Fig.
6 reveals that the effect of A was more significant
with a low level of B and C, and the effect of B was
more important with a low level of C. From the three
contour plots, maximum values of Y required a low
level of the activation temperature and activation
time, and a high level of the ratio in agreement with
the interaction graphs.

Fig. 6摇 Contour plots of surface area(A, B; A, C; B, C) .
( : <200; : 200-400; : 400-600; : 600-800; : 800-1000; >1000)

3. 7摇 Desirability function
Finally, in order to get the optimum preparation

conditions for olive waste鄄based AC, a desirability

function was applied to the data. The desirability (D)
function is used to optimize the process parameters
such as the impregnation ration, activation tempera鄄
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ture and activation time. The goal of optimization was
to improve the surface area of the prepared AC by ad鄄
justing the process parameters to a desired level set.
The results showed that a desirability of 0. 939 is ob鄄
tained by keeping the three studied factors at their low
levels. Thus the AC was optimally prepared at an
KOH / char ratio of 2 颐1, activation time of 1hour and
activation temperature at 600 益.
3. 8摇 Characterization of AC

In the present work, information about the chem鄄
ical structure of olive cake, and the surface chemistry
of AC were characterized by FT鄄IR spectroscopy.
The FT鄄IR spectra of the olive cake and its KOH鄄acti鄄
vated carbon are shown in Fig. 7.

As seen from Fig 7a, the spectrum of olive cake
is relatively similar to many types of lignocellulosic
materials[19] . The figure depicts a strong broad band
at 3 400鄄 3 437 cm-1, which is ascribed to O—H
stretching vibration in hydroxyl groups involved in
hydrogen bonds. The band located nearly at
2 922 cm-1 corresponds to C—H vibrations in methyl
and methylene groups and the bands at 2 289 and
2 356 cm-1 correspond to 淄( 繎繎C C ) vibration in al鄄
kyne group. While the appearance of two bands at
1 630 and 1 455 cm-1 in the AC spectrum and the
band at 1 582 at olive cake spectrum can be attributed
to the presence of olefin 淄( 詤詤C C ) vibrations. In
general, it is well known that the bands in the region
between 1 430 and 1 660 cm-1 are generally ascribed

詤詤to the skeletal C C vibrations in the aromatic
rings. Whereas, the relative intense band at
1 739 cm-1 can be attrbuted to the stretching vibration

of carbonyl group, 淄( 詤詤C O ), in ketons and car鄄
boxylic acids that may be present in olive cake鄄based
AC. The bands in the region between 1 370 and 900
cm-1 could be assigned to C—O stretching vibrations.
The broad intense and sharp band located between 1
100 and 1 043 cm-1 is attributable to C—O vibrations
in secondary and primary R—OH groups in alcohols.
The small band at 893 cm-1 is ascribed to the C—H
out of plane bending vibration in benzene derivatives
and finally the broad medium intense band at
530 cm-1 is ascribed to O—H band[20] .

On the other hand, the spectrum of olive cake鄄
based AC in Fig. 7b displays the bands showing a
marked influence that could be a result of the carboni鄄

詤詤zation and activation. Aromatic C C bands and
oxygen functional groups give their characteristics
bands between 1750 and 900 cm-1 . The bands at
2 920 cm-1 might be assigned to the active centers in
potassium carbonates. This indicates that traces of the
activating agent may be still present in the carbon ma鄄
trix even after intensive washings[21] . Carbonyl

詤詤groups C O 詤詤and olefinic bands C C are still
present in the range 1 739鄄1 455 cm-1, but weak and
low intense bands. The comparison of the spectrum of
parent olive cake with the spectrum of its KOH activa鄄
ted carbon shows the disappearance of few bands in
the AC spectrum. These findings may be attributed to
the temperature at which this sample was prepared at
400 益 for carbonization and 600 益 for activation.
These high temperatures could break up the bonds and
thus leading to partially destruction of these bonds.

Fig. 7摇 FT鄄IR spectra of (a) olive cake precursor and (b) olive cake鄄based activated carbon.

3. 9摇 SEM analysis
SEM analysis was carried out on the olive cake

and its activated carbon prepared under the optimum
conditions, to study its surface texture and pore devel鄄
opment. Fig. 8a shows the SEM micrographs of the
olive cake, it can be noticed that the surface texture
of the precursor didn爷 t contain any pores, implying

that it would have small surface area. On the other
hand, Fig. 8b shows the SEM micrographs of the AC
prepared under the optimum conditions ( activation
temperature at 600 益 for 1 h with a KOH: char ratio
of 2 颐1) .

As can be noticed, Fig. 8b shows large and well鄄
developed pores on the surface of the AC. This might
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be due to the activation, which involved chemical ac鄄
tivating by KOH. Pore development in the char dur鄄
ing carbonization was also important as this would en鄄
hance the surface area and pore volume of the AC by

promoting the diffusion of KOH molecules into the
pores and thereby enhancing the KOH鄄carbon reac鄄
tions, which would create more pores in the AC[22] .

Fig. 8摇 SEM images of (a) olive cake precursor and (b) olive cake鄄based activated carbon.

3. 10摇 Nitrogen adsorption
The Nitrogen adsorption isotherm of olive cake鄄

based AC is shown in Fig. 9. This adsorption iso鄄
therm gives information about the porous structure of
the adsorbent. As can be seen, the figure illustrates
adsorption isotherm of a type IV according to the IU鄄
PAC classification. The type IV isotherm is character鄄
istic properties of solids having both micro and meso鄄
pores[23] .

The textural characteristics and surface area of
the olive cake鄄based AC are summarized in Table 5.
The BET surface area of olive cake鄄based AC was
672 m2 / g, with micropore surface area of 539 m2 / g.
The total pore volume of the AC was 0. 345 cm3 / g,
with an average pore diameter of 2. 0nm. This narrow
pore size distribution indicates the suitability of the
AC prepared in this work for separation purpose[22] .
Similar textural characteristics were previously repor鄄
ted in literature[21,24] where a large number of micro鄄
pores were developed upon the production of ACs.

Fig. 9摇 Nitrogen adsorption isotherms of olive cake鄄based activated
carbon prepared under the optimized conditions

Table 5摇 Physical properties of olive cake鄄based AC
prepared under the optimized conditions.

Characteristics Olive cake鄄based
activated carbon

Color Black
Stot total BET surface area (m2 / g) 6. 727伊102

Smicro micropore surface area (m2 / g) 5. 389伊102

Smeso mesopore surface area (m2 / g) 1. 338伊102

Vmicro micropore volume (cm3 / g) 2. 820伊10-1

Vmeso mesopore volume (cm3 / g) 0. 635伊10-1

Vtot total pore volume (cm3 / g) 3. 455伊10-1

Vmeso / Vtot(% ) 18. 37
Vmicro / Vtot(% ) 81. 36

Average pore diameter (nm ) 2. 049

4摇 Conclusions
摇 摇 The present study revealed that olive cake gener鄄
ated as a waste from olive factories is an attractive
precursor for preparation of a high porous AC by
KOH activation. The activation conditions for The
AC from olive cake was optimally prepared with a
char / KOH mass ratio of 1 颐2 at 600 益 for 1 h using
KOH activation. The surface area of the AC was
672 m2 / g with predominant micropores and a low
fraction of mesopores. The study highlights the prepa鄄
ration of a high quality AC, which can be used as a
low cost adsorbent for wastewater treatment purpose.
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