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Graphical abstract Abstract

Hydrogen sulfide (H2S) present in the industrial wastewater can be removed using

I" I' VR activated carbon produced from palm kernel shell. In this study, three factors namely

Y 6 BS [ BS . . . . . . .

ﬁ ﬁ%\ @ activation temperature, impregnation ratio of potassium hydroxide to precursor and
. a activation contact fime were investigated for the preparation of activated carbon

BS || HS

Im I“l’l \-/\-/ from palm kernel shell (ACPKS) as an adsorbent toward removal of HsS from synthetic
wastewater using central composite design (CCD). Chemical activation method was
Industrial efluent ~ Palm kernel shell - Aftr adsorption used to activate the adsorbent with different conditions using KOH as an activating
"’“1:;:;""" agent. The batch mode was utilized for studying adsorption process. Two responses
(removal efficiency (RE, %) and yield of adsorbent (Y, %) are tested by means of two
quadratic models. The results shown that the opfimum conditions for ACPKS
preparation are activation temperature of 829.4 ‘C, KOH to precursor ratio of 3.01 w%
and activation time of 85 min with responses of 94.41% RE and 39.4% of ACPKS yield.
The study recommended that, ACPKS is the promising adsorbent for removing H2S from

wastewater and other aqueous solutions.

Keywords: Palm kernel shell, hydrogen sulfide, response surface methodology,
stafistical analysis

Abstrak

Kehadiran hidrogen sulfida (H2S) dalam air sisa industri boleh dsingkirkan dengan
menggunakan karbon teraktif daripada cangkerang biji sawit. Dalam kajian ini, figa
faktor (suhu pengaktifan, nisbah penghamilan kalium hidroksida (KOH) kepada
pelopor dan pengaktifan masa sentuhan) telah diselidik unfuk persediaan karbon
teraktif daripada cangkerang biji sawit (ACPKS) sebagai penjerap tferhadap
penyingkiran H2S daripada air sisa sintetik menggunakan reka bentuk komposit tengah
(CCD). Kaedah pengaktifan kimia telah digunakan untuk mengaktifkan penjerap
dalam pelbagai keadaan yang berbeza menggunakan KOH sebagai agen
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pengaktifan. Mod kumpulan telah digunakan untuk mengkaiji proses penjerapan. Dua
findak balas (kecekapan penyingkiran (RE, %) dan hasil bahan penjerap (Y, %)) telah
divji dengan melaksanakan dua model kuadratik yang berbeza bagi sefiap tindak
balas. Hasil kajion menunjukkan bahawa keadaan persediaan optimum untuk
persediaan ACPKS adalah pada suhu pengakiifan 829.4 C, nisbah KOH kepada
pelopor 3.01 w% dan masa pengaktifan 85 minit dengan tindak balas RE sebanyak
94.41% dan hasil ACPKS sebanyak 39.4%. Kajian ini memperakui bahawa, ACPKS
adalah penjerap harapan untuk menghapuskan HaS daripada air sisa dan campuran
akueus yang lain.

Kata kunci: Cangkerang biji sawit, hidrogen sulfida, findak balas metodologi
permukaan, analisis stafistik

© 2017 Penerbit UTM Press. All rights reserved

1.0 INTRODUCTION

Hydrogen sulfide (H2S) is a harmful and putrid
compound. It has been broadly delivered as a by-
product in many factories. Excess exposure to H2S
might cause both chronic and acute ramifications
[1]. As recommended by the Agency for Toxic
Substances and Disease (ATSDR) that the minimum
inhalation risk level of H2S are 0.02 ppm [2]. However,
a concenfration of H2S ranged between 500ppm to
1000 ppm lead to human death [3]. Therefore, to
safeguard the employees, the Occupational Safety
and Health Administration (OSHA) has implemented
the limit of exposure 20 ppm for the general industry
during the workday. Moreover, studies reported that
the main targeted of H2S in human body systems are
the kidney and liver [4]. Death can cause by severe
exposure to high levels of H2S [5]. On the other hand,
the threat of acid rain is an environmental
organization issue that caused by (H2S) through it
dissociated by weather humidity and react with
oxygen fo produce water soluble sulfuric acid (4-6
g/L) [6]. Moreover, H2S has economic problem arising
from corrosion of metals as well as safety problem
posed by its highly flammable nature (even in the low
level of H2S) [7]. Another negative impact, H2S is one
of the main poisons for many industry catalysts, and
in addition it is a destructive gas towards pipelines
and equipment [8]. So removal of H2S is necessary
because of it is excepfionally hazardous and sway
the security, environment and human wellbeing. It is
essential to find a suitable technique to deal with
ousting H2S from wastewater before transfer it out to
the water bodies turn into the ecological confrols
concern. The removal of H2S has been carried out by
many methods like magnesium peroxide (MgO2)[9].
Fe2* and Fed* ions [10], biofilters [11], electrochemicall
processes [12] and adsorption [13]. However, the
adsorption processes are sfill widely acceptable
among researchers [14]. This is because of adsorption
method has advantage of low inifial cost, ease of
operation, simplicity of design, biodegradability, high
efficiency and complete removal of pollutants even
from dilute solutions and insensifivity to toxic
substances [15-20]. In the past, purification

technology by adsorption process using activated
carbon has been exceedingly used in water
purification production of industrial gases and
petrochemical industries [21]. Researchers have
been investigated the removal of H2S by many kinds
of adsorbent materials such as zeolite[22], silica [23],
alumina [24], and activated carbon [25]. Compared
to other adsorbents, activated carbon has more
widely used as an adsorbent due to it has the
acceptable surface areaq, porosity and even various
functional oxygenated groups. But adsorption
operation by using the commercially activated
carbon to purify water is not cost effective [26-27].
Therefore, many agricultural wastes rich in lignin and
cellulose containing structures such as aldehydes,
ketones and alcohols are good adsorbents [28].
Many researchers have studied various low-cost bio
adsorbents  (agricultural  wastes, which  are
environmentally friendly) such as palm oil shell [29]
and different  agricultural/forestry  wastes  [30].
Recently, the cost becomes an important issue
among researchers. Low cost activated carbon
obtained from carbonaceous wastes become
attractive in term of cost and availability and it can
be considered as an effective method to remove
pollutants from water and air by adsorption.
Therefore, the wonderful future of activated carbons
creates them very appealing for purification of water
[381]. gases [32]. Low-cost adsorbent preparation from
waste agricultural materials has dual benefits of
being economical and environmental friendly
process [33]. AC from agricultural wastes have been
used in several studies such as palm oil shell [29], nut
shell [21], pomelo skin [31], and coffee industry waste
[32]. Malaysia is currently the world's largest producer
and exporter of palm oil. Therefore, huge amount of
wastes are produces from palm oil mill [34]. Palm
kernel shell is one of the important biomass materials
The AC from palm kernel shell is subjected to either
chemical activation or physical activation method. In
this study, chemical activation using KOH is
employed for preparing high-adsorption-capacity
activated carbon from palm kernel shell using
Response Surface Method (RSM). RSM is a helpful
statistical model apparatus  which  empowers
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cognizance of ideal variables to get the opfimum
preparation condifions to prepare suitable activated
carbon for removal of H2S. This method was proposed
by Box and Wilson [35] and it could be utilized to
investigate the effect of factors and the interactions
onto responses [36]. The main objective of this work is
to investigate the optimum conditions needed for
the preparation of ACPKS to maximize the removal
efficiency (RE, %) and yield of activated carbon (Y,
%) to remove dissolved H2S from synthetic petroleum
wastewater.

2.0 METHODOLOGY
2.1 Raw Material

Palm kernel shell (PKS) waste residue was gotten from
United Palm QOil Mill, Nibong Tebal, Malaysia. Firstly,
the PKS was washed and dried to remove water. This
was followed by mechanical grinding and sieving to
get particle sizes of 0.5-1 mm and further drying at
110 °C for 24 h until constant weight was obtained.
Then, the precursor of PKS was soaked with KOH for
24h, with the KOH/precursor mass ratios of 2:1- 4:1.

2.2 Preparation of Activated Carbon

The carbonization process was conducted by using
the tubular horizontal furnace. The dried sample
subjected to a pyrolysis process between 724-1000 °C
for a known period with a heating rate of 10°C/min in
an inert atmosphere (N2 flow of 150 mL/min) for
activated carbon production. The activation process
of carbon was implemented depended on the
suggestion of software. The three parameters
investigated were Activation temperatures, amount
of KOH to precursor and activation contact time. The
ranges were 724-1000 ‘C, 2:1-4:1 and 60-120 min,
respectively which demonstrated in Table 1. The final
activated carbon product was labeled as ACPKS.
Moreover, the preparation of synthetic wastewater
was set up as per the strategy reported by
somewhere else[37].

2.3 Modeling and Optimization
2.3.1 Design of Experiment

Response surface methodology is an accumulation
of numerical and stafistical techniques that are
valuable for demonstrating, investigation, analysis
and modeling of problems in which a response is
affected by a few factors [38]. In the current study,
the three preparation factors are implemented
based on development quadratic models for
responses such as RE (%) and Y (%), as well as
investigated the optimum preparation conditions.
Cenfral Composite Design (CCD) is a useful tool to
study the activation process. It is conducted for fitting
a quadratic surface. This fool used to analyze the
interaction effect between those parameters, as well

as to optimize the effective parameters with a
minimum number of experiments. In general, the
CCD conisists of a 2k factorial runs with 2k axial or star
runs and center runs nc [38]. The three parameters
investigated were Activation temperatures (T), the
percentage of KOH to precursor and activation
contact time (f) with ranges of 724-1000 C, 2-4 and
60-120 min, respectively. The responses were RE (%)
and Y (%) as seen in Table 1. At the center point were
performed six replicafions. Thus, the suggested
required experimental (N) by software is as bellow:

N= 2k + 2K + ne= 23 +2*3 + 6 = 20 (1)

The residual error was estimated by replicating the
central point. According to the range of each factor,
the independent factors are coded to the (-1,1)
interval. The low and high levels are coded -1 and +1,
respectively. The axial points are located at (xce,0,0),
(0,ce,0), (0.0,£ce) where ce is the distance of the
axial point from the center and makes the design
rotatable.

In the current study, the preparation conditions
for preparing (ACPKS) by utilizihg the CCD. The
factors tested were (i) x1, activation temperature (C);
(i) x2, KOH to precursor and (i) x3, activation
contact time. The outcomes acquired and all design
informations of the tests did are appeared in Table 1.
To minimize the impacts of the uncontrolled
components, the all the tests sequence was
randomized. The two responses were RE (%) and Y
(%). The responses were utilized to build up an
empirical model which correlated the response to
the three preparation factors utilizihg a second
degree polynomial equation as given by Eqg. (2) [39]:

n il
F= bﬁzhﬁﬁr(zbim
izt i=t

where Y is the predicted response, bo the constant
coefficient, bi the linear coefficients, bij the
interaction coefficients, bii the quadratic coefficients
and xi, xj are the coded values of the activated
carbon preparation variables.

n-1 1

+Z z by )

i=1j=idl

2.3.2 Graphical Analysis and Statistical

The statistical tools such as coefficient of
determination (R-squared), probability (P value),
residual and Fisher value (F-value) are considered
the indicators of showing significance of the model
equations [40 - 41]. However, 3D plot graphs are
utilized to investigate the interaction impact of
variables on responses.

2.3.3 Oplimization and Validation

Opftimization strategy was utilized to investigate the
opfimum preparation conditions for the procedure
factors under consideration. To accomplish this,
objectives are designed the matrix table for all the
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variables in ranges with limitations 724-1000 C, 2-4
and 60-120 min for factors activation temperatures,
percentage of KOH to precursor and activation time,
respectively. For the responses surface, the objective
for RE (%) and Y (%) were set “maximize”.
Subsequently adsorption capacity becomes the

objective function or performance index. Moreover,
model validation was carried out by conducting
batch test under optimum preparation conditions. To
evaluate the validity of the model, the model
predicted values got compared with experimental
values.

Table 1 Three factors cenfral composite design matrix and the values of the responses function

Run ACPKS preparation condition variables RE (%) Yield (%)
Coded variables A: Activation B: KOH to C: Activation
temperature precursor contact time
(C) ratio (min)

1 -1.000  -1.000 -1.000 724.00 2.00 60.00 86.3 40.5
2 -1.000  -1.000 -1.000 724.00 2.00 60.00 85.9 4]
3 1.000 -1.000 -1.000 1000.00 2.00 60.00 85.5 35
4 1.000 -1.000 -1.000 1000.00 2.00 60.00 85.8 35.6
5 -1.000 1.000 -1.000 724.00 4.00 60.00 87 39
6 -1.000 1.000 -1.000 724.00 4.00 60.00 86.7 38.7
7 1.000 1.000 -1.000 1000.00 4.00 60.00 87.7 32.9
8 1.000 1.000 -1.000 1000.00 4.00 60.00 87.5 33
9 -1.000  -1.000 1.000 724.00 2.00 120.00 86 38.1
10 -1.000  -1.000 1.000 724.00 2.00 120.00 86.4 38
11 1.000 -1.000 1.000 1000.00 2.00 120.00 86.5 32
12 1.000 -1.000 1.000 1000.00 2.00 120.00 86.4 31.9
13 -1.000 1.000 1.000 724.00 4.00 120.00 86 38.2
14 -1.000 1.000 1.000 724.00 4.00 120.00 86.4 38
15 1.000 1.000 1.000 1000.00 4.00 120.00 87.7 31.3
16 1.000 1.000 1.000 1000.00 4.00 120.00 88 31
17 -1.682 0.000 0.000 629.91 3.00 90.00 84.5 39
18 -1.682 0.000 0.000 629.91 3.00 90.00 84.6 39.2
19 1.682 0.000 0.000 1094.09 3.00 90.00 86 27.5
20 1.682 0.000 0.000 1094.09 3.00 90.00 86 27.6
21 0.000 -1.682 0.000 862.00 1.32 90.00 87.4 38.4
22 0.000 -1.682 0.000 862.00 1.32 90.00 87.3 38.5
23 0.000 1.682 0.000 862.00 4.68 90.00 90 36.4
24 0.000 1.682 0.000 862.00 4.68 90.00 90.2 36.6
25 0.000 0.000 -1.682 862.00 3.00 39.55 87 39.8
26 0.000 0.000 -1.682 862.00 3.00 39.55 87.3 39.5
27 0.000 0.000 1.682 862.00 3.00 140.45 87 36.5
28 0.000 0.000 1.682 862.00 3.00 140.45 87.2 36.5
29 0.000 0.000 0.000 862.00 3.00 90.00 95 38.5
30 0.000 0.000 0.000 862.00 3.00 90.00 94.5 38.6
31 0.000 0.000 0.000 862.00 3.00 90.00 94.6 38
32 0.000 0.000 0.000 862.00 3.00 90.00 95.3 39.6
33 0.000 0.000 0.000 862.00 3.00 90.00 94 38.3
34 0.000 0.000 0.000 862.00 3.00 90.00 95 38.7
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3.0 RESULTS AND DISCUSSION
3.1 CCD Model Analysis and Results

At the beginning of the process of looking optimum
conditions is to distinguish the info factors that have
the most prominent impact on the experimental
responses. Activation temperature (724-1000 C),
activation mass ratio KOH: Precursor (w%)., and
activation contact time (60-120 min) are the
parameters with responses of RE (%) and Y (%). A
mathematical relationship between the responses
and the preparation process factors was developing
by software to get a polynomial model. A quadratic
polynomial model was suggested by software to
develop the relationship between factors and
responses. The predicted and experimental values for
both responses and coded, uncoded preparation
factors corresponding to different combinations of
selected factors are showed in Table 2 and 3.

In addition, Correlation between the factors and
responses surface were improved utiliziing CCD. As
indicated by the consecutive model sum of squares,
the models were chosen in light of the most
astounding request polynomials where the additional
terms were the models were notf aliased and
significant [42]. Correlation coefficient and standard
deviation were utilized to rectify the fitness of the
developed models. The closer the R? value is to unity
and the, smaller the standard deviafion the
preferable the model in predicting the response [43].
Table 2 demonstrates that the quadratic model for
RE % response which has generally a moderately
high R2 value of 0.9932 with adjusted R? (0.9907) in
reasonable agreement with predicted R2? (0.9875)
and small standard deviation of 0.32. It was
additionally seen on the table that the quadratic
model for response RE was not aliased. This suggests
that the quadratic model can be utilized to portray
the relationship between the interacting factors and
response. Table 3 likewise demonstrates that the
quadratic model for Y (%) which has generally a
moderately high R2 value of 0.9913 with adjusted R2
(0.9881) in reasonable agreement with predicted R2?
(0.9838) and small standard deviation of 0.39 and the
quadratic model for response Y was not aliased. The
relationship between the interacting factors and
response Y could be described by implementing the
quadratic model.

Table 2 Regression statistics for removal efficiency (RE, %) at
equilibrium

Table 3 Regression stafistics for adsorbent activated carbon
yield (Y, %) at equilibrium

Source Standard  R? Adjusted Predicted Comment
deviation R2 R2

Linear 1.77 0.7722 0.7494 0.7146

2F 1.83 0.7824  0.7340 0.7135

Quadratic  0.39 0.9913 0.9881 0.9838 Suggested

Cubic 0.35 0.9941  0.9903 0.9867 Aliased

Source Standard  R? Adjusted Predicted Comment
deviation R2 R2

Linear 3.37 0.0403 -0.0557 -0.0847

2FI 3.54 0.0480 -0.1636 -0.1728

Quadratic  0.32 0.9932 0.9907 0.9875 Suggested

Cubic 0.28 0.9956 0.9927 0.9906 Aliased

3.2 Development of Regression Model Equation

The correlation between the response surface and
factors was developed by using CCD. Moreover, the
wellness of the models developed could be
explained by the standard deviation and
Relationship coefficient [42], [44]. Thus, the R? values
of 0.9932 and 0.9913 estimated that 99.32% and
99.13% of the difference in RE (%) and Y (%)could be
attributed to the three factors (A -activation
temperature, B- KOH: Precursor activation ratio, C-
activation contact time. Therefore, the the quadratic
model suggested by the software can be written as
[37, 44]:

Removal efficiency (RE, %)

RE=94.7+0.34A+0.64B+0.03C+0.33AB+0.2AC-0.16BC-
3.34A2-1.12B2-2.68C2 (3)

Adsorbent activated carbon yield (Y, %)

Y=38.63-3.21A-0.16B-1.02C+0.16AB-0.21 AC+0.44BC-
1.93A2-0.46B2-0.25C? (4)

3.3 Statistical Analysis

The lack-of-fit test for response surface quadratic
model for RE (%) and the analysis of variance
(ANOVA) are shown in Table 4. From Table 4 can be
observed the values of F-value of (391.86) and P-
value less than (0.05) which indicated that the
quadratic model is significant [41]. From that, could
be concluded the significant of others parameters
and interactions between them. So, can be seen
from Table 4 that A, B, AB, BC, AC, A?, B2 and C2are
significant, while only C is the insignificant model
terms.

Table 5 represents the lack-of-fit fest for a
response surface quadratic model for Y (%) and
analysis of variance (ANOVA) values. It shows that
the significant of the models for parameters and
interaction between parameters. From the F-value of
(304.60), and P value less than 0.0001can be
indicated that the quadratic model is significant [45].
So, from Table 5 can be seen that AB is the
insignificant model terms. While the others such as A,
B, C, AC, BC, A?, B2, and C2, are significant.
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Table 4 Analysis of variance (ANOVA) and lack-of-fif test for response surface quadratic model for RE (%)

Sources Sum of df Mean F-value P value Comment
squares square
Model 353.44 9 39.27 391.86 < 0.0001 significant
A-Activation temperature 3.15 1 3.15 31.44 < 0.0001 significant
B-KOH:Carbon ratio 11.15 1 11.15 111.24 < 0.0001 significant
C-Activation contact time 0.025 1 0.025 0.25 0.6197 insignificant
AB 1.69 1 1.69 16.86 0.0004 significant
AC 0.64 1 0.64 6.39 0.0185 significant
BC 0.42 1 0.42 4.22 0.0511 significant
A2 250.88 1 250.88 2503.34 < 0.0001 significant
B2 100.95 1 100.95 1007.29 < 0.0001 significant
C2 162.14 1 162.14 1617.87 < 0.0001 significant
Residual 2.41 24 0.10
Lack of Fit 0.84 5 0.17 2.03 0.1205 not significant

Table 5 Analysis of variance (ANOVA) and lack-of-fit test for response surface quadratic model for adsorbent activated carbon
yield (Y, %.)

Sources Sum of df Mean F-value P value Comment
squares square

Model 410.28 9 45.59 304.60 < 0.0001 significant
A-Activation temperature 281.27 1 281.27 1879.36 < 0.0001 significant
B-KOH:Carbon ratio 10.04 1 10.04 67.08 < 0.0001 significant
C-Activation contact time 28.29 1 28.29 189.00 < 0.0001 significant
AB 0.42 1 0.42 2.82 0.1059 insignificant
AC 0.72 1 0.72 4.83 0.0379 significant
BC 3.06 1 3.06 20.46 0.0001 significant
A2 83.92 1 83.92 560.76 < 0.0001 significant
B2 4.81 1 4.81 32.16 < 0.0001 significant
C2 1.41 1 1.41 9.41 0.0053 significant
Residual 3.59 24 0.15

Lack of Fit 1.60 5 0.32 3.05 0.0347 significant
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Figure 1 a and b demonsirates the plots of actual
versus predicted values of response RE (%)and the Y
(%) values which shows the predicted values are
quite close to the experimental values, showing that
the successful of the developed model. In addition,
the interaction of the three factors is described very
well by these response surface model equations.

® Predicted vs. Actual

9530 —

9260 —f —t<

8990 — g

Predicted
N

8450 —f

Actual

® Predicted vs. Actual

41.00 —| =

3763 —

2425 |

Predicted

3088 —

2750 —

T T T T T
27.50 30.88 3425 37.63 4100

Actual

Figure 1 actual and predicted curve for RE (%) (a) and
activated carbon yield (Y, %) (b)

3.4 The Interaction Impact of Factors on Response of
Removal Efficiency (RE, %)

The 3D graph of the interaction impact of factors
such as activation temperature and KOH: Precursor
rafio at constant of activation contact time on
response R is clearly demonstrated in Figure 2. It
shows the clear interactions between these two
parameters. The activation tfemperature with a range
between 724 to 1000 C and activation agent mass
ratio (KOH: Precursor) with range of (2-4 w%). From
Figure 2 it could be noticed that the activation
temperature has significant impact on the RE (%)
value. At the activation temperature (724 C) the
effect was very low and it has minimum value of RE %
which is around 85.9%. After that, the RE% start
increased with increasing the activation temperature
until reach the optimum requirement of activation
temperature for getting the optimum RE% which
around of 829.4°C with RE of 94.41%. After that, rising
the activation temperature affected the RE %. This is
because of because of the rising activation
temperature lead to decreasing the surface area of

the adsorbent and increase the average pore size.
Moreover, the higher femperafure causes fo
evaporate the element of potassium (K) due to the
boiling point of potassium is 780 ‘C. Thus, the number
of active sites will be decreased and the percentage
of acid/base reaction decreases. Hence, the
removal percentage of H2S is decreasing with
increased the activation temperature [46]. Moreover,
the activation agent also has important effect on the
response RE%. As could be seen from Figure 2 as low
the KOH to precursor as low the RE% then the
percentage of RE increased when IR increased that
mean the chemical activation aftributed more on
the RE% same trend observed on previous work [47,
48].

More so, the 3D graphs of interaction impact of
activation contact time and the activation
temperature of AC at constant KOH to precursor on
the response of RE (%) are shown in Figure 3. The
interaction of activation contact fime range (60-120
min) and activation temperature on AC range (724-
1000 C) have a significant effect on response RE (%).
From Figure 3 at the lower values of factors, it is
observed that both factors have significant impact
on the RE % process at the beginning. However, the
effect of the factors increased with increasing
activated temperature and activation fime until
reach the opfimum contact time and temperature
that required to improve the RE (%) which is around
85 min and 829.4 C respectively. Moreover, both of
factors have almost same impact on the response RE
% (see Figure 3).

Furthermore, Figure 4 representes the 3D graph of
the interaction between activation contact time and
KOH to precursor at constant of activation
temperature of AC on response RE (%). From Figure 4
it could be noticed that activation contact time has
relatively comparable impact with KOH to precursor
on response RE%. However, the KOH to precursor has
more impact on the RE% as seen in Figure 4. It can be
seen from Figure 4 that both of factors have very low
RE (%) at (60 min & 2 w%) which is the lower factors
values. Thus, the RE (%) start increasing when the
factors value increasing until the optimum values that
the RE (%) has the higher amount. The activation
agent has a specific required fime to develop the
porosity and burn all the materials that can affect the
developed porosity and adsorption capacity of the
adsorbent. Similar observation reported by Li, S. et al.
[46].
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Figure 4 Interaction impact of activation contact time and
KOH: precursor ratio at constant activation temperature on
response RE (%)

3.5 The Interaction Impact of Factors on Response of
Activated Carbon Yield (Y, %)

Figure 5 demonstrated the 3D graph of interaction
impact between the KOH: Precursor ratio and the
activation temperature of AC on Y (%) at constant of
activation contact fime. It could be seen from the 3D
graph that the factors of activation temperature on
AC have the most impact on the response Y (%)
compared with the KOH: Precursor ratio factors. The
maximum product of AC yield found in the activation
temperature around 724 C. While the effect of factor
of KOH: Precursor ratio was quite smaller (see Figure
5).

ga;,n\u‘\\v/ 75.00 C: Activation contact time

In addition, Figure 6 demonstrated the 3D graph of
interaction between activation contact fime and the
activation temperature of AC on Y (%) at constant
KOH: Precursor ratio. From Figure 6 it is noticed that
the activation temperature of AC has a significant
effect on yield (%). So, from Figure 6 could be seen
that the optimum activation temperature required
for optimum yield around 724 'C as demonstrated in
Figure 6. On the other hand, during the process as
can notice that the impact of factor contact time on
response yield was low. Thus, as the contact fime
value decreased the yield (%) start increased until
reach the optimum contact fime required to get
opfimum yield (%) which is around 60 (min).

Finally, the 3D graph of the inferaction of
activation contact time and KOH: Precursor on AC
yield (%) at a constant activation temperature of AC
is shown in Figure 7. From that, it noficed that both
activation contact time and KOH: Precursor ratio
have almost a significant impact on AC yield (%).
Both of factors have a very low yield af (120 min & 4
w%) which is the higher factors values. Thus, the AC
yield (%) began increasing when the factors values
decreasing until reaching the optimum values Y (%).
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Figure 5 Interaction impact of KOH to precursor ratfio and
the activation temperature on Y (%) at constant activation
contact time
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Figure 6 Interaction impact of activation contact time and
the activation temperature on Y (%) at constant KOH to
precursor ratio
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3.6 Validation of the Model

The values of responses RE (%) and Y (%) were
maximized to get the optimum operation condition
for preparing ACPKS. The preparation ACPKS
optimum conditions are: activation femperature of
829.4 C, KOH: precursor rafio of 3.01 w% and
activation contact fime of 85 min. The results are
listed in Table 6 and found that after repeating the
experimental work three times, the predict values
was very close to experimental work. It has the
percentage error less than (6 %). Thus, the model
equation proposed by RSM is valid and could be
utilized to predict the responses factors RE and yield
accurately.

Table 6 Model validation

Variables Theoretical Experimental
A:Activation B: KOH to | C: Activation | RE (%) Yield (%) RE (%) Yield (%)
temperature precursor rafio contact fime (min)

(€)

829.4 3.01 85 94.41 39.4 96 41.2

4.0 CONCLUSIONS

In this study, preparation of activated carbon from
palm kernel shell was optimized using central
composite design. It was implemented to investigate
the impact of activation temperature, impregnation
rafio of potassium hydroxide (KOH) to precursor and
activation time on the thermal activation process of
palm kernel shell. Palm kernel shell is demonstrated to
be effective for preparing activated carbon for the
removal of H2S from an aqueous solution. The results
of the opfimum preparation conditions for the ACPKS
were found to be: activation temperature of 829.4C
with KOH to precursor ratio of 3.01 w% and activation
time of 85 min with responses of RE and vyield of
94.41% and 39.4% respectively. The batch mode was
utilized for studying adsorption process. The result
found that the ACPKS could be the promising
adsorbent for removing H2S from wastewater.
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