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ABSTRACT

The main point of this study is to investigate the optimal conditions for preparation of
activated carbon from wood sawdust (ACWSD) for removal of hydrogen sulfide (H»,S)
from wastewater. The response surface methodology (RSM) was employed to prepare
the ACWSD by chemical activation with potassium hydroxide (KOH). The three
preparation variables impact of activation temperature (724 — 1000 °C), KOH: precursor
(Wt%) impregnation ratio (IR) (2:1 — 4:1) and activation time (60 — 120 min) on
removal efficiency (RE, %) of H,S and activated carbon yield (ACY, %) were
investigated. The preparation parameters were correlated by developing a quadratic
model depend on the central composite design (CCD) to the two responses. The
analysis of variance (ANOVA) was identified the most influential variable on each
experimental design responses. The results showed that the temperature of 854 °C,
chemical impregnation ratio of 2.95 wt% and activation time of 80 min were the
optimum conditions for preparation of ACWSD with responses of RE and ACY of
72.88 % and 31.89 %, respectively. It is concluded that the ACWSD was appeared to be
a favorable substance for removal of dissolved H,S from synthetic wastewater.

Keywords: Wood Sawdust, Activated Carbon, Response Surface Methodology,
Wastewater, Hydrogen Sulfide.

1.0 INTRODUCTION
For a long time people were not informed of the size of the antagonistic impacts of their
movement on the nature of the environment. Industrial waste dumps, cluttered forests,
polluted air and poisoned rivers are the impacts of the actions of human on the
environment. The outflow of gasses including to for example carbon oxides, hydrogen
sulfide, nitrogen oxides and sulfur dioxide was regarded to the main reason for the
phenomena of acid rain, smog pollution, odors as well as for decreasing in the layers of
ozone (Kazmierczak-Razna et al, 2015). In addition, the globalization effect has
resulted in the emergence and development of different industrial institutions and this
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has led to a noticeable upsurge of accrued wastes which has grueling impacts on the
environment. Basically, the contemporary community is urgent to improve to gage and
handle these wastes for protecting the environment and secure human well-being. For
example, in the industry of crude oil processing this can be produced by high and low
sulfur contents, respectively. Because of the toxicity of sulfur, the most preferred over
its sour counterpart is sweet crude oil (Purcell ef al., 2007). In fact, there will be many
wastes which would dissolve inevitably in the water especially when the distillate crude
oil is processed into useful products to inevitably produce sour water which is
hazardous (containing (H,S)) and hence it must be treated before the discharge for reuse
or discard to moor.

Moreover, polluted water is lethal to organisms in the bottom as well as causes
exhaustion of dissolved oxygen (Kienow, 1989). Furthermore, H,S causes respiratory
issues, safety issue by its very combustible nature and additionally monetary issues
emerging from erosion of metals (even in the low level of H,S) (Ozekmekci et al.,
2015). Regardless to the corrosion of metal because the H,S, the rigid surface would be
also corroded because the steady formation of sulfuric acid and ultimately causes
destroy the sewer system (Vollertsen et al., 2008). Besides the corrosion problems
caused, H,S is very toxic and can be observed in an amount between 0.05 and 0.1 mg/L.
For mentioned above the significance of taking measurements distillate on the
protection of the environment, including those directed to the limitation of emission of
pollutants.

An adsorption on the activated carbon is a vital technique that can be created for the
expulsion of pollutants from air and water (Bansal & Goyal, 2005). The widespread
difference of the fossil carbonaceous substances, for instance, wool, peat and coal can
be used as a carbon precursor for activated carbons. Furthermore, the wastes of wood
and farming are cheap and recyclable extra sources for activated carbons. It is believed
that these wastes substances have less or no costs, and their discarding often becomes
the main problem. For instance, in Malaysia, every year there is almost million tons of
farming wastes are being discarded into landfills (Hameed et al., 2007). In this manner,
the value added process can be obtained through the transformation of waste substances
into activated carbon. Similarly, the burden of waste disposal can be decreased as well
as provides a possible cheap shifted material to the current commercial activated
carbons (Tsai et al., 2007). Lastly, many researchers have been conducted on activated
carbon from agricultural wastes, such as sugar canes (Castro et al., 2000; Rufford et al.
2010), nut shell (Hu & Vansant, 1995), coconut shell (Yang et al., 2010), fruit stones
(Lussier et al., 1994; Kazemipour et al. 2008), macadamia nut shells (Martins et al.,
2015), fibers of oil palm empty fruit bunches (Farma et al., 2013), sunflower straw (Foo
& Hameed, 2011b) and date stones (Sekirifa et al., 2013).

Activated carbon has large adsorption capacity due to it has a great permeability and
large-surface-area materials which is created by activation of carbonaceous substances
and carbonization. They are widely utilized as catalyst supports and electrode materials
of supercapacitors and also for purification and filtration applications. Moreover, since
their large surface area and permeability, the existence of different practical groups
permits a broad application of activated carbons like pesticide adsorption to decrease
pollutant and nutrient preservation in soil (Rajkovich et al., 2012). It is possible to use
jacaranda fruit and plum kernels to produce activate carbons which are used in water



Journal of Chemical Engineering and Industrial Biotechnology V1(2017)1-17

treatment (Trevino-Cordero ef al., 2013). A great deal of attention has been paid to the
preparation and characterization of activated carbons in both industrial and scientific
field. This attention is because of a large number of applications. The activated carbon
which is produced by the chemical activation has a higher surface area and a higher
yield at a lower temperature compared with that activated carbons produced by physical
activation (Demirbas, 2009). As a consequence of the degree of surface area
development, there is a high flexibility in the sorption, kind of permeable construction
and particular character of its surface (Nowicki et al., 2013; Adib et al., 1999). The
properties and efficiency of activated carbons give them precious value particularly in
industrial conditions for refining of water (Foo & Hameed, 2011a), gases (Pietrzak &
Bandosz, 2007; Bansode et al., 2003), wastewater (Wang et al., 2008) as well as
catalysts supports (Santoro et al., 2003). Very few studies reported on the removal of
H,S from aqueous solution using activated carbon (AC) under applying the application
response surface method (RSM).

In this study, RSM technique is used to optimize the preparation of activated carbon for
the removal of H,S from synthetic wastewater. RSM 1is a useful statistical model tool
and it can be utilized to assess the relative importance of several influencing elements
even in the existence of composite interactions. (Hounsa et al., 1996). The objectives of
this work are to investigate the optimum adsorbent preparation factors needed to
maximize the removal efficiency of H,S from wastewater.

2.0 METHODS AND MATERIALS

Raw Materials

Wood sawdust was a source of carbon. It was collected from a sawmill in Kuantan,
Malaysia. The sawdust was filtered to vacate any impurities, dehydrate at 110 °C for 24
h and stored in a sealed container. Later, the dried wood sawdust was milled utilizing a
lab-scale milling machine speed of around 500 rpm and grinded to volume of 0.5 — 1
mm. Then, the result wood sawdust was activated with KOH: wood sawdust (IR) bulk
proportions of 2:1 —4:1 using Equation 1:

_ Wgon
IR = e (D

Where, IR is the impregnation ratio, Wxon is the weight (g) of KOH pallets and W, is
the weight (g) of wood saw dust.

Activated Carbons Preparation

The activation process of wood sawdust was implemented based on the suggestion of
software. The activation process was conducted by using a horizontal tubular furnace
(Nabertherm, R5/500, Germany). The samples were subjected to a pyrolysis process
under conditions were shown in Table 1. The heating rate was 10 °C/min in an inert
atmosphere (N, flow of 150 mL/min) for the production of activated carbon. The last
products are washed and dehydrated at 110 °C for 24 h and coded as ACWSD. All the
chemical used are gotten from faculty of chemical engineering and natural resources
laboratory store University Malaysia Pahang.
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Hydrogen Sulfide Solution Preparation

In this study, the artificial waste water of the hydrogen sulfide solution was prepared
according to the procedure used by Asaoka (Asaoka et al., 2009). Then, the pH of the
mixture is adjusted to neutral utilizing 0.2 M HCI.

Modelling and Optimization

Experiment design

Response surface methodology (RSM) is an accumulation of numerical and statistical
methods that are important for illustrating, examination, demonstrating and
investigation of problems in which a response of interest effected by a couple factors
(Montgomery, 2001). Central composite design (CCD), three-level factorial design and
Box—Behnken design are considered the several classes of designs under RSM and they
are the most common designs utilized by the scholars. However, in the current study the
CCD was employed to study optimization and the effect of factors toward their
responses. This method is suitable for fitting a quadratic surface and it spreads to
enhance the influential parameters with a minimum number of experiments as well as
examine the association between the parameters (Montgomery, 2001). With a specific
end goal to figure out whether the elements and the response variables explored can be
associated and using a regression as an appropriate method to analyze the information
gathered.

Commonly, the CCD comprises of a 2k axial or star runs with 2k factorial runs and
centre runs nc (Azargohar & Dalai, 2005). The three parameters investigated were the
temperatures activation (T), mass ratio of KOH : precursor and the duration of time
activation (t) and their related extends were 724 — 1000 °C, 2:1 — 4:1 and 60 — 120 min,
respectively. The responses were RE and ACY. At the centre point were performed six
replications. Thus, the whole number of experiment (N) needed is as follows:

N=2"+2k + n=2>+2%3 + 6 =20 )

The residual error was estimated by replicating the central point. Based on the extend of
each element (factor), the independent factors are coded to the (-1,1) interval. The
different levels, that is to say, high and low, are coded +1 and -1 separately. The axial
points are situated at (0,0,+ce), (xce,0,0), (0,£ce,0), what makes the design rotatable is
the c¢ which represents the axial point from the centre. The value of ce is 1.565 as
suggested by software. For designing this set of the experiment the design of expert
software version 10 was utilized. In the recent study, the conditions of preparation
elements for prepared activated carbon based wood sawdust (ACWSD) by utilizing the
CCD. The variables studied were (i) x;, activation temperature (°C); (ii) xo, KOH:
precursor mass ratio and (iii) X3, activation time. The outcomes acquired and complete
design matrix of the tests did, all together, are appeared in Table 1. The purpose behind
of randomizing the experimental result was to diminish the effect of the uncontrolled
constituents. The removal efficiency RE was considered as a response and AC yield. In
order to set up an empirical model the responses were used which in turn correlate the
responses to three preparation elements using a second degree polynomial equation as
given by Equation 3 (Zainudin et al., 2005):
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n n n-1 n
Y = bO + Z bixi + (Z bl'ixi> + Z Z bijxl'xj' (3)
i=1 i=1 i=1 j=i+1

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.

Model fitting and statistical analysis

Design-Expert software (version DX10) was conducted to determine the regression and
graphical analysis with statistical significance. In order to picture the relationship
between the responses and experimental factors, the contour plots and response surface
were created from the models. The best values of the process s variables were obtained
from the reaction surface. A coefficient of determination (R-squared), Fisher value (F-
value), probability (P value), and residual were used as a standard of significance of the
model equations (Hassani et al., 2014; Roy et al., 2014). Graphs were utilized to
investigate the combined impact of variables on responses utilizing 3D plots and to also
analyze the actual value versus the predicted plots of the response variables.

Optimization and validation

Optimization strategy was utilized to decide the optimum preparation conditions for the
procedure factors under consideration. To accomplish this, objectives were set with
requirements. For each of the variables, goal was set “in range” with limitations 724 —
1000 °C, 2:1 — 4:1 and 60 — 120 min of lower-upper level for factors activation
temperatures, mass ratio of KOH: precursor and time duration of activation (t),
respectively. For the responses surface, the objective for RE and ACY were set
“maximize”. Subsequently adsorption capacity becomes the objective function or
performance index. Furthermore, the three validations runs were conducted via carrying
out batch experiment under optimal preparation conditions. To assess the model
validation, the experimental values obtained were matched to the model predicted
values.

Batch Equilibrium Studies

Batch adsorption was implemented to conduct the adsorption of H,S onto ACWSD and
its capability for removal of H,S from wastewater. The experimental work was
conducted in 34 sets of 250 mL Erlenmeyer vials. The amount of 100 mL of H,S
solution with initial H,S concentration of 500 mg/L was placed in each vial. The pH of
the solution was adjusted to neutral. A 0.1 g of each of the prepared activated carbon
was added to each vial and kept in a thermostated shaker of 150 rpm at 30 °C until
equilibrium was reached. Aqueous samples were taken from the solutions and the
concentrations were analyzed by spectrophotometer HACH DR2800 using sulfide
reagent 1&2 (Method: Methylene Blue). The Equation 4 was used to determine qe

_ (Co=C)V
m

qe “

where V is the solution (L) volume, m is the adsorbent (g) amount, C, and C. are the
initial and final concentrations in the pollutants, and (q.) is adsorption capacity mg.g”,
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m = mass of activated carbon used (g). The sample yield was calculated using Equation
S:

Yield(%) = =€ x100% (5)
where Wc and We are the dry weight of product (g) and the dry weight of precursor (g)
Removal ef feciency = %XIOO (6)

0

3.0 RESULTS AND DISCUSSIONS

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 (2:1 — 4:1 w %)
(Shaaban et al., 2015), and activation time (60 — 120 min) were deemed as the
independent operation elements and their interactive and individual impacts on the H,S
removal Efficiency RE and ACY (as responses) were examined utilizing the approach
of CCD. The quadratic polynomial model was chosen for the developing the
mathematical rapport between the responses and the preparation process factors. The
predicted and experimental values for both responses (RE and ACY) and coded,
uncoded preparation factors corresponding to different combinations of selected factors
are showed in Table 1.

In addition, Correlation between the factors and responses surface were improved
utilizing CCD of the software of design expert. Based on the sum of the successive
model the selection of models relied on the highest order polynomials where the
additional terms were the model were not significant and identified (Chaudhary &
Balomajumder, 2014). Correlation coefficient and standard deviation were used to
obviate the model developed fitness. The better the model in forecasting the response is
the smaller the standard deviation and the closer the R* value is to unity (Alam ef al.,
2009).

Table 1: The 3 factors central composite design matrix and the values of the responses
function.

Runs ACWSD preparation conditions variables RE ACY
Coded variables A: B: KOH: C: (%) (%)
Activation precursor  Activation
temperature ratio time (min)
W9
1 1.000 1.000 -1.000 1000.00 4.00 60.00 70 25
2 0.000 0.000  -1.565 862.00 3.00 43.05 70.5 324
3 1.000 -1.000 -1.000 1000.00 2.00 60.00 69.6 26
4 1.565 0.000 0.000 1077.98 3.00 90.00 67.5 19.5
5 -1.000 1.000 -1.000 724.00 4.00 60.00 67.7 28.5
6 1.000 -1.000 1.000 1000.00 2.00 120.00 67.2 24.5
7 -1.000 1.000 -1.000 724.00 4.00 60.00 67.9 28.2
8 1.000  1.000 1.000 1000.00 4.00 120.00 67.2 23
9 0.000 1.565 0.000 862.00 4.57 90.00 68.43 28
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10 0.000 1.565  0.000 862.00 4.57 90.00 68.5 28
11 0.000 -1.565  0.000 862.00 1.43 90.00 68 30
12 0.000  0.000 1.565 862.00 3.00 136.95 69.5 30
13 1.565 0.000  0.000 1077.98 3.00 90.00 67.5 19.5
14  -1.000 -1.000  1.000 724.00 2.00 120.00 68.5 28.5
15 -1.000 -1.000 -1.000 724.00 2.00 60.00 66.9 30.4
16 -1.000 1.000 1.000 724.00 4.00 120.00 68.12 28
17 -1.000 -1.000 -1.000 724.00 2.00 60.00 67 31
18 0.000  0.000 1.565 862.00 3.00 136.95 69.5 30
19 0.000 0.000  0.000 862.00 3.00 90.00 72.8 31.6
20 0.000 0.000  0.000 862.00 3.00 90.00 73 31
21 -1.000 -1.000  1.000 724.00 2.00 120.00 68 28.7
22 0.000 0.000  0.000 862.00 3.00 90.00 73 31.9
23 0.000 0.000  0.000 862.00 3.00 90.00 73 31.7
24 1.000  1.000 1.000 1000.00 4.00 120.00 67 233
25 0.000 0.000  0.000 862.00 3.00 90.00 73 31.5
26 -1.000 1.000 1.000 724.00 4.00 120.00 68 27.7
27 1.000 -1.000 -1.000 1000.00 2.00 60.00 70 26.3
28 0.000 0.000  0.000 862.00 3.00 90.00 73.5 31
29 1.000 1.000  -1.000 1000.00 4.00 60.00 70.3 24.8
30  -1.565 0.000  0.000 646.02 3.00 90.00 66.5 27
31 1.000 -1.000  1.000 1000.00 2.00 120.00 67 253
32 -1.565 0.000  0.000 646.02 3.00 90.00 66.9 27
33 0.000 -1.565  0.000 862.00 1.43 90.00 68.2 30.5
34 0.000 0.000  -1.565 862.00 3.00 43.05 70.5 32.7

The Equation of Regression Model

The software of design expert was utilizing through CCD in order to develop the
correlation between the factors and response surface. Regarding assess the wellness of
the development of models, standard deviation and relationship coefficient were used.
As showed by sequential model combined of squares, the model was selected in the
light of the most amazing demand polynomials where the extra periods were remarkable
and models were not linked (Chaudhary & Balomajumder, 2014; Tan et al., 2008). The
R* values of 0.975 and 0.9901 estimated that 97.5% and 99.01 % of the difference in RE
and ACY could be attributed to the three factors (A- activation temperature, B- KOH:
precursor ratio, C- activation time. Therefore, the quadratic model suggested by the
software can be written as:

RE = 72.91+0.34A+0.12B-0.45C-0.039AB-0.91AC-0.17BC-2.22A%-1.74B%-1.04C>
(7)

ACY=31.50-2.18A-0.75B-0.74C+0.012AB-0.050AC+0.14BC-3.42A%-1.02B%-0.15C*
(8)

3.3 Statistical Analysis

The analysis of variance (ANOVA) and lack of fit test for response surface quadratic
model for RE are shown in Table 2. It is possible to notice from the Table 2 that the F-
value of the quadratic model is (103.97). The model is significance since the p value is
less than (0.05) (Basu et al., 2012). Consequently, the terms of the significant model are
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A, C, A?, B%, C? and AC, while AB, B and BC are the insignificant model terms. While
Table 3 represented the analysis of variance (ANOVA) and lack of fit test for response
surface quadratic model for ACY which shows that the quadratic model is significant
due to it has the F-value of 265.83, and P-value less than 0.0001 (Basu et al., 2012).
Therefore, the significant model terms are A, B, C, A?, and B?, while AB, AC, BC and
C? are the insignificant model terms. The lack of fit compares the residual error to the
pure error from replicated design points. Thus, the centre point result is very close to
each other which lead to effect the lack of fit of model. So the lack of fit was significant
for both models.

Table 2: Analysis of variance (ANOVA) and lack of fit test for response surface
quadratic model for RE.

Sources Sum of df Mean  F-value P-value Comment
squares square
Model 149.56 16.62 103.97 < 0.0001 significant

2.92 18.29 0.0003 significant
0.39 243 0.1325 insignificant
5.14 32.13 <0.0001 significant
AB 0.024 0.024 0.15 0.7016 insignificant
AC 13.36 13.36 83.58 <0.0001 significant

9
A-Activation temperature  2.92 1
1
1
1
1
BC 0.48 1 0.48 3.02 0.0949 insignificant
1
1
1
2
5

B-KOH: precursor ratio  0.39
C-Activation time 5.14

A’ 93.13 93.13  582.66 <0.0001 significant
B’ 57.02 57.02 356.74 <0.0001 significant
C? 20.27 20.27  126.81 <0.0001 significant
Residual 3.84 4 0.16

Lack of fit 3.14 0.63 17.03 <0.0001 significant

Table 3: Analysis of variance (ANOVA) and lack of fit test for response surface
quadratic model for adsorbent ACY.

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

Model 383.10 9 4257 265.83  <0.0001 significant

A-Activation 122.76 1 122.76  766.65  <0.0001 significant

temperature

B-KOH: precursor ratio  14.35 1 14.35 89.64 <0.0001 significant

C-Activation time 14.26 1 14.26 89.07 <0.0001 significant

AB 2.500E- 1 2.500E- 0.016 0.9016  insignificant
003 003

AC 0.040 1 0.040 0.25 0.6218  insignificant

BC 0.30 1 0.30 1.89 0.1820  insignificant

A’ 22146 1 22146  1383.03 <0.0001 significant

B’ 19.82 1 19.82 123.78  <0.0001 significant

C? 0.40 1 0.40 2.52 0.1255 insignificant

Residual 3.84 24 0.16

Lack of fit 2.26 5 045 541 0.0029  significant

Figure 1a and 1b demonstrates the plots of actual versus predicted values of response
RE and ACY values which shows the experimental values are quite close to the
predicted values, showing that the model developed is successful indicating that these
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response surface model equations could be utilized to adequately shows the interaction
of the three factors.

Table 4 demonstrates the regression statistics for quadratic model for RE response
which has generally small standard deviation of 0.40 and moderately high R* value of
0.9759 with predicted R? (0.9484) in reasonable agreement with adjusted R (0.9656). 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 5 likewise demonstrates the
regression statistics for quadratic model for ACY which has a moderately small
standard deviation of 0.40 and generally high R* value of 0.9901 with predicted R*
(0.9793) in reasonable agreement with adjusted R* (0.9863) and the quadratic model for
response R* was not aliased. This implies that the quadratic model can be employed to
describe the relationship between the interacting factors and responses. The predicted
R’ is represented the fitted of the predicted values by the software.

Table 4: Regression statistics for removal efficiency RE at equilibrium.

Source Standard R’ Adjusted R®  Predicted Comment
deviation R?
Linear 2.20 0.0551 -0.0394 -0.0985
2F1 2.20 0.1455 -0.0444 -0.0648
Quadratic 0.40 0.9750 0.9656 0.9484 Suggested
Cubic 0.41 0.9781 0.9639 0.9299 Aliased
Table 5: Regression statistics for adsorbent ACY at equilibrium.
Source Standard R’ Adjusted Predicted Comment
deviation R’ R’
Linear 2.80 0.3912 0.3303 0.2466
2F1 2.95 0.3921 0.2570 0.1915
Quadratic 0.40 0.9901 0.9863 0.9793 Suggested
Cubic 0.31 0.9950 0.9918 0.9862 Aliased
() = (b) o
- P>
?:- ) o : ﬁ
-5 o - ;
| - - .
Actul

Actual

Figure 1. Actual and predicted curve for (a) RE and (b) ACY.
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Combined effect of factors on response of removal efficiency.

The 3D response surfaces of the combined effect of activation temperature and KOH:
precursor ratio at constant of activation time on response RE is shown in Figure 2. It
shows the clear interactions between these two parameters. The activation temperature
with a range between 724 to 1000 °C and mass ratio of (KOH: precursor) with range of
(2:1 - 4:1 w%). So from 3D graphs which shows in Figure 2. It could be clearly noticed
that the effect of activation temperature and activation mass ration have significant
impact on the RE value. At the low activation temperature around 724 °C, the value of
RE % was very low which around 67%. 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 854 °C with RE of 72.88 %.
Moreover, the activation agent also has important effect on the response RE. As could
be seen from Figure 2. as low KOH : precursor as low the RE then the percentage of
RE increased when KOH: precursor increased that mean the chemical activation
attributed more on the RE same trend observed on previous work (Chowdhury et al.,
2012)

Figure 3 shows the 3D response surfaces of the combined effect of activation time and
activation temperature of AC at constant KOH: precursor on the response of RE. The
combined effect of activation time 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 low impact on the RE %
process at the beginning. However, the effect of factors increased with increasing
activated temperature and activation time until reach the optimum activation time and
temperature that required to improve the RE which is around 79.5 (min) and 854 °C
respectively. Moreover, activation temperature has higher impact on the response RE %
compared with activation time (Figure 3).

Figure 4 shows the three-dimensional response surfaces of the combined effect of
activation time and KOH: precursor at constant of activation temperature of AC on
response RE. From Figure 4 it could be seen that activation time has relatively
comparable effect with KOH: precursor on response RE. However, the KOH: precursor
has more impact on the RE as seen in Figure 4. It can be seen from Figure 4 that
activation time has very low RE at (120 min) which is the higher activation time value.

10
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Figure 2: Combined impact of activation temperature and KOH: precursor ratio at
constant of activation time on response RE.
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Figure 3: Combined impact of activation time and activation temperature of AC at
constant KOH: precursor ratio on the response of RE.
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Figure 4: Combined impact of activation time and KOH: precursor ratio at constant of
activation temperature of AC on response RE.

Combined Effect of Factors on Response of Activated Carbon Yield

Figure 5 demonstrates the combined effect of KOH: precursor ratio and activation
temperature of AC on ACY at constant of activation time. It could be seen from the 3D
graph that the factor of activation temperature on AC has the most impact on the
response AC yield % compared with the KOH: precursor ratio factors. The product of
AC yield decreased when the activation temperature increased. While the effect of
factor of KOH: precursor ratio was quite smaller as increased of KOH: precursor the
yield decreasing (Figure 5).

Figure 6 demonstrated the 3D response surfaces of the combined effect of activation
time and activation temperature of AC on ACY at constant KOH: precursor ratio. From
Figure 6 it is noticed that the effect of activation temperature of AC has a huge impact
on yield. It could be clearly observed the increasing the activation time and temperature
leads to decrease ACY. On the other hand, the effect of activation time is relatively low
during the process as the activation time value decreased the yield start increased until
reach the optimum activation time required to get optimum yield which is around 52
min.

Figure 7 shows the three-dimensional response surfaces of the combined effect of
activation time and KOH: precursor ratio on ACY at constant activation temperature of
AC. From Figure 7 it shows that the activation time has an almost significant effect on
ACY. It could be seen that activation time has a very low yield at (120 min) which is
the higher activation time value. Thus, the ACY increased when the activation time
decreasing until reach the optimum values of the ACY.
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Figure 5: Combined impact of KOH: precursor ratio and activation temperature of
ACY at constant of activation time.

YIELD (%)

14000 1 000.0cA: Activation temperature (C)

Figure 6: Combined impact of activation time and activation temperature of ACY at
constant KOH: precursor ratio.

13



Journal of Chemical Engineering and Industrial Biotechnology V1(2017)1-17

YIELD (%)

2.00

C: Activation time (min)?,
:

2 A0
14.00

4800 200 B: KOH:Precursor ratio (IR)

Figure 7: Combined impact of activation time and KOH: precursor ratio on ACY at
constant activation temperature.

Model Validation

The preparation AC factors optimum condition are: A- activation temperature of AC =
854 °C, B- KOH: precursor = 2.95 w%, and C- activation time = 80 minutes. The result
is tabulated in Table 6. It is found that the means of experimental RE and ACY values
after repeating three times compares well with the RSM model predicted values. The
percentage error is low (4.3 - 4.6) %, therefore, the model equation suggested by RSM
is valid and can be used to predict the responses factors of RE and ACY accurately.

Table 6: Model validation

Variables Theoretical Experimental Percentage
error
Activation KOH : Activati RE ACY RE ACY RE ACY

temperature  precursor  on time (%) (%) (%) %) () (%)
©) ratio (min)

854 2.95 80 72.88 31.89 695 305 46 43

4.0 CONCLUSIONS
The preparation conditions factors of activated carbon from wood sawdust (ACWSD)
for H,S removal from wastewater was investigated. The adsorbent was produced under

optimum removal efficiency and yield. The analysis of variance (ANOVA) was
identified the most influential variable on each experimental design responses. The

result shows that the temperature of 854 °C, chemical impregnation ratio of 2.95 wt%
and activation time of 80 min were the optimum conditions for preparation of ACWSD

14



Journal of Chemical Engineering and Industrial Biotechnology V1(2017)1-17

with responses of removal efficiency and yield of 72.88 % and 31.89 % respectively. It
is concluded that the ACWSD was appeared to be a favorable substance for removal of
dissolved H,S from synthetic wastewater.
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