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The present study focuses on optimizing the fabrication conditions of durian peel activated carbon (DPAC)
for high carbon yield and efficient removal of Ph** from theaqueous environment using response surface methodology
(RSM) involving central composite design (CCD). Potassium hydroxide (KOH) was used as the chemical activating
agent for theformation of DPAC. Individual and interactive effects of influential factors including activation
temperature (T), impregnation ratio (IR) and activation time (t) were investigated. The obtained high regression
coefficients (R?) and p-values < 0.0001 from the second-order polynomial regression equations indicated the statistical
significance of models and excellent expression of experimental data. The combination of two responses including AC
yield and Pb?* removal predicted the optimized fabrication conditions, i.e. T = 592 °C, IR = 0.26 and t = 37.5 min,
thereby supporting 32.0% of AC yield and 99.5% of Pb?*" removal. The results show that the DPAC fabricated using

the optimized conditions is an excellent adsorbent for remediation of severely Pb?* contaminated water.

© 2016 JMSSE All rights reserved

Introduction

Contamination of lead in groundwater is considered as a serious
environmental problem because of its high cumulative toxicity [1].
This hazardous metal is not only harmful to aquatic life but also
can cause adverse effects on human health, such as neurological
damage, convulsions, renal failure, chromosome breakage and
birth defect [2]. The concentration of lead in drinking water is
permitted at very low level, 15 ppb, by the US Environmental
Protection Agency (2002). Traditionally, some methods have been
commonly used for the elimination of toxic metal ions like Pb**
from aqueous solutions including ion exchange, chemical
precipitation, ultra filtration, electrochemical deposition and
adsorption [3]. As reported in the literature, adsorption using
activated carbon (AC) is promising as an efficient treatment
pathway owing to efficient metal adsorption and recovery,
selectivity and cost-effectiveness[4]. However, the main obstacle is
the high cost of synthetic activated carbon available in the
commercial market, and hence, its potential applications are
restricted regarding some economical aspects. It has been reported
that such challenge can be solved by using abundant, locally
available biomass source as a precursor for AC fabrication.

Durian is widely planted and consumed in tropical regions like
Southeast Asia. The significant disposal of nearly zero-cost durian
peel from durian processing industries may cause undesirable
effect on living environment [5]. On the other hand, it was reported
that durian peel could be a very efficient source for fabrication of
activated carbon. Note that property and adsorption capacity of
activated carbons depend strongly on their fabrication conditions,
thus determining optimal parameters for synthesis process appears
as a very important task. In this article, we reported the successful

application of RSM involving CCD to optimize the fabrication
conditions of durian peel activated carbon (DPAC) for high carbon
yield and efficient removal of Pb®* from thewater media. The
fitness of the obtained models and the significance of influential
variables were assessed through the analysis of variance (ANOVA)
and coefficients of regression (R?).

Experimental

Chemicals

All reagents and starting materials were purchased commercially
from Merck and were used as received without any further
purification unless otherwise noted.

Fabrication of AC from durian peel

Durian fruit peels were collected from the local market, washed
with distilled water for several times before dried under sunshine
and ground to the diameters of approximately 1.0 mm. The dried
raw material was first pyrolyzed at 500 °C for 1 h under anitrogen
atmosphere with a heating rate of 10 °C/min. The resulting char
was then soaked with KOH solution for 24h. Impregnation ratio
(IR) between KOH and the char was calculated as follows:

W,
IR — WKOH (1)

char

wherewyon and Wepgr are the weight of the anhydrous KOH (g) and
the char (g), respectively. The KOH-impregnated char samples
were heated under nitrogen at various activation tempertures (T)
for different activation time (t). Finally, the as-received KOH-
activated carbon was repeatedly washed with deionized water until
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approaching a neutral solution, then dried at 105 °C for 24 h. The
formation yields of AC were quantified by the following equation:

AC yield (%) = %.mo @)

(0]

where, wacandwoare theweight of AC (g) and dried weight of
precursor (g), respectively.

Batch adsorption experiments

The samples of the synthesized ACs were poured into the
Erlenmeyer flasks containing 50 mL of agueous solution of Pb?* 50
ppm. The mixtures were continuously stirred until obtaining the
adsorption equilibrium. The AC was then removed from the
mixture using filter paper. The residual Pb*" concentrations were
determined by AAS and percentage of removal was calculated as:

C,-C
Pb* removal (%) = %

o

100 (3)

where, Coand Cqare initial and equilibrium Pb*" concentrations
(ppm), respectively.

Experimental design with RSM

To optimize the fabrication conditions of DPAC, RSM
technique was used to derive mathematical correlation between
three independent variables including activation temperature (T),
impregnation ratio (IR) and activation time (t) and the response
(carbon yield, removal efficiency for Pb*) via the following
second order polynomial regression equation:

k
_ Zﬂijxixj+ ﬂiixiz (4)

Kk Kk k
y=f()= B+ B+

i=1 i=1 j=1 i=1
where, y is the predicted response; x; and x; are the independent
variables (i,j=1, 2, 3, 4...k). The parameter f, is the model
constant; f; is the linear coefficient; B is the second-—order
coefficient and B is the interaction coefficient [6]. As presented in
Table 1, Central composite design (CCD) was used to establish the
experiment matrix involving center variables (encoded 0), low
(encoded -1), high (encoded +1) and rotatable (encoded +a) levels.
The total number of experiments (N) for three independent
variables (k = 3) containing 2 factorial experiments, 2k axial
experiments and six replications at centers is 20. Analysis of
variance (ANOVA) was calculated using Design—Expert version
9.0.5.1 (DX09).

Table 1: Independent variables and their encoded levels for CCD

Independent Levels
No factors Cde —=v 1 0 = o
Activation
1 temperature (°C) X1 332 400 500 600 668
2 Impre_gnatlon Xy 016 05 1.0 1.5 1.84
ratio (-)
3 Activation time X3 95 30 60 90 1105
(min)

Results and Discussion
Development of Regression Model Equation

The experimental and predicted results of AC yield and Pb*
removal efficiency are presented in Table 2. The DPAC appeared
as a very efficient adsorbent for Pb®* with up to 99.8 % removal.

Activation temperature from 332 °C to 668°C, impregnation ratio
from 0.16 to 1.84 and activation time from 9.5 min to 110.5 min
were studied as input parameters. Accordingly, the quadratic
equations describing the correlation between the responses and
independent variables were given as:

Yacyein =28.2+1.78% —0.06x, +1.22x, —1.26%X, +1.76%X, +2.64%,X, —0.27; +0.26x; —L41x;

®)
Yo s =207 —047% —2.07x, —0.06, —1.18xX, —0.43¢ %, +0.15% X, ~1.69¢’ ~1.43¢ ~008%;
(6)
Table 2: Matrix of observed and predicted values
Input factors Actual (%) Predicted (%)
Mo xn E X3 Ve yeta o S— Vacpu L
1 400 0.5 30 287 97.8 26.9 97.6
2 600 0.5 30 28.0 99.2 29.5 99.9
3 400 1.5 30 22.7 96.0 24.1 95.5
4 600 15 30 23.1 93.1 216 93.1
5 400 0.5 90 193 979 20.6 98.1
6 600 0.5 90 31.8 98.0 312 98.6
7 400 15 90 30.0 97.1 283 96.6
H 600 15 90 313 92.1 328 924
9 332 1.0 60 240 95.0 24.4 95.7
10 668 1.0 60 30.4 95.0 30.4 94.1
11 500 0.16 60 28.7 99.8 29.0 99.1
12 500 1.84 60 28.7 917 28.8 922
13 500 1.0 9.5 22.0 99.5 20.1 99.5
14 500 1.0 110.5 26.0 99.6 26.2 99.3
15 500 1.0 60 282 99.6 28.2 99.7
16 500 1.0 60 280 99.8 28.2 99.7
17 500 10 60 285 99.7 282 99.7
18 500 1.0 60 279 99.8 28.2 99.7
19 500 1.0 60 283 99.5 28.2 99.7
20 500 1.0 60 28.1 99.6 28.2 99.7

The data of the ANOVA for regression equations was shown in
Table 3. In general, the P-values < 0.05 and the R* more
approaching to 1.0 are desirable since they indicate that the derived
quadratic models are statistically significant at 95% confidence
level [7]. Regarding these standards, both quadratic regression
models developed for AC yield and removal efficiency of Pb?*
were statistically significant because their P-values were obviously
less than 0.0005 and the R? obtained higher than 0.9. The
regression model for Pb?* removal has better compatibility with a
high R? value of 0.9747. Moreover, the goodness of fit of the
models was further confirmed by the adequate precision (AP)
ratios greater than 4.0 [8].

Table 3: ANOVA for response surface quadratic models

Response Source Sum of squares ]f:‘::i;:n:f Mean square F-value Prob>F Comment
Model 187.80 9 2087 1061 0.0005 Mean=27.18
X 411 1 4311 2192 0.0009 RI=0.9052
X 2024 1 2024 1030 0.0094 AP=12355
ACyield(w) 1, 2485 1 2485 12.64 0.0052
.{32 55.65 1 55.65 2830 0.0003
EotA 2845 1 2845 14.47 0.0035
Model 138.80 9 1542 4288 <0.0001 Mean =97 49
X 5832 1 58.32 162.17 <0.0001  R!=0.9747
g;’)‘ﬂmval X 11.04 1 11.04 30.71 0.0002  AP=18.201
0
0¥, 4117 1 4117 11447 <0.0001
0y 2926 1 2926 8137 <0.0001

Effect of variables on the AC yield and Pb?* removal

The dimensional response surface plots in Figures 1 describe the
interactive influence of two variables on two responses while one
factor is maintained at zero level. According to the observation in
Figure 1, at the constant activation time of 60 minutes, both
activation temperature (332 °C - 668 °C) and IR (0.16 — 1.84)
strongly affect the AC yield and Cu (II) removal. Obviously,
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higher values of activation temperature and lower values of IR
promote higher AC yield. Meanwhile, the removal of Pb?" is more
favored in the intermediate temperature range and moderate IR; the
optimized temperature and IR ratio for Pb® removal, in this case,
are determined at 500 °C and 1.0, respectively. Figure 1 (C,D)
presents the effect of activation time (9.5 min — 110.5 min) and
activation temperature (332 °C - 668 °C) at IR = 1.0. Generally,
the AC vyield increases with increasing activation time and
temperature.

AC yield (%)
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Figure 1: Effect of activation temperature, IR and activation time = 60 min
on AC yield (A) and Cu2+removal (B); Effect of activation temperature,
activation time and IR=1.0 on AC yield (C) and Cu®‘removal (D); Effect of
IR, activation time and activation temperature = 500 °C on AC yield (E)
and Cu®‘removal (F)

In contrast, the negligible influence of activation time on removal
of Ph?" is observed on the constant activation temperature line. On
the other hand, at a constant activation temperature of 500 °C, the
interactive effect of IR (0.16 — 1.84) and activation time (9.5 min —
110.5 min) on the AC vyield is quite complicated as observed in
Figure 1E. Accordingly, the high AC vyield is recorded in the
regions of either low values of both time and IR or high values of
both factors. For instance, in order to achieve high carbon yields,
the low IR of 0.16 requires the activation time lower than 34.75
min and the activation time should be around 85.25-110.50 min if
the IR is used at 1.84. The high IR with low temperature is
predicted to result in poor carbon yield. In terms of Pb*" removal,
the influence of IR appears to much more significant than that of
activation time (Figure 1F); the optimum adsorption occurs in the
IR range of 0.16-1. The simultaneous optimization of AC yield and
Pb?" removal suggests the optimized factors as follows: activation
temperature of 592 °C, IR of 0.26 and activation time of 37.5 min.
The batch experiments at the optimized parameters were also
conducted to verify the suitability of the proposed models.
Thereby, the experimental results for AC yield and Cu®*" removal
were obtained at 32.0% and 99.5% which is almost similar the
predicted values of 31.9 % and 99.8 %, respectively (Table 4).
These results demonstrate the high compatibility of the proposed
models with the experimental data.

Table 4: Model confirmation

S T IR t N AC yield (%) Pb?* removal (%)
ple o) @ (min) Desirability Predicted  Tested Predicted  Tested
AC400 592 026 375 Lo 31.9 32.0 9.8 993
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Conclusions

The highly porous KOH-activated carbon fabricated from durian
peel found to be a very efficient adsorbent for removal of Pb**
from aqueous solution. Response surface methodology was
successfully applied to define the optimal regions under theimpact
of three independent factors including activation time, temperature
and impregnation ratio between the KOH and precursor. The
developed quadratic regression equations for both carbon yield and
Pb?" were proved to be statistically significant. It was found that
the optimal combination of carbon yield and adsorption capacity
could be achieved at the activation temperature of 592 °C, IR of
0.26 and activation time of 37.5 min, producing AC yield and Cu®*
removal at 32.0% and 99.5% which were well-confirmed using the
batch experiment. These results show that the DPAC fabricated
using such optimized conditions is an excellent adsorbent for
remediation of severely Pb*" contaminated water.
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