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Abstract 

This study investigates the sustainable optimization method of spent mushroom 

compost activated carbon (SMCAC) using central composite rotatable design 

(CCRD) response surface methodology (RSM). Preparation of SMCAC was 

impregnated using sodium hydroxide (KOH) as activating agent, dried at 80°C 

for 24 hours and carbonized in furnace. Input parameters involved ratio KOH: 

SMC, activation time and activation temperature. Meanwhile, percent yield and 

iodine number were the output response. The optimum conditions were 

observed at ratio KOH:SMC of 0.35, activation time of 45 minutes and 

activation temperature of 500°C. The maximum output response of percent 

yield of 18.4% and iodine number of 343.42 mg/g were reported. The ANOVA 

analysis showed activation time was an insignificant parameter in percent yield 

but activation temperature is significant parameter in iodine number value. For 

percent yield, the CCRD RSM predicted result was excellent fitted linearly with 

the experimental data. However, the iodine number was not in agreement 
between the actual experimental and predicted value of iodine number. This 

revealed that CCRD RSM method is excellently described the optimization of 

activated carbon percent yield but not applicable for iodine number 

optimization study. This study contributes in minimization of chemical usage 

and energy consumption in order to achieve sustainable environment. The result 

obtained is useful in application study in large scale pilot study. 

Keywords: Activated carbon, Composite rotatable design, Response surface 

                  methodology, Spent mushroom compost. 
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Nomenclatures 
 

DF Degree of freedom 

F value The ratio of the between groups variance and within groups 

variance in ANOVA analysis 

Prob > F Probability more than F-value 

R
2
 The coefficient of determination  

WAC Weight of activated carbon 

WSMC Weight of spent mushroom compost 

x Codes of independent variables 

 
Greek Symbols 

β Regression coefficients  

 
Abbreviations 

ANOVA Analysis of variance 

CCRD Central composite rotatable design  

KOH Potassium hydroxide 

RSM Response surface methodology 

SMC Spent mushroom compost 

SMCAC Spent mushroom compost activated carbon 

1.  Introduction 

Generally, optimization of activated carbon preparation is a tedious and time 

consuming study. Optimization method involves changes of a variable in a time and 

generates a large number of experiments [1]. Therefore, RSM optimization method 

is highlighted in order to reduce number of experiments which evaluate the relative 

significant of several parameters in the presence of complex interactions.  

The RSM is a collection of mathematical and statistical technique useful for 

modelling and analysis complex optimization process [2]. The CCRD consists of 

2
k
 factorial runs and each variable is investigated at two levels. The modelling 

formula and a full description of effective independent variables under the 

optimization condition also could be obtained and evaluated [3]. The most used 

model in analytical procedure is CCRD that has been widely applied in scientific 

optimization study.  

Recently, this optimization method has been applied in the production of 

activated carbon from flamboyant pods [4] and palm shell [5]. The percent of 

yield is the most common output response. Iodine number is an important 

parameter to measure the porosity of the prepared activated carbon which reflects 

the efficiency of activated carbon. However, there are lack of information on 

iodine number as output response. In addition, important evaluation on 

minimization of chemical and energy consumption through this method that 

contributed to sustainable concept is neglected. 

The objectives of this study are to optimize the SMCAC preparation using 

CCRD RSM method through multiple input parameters and output responses and 

to validate CCRD RSM predicted data.  
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2.  Methodology  

2.1. Material 

Spent mushroom compost (SMC) was collected from C & C Mushroom 

Cultivation Farm, Johor, Malaysia. Sample was autoclaved and dried prior to be 

use in activated carbon preparation.  

 

2.2. Preparation of activated carbon using CCRD RSM method 

The SMC was impregnated with potassium hydroxide (KOH) activating agent for 

24 hours. After that, the slurry was dried at 80°C for 24 hours and carbonized in 

furnace. The sample was washed using hydrochloric acid and distilled water to 

remove KOH residue and dried at 80°C until a constant weight. The produced 

activated carbon was sieved to 150 µm and kept in drying cabinet.  

The Software Design-Expert Version 6.0.10 was used for generate the 

experimental design. A total of 20 experimental designs with 6 replicates at 

central point were generated by CCRD RSM method with multiple input 

parameters and responses. The variables of x1, x2 and x3 were ratio KOH: 

SMC of 0.35-1.25, activation time of 45 - 90 minutes and activation 

temperature of 500-700°C, respectively. The output responses (Y) were 

percent yield of activated carbon (Y1) and iodine number (Y2). The percent 

yield was calculated as Eq. (1) and the iodine number was conducted 

according to ASTM D4607 standard method. 

%100(%) x
W

W
yieldpercentage

SMC

AC=                      (1) 

where WAC = the weight of activated carbon produced (g) and WSMC = the weight 

of SMC (g).  

 

2.3. Validation of predicted data 

The result obtained from section 2.2 was employed in generated table by the 

software. Data analysis and model building were constructed by the software 

automatically. The equation for this model as shown in Eq. (2). 

3113322321123233222212113322110 xxxxxxxxxxxxY ββββββββββ +++++++++=   (2) 

where β = the regression coefficients and x = the codes of independent variables. 

 

3.  Results and Discussion  

3.1.  Percent yield of activated carbon 

Figure 1(a) shows the ratio KOH:SMC and activation time on the percentage yield. 

Figure 1(b) shows the effect of ratio KOH:SMC and activation temperature on the 

percent yield. Figure 1(c) shows the effect of activation time and activation 

temperature on the percent yield. The ratio KOH: SMC show optimum condition at 

the central point. Initially, the increased of ratio caused increased in percent yield 

due to constant elimination of volatile material [6]. High activator KOH 



Sustainable Optimization of Spent Mushroom Compost Activated Carbon . . . . 43 

 

 
 
 
Journal of Engineering Science and Technology                Special Issue 8/2015 

 

concentration is corrosive which resulted destruction of micro-pores to larger pores 

of the SMC and thus decreased the percent yield. This observation is in agreement 

with Muthanna and Samar [7] who prepared activated carbon from Siris seed pods. 

Therefore, optimization of ratio KOH:SMC parameter plays an important role to 

avoid overuse of chemical and sustainable method development. Meanwhile, as the 

activation time increased, the percent yield of carbon increased. Longer activation 

time has contributed to conversion of SMC to activated carbon more completely. 

Thus, this circumstance leads to higher yield of activated carbon. Foo and Hameed 

[8] reported similar trend of observation using wood sawdust material in activated 

carbon preparation. As the activation temperature increased, the percent yield of 

carbon decreased. An increase in activation temperature, carbon structure of SMC 

was shrunk and destroyed. High elimination of tar in the pores caused the percent 

yield decreased. Sentorun –Sentorun-Shalaby et al. [9] reported that activation of 

apricot stones became extensive when high temperature and resulted in a lower 

solid yield with widened pores. This study in optimization of activation time and 

temperature contributes towards energy saving in-line with sustainable concept and 

lower the cost of activated carbon production. 

Table 1 summarizes the results for the analysis of variance (ANOVA) of the 

response surface quadratic model and model terms for the percent yield of 

activated carbon. The high value of the coefficient of determination (R2= 0.9506) 

indicated that the quadratic model used was very reliable in predicting responses. 

Table 1. ANOVA for Response Surface Quadratic Model of Percent Yield. 

Source 
Sum of 

Squares 
DF 

Mean 

Square 
F Value 

Prob > 

F 
Remarks 

Model 541.53 9 60.17 21.36 < 0.0001 significant 

A 27.88 1 27.88 9.90 0.0104 significant 

B 1.42 1 1.42 0.50 0.4942 not 

significant 

C 354.65 1 354.65 125.92 < 0.0001 significant 

A2 54.01 1 54.01 19.18 0.0014 significant 

B2 1.77 1 1.77 0.63 0.4465 not 

significant 

C2 79.44 1 79.44 28.21 0.0003 significant 

AB 1.99 1 1.99 0.71 0.4202 not 
significant 

AC 32.52 1 32.52 11.55 0.0068 significant 

BC 1.40 1 1.40 0.50 0.4965 not 

significant 

Residual 28.17 10 2.82    

Lack of Fit 13.83 5 2.77 0.96 0.5152 not 

significant 

Pure Error 14.33 5 2.87    

Cor Total 569.69 19     

R-Squared 0.95056 

Adjusted R-Squared 0.906064 

Predicted R-Squared 0.777201 

Adequate Precision 16.61163 
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(a) 

 
(b) 

 
(c) 

Fig. 1. Output Responses on the Percent Yield of Activated Carbon for (a) 

Effect of Ratio KOH:SMC and Activation Time (b) Effect of Ratio 

KOH:SMC and Activation Temperature (c) Effect of Activation 

Temperature and Activation Time. 
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The Model F-value of 21.36 implied the model was significant. There is only 

a 0.01% chance that a Model F-Value could occur due to noise. Values of Prob > 

F less than 0.0500 indicated model terms was significant. In this case A (ratio 

KOH:SMC), C (activation temperature), A2 (ratio KOH:SMC versus ratio 

KOH:SMC), C
2
 (activation temperature versus activation temperature) and AC 

(ratio KOH:SMC versus activation temperature) were significant model terms. 

Values greater than 0.1000 indicated the model terms were not significant. If 

there were many insignificant model, model reduction by reducing the ranges of 

parameters may improve the model.  

The Lack of Fit for F-value of 0.96 implied the Lack of Fit was not 

significant relative to the pure error. From the software Design Expert 6.0.10, 

it indicated that there was 51.52% chance that a Lack of Fit for F-value could 

occur due to noise. The Non-significant lack of fit was excellent fit. The value 

of Predicted R-Squared of 0.7772 was in reasonable agreement with the 

Adjusted R-Squared of 0.9061. This indicated that a small block of outlier 

data affect the model.  

The Adequate Precision measures the signal to noise ratio. A ratio greater than 

4 is desirable because it shows the reliability of the experimental data. The ratio 

of this model was 16.612 indicated an adequate signal and this model can be used 

to navigate the design space. 

 

3.2. Iodine number of activated carbon 

The ratio KOH:SMC and activation time on the percentage yield, the effect of 

ratio KOH:SMC and activation temperature on the percent yield and the effect of 

activation time and activation temperature on the percent yield are shown in Figs.  

2(a)-(c).  

The ratio KOH:SMC increased has resulted the iodine number increased. This 

indicated that KOH is an effective activation agent that improve porosity of 

activated carbon. This observation is supported by Albechi et al. [10] using KOH 

to activate the kernel shell. When the activation time increase, the iodine number 

also increased. Longer activation time generated more micropores and mesopores 

in the activated carbon, thus increased the surface area of activated carbon. Tham 

et al. [11] reported similar of observation in the preparation of durian shell based 

activated carbon.  

As the activation temperature increased, the value of iodine number was 

increased. Rise of temperature increase the reaction rate thus caused an increase 

in devolatilization and development of the pore structure in the activated carbon. 

This observation is consistent as reported by Muthanna and Samar [7] using 

activated carbon from Siris seed pods.  

Table 2 summarizes the results for the ANOVA of the response surface 

quadratic model and model terms for the iodine number of activated carbon. The 

low value of the coefficient of determination (R
2
= 0.5970) indicated that the 

quadratic model used is not reliable in predicting responses. 
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(a) 

 
(b) 

 
(c) 

Fig. 2. Output Responses on the iodine Number of Activated Carbon for (a) 

Effect of Ratio KOH:SMC and Activation Time (b) Effect of Ratio 

KOH:SMC and Activation Temperature (c) Effect of Activation 

Temperature and Activation Time. 
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Table 2. ANOVA for Response Surface Quadratic Model of Iodine Number. 

Source 
Sum of 

Squares 
DF 

Mean 

Square 
F Value Prob > F Remarks 

Model 2.731E+005 9 30346.01 1.65 0.2242 not 

significant 

A 5243.94 1 5243.94 0.28 0.6054 not 

significant 

B 3971.63 1 3971.63 0.22 0.6525 not 

significant 

C 1.419E+005 1 1.419E+005 7.70 0.0196 significant 

A
2
 2270.73 1 2270.73 0.12 0.7329 not 

significant 

B
2
 4974.66 1 4974.66 0.27 0.6147 not 

significant 

C
2
 43531.27 1 43531.27 2.36 0.1554 not 

significant 

AB 43164.10 1 43164.10 2.34 0.1570 not 

significant 

AC 926.06 1 926.06 0.050 0.8272 not 

significant 

BC 26446.87 1 26446.87 1.43 0.2586 not 

significant 

Residual 1.843E+005 10 18434.64    

Lack of 

Fit 

1.819E+005 5 36373.71 73.40 0.0001 significant 

Pure 

Error 

2477.90 5 495.58    

Cor 

Total 

4.575E+005 19     

R-Squared 0.597022 

Adjusted R-Squared 0.234342 

Predicted R-Squared -2.16854 

Adequate Precision 5.056869 

The Model F-value of 1.65 implied the model was not significant relative to 

the noise.  There was only a 22.42% chance that a Model F-Value could occur 

due to noise. Values of Prob > F less than 0.0500 indicated model terms was 

significant. In this case, C (activation temperature) was significant model term. 

Values greater than 0.1000 indicated the model terms were not significant. If 

there were many insignificant model terms, model reduction by reducing the 

ranges of parameters may improve the model.  

The Lack of Fit for F-value of 73.40 implied the Lack of Fit is significant.  

There was only a 0.01% chance that a Lack of Fit for F-value could occur due to 

noise. According to the model, significant lack of fit was poor because the data 

was not fit properly to the model. A negative Predicted R-Squared of -2.1685 

implied that the overall mean data was more reliable than current model. The ratio 

of this model was 5.057, which indicated an adequate signal. It means that this 

model can be used to navigate the design space. 
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3.3. Validation of predicted data 

To ensure the validity and accuracy of the calculations, the results are compared 

to available experimental data. Figure 3 shows predicted percent yield values of 

activated carbon was fitted excellently with high R
2
 of 0.9506 to the actual 

experimental values of percent yield. This indicated that the excellent reliability 

of the models with low residuals of ±3.0. The comparison between the actual 

experimental and predicted value of iodine number is shown in Fig. 4. It was 

observed that there was a poor agreement which implied the unreliability of the 

model with low R
2
 of 0.5970.  

 
Fig. 3. Relationship between Actual and Predicted Value                                             

of Percent Yield of Activated Carbon. 

 

Fig. 4. Relationship between Actual and Predicted Value                                         

of Iodine Number of Activated Carbon. 
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From the model for percent yield, the optimum conditions at ratio KOH:SMC 

of 0.35, activation time of 90 min, activation temperature of 500°C and predicted 

percentage yield of 19.79% were determined. A confirmatory experiment was 

carried out in order to test the reliability of the quadratic model. At optimum 

conditions, a percentage yield of 19.85% was obtained, which is in good 

agreement with the predicted result. But, according to the ANOVA in Table 1, the 

“B term” which is activation time was not significant, therefore a shorter 

activation time of 45 minutes is chosen instead of 90 minutes as optimum 

condition in order to minimize the energy used and operation time. The predicted 

percent yield of 18.60% was determined. For the confirmatory experiment, a 

percent yield of 18.40% was obtained, which is in good agreement with the 

predicted result. The final equation in terms of actual factors as following: 

Percent yield (Y) = -33.11899 - 11.43679 × Ratio + 0.23017 × Activation time + 

0.20750 × Activation temperature - 9.56042×Ratio
2
 - 

6.91948E-004 × Activation time
2
 - 2.34788E-004 × 

Activation temperature2 - 0.049259 × Ratio × Activation 

time + 0.044806 × Ratio × Activation temperature - 

1.86111E-004 × Activation time × Activation temperature 

           (3) 

According to the ANOVA for iodine number, only the “C term” which was 

activation temperature was significant. This means that only activation 

temperature affect the porosity of the activated carbon. This situation was in 

contradiction with the general knowledge in the field of activated carbon. Thus, 

the results from this model cannot be accepted because it produced negative 

value. This situation was in inversed condition with the ANOVA analysis of the 

percent yield of activated carbon. 

It can be concluded that based from the model and experiment carried out, the 

value of R2 = 0.5970 for the second response showed that the model was not reliable 

and cannot be accepted to be used in predicting responses. Besides that, based on 

the optimum condition given by the model, it proved that the model cannot cross-

link with the first response, which was percent yield. Due to this situation, the 

acceptable value of iodine number was chosen instead of highest iodine number in 

order to match with the optimum condition from the first response of percent yield 

of activated carbon. This may indicate that the CCRD model from the RSM was not 

suitable to predict response involving iodine number. 

 

4.  Conclusions 

An investigation has been conducted on optimization of ratio KOH:SMC, activation 

time and activation temperature towards percent yield and iodine number of 

activated carbon. The 18.4% optimum percent yield activated carbon was 

determined at ratio KOH:SMC of 0.35, activation time of 45 min and activation 

temperature of 500°C. The ANOVA statistically analysis showed the activation 

time was not a significant parameter in optimization of percent yield. Meanwhile, 

the activation temperature was a significant parameter in iodine number 

optimization. The predicted values were in excellent agreement with experimental 

data with high coefficient of 0.9506 and residuals of ±3.0 for percent yield. The 
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final equation was generated in order to predict the percent yield of activated carbon 

under a range of various parameters. However, the predicted data compared to 

actual experimental value of iodine number was unreliable due to low R
2
. This 

study showed CCRD RSM is an excellent method to be adopted in percent yield 

optimization but not reliable for iodine number optimization. The outcome of this 

study not only contributes to sustainable concept through energy used and chemical 

minimization but also application study under wide range and variable parameters 

in industrial pilot study.  
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