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The development of the pharmaceutical industry has led to increased environmental pollution 
by pharmaceutical wastewater. This encourages efforts to develop effective and inexpensive 
pharmaceutical wastewater management. One effort to handle pharmaceutical wastewater is to 
use activated carbon. In the manufacture of activated carbon there are several factors that affect 
the quality and performance of activated carbon produced. This research seeks to determine 
the optimum factors in making activated carbon and study its application in adsorbing 
pharmaceutical wastewater contain carbamazepine, sulfamethoxazole, and paroxetine. Multi-
response analysis based on the Taguchi Grey relational analysis method was used to determine 
the optimum conditions. The most influential factors in the production of activated carbon, 
respectively, were pyrolysis temperature (800°C), ratio of precursors and activating agents 
(1:1), residence time (150 minutes) and finally the type of activator (KOH). 
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1. INTRODUCTION 
 

Population growth and the development of science, 
especially in the fields of health and pharmaceutical, had 
encouraged the increasing consumption of drugs so that the 
production of drugs had also increased rapidly.  The growth 
of the pharmaceutical industry raises problems in the 
treatment of drug industry waste. Some pharmaceutical 
industry wastes, although in small amounts, are hazardous 
for the environment, so some pharmaceutical ingredients 
have become hazardous waste according to regulations in 
Europe. Pharmaceutical wastewater contains active 
compounds as drug residue with toxic substances, volatile 
organic compound that dangerous for the environment. 
Pharmaceutical wastewater also high in chemical oxygen 
demand and biological oxygen demand (Gadipelly et al., 
2014; Guo, Qi, & Liu, 2017; Jaria, Silva, et al., 2019; Li & 

Li, 2015; Pal, 2018; Pereira, Calisto, & Santos, 2019; Rana 
et al., 2017) 

Various efforts have made to prevent 
pharmaceutical pollution in the environment. Adsorption is 
one of the most promising techniques for processing 
pharmaceutical wastewater. One of the promising efforts to 
process pharmaceutical wastewater is adsorption with 
activated carbon (Jaria, Calisto, et al., 2019; Jaria, Silva, et 
al., 2019; Pereira et al., 2019; Vona et al., 2015). The 
adsorption process using activated carbon is often applied to 
eliminate organic compounds in water treatment 
(Bhatnagar, Hogland, Marques, & Sillanpää, 2013; Menya, 
Olupot, Storz, Lubwama, & Kiros, 2018; Rivera-Utrilla et 
al., 2011; Yu et al., 2019). 

Activated carbon is a term commonly used to 
denote carbon-based materials that have a fine internal pore 
structure. Activated carbon is produced from various 
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carbon-rich materials such as biomass, coal, and lignite. 
Activated carbon has unique characteristics such as high 
surface area, large porosity with an internal pore structure 
consisting of micro, meso, and macropore and a broad 
spectrum of functional groups on the surface of activated 
carbon makes it applicable in many areas (Ahmed et al., 
2019; Bhatnagar et al., 2013; González-García, 2018; Jaria, 
Silva, et al., 2019; Rivera-Utrilla et al., 2011; Yu et al., 
2019).  

An interesting raw material for activated carbon to 
be explored was an industrial waste. The utilization of waste 
into more useful materials will be a strategy towards an 
environmentally friendly and sustainable industry. One of 
the wastes that could be used as raw material for activated 
carbon was paper mill sludge (PMS) because of its high 
carbon content (Faubert, Barnabé, Bouchard, Côté, & 
Villeneuve, 2016). PMS is a solid waste generated from the 
processing of liquid waste from the paper industry, which is 
usually only stockpiled, causing environmental problems 
(Faubert et al., 2016; Jaria, Calisto, et al., 2019; Jaria, Silva, 
et al., 2019). The use of PMS as activated carbon will 
increase added value economically and also solve 
environmental problems. 

The purpose of this study was to determine the 
optimum conditions for activated carbon production to 
remove pharmaceutical wastewater using the Taguchi Grey 
relational analysis (GRA) method. The Taguchi method is 
a systematic experimental design and analysis. This method 
has proven to be a practical approach to produce high 
quality products at a relatively low cost as it can reduce the 
number of experiments carried out (Kasemsiri, Dulsang, 
Pongsa, Hiziroglu, & Chindaprasirt, 2017; Lin, 2004; Roy, 
2010). However, the Taguchi method is only designed to 
optimize one performance characteristic. For the multi-
response optimization problem, the Taguchi method is 
equipped with GRA (Datta, Bandyopadhyay, & Pal, 2008; 
Kasemsiri et al., 2017; Lin, 2004). 

 
2. METHODS 

Data on activated carbon production, 
characteristics of activated carbon, and treatment of 

pharmaceutical wastewater with activated carbon were 
taken from Jaria et al. (2019). Activated carbon was made 
from primary paper mill sludge (PMS) from pulp and paper 
mill waste. Activated carbon was activated using KOH (Eka 
Pellet) or K2CO3 (AnalaR NORMAPUR) and pyrolyzed at 
650 °C or 800 °C using muffle (Nüve, series MF 106) with 
a residence time of 60 minutes and 150 minutes. After that, 
activated carbon's characterization was carried out, 
including yield, surface area, and total organic carbon. The 
surface area of activated carbon was measured based on 
nitrogen isothermic adsorption using Micromeritics 
Instrument, Gemini VII 2380. Total organic carbon from 
activated carbon was determined using the TOC-VCPH 
Shimadzu equipped with a solid sample module SSM-
5000A. 

Adsorption test of artificial pharmaceutical 
wastewater was done in batches. Pharmaceutical solutions 
of Carbamazepine (CBZ) from Sigma-Aldrich which were 
anti-epilepsy, antibiotic sulfamethoxazole (SMX) from 
TCI, and antidepressant paroxetine (PAR) from TCI were 
prepared separately with an initial concentration of 5 mgL-

1. Each solution was contacted with 0.015 gL-1 activated 
carbon overnight at 25 °C and stirred at 80 rpm in overhead 
shaker (Heidolph, Reax 2). After the solution filtered, the 
amount of absorbed waste was analyzed using a 
spectrophotometer (T90 + UV / visible Spectrometer) at a 
wavelength of 200 nm (SMX and PAR)  and 214 nm for 
CBZ. 

 
Taguchi 

The Taguchi method was used to design 
experiments using orthogonal arrays. Experimental design 
using the Taguchi method will reduce the overall number 
of experiments (Roy, 2010). In this study, four factors 
(pyrolysis temperature, residence time, precursor:activating 
agent ratio, activating agent) with two levels were used to 
optimize the characteristic of activated carbon and its 
performance for pharmaceutical wastewater removal. The 
orthogonal array in the Taguchi method for the number of 
parameters 4 with two levels is L8. 
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Grey relation analysis 
The first stage in the grey relational analysis is grey 

relational formation. During this step, all experimental 
responses are normalized in the range between zero and one. 
Equation 1 is used to calculate the normalized value of the 
response with the expected value "the higher the better" 
(Datta et al., 2008; Kasemsiri et al., 2017; Lin, 2004).  

𝑥𝑥𝑖𝑖∗(𝑘𝑘) = 𝑥𝑥𝑖𝑖(𝑘𝑘)−min𝑥𝑥𝑖𝑖(𝑘𝑘)
max𝑥𝑥𝑖𝑖(𝑘𝑘)−min𝑥𝑥𝑖𝑖(𝑘𝑘)  (1) 

Where. i = 1. .... m;  k = 1. .... n; 
m is the number of experimental data,  
n is the number of responses,  
xi(k) the original sequence,  
xi*(k) the sequence after the data pre-processing.  
max xi(k) the biggest value of xi(k),  
min xi(k) the smallest value of xi(k). 
The coefficient of grey relational is decided from 

normalized data to describe the connection between the 
preferred and actual response.  

𝜉𝜉𝑖𝑖(𝑘𝑘) = Δ𝑚𝑚𝑖𝑖𝑚𝑚+𝜁𝜁Δ𝑚𝑚𝑚𝑚𝑚𝑚
Δ𝑜𝑜𝑖𝑖(𝑘𝑘)+𝜁𝜁Δ𝑚𝑚𝑚𝑚𝑚𝑚

      (2) 

Where  ∆oi = |x0(k) – xi(k)| is the deviation 
sequence, ζ is coefficient, usually taken as 0.5. 

Then, the grey relational level is calculated by the 
average of grey relational coefficient and overall evaluation 

of multiple performance characteristics is based on the 
degree of grey relationship.  

 
3. RESULT AND DISCUSSION  

The experimental design according to the 
orthogonal array from the Taguchi method for four factors 
with two levels, is shown in Table 1. Table 1 also shows the 
results of the experiment of activated carbon production 
along with its characteristics and performance in the 
adsorption of pharmaceutical wastewater. In general, SMX, 
CBZ, and PAR wastes could be adsorbed by activated 
carbon well. SMX could be absorbed by activated carbon 
with an absorption capacity of between 13±2% - 80±2%. 
CBZ that could be absorbed by activated carbon ranges 
from 6±1% - 81±3%, and PAR could be removed with 
activated carbon by 6±2% - 81±1%. The removal of 
pharmaceuticals by activated carbon depends on the 
activated carbon used to adsorb it. The higher the surface 
area of the activated carbon used, the higher the 
pharmaceuticals waste removal. 

In the GRA evaluation, the first step was that the 
experimental data were normalized to a value between zero 
and one, commonly called gray relational generation. 

 
Tabel 1. Orthogonal array of Taguchi L8 and multi response result (Jaria, Silva, et al., 2019) 

No. 

Factors  Responses 

X1 X2 X3 X4 
 Yield 

(%) 
SBET 
(m2 g−1) 

TOC (%) 
% Adsorption 

 SMX CBZ PAR 

1 1 1 1 1  27.5 244 58±0.4 13±2 6±1 8±2 
2 1 1 2 2  7 523 54.9±0.5 16±1 6±1 6±2 
3 1 2 1 2  21.6 372 59±1 14±3 6±2 9±2 
4 1 2 2 1  5.2 766 54±1 23±6 13.8±0.3 20±5 
5 2 1 1 2  30 637 40±1 19±5 34±2 54±2 
6 2 1 2 1  3.7 1389 62.8±0.2 80±2 59±2 70±4 
7 2 2 1 1  26.4 1017 42.5±0.2 23±3 31±3 55±3 
8 2 2 2 2  2.7 1627 67±1 71±1 81±3 81±1 

X1—Pyrolysis temperature (650 °C (−) and 800 °C (+)). 
X2—Residence time (60 min (−) or 150 min (+)). 
X3—Precursor:activating agent ratio (10:1 (−) and 1:1 (+)). 
X4—Activating agent (K2CO3 (−) and KOH (+)) 
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Table 2. Normalize 
Run No. 

Yield (%) SBET (m2 g−1) TOC (%) Ads (%) SMX Ads (%) CBZ Ads (%) PAR 

1 0.91 0.00 0.67 0.00 0.00 0.03 
2 0.16 0.20 0.55 0.04 0.00 0.00 
3 0.69 0.09 0.70 0.01 0.00 0.04 
4 0.09 0.38 0.52 0.15 0.10 0.19 
5 1.00 0.28 0.00 0.09 0.37 0.64 
6 0.04 0.83 0.84 1.00 0.71 0.85 
7 0.87 0.56 0.09 0.15 0.33 0.65 
8 0.00 1.00 1.00 0.87 1.00 1.00 

 
Table 3. Grey relational coefficient & Grey relational grade 

Run No. 

Yield (%) 
SBET 
(m2 g−1) 

TOC (%) 
Ads  
(%)  
SMX 

Ads  
(%)  
CBZ 

Ads  
(%)  
PAR 

GRG Rank 

1 0.85 0.33 0.60 0.33 0.33 0.34 0.46 5 
2 0.37 0.39 0.53 0.34 0.33 0.33 0.38 8 
3 0.62 0.36 0.63 0.34 0.33 0.34 0.44 6 
4 0.36 0.45 0.51 0.37 0.36 0.38 0.40 7 
5 1.00 0.41 0.33 0.35 0.44 0.58 0.52 3 
6 0.34 0.74 0.76 1.00 0.63 0.77 0.71 2 
7 0.79 0.53 0.36 0.37 0.43 0.59 0.51 4 
8 0.33 1.00 1.00 0.79 1.00 1.00 0.85 1 

 
Table 4. Factor 

 
Level Rank 

1 2 Delta 

X1 0.42 0.65 0.23 1 
X2 0.52 0.55 0.03 3 
X3 0.48 0.59 0.11 2 
X4 0.52 0.55 0.03 4 

 
Table 2 shows the normalized data for the 

characteristic of activated carbon and the adsorption of 
pharmaceutical wastewater. Then, based on normalized 
experimental data, gray relation coefficient calculations are 
performed to state the relationship between experimental 
data and desired results as shown in Table 3. So that 
optimization of complex multifarious respond 
characteristics can be transformed into the optimization of 

a single gray relational level. The optimal process parameters 
are shown by the highest gray relational level. 

An overall evaluation of some process responses is 
based on a grey relational Grade (GRG). GRG is the average 
of the grey relational coefficient that corresponds to each 
response. The results of calculations and analysis of GRG 
values as shown in Table 3, that the best performance was 



Jatmiko/Jurnal Teknologi Pencegahan Pencemaran Industri 11 (2020) 11-18 15 

 

 

obtained on activated carbon in the 8th experiment where all 
factors were at the highest level. 

Table 4 shows the results of further calculations of 
the GRG difference for each parameter. It can be seen that 
the most influential factors in the production of activated 
carbon from waste with the best performance are X1, X3, 
X2 and finally X4. The highest temperature (X1) and the 
highest impregnation ratio (X3) are the most influential 
conditions in activated carbon production, whereas 
residence time (X2) and activating agent (X4) are less 
influential factors in activated carbon production. The 
results of this experiment show that temperature positively 
influences the development of porosity because activated 
carbon produced with a maximum pyrolysis temperature 
(800 °C) has a high SBET and the highest adsorption 
percentage for CBZ, SMX and PAR. The carbonization 
process is strongly influenced by temperature, presence of 

inert gas, heating rate and residence time. A high 
carbonization temperature will produce a low yield because 
it produces more ash but good char quality (González-
García, 2018). 

Temperature of pyrolysis has the biggest effect on 
adsorption capacity of activated carbon. This phenomena 
correspondence with another study that the higher the 
pyrolysis temperature would increase the performance of 
activated carbon as seen in Figure 1a.  The increase in 
pyrolysis temperature will cause more volatile content in the 
precursor to be released (Heidarinejad et al., 2020; Sun et 
al., 2014) so that it will increase the surface area of activated 
carbon due to the opening of the pores  (Ahmad et al., 2012; 
Heidarinejad et al., 2020; Jaria, Silva, et al., 2019; Zhang, 
Liu, & Liu, 2015). With the increase of surface area, the 
adsorption capacity of the activated carbon also increases, as 
seen in Figure 1a.

 

 
a 

 
b 
 

 
c 

 
d 

Figure 1. Effect operating condition on activated carbon adsorption performance a) temperature; b) Residence Time; c) Precursor:activating 
agent; d) Activating agent 
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Table 5. Effect opertaing condition on activated carbon 

Operating condition 
  

Yield (%) SBET (m2 g−1) TOC (%) 

Temperature (C) 
650  7 476,25 57 
800  30 1167,5 53,5 

Time (min) 
60  18,5 698,25 49 
150  13,975 945,5 60 

Precursor:activating agent 
10:1  30 567,5 52,33 
1:1  7 1076,25 60,5 

Activating agent 
K2CO3  27,5 854 56 
KOH   18,5 789,75 55,33 

 
Ratio precursor:activating agent also has affected to 

the activated carbon performance. Increasing the activating 
agent would activate precursor more optimum. In general, 
the activation process using chemicals will occur diffusion 
of chemicals into the precursors' internal structure so that it 
will open new pores and widen existing pores. When the 
activating agent (K2CO3 or KOH) was increased, the 
activation process becomes more optimal. The activated 
carbon formed has a high surface area and increases its 
ability to absorb adsorbate (Foo & Hameed, 2012; 
Heidarinejad et al., 2020). 

Increasing residence time will increase the quality 
of activated carbon, as shown in Figure 1b and Table 5. The 
longest the residence time will increase the activated carbon 
processed more optimum, resulting in high surface area and 
TOC. 

From the study results, as shown in Figure 1d and 
Table 5, activation using K2CO3 is slightly better than 
KOH; this is in accordance with several previous studies 
(Abbas & Ahmed, 2016; Heidarinejad et al., 2020). This is 
likely due to the ability of K2CO3 to inhibit the formation 
of tar and other liquid products during the pyrolysis process 
(Adinata, Wandaud, & Aroua, 2007), so that activated 
carbon that is activated using K2CO3 has a slightly larger 
surface area and TOC than with activated carbon activated 
with KOH. 

 
4. CONCLUSION 

Activated carbon produced from PMS waste shows 
satisfactory characteristics and adsorption performance of 

pharmaceutical wastewater. Multi-response analysis based 
on the Taguchi GRA method can illustrate well the factors 
that influence the production of active carbon from PMS 
waste. The most influential factors in the production of 
activated carbon are pyrolysis temperature (800°C), ratio of 
precursors and activating agents (1:1), residence time (150 
minutes) and finally the type of activator (KOH). 
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