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INTRODUCTION

Batik is one of the products of the Indonesian 
nation’s art and culture that is in great demand 
by people, both the Indonesian people themselves 
and tourists from other countries. However, the 
proliferation of the batik industry increases the 
pollution of water bodies due to its waste. Ba-
tik waste contains chromium due to the use of 
chemical dyes in the dyeing and washing process 

(Mahmudi et al., 2020; Wirosoedarmo et al., 
2020). If the waste containing chromium is dis-
charged directly into water bodies, it causes river 
water pollution and endangers the lives of living 
things. Chromium ions in water were detected as 
Cr(III) and Cr(VI). Cr(VI) is a toxic contaminant. 
This metal can accumulate in the human body 
through the CrO4

2- and Cr2O7
2- compounds solu-

ble in water and cause toxic effects on biological 
systems (Dhivya et al., 2019; Gong et al., 2017;  
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ABSTRACT
The fast-growing batik industry in Indonesia raises the problem of the waste containing chromium. One method 
to remove chromium is by the adsorption process using activated carbon. Activated carbon can be made from 
coal. This commodity is a mining mineral the availability of which is still abundant in Indonesia. This study 
aimed to obtain: 1) the best concentration of activator and activation temperature in the manufacture of activated 
carbon; 2) characteristics of activated carbon (moisture content, volatile matter content, ash content, fixed carbon 
content, iodine number, specific surface area, pore-volume, pore surface area, pore radius, and SEM photos); 3) 
% activated carbon removal for chromium and maximum adsorption capacity for chromium; 4) Freundlich and 
Langmuir isotherm adsorption equation of activated carbon to chromium. The manufacture of activated carbon 
was carried out by a carbonization process followed by a chemical and physical activation processes. The chemi-
cal activator was ammonium phosphate with doses of 74.5 g/L, 149 g/L, 223.5 g/L, and 298 g/L. Meanwhile, 
physical activation was carried out at 848 K, 948 K, 1048 K, and 1148 K. The next step was to test the adsorption 
capacity of activated carbon on artificial batik waste containing chromium. The results showed that: 1) activator 
concentration did not significantly affect the characteristics of activated carbon. Meanwhile, the optimal activation 
temperature is at a temperature of 1048 K and 1148 K, which can produce the activated carbon that meets the re-
quirements of activated carbon of the Indonesian National Standard 06-3730-1995 with the following contents: air 
content 0.16–0.81%; volatile matter 14.62–19.31%; ash 6.48–9.97%; fixed carbon 70.60–75.79%; iodine number 
1243.13–1258.65%; specific surface area 31.930 m2/g; activated carbon pore volume 0.011 cc/g; pore surface area 
8.905 m2/g; activated carbon pore radius 30.614; 3) the proportion of activated carbon removal for chromium is 
37–53% and the maximum adsorption capacity for chromium is 52 mg/g; 4) the Freundlich equation test resulted 
in a constant R2 of 0.5126, n 2.4870, KF 8.8818 mg/g, while the Langmuir equation test resulted in a constant R2 of 
0.8897, b -0.0075 L/mg, qm -90.0901 mg/g.
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W. Liu et al., 2019). Chromium metal contamina-
tion in water bodies can endanger the health of 
living things exposed to it and the sustainability 
of the environment (A.Yáñez-Varela et al., 2018). 
The maximum allowable chromium content in 
water is 0.05 mg/L (Effendi, 2003). Therefore, the 
chromium content in batik waste must be mini-
mized before discharge into water bodies. 

There are several methods to minimize the 
chromium content in batik waste, including using 
the filtration method (Kusdarini et al., 2021; Kus-
darini et al., 2020), ion exchange (Kusdarini and 
Budianto, 2018; Kusdarini et al., 2018, 2021), 
and adsorption (Budianto et al., 2021; Budianto 
et al., 2019; Budianto et al., 2019; Kusdarini et 
al., 2017). The adsorption process with activated 
carbon is cheap and easy to operate. Activated 
carbon raw materials are organic materials. One 
of the raw materials for activated carbon, abun-
dantly available in Indonesia, is coal. 

Several studies have been carried out to 
make activated carbon from coal. Activated car-
bon made from low-grade bituminous coal has a 
maximum specific surface area of 86.213 m2/g 
and an iodine value of 1238.544 mg/g (Kusdarini 
et al., 2017). Meanwhile, activated carbon from 
lignite coal has an iodine value of 1288.8 m2/g 
(Suliestyah and Astuti, 2021). In addition to low 
and medium-grade coal, several studies have also 
made activated carbon from high-grade coal. The 
activated carbon from anthracite coal has a maxi-
mum adsorption capacity of 19.31 mmol/g CH4 
gas (X. Liu et al., 2022). This research has suc-
cessfully produced the activated carbon that par-
tially fulfills the parameter requirements of SNI 
06-3730-1995. However, it does not meet the 
standards for several other parameters. Therefore, 
this research refined the previous study with the 
novelty of using ammonium phosphate for chem-
ical activation and high temperature for physical 
activation, namely 848–1148 K.

MATERIALS AND METHODS

Materials and tools

The materials used in this research are coal, 
(NH4)3PO4, NaOH, starch, iodine, Na2SO3, 
H2CrO4, and aquadest. In turn, the tools used 
are a hammer, grinder, analytical balance, drop-
per, measuring flask, clamp, filter paper, burette, 

furnace, beaker glass, aluminum foil, funnel, 
measuring cup, and Erlenmeyer flask.

Coal testing

Determination of parameters and types of 
coal raw materials was carried out using proxi-
mate analysis, namely testing water content 
(ASTM D-3173-92), volatile matter content (BS-
1016), and ash content (ASTM D-3174-98). The 
fixed carbon content was calculated based on the 
formula:
𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑐𝑐𝑐𝑐𝑤𝑤𝑤𝑤 + 𝑣𝑣𝑣𝑣𝑐𝑐𝑐𝑐𝑣𝑣𝑣𝑣𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑤𝑤𝑤𝑤 𝑚𝑚𝑚𝑚𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑐𝑐𝑐𝑐𝑤𝑤𝑤𝑤 + 
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% 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑚𝑚𝑚𝑚𝑐𝑐𝑐𝑐𝑣𝑣𝑣𝑣𝑤𝑤𝑤𝑤𝑣𝑣𝑣𝑣 𝑐𝑐𝑐𝑐ℎ𝑤𝑤𝑤𝑤𝑐𝑐𝑐𝑐𝑚𝑚𝑚𝑚𝑣𝑣𝑣𝑣𝑟𝑟𝑟𝑟𝑚𝑚𝑚𝑚 (𝐶𝐶𝐶𝐶𝑤𝑤𝑤𝑤) =  
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𝐶𝐶𝐶𝐶𝑐𝑐𝑐𝑐
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(1)

Activated carbon manufacture

Preparing raw materials before processing in-
cluded: 1) grinding coal, 2) sifting with a 60 mesh 
sieve, 3) separating coal granules with a size of 
< 60 mesh to be used as raw material for activat-
ed carbon. In turn, the manufacture of activated 
carbon included: 1) dehydration, which is drying 
coal in the sun for 2 days, 2) carbonization, which 
is heating coal at a temperature of 550 °C for 2 
hours; 3) chemical activation, namely soaking 
charcoal in ammonium phosphate activator at a 
dose of 74.5 g/L, 149 g/L, 223.5 g/L, and 298 g/L, 
neutralization of the charcoal using 0.1 M sodium 
hydroxide and aquadest, separation of the char-
coal from the neutralizing solution with a filter 
paper; 4) physical activation, namely heating coal 
charcoal at temperatures of 848 K, 948 K, 1048 
K, and 1148 K; 5) store activated carbon in alu-
minum foil for analysis.

Activated carbon analysis

Activated carbon analysis includes: 1) Proxi-
mate analysis (same procedure as for coal raw ma-
terial proximate analysis), 2) Iodine number anal-
ysis (ASTM D-4607-94), 3) BET, 4) SEM-EDX 

Testing the ability to remove chromium 
solution by activated carbon

Tests were carried out on Cr6+ ions contained 
in chromic acid solution. Then, 1 g of activated 
carbon was placed into 1 L of chromic acid solu-
tion at a dose of 120 mg/L (sample E), 105 mg/L 
(sample F), 90 mg/L (sample G), 75 mg/L (sample 
H), and 60 mg/L (sample I), stirred at 450 rpm for 
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3.5 hours. Furthermore, analysis of the chromium 
content in the chromic acid solution was carried 
out before (Co) and after contact with activated 
carbon (Ce) (SNI 6989.71:2009). The ability of 
activated carbon to remove chromium in water is 
expressed in % chromium removal (Equation 2). 

𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑐𝑐𝑐𝑐𝑤𝑤𝑤𝑤 + 𝑣𝑣𝑣𝑣𝑐𝑐𝑐𝑐𝑣𝑣𝑣𝑣𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑤𝑤𝑤𝑤 𝑚𝑚𝑚𝑚𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑐𝑐𝑐𝑐𝑤𝑤𝑤𝑤 + 
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𝐶𝐶𝐶𝐶𝑐𝑐𝑐𝑐
 × 100% 
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𝑛𝑛𝑛𝑛 
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+
1

𝑐𝑐𝑐𝑐𝑞𝑞𝑞𝑞𝑚𝑚𝑚𝑚
 

 

𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒
𝑞𝑞𝑞𝑞𝑒𝑒𝑒𝑒

 

(2)

Isotherm adsorption test with 
Freundlich and Langmuir equation

Freundlich assumed heterogeneous surfaces 
with different adsorption energies. According to 
Equation 3, KF and n are Freundlich constants de-
termining adsorption capacity and intensity. This 
constant can be obtained from the intercept and 
slope of the log diagram qe versus Ce (Nowruzi et 
al., 2020).

𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑐𝑐𝑐𝑐𝑤𝑤𝑤𝑤 + 𝑣𝑣𝑣𝑣𝑐𝑐𝑐𝑐𝑣𝑣𝑣𝑣𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑤𝑤𝑤𝑤 𝑚𝑚𝑚𝑚𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑐𝑐𝑐𝑐𝑤𝑤𝑤𝑤 + 
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(3)

Where qe notation is the equilibrium capacity 
of Cr6+ ions, namely the number of Cr6+ ions ad-
sorbed per unit mass of activated carbon (mg/g), 
Ce is the equilibrium concentration of Cr6+ ions in 
solution after activated carbon has been adsorbed 
(mg/L), KF and n are empirical constants (Basu et 
al., 2018; Kusdarini et al., 2018, 2021). The KF 
and n constants can be found by Equation 4.
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Determining the KF and n constants in the 
Freundlich equation was carried out by plotting 
log qe vs log Ce as in Equation 4. The Langmuir 
isothermal adsorption equation is present in 
Equation 5. 
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Where Ce (mg/L) is the equilibrium concen-
tration of Cr6+ ions in the solution after activated 
carbon has been adsorbed, qe is the capacity for 
Cr6+ ion equilibrium, namely the weight of Cr6+ 
ions adsorbed per unit weight of activated carbon 
(mg/g), b (L/mg) and qm (mg/g) is the Langmuir 
constant which corresponds to the adsorption en-
ergy and the maximum adsorption capacity re-
spectively and is determined from the intercept 

and slope diagram 
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RESULTS

Characteristics of coal and activated carbon

The results of the proximate coal analysis 
show that water content is 4.3%, volatile mat-
ter content is 14.3%, ash content is 8.4%, and 
fixed carbon content is 73.1%, so it belongs to 
the bituminous coal group (Hessley et al., 1986; 
Kirk and Othmer, 1979). Meanwhile, the results 
of testing parameters for activated carbon made 
with variable concentration of activator and acti-
vation temperature are shown in Figure 1 (water 
content), Figure 2 (ash content), Figure 3 (volatile 
matter), Figure 4 (fixed carbon), and Figure 5 (io-
dine numbers).

Water content parameter

The moisture content of the activated carbon 
sample is 0.16–7.73%, as shown in Figure 1. The 
water content meets the SNI standard 06-3730-
1995 (BSN, 1995). The activator concentration 
(NH4)3PO4 did not affect the water content. The 
water content of activated carbon, which was ac-
tivated at a temperature of 1048 K and 1148 K, 
experienced a sharp difference compared to the 
activation temperature of 848 K and 948 K. At an 
activation temperature of 848 K, the water content 
of activated carbon was smaller (3.43–3.61%) 
than the activated carbon made from bituminous 
coal, which is activated using the activator H3PO4 
and NH4HCO3 at an activation temperature of 873 
K, reaching 6.6–8% (Kusdarini et al., 2017), and 
activated carbon made from young coconut coir 
and shells which is activated using NaOH activa-
tor at an activation temperature of 873 K, reach-
ing 2–18% (Budianto et al., 2021). At an activa-
tion temperature of 1148 K, the water content of 
activated carbon is smaller (0.37–0.81%) than the 
activated carbon made from peat soil and coal, 
which is activated using the activator H3PO4, 
H2SO4, and ZnCl2 at an activation temperature 
of 1173 K,  amounting to 4.1–4.3% (Budihardjo 
et al., 2021). Meanwhile, at the activation tem-
perature of 948 K, the water content of activated 
carbon is higher (6.34–7.73%) than the activat-
ed carbon made from empty palm oil bunches 
waste, which is activated using an H3PO4 activa-
tor at an activation temperature of 973 K, equal 
to 3%. (Budianto et al., 2021). The water content 
of the product is higher than the water content of 
activated carbon from mangrove charcoal with a 
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phosphoric acid activator (Budianto et al., 2019). 
The water content of activated carbon at an ac-
tivation temperature of 1048–1148 K is almost 
the same (0.16–0.81%) compared to the activated 
carbon made from mangrove charcoal which is 
activated using phosphoric acid at an activation 
temperature of 923–998 K, amounting to 0.11–
0.38%. (Budianto et al., 2019).

Ash content parameter

The ash content parameter of activated car-
bon is volatile, i.e., 6.48–25.45%. The ash content 
meets SNI standards if it amounts to a maximum 
of 10%. This condition occurs in the activation 
process with a physical activation temperature of 
1048–1148 K, which is 6.48–9.97% (BSN, 1995). 

Figure 2 shows that the activation temperature 
aff ects the ash content, while the ammonium 
phosphate concentration does not show a trend 
towards the ash content. Parameters of the ash 
content of activated carbon are not much diff er-
ent from activated carbon from low-grade bitu-
minous coal and mangrove charcoal (Budianto et 
al., 2019; Kusdarini et al., 2017). 

Volatile matter content paramet er

The parameters of the volatile matter content 
of activated carbon are 14.38–26.74%, or 94% 
of the activated carbon samples made that meet 
the SNI standard, which is a maximum of 25% 
(Figure 3) (BSN, 1995). This value is lower than 
the volatile matter of the activated carbon made 

Figure 1. Diagram of the percentage of activated carbon water content with variable 
concentration of chemical activator and physical activation temperature

Figure 2. Diagram of the percentage of ash content of activated carbon with variable 
concentration of chemical activator and physical activation temperature
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from low-grade bituminous coal and the activated 
carbon from young coconut coir and shells (Bu-
dianto et al., 2021; Kusdarini et al., 2017). The 
volatile matter of activated carbon is almost the 
same as that of the activated carbon made from 
mangrove charcoal (Budianto et al., 2019). Fur-
thermore, the volatile matter value of activated 
carbon is higher than that of the activated carbon 
made from empty palm oil bunches waste (Budi-
anto et al., 2021).

Fixed carbon content parameter

The fi xed carbon content of activated car-
bon is 50.70–75.79%. The results showed that 
the concentration of the chemical activator did 
not signifi cantly aff ect the fi xed carbon content 

of activated carbon. In the temperature range of 
1048 K and 1148 K, as shown in Figure 4, the 
fi xed carbon of the product increased sharply. 
Fixed carbon in the product meets SNI standards 
at these two temperatures, which is at least 65% 
(BSN, 1995). Fixed carbon activated carbon from 
this research is higher than the activated carbon 
from low-grade bituminous coal (Kusdarini et al., 
2017). However, fi xed carbon activated carbon is 
lower than the fi xed carbon made from mangrove 
charcoal and empty palm oil bunches waste (Bu-
dianto et al., 2021; Budianto et al., 2019). 

Iodin number parameter

The parameter iodine number for activated 
carbon is 1248–1259 mg/g or has met the SNI 

Figure 3. Diagram of the percentage of the volatile matter content of activated carbon with 
variable concentration of chemical activator and physical activation temperature

Figure 4. Diagram of the percentage of the fi xed carbon of activated carbon with variable 
concentration of chemical activator and physical activation temperature
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standard, which is at least 750 mg/g as shown 
in Figure 5 (BSN, 1995). This iodine number is 
higher than the iodine number for the activated 
carbon from mangrove charcoal, low-grade bitu-
minous coal, and empty palm oil bunches waste 
(Budianto et al., 2021; Budianto et al., 2019; Kus-
darini et al., 2017).

Analisa brunauer emmett teller (BET)

The morphological characteristics of activat-
ed carbon showed that the specifi c surface area of   
activated carbon was 31.930 m2/g, the pore vol-
ume of activated carbon was 0.011 cc/g, and the 
pore surface area was 8.905 m2/g, and the pore 
radius was 30.614. The morphological charac-
teristics of activated carbon are better than the 
activated carbon from the bark of salak, namely 
a specifi c surface area of 15.75 m2/g and a pore 
volume of 0.0027 cc/g (Fatimah et al., 2021). The 
surface area of activated carbon from bituminous 
coal is also larger than the activated carbon from 
anthracite coal which is activated with a 50% 
KOH solution at a temperature of 700 °C with an 
N2 gas fl ow of 29.00 m2/g (Song et al., 2020). In 
addition, the morphological characteristics of ac-
tivated carbon from the research are also better 
than the ZwitAd adsorber made of acrylic coat-
ing material, bentonite, distilled water, surfactant 
(epichlorohydrin-dimethyl amine) with a specifi c 
surface area of 2.75 m2/g and a pore volume of 
0.018 cc/g (Azha and Ismail, 2021).

SEM-EDX

The surface morphology and elemental com-
position of carbonized coal are presented in Fig-
ures 6 and 7. In comparison, the surface mor-
phology and elemental composition of activated 
carbon after chemical and physical activation are 
presented in Figures 8 and 9.

Figure 6 is a coal surface carbonization pro-
cess. The substance has a relatively smooth sur-
face area, irregular block structure, and no ap-
parent pore structure. This condition is due to 
the relatively low carbonization process temper-
ature for the pyrolysis temperature (Ming-Ming 
Fu et al., 2019). 

Figure 5. Diagram of activated carbon iodine number with variable concentration 
of chemical activator and physical activation temperature

Figure 6. Coal surface view after carbonization 
process (512 x) with SEM-EDX equipment
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SEM photos show that after the carbon after 
chemical and physical activation, as shown in 
Figure 9, it has more comprehensive, numerous 
pores and a more apparent pore structure than car-
bonized carbon.

Removal chromium

Initial (Co) and late (Ce) Cr(VI) concentra-
tions and the percentage of chromium removal 
in several concentrations of Cr in solution after 
contact with activated carbon are presented in 
Table 1. The % Cr removal of 37–53%. Each 
volume of 1 L was contacted with 1 g of acti-
vated carbon until equilibrium was reached. 
From Table 1, it can be seen that the maximum 
adsorption capacity of activated carbon on Cr in 
sample B was 52 mg/g.

Adsorption isotherm

The isotherm study describes the behavior 
of the adsorbent and states the relationship be-
tween the amount of adsorbate adsorbed by the 

Figure 7. Composition of elements C, O, Si, and Al in carbon before activation

Figure 8. The appearance of the carbon 
surface after chemical and physical activation 

(512 x) using the SEM-EDX apparatus

Table 1. Percentage of chromium removal at various 
concentrations

Sample E F G H I

Co (mg/L) 120 105 90 75 60

Ce (mg/L) 76 53 45 35 29

Co - Ce (mg/L) 44 52 45 40 31

% removal Cr 37 50 50 53 52
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adsorbent. The test of the adsorption behavior of 
activated carbon on Cr6+ ions using the Freundlich 
and Langmuir equations is presented in Figures 
10 and 11. Meanwhile, the parameters for the ad-
sorption isotherm of Cr6+ ions by activated carbon 
are presented in Table 2.

CONCLUSIONS

The best conditions in the process of manufac-
turing activated carbon from bituminous coal with 
ammonium phosphate reagent are at a concentra-
tion of 0.5–2 M and a temperature of 1048–1148 K. 

Figure 9. Composition of elements C, O, Si, and Al in carbon after activation

Figure 10. The adsorption isotherm plot of the Freundlich model
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The best characteristics of activated carbon pro-
duced are water content of 0.16–0.74%, vola-
tile matter content 14.38–19.31%, ash content 
6.48–9.97%, fi xed carbon content 70.60–75.79%, 
iodine number 1243–1259 mg/g, specifi c surface 
area 31.930 m2/g, pore surface area 8.905 m2/g, 
pore volume 0.011 cc/g, and pore radius 30.614. 
Meanwhile, activated carbon can decrease the 
chromium content in artifi cial batik waste with 
a maximum adsorption capacity of 52 mg/g and 
a removal percentage of 37–53%. Furthermore, 
the Freundlich equation test produced R2, n, and 
KF constants of 0.5126, 2.4870, and 8.8818 mg/g, 
while the Langmuir equation test produced R2, b, 
and qm constants of 0.8897, -0.0075 L/mg, and 
-90.0901 mg/g.
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