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 Abstract: This study explored a simple preparation and characterization of the 
activated carbon and cloth from the palm kernel shell and compared it to the commercial-
water-filter-carbon specification. A new pyrolysis chamber that is easily scaled up using 
the palm kernel shell itself as a heat source was tested. Two different steps were compared: 
the alkaline activation process performed before or after the carbonation process in the 
palm-kernel-shell carbon preparation. The palm-kernel-shell activated carbons prepared 
with the current method fulfilled the standard quality of activated charcoal except for the 
ash content. The sequencing step of the preparation affected the adsorption capacity. 
Instead of the reverse sequence, the soaking palm kernel shells in NaOH before the 
carbonation process lead to a higher adsorption capacity. The carbon particle stability on 
the cloth surface was affected by both the adhesive concentration and its size. The 
ammonia adsorption capacity of activated carbon cloth (ACC) was between 1–4 mg 
ammonia per g stuck carbon. The preparation and the carbon type source on ACC 
affected the adsorption capacity. The ACC absorbed and lessened the skim latex odor 
vapor, nearly odorless depending on the ACC area and the volume of odor vapor. 
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■ INTRODUCTION 

The odor from ammonia is one of the major 
problems experienced in daily life. It has been discovered 
to be originating from trash bins and, on a large scale, 
agricultural industry and municipal organic wastes. The 
primary source of ammonia emission is cattle farming, as 
observed with its 49% contribution (244 kT-NH3) in the 
United Kingdom in 2016. Other sources include livestock, 
agriculture, human and vehicle wastes, etc. [1]. However, 
it is possible to detect the odor in the concentration range 
of 5–53 ppm and has also been observed to have the ability 
to spread to other rooms at 50 ppm in 10 min. The poison 
effect of ammonia depends on its emission concentration 
level in the air. Inhaling vapor at 570 ppm causes 
respiratory interferences and sore feelings in the tract [2]. 

Several other things are causing severe air pollution 
in Asian countries, including Indonesia. These include 

lousy odor from rubber processing industries as 
observed in 2016 by merdeka.com and detik.com to 
disturb Mojokerto. Other similar cases have also been 
reported in different places since the country produces > 
3 million tons of rubber in 2016, with more than a 1.3% 
increase in production annually. The air pollution was 
associated with the focus of these factories on treating 
liquid wastes [3] even though every step of treating skim 
latex also produces an unpleasant odor. A new smoke 
chamber prototype for rubber latex sheets was published 
previously [4-5], but there is no mention of reducing the 
smell, especially during the drying process. 

One of the solutions to reduce ammonia and skim 
latex odor is the use of an adsorbent-based treatment. 
However, despite the reputation of granular activated 
carbon as an absorbent [6] and odor removal mainly for 
water and gas, it is barely used to remove the odors in 
the skim latex vapor [7-10]. The process involves filling 
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a container with the granular or powder content to make 
the carbon particles denser and reduce their absorbing 
capacity. Carbon cloth is suggested to be more compatible 
than the granular ones but expensive due to its source as 
well as the carbonization and activation processes [11-12]. 
This material has several applications, including its use as 
a chemical protecting blanket or jacket [13]. Anti-odor 
textile fabricated from palm kernel shells has been 
reported for onion odor adsorption [14]. However, the 
carbon cloth prepared with a simpler method has been 
reported for ammonia vapor adsorption. 

In the current study, the activated carbon was 
prepared from the waste of palm kernel shells using a 
simple method, which is easy for farmers in rural areas to 
apply. It is important to note that this specific product has 
not been comprehensively explored by past studies [15]. 
For a simple process, palm kernel was used as the fuel for 
carbonization in two-layer-cylindrical-pyrolysis chambers. 
At the same time, caustic soda was applied as the 
activating agent due to its availability in the rural market. 

The current study explores the effect of the 
activation-carbonation sequence, which is crucial to 
prevent the corrosive chemical loaded into the pyrolysis 
chamber. The characteristics of the activated carbons 
were compared with the new and the regenerated 
commercial activated carbons. The immobilization 
methods of activated carbon on a fabric, the capacity for 
ammonia odor adsorption, and skim latex odor removal 
were unknown. These areas have not been much 
discussed in previous literature because most of them are 
focused on the immobilization of active matter on 
activated carbon [16]. Therefore, the stability of activated 
carbon cloths, adsorption capacity, and organoleptic 
studies on odor removal were explored. 

■ EXPERIMENTAL SECTION 

Materials 

Several research materials were bought from several 
companies. Palm Kernel Shells were from palm plantation 
(PT. Perkebunan Lembah Sakti). Ethanol (ACS grade), 
ammonia (25%), hydrochloric acid (35%), Nessler reagent 
A, and methylene blue were all from Supelco Merck. 
Commercial caustic soda (flake 98%), water filter 

commercial activated carbon (Hexagon coconut shells) 
and polyvinyl acetate glue were from a local market. 

Instrumentation 

Some analytical instruments were used for 
characterization. An analytical instrument of UV-Vis 
Spekol 2000 spectrophotometer was used for the 
determination of ammonia concentration. A trinocular 
Olympus CX41 microscope with camera DP12, a 
Bellstone stereo microscope with an optical camera was 
used to observe the ACC surfaces. Brunauer-Emmett-
Teller (BET) Sorptomatic 1800 is used to analyze carbon 
porosity, and scanning electron microscopy (SEM) 
JEOL JSM-6510LA was for surface characterization of 
activated carbons. 

Procedure 

Preparation of activated carbon from palm kernel 
shell 

Dried palm kernel shells (PKS) were obtained from 
the local (Aceh Selatan) palm oil industry. About 16 kg 
was washed, sun-dried, and divided into two containers. 
It was divided into two groups of treatments. In the first 
treatment, PKS was initially carbonized by pyrolysis 
methods before alkaline activation. Alkaline activation is 
done by soaking it into 25% NaOH for 24 h. The 
charcoal was filtered and washed with deionized water 
until neutral and then sun-dried. This variation was 
called “Palm-carb-prior-act-C”. The second treatment 
involved the initial soaking of the PKS into 25% NaOH 
for 24 h and sun-dried before it was carbonized within a 
pyrolysis chamber. The cold charcoals were washed until 
they have a neutral pH and sun-dried, and the variation 
was called “Palm-act-prior-carb-C”. 

Carbonization was conducted in a pyrolysis 
chamber; other than PKS filled in a pyrolysis chamber, 
the heat source was the burning PKS itself. The 
combustion equipment is made of two different sizes of 
hollow metal cylinders. The inner (smaller size), the 
pyrolysis tube, was shielded from the air, and the outer 
was the combusting chamber, where PKS was 
continuously added as fuel to produce the heat for 
pyrolysis. The combustion was adiabatic took 3 h, and 
the temperature reached around 800–1000 °C, which 
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was controlled by continuous addition of PKS as the fuel 
to simulate the actual application in the community. For 
comparison, both a new commercial-water-filter-carbon 
(WF-C) and the regenerated ones (RWF-C) were also 
studies. Each material was included in the 
characterization and fabrication of the Activated Carbon 
Cloths (ACC). The new and used WF-C were obtained 
from the local refill-water depot under a similar trade 
name, hexagon coconut shell (granular, ASTM American 
Society for Testing Materials quality). For RWF-C sample 
preparation, the WF-C that was previously used for three 
years was regenerated by drying at 105 °C for 2 h, re-
activated by soaking in 6 M HCl for 24 h, and then washed 
and neutralized [17]. 

Characterization of the activated carbon 
All types of activated carbon were characterized in 

powder with a size of more than 100 mesh. 
Characterization of the activated carbon was conducted 
for moisture, ash, iodine number, and volatile compound. 
The surface area and morphology were analyzed 
respectively using Brunauer-Emmett-Teller (BET) 
Sorptomatic 1800 and scanning electron microscopy 
(SEM) JEOL JSM-6510LA. The characteristic of activated 
carbon level for each referred to ASTM D-3175-11, ASTM 
D-3175-02, ASTM D-3174-11, and ASTM D-4607-94 
respectively. 

Immobilization/supported technique of activated 
carbon on the cloth 

Each type of activated carbon particles (0.3 g) was 
immobilized on the surface of cotton cloth (4 cm × 7 cm) 
by using polyvinyl acetate adhesive (PAA), which was 
prepared in various concentrations of 50, 60, 70, and 80 
%-weights-volume in technical-grade ethanol. The 
adhesive was smeared and flattened on the surface of the 
cotton cloth by using a roller grinder before the activated 
carbon particles flattened by a 5-kg-roller-grinder. The 
experiments were repeated to search for a combination 
between the adhesive concentration and the particle size 
of activated carbon (60, 80, and 100 mesh prepared with 
several layer sieves), which is crucial for the particle 
stickiness on the cloth. The best combination was 
determined from the stability of the carbon stickiness 
measured as the percentage of the mass loss in the 

immobilized carbon cloth after it was spun in a rotary 
evaporator for 5 min at 40 rpm. The stability test was run 
to study the ACC endurance in packaging and friction. 
The particle dispersion homogeneity was compared 
based on the microscope images. 

Ammonia adsorption test 
Approximately 25% of concentrated ammonia 

(Merck, 105432 Supelco) was transferred in a small baker 
glass, cooled in an ice bath (∼15 °C) for 10 min to avoid 
excessive evaporation. Later, 0.1 mL of chilly ammonia 
was transferred using a micropipette into several 250-
mL-glass reactors (equipped with electric plastic film 
cover) in which carbon cloth sheets were hung, as shown 
in Fig. 1. All glass reactors were airtight-shield and 
placed in a water batch at 28 + 1 °C. The initial pH of 
ammonia vapor within the closed container was neutral, 
the pH was not controlled, but there was no significant 
change during this gas-phase experiment. This also 
confirmed with the theory that in the gas phase, 
ammonia does not significantly change pH [18]. The 
ACC sheets have a dimension (@3.5 cm × 6.5 cm, 
containing each 0.25 g average weight of activated carbon). 
The ACCs were attached inside the surface of the glass 
reactors except for the control. Adsorption experiments 
were set up in various ACC sheets (0, 1, 2, 3, 4, and 5 
sheets). The optimum contact time was determined at 
the time when the amount of absorbed ammonia 
reached a constant. For this experiment, four sheets of 
ACC were hung in the glass reactor. Then, 0.1 mL of cold 
25% concentrated ammonia was transferred into each 
six glass reactors using a micropipette. The initial 
concentration of ammonia vapor, which was 0.1 mL 
(13.38 M) within 250 mL container at 28 °C was 0.0052 M. 
The reactors were kept in a water bath at 28 °C and 
shielded with silicone rubber sheets to maintain an 
airtight condition with each was labeled according to the 
experimental-time, including 0, 60, 90, 105, 120, 135, 
and 150 min. At the due time, the carbon cloth sheets 
were quickly transferred into a 250 mL Erlenmeyer, 
which was covered with a rubber stopper connected to a 
50 mL burette containing distilled water to ensure they 
absorbed the ammonia dissolved into the distilled water. 
After 10 min of agitation, the filtrate was analyzed using 
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a UV-Vis Spekol 2000 spectrophotometer with Nessler 
reagent as the complexing agent for the ammonium. The 
standard solution used, NH4Cl, was verified using the 
previous method [19], which involved determining the 
ammonia concentration before and after adsorption. The 
adsorption capacity of the adsorbent in equilibrium 
isothermal Langmuir adsorption was calculated using Eq. 
(1) and (2), which is known as the Hannes-Woolf model, 
as follows [20-21]: 

e e

e m l m

C C1
q q K q

= +  (1) 

or modified into 
e e

e

C C1
q bK b

= +  (2) 

where Ce is the concentration of ammonia vapor at 
equilibrium (mg g–1), Kl is Langmuir constant related to 
adsorption capacity (mg g–1), qe is total ammonia vapor 
adsorbed per gram of immobilized carbon (mg g–1), b = 
maximum adsorption capacity per gram of immobilized 
carbon (mg g–1), K = equilibrium constant (L/mg). 

Adsorption of volatile organic compounds (VOCs) from 
skim latex 

The coagulated skim latex was cut into small pieces 
to a dimension of 1 cm × 1 cm × 5 cm, and the weight was 
estimated to be 10 g. Every four pieces were kept in 16 of 
100 mL-rubber-sealed vials prepared for latex VOC 
sources for five days to concentrate the VOCs, as shown 
in Fig. 1(a). Three types of immobilized ACC named (a) 
Palm-carb-prior act-C, (b) Palm-act-prior carb-C and, (c) 
commercial water filtration (WF-C) were prepared from 
four types of carbon sources and hung inside a 250 mL 
Beaker glass as the reactor as indicated in Fig. 1(b). 
Meanwhile, the immobilized ACC sheets, each with a 
dimension of 3.5 cm × 6.5 cm (22.75 cm2), were varied at 
0, 2, 3, 4, and 5 sheets per reactor and combined with 
having three replications. Each reactor was shielded with 
an elastic rubber sheet to ensure airtight, as shown in Fig. 
1. Furthermore, 10 mL of VOC was transferred from a vial 
into the reactor using a syringe after adsorption time was 
initiated, and the experiments were conducted at 0, 60, 
120, and 135 min. 

Organoleptic test odor 
Twenty undergraduate chemistry students, including  

 
Fig 1. Vapor adsorption experiment. Skim latex VOC 
source (left) and vapor adsorption reactor equipped with 
ACC sheets (right) 

ten males and ten females within the age range of 21–23 
years volunteered to participate in the organoleptic test 
for skim latex (VOC) odor removal using the method 
used by a previous study [22]. They were made to smell 
four shield-caps containing different concentrations of 
VOCs at 10, 5, and 0 mL during calibration. The level of 
odor in organoleptic sheets was recorded using a 0–10 
level scale with the provision of a space to write an 
extreme level if they want to grade or respond 
differently. However, during the experiment, each of the 
participants separately smelled five caps containing a 
similar level of VOC but a different number of ACC 
sheets (0, 2, 3, 4, and 5 sheets) and then recorded the 
odor level in the organoleptic-observation table. 

■ RESULTS AND DISCUSSION 

Preparation and Characterization of Activated 
Carbon from Palm Kernel Shells 

The sequence of activation-carbonization was 
compared, and the treatment initially carbonized before 
chemical activation (Palm-carb-prior-act-C) was found 
to have produced hard charcoals and less yield. Still, 
better characteristics were observed in the reverse 
treatment, which was initially activated before 
carbonization (Palm-act-prior-carb-C) as observed from 
37.5 and 42.86% yields, respectively. These were, however, 
considered higher than the results of a previous study 
[23]. Furthermore, the activated carbon was discovered 
to have produced more micropore than other raw 
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materials [24-26], as shown in the surface images 
obtained from SEM and compared with commercial-
grade water filter carbons as presented in Fig. 2. The SEM 
images with similar 5000 times magnification in Fig. 2 
show palm-carb-prior act-C (a) has smaller pores than 
Palm-act-prior carb-C (b). In comparison, the water filter 
carbon (c) was discovered to have more pores than those 
regenerated (d). Therefore, the products shown in Fig. 
2(b) and Fig. 2(c) should have higher adsorption capacity. 

The physical and chemical parameters fulfilled the 
minimum Indonesian National Standard (SNI). It is also 
comparable to ASTM minimum standards except for ash 
content, which was not preferable, as shown in Table 1. 
The characteristics correlate with the chemical properties 
of the activating agent. The chemical reaction produced 
some insoluble materials that cover the pores of carbon, 

and then it will subsequently reduce the adsorption 
capacity [27]. Therefore, more soluble activating 
chemicals are preferable, but there is a need to consider 
the toxicity level, cost, and availability in rural areas. 
Moreover, physical activation was also confirmed to be 
the better choice but requires a high-pressure reactor, 
which also has cost consequences. 

The stability of the immobilized-activated-carbon 
on the cotton cloth was deduced from the weight loss 
percentage after ACC was rotated in a rotary evaporator 
at 40 rpm for 5 min. The results showed the most stable 
ACC was prepared with 80 wt.% of the adhesive and 100 
mesh activated carbon particles. The smallest percentage 
of carbon particle loss was produced at this condition, 
leaving the highest percentage on the cloth. The data 
were confirmed using light microscope images present in 

 
Fig 2. SEM images of the ACC (a) Palm-carb-prior act-C, (b) Palm-act-prior carb-C. (c) water filtration carbon (WF-
C), (d) regenerated filtration regeneration (RWF-C) 

Table 1. Activated carbon quality standard based on Indonesian National Standard (SNI), and comparable to ASTM 
Parameters Palm-carb-prior-act-C Palm-act-prior-carb-C RWF-C WF-C SNI 
Water content (%) 8.20 5.70 11.80 13.90 ≤ 15 
Ash content (%) 8.20 13.80 12.70 11.50 ≤ 10 
Volatile compound (%) 24.00 25.00 23.27 21.50 ≤ 25 
Iodine number (mg g–1) 920.24 1113.81 1132.85 1259.78 ≥ 750 
Methylene Blue (mg g–1) 178.18 203.59 419.73 433.18 ≥ 120 
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Fig. 3 and 4, which showed the most dispersed and 
homogeneous carbon particles, were observed in ACC 
prepared with 80 wt.% of the adhesive and 100 mesh 
carbon particles as indicated in Fig. 3 and Fig. 4. Fig. 3 
shows that at a constant of 80% adhesive, the smaller 
carbon particle gave the more homogeneous carbon 
stickiness on the cloth. Fig. 3(c) is the dark color 
indicating the better carbon particle dispersion.  
Attempting to increase the ACC flexibility using lower 
adhesive concentration (< 80 wt.%) caused less carbon 
particle dispersion. As shown in Fig. 4 (a-c), carbon 
particles did not completely cover the cloth surface. 

The results of the Brunauer-Emmett-Teller (BET) 
analysis for each type of activated carbon are presented in 
Fig. 5, and the adsorption-desorption plot was essential to 

elaborate the adsorption layered model, quantity of the 
pollutant adsorbed, pollutant holding ability, etc. All the 
curves were found to have exhibited good adsorption 
points at 1 atm, with the curve pattern observed 
somewhat similar to type III isotherm with the hysteresis 
loop, as found in the literature [28]. 

Alkaline activation after carbonation (the palm-
carb-prior act-C in Fig. 5(a)) showed a lower adsorption 
capacity (50 cm3 g–1) compared to revised step activation 
(palm-act-prior carb-C in Fig. 5(b)), which was up to 
600 cm3 g–1. Fig. 5(a) demonstrated an adsorption 
capacity despite the fact the adsorbed quantity was 
relatively low. This desorption trend indicated the gas 
was strongly held at reduced pressure. The pore volume 
of the palm-act-prior carb-C was 1.012 g cm–3, higher than 

 
Fig 3. Light microscope images of ACC surfaces prepared with several carbon particle sizes using 80 wt.% adhesive: 
(a) 60, (b) 80, and (c) 100 mesh 

 
Fig 4. ACC surfaces prepared with various concentrations of adhesive: (a) 50, (b) 60, (c) 70, and (d) 80 wt.% 
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Fig 5. Adsorption-desorption isotherm plots of the 
activated carbons; (a) Palm-carb-prior act-C, (b) Palm-
act-prior carb-C, (c) water filter carbon (WF-C), (d) 
regenerated filter carbon (RWF-C) 

that of the water filter carbon (WF-C) of 0.56 g cm–3. The 
regenerated filter carbon (RWF-C) has the largest 
volume (8.00 g cm–3). Probably, trace chemicals during 
the regenerating process caused the anomaly. 

Ammonia Adsorption Test of the Activated 
Carbon 

The mean optimum contact time between 4 sheets 
of ACC (containing a total of 1.4 g stuck carbon 
particles) and the initial concentration of ammonia 
vapor (0.0052 M) was 100 min at 1 atm and 28 + 1 °C. 
The adsorption capacity of ACC with a different type of 
carbon source is tabulated in Table 2. WF-C and RWF-C 
have an adsorption capacity of 7.038 + 0.2 and 6.246 + 
0.07 mg ammonia per gram of carbon. The WF-C and 
RWF-C were made of coconut shells and as 
commercialized water filter products. 

Table 2. Experimental adsorption of ACC toward ammonia vapor at 28 °C and 1 atm 

Type of Carbons 
Total weight 
stuck C (g) 

Total of 
ACC sheets 

Area 
(cm2) 

Adsorption capacity 
(total mg ammonia. g–1 carbon) 

WF-C 
(coconut shell carbon) 

0.294 1 22.75 6.681 
0.616 2 45.5 7.123 
1.048 3 68.25 7.208 
1.419 4 91 7.140 
1.869 5 113.8 7.038 

   7.038 + 0.2 

RWF-C  
(coconut shell carbon) 

0.302 1 22.75 6.137 
0.613 2 45.5 6.273 
1.009 3 68.25 6.290 
1.323 4 91 6.307 
1.658 5 113.8 6.222 

   6.246 + 0.07 

Palm-act-prior-carb-C 
(palm kernel shell carbon) 

0.399 1 22.75 2.771 
0.701 2 45.5 2.873 
1.125 3 68.25 2.873 
1.409 4 91 2.873 
1.76 5 113.8 2.873 

   2.853 + 0.05 

Palm-carb-prior-act-C 
(palm kernel shell carbon) 

0.35 1 22.75 1.275 
0.697 2 45.5 1.428 
1.146 3 68.25 1.445 
1.456 4 91 1.445 
1.843 5 113.8 1.428 

   1.404 + 0.07 
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Fig 6. Isothermal Langmuir plot of ammonia vapor adsorption on several types of activated carbon cloth made of  
(a) commercial water filter carbon and the regenerated one, (b) palm kernel activated carbon prepared with different 
activation sequences 
 
The adsorption capacity of these sources of carbon is 
higher than palm kernel carbons. 

Since the adsorption occurs between the gas 
(ammonia vapor) and solid adsorbent (ACC), the 
Langmuir model was chosen to study the adsorption model 
verifying literature [20]. We plot (C/qe) vs. C and found 
linear graphs with R2 of 0.9995 and 0.9994. The Freundlich 
plot gave a smaller R2 that is the highest with only 0.8667, 
and other models have not been studied [29]. The ammonia 
adsorption characteristics of several activated carbons 
were presented as a plot graph in Fig. 6. They were all 
found to be linear following the isothermal Langmuir law. 
Refer to equation (2), the graph plotted in Fig. 6 shows 
that the b value can be calculated as the reversed gradient 
and multiply by 1000 as the concentration correction 
factor. The b for y = 235.29x + 0.86 (WFC), y = 268.21x + 
0.88 (R-WFC); y = 1201.1x – 8.1868 (Palm-act-carb) and 
718.48x – 53.04 (Palm-carb-act) are 4.25, 3.37, 1.39, and 
0.83 mg g–1 respectively at operating temperature of 28 °C. 

These calculated data are much smaller than the 
experimental adsorption capacities (Table 2) but higher 
than the adsorption capacity prepared active carbon 
previously reported, which was 0.6–1.7 mg g–1 at 40 °C 
[30]. The difference in adsorption capacity between 
experimental and graph data analysis might relate to 
fewer data plotted and the graph correction factor. The 
trend was consistent between the SEM and BET data, 
which showed palm shell activated carbon has 
comparable adsorption capacity to the commercial 
water filter carbon made from coconut shell-activated 
charcoal. The slightly higher adsorption capacity of WF-
C is in line with the findings of previous reports that 
coconut carbon has a higher adsorption capacity than 
those produced by Palm Kernel Shell (PKS) [31-32]. 
Still, in the Asian community, PKS has much larger 
resources and waste than coconut shells. 

Adsorption capacity enhancement of Palm-act-
prior carb-C might relate to a chemical reaction between 
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NaOH and PKS cellulose prior to the carbonization 
process. By soaking palm kernel shells in NaOH before 
the carbonization process, it causes cellulose to swell and 
fragment. This effect subsequently made more porous 
carbon after the carbonation process [33]. The 
phenomenon no longer worked for the activated carbon 
prepared in the reverse process (in the case of Palm-carb-
prior act-C). The carbon particles were already inert 
toward NaOH, and thereby the adsorption capacity was 
lower. Since PKS was activated by NaOH and the trace has 
been washed until neutral, then ACC active sites for 
adsorption were plausibly just the carbon porosity. 
Analog to the previous study that, unlike the KOH 
activation, the NaOH-activated biochar showed no 
obvious FTIR spectra between 4000–400 cm–1. It 
indicated that chemical functional groups on the biochar 
surface were relatively absent [34]. Refer to this previous 
report, adsorption in this current study is predicted due 
to the physical interaction between ammonia and carbon 
pores in the surface of ACC. The molecular interaction 
type also confirmed the Langmuir isothermal model (Fig. 
6) [35]. This finding verified the previous report that 
suggested both Langmuir isothermal model and 
physisorption for the adsorption of ammonia gas onto 
activated carbon [30]. The experiment was comparable to 
our work in that it was carried out in the gas phase and at 
relatively low temperatures. Adsorption studies of 
carbon-ammonia in aqueous solution were previously 
reported to follow the Freundlich instead of the Langmuir 
adsorption model [36]. The BET graph plots (Fig. 5) also 
showed desorption models representing the physical 
interaction characteristics. 

Skim Latex Odor Removal 

The skim latex released some volatile organic 
compounds (VOCs) with unpleasant odors, especially 
from the low molecular weight of carboxylic acid 
components; they are natural compounds and relatively 
none of the recognized toxic chemicals [37]. The PKS 
ACC was applied to absorb skim latex odor, which is 
VOCs. The PKS ACC performance was attempted to 
compare to WF-ACC. The odor-reducing performance 
was analyzed based on the panelist’s responses during the 

organoleptic test. From 20 panelists, 100% of 
respondents agreed that the control sample (skim latex 
vapor without ACC adsorbent) has the worse smell with 
a level of 10. They also confirmed that the empty 
container was odorless with a level of 0. After treating 
skim latex odor with 45.5 cm2 of ACC (2 pieces with @ 
3.5 × 6.5 cm2) at optimum contact time in a close 
container, the majority (55%) respondents smell that 
odor had been in medium with the level of 5–7, but the 
rest respondents still feel that the scent remains worse. 
However, after treating the skim latex vapor with  
113.75 cm2 of ACC (5 pieces), nearly all respondents 
agreed that the odor had been at a deficient level. About 
60% of respondents scored the odor level being reduced 
to level 2; the rest marked it as level 1. The respondents 
could not differentiate the effect of different source 
carbon on the ACCs odor reduction capacity. 

■ CONCLUSION 

The activation-carbonization sequence of palm 
kernel shells using NaOH as the activator significantly 
affects activated carbon quality. The treatment prepared 
by initially activating palm kernel before carbonization 
gave better properties than those prepared with the 
reciprocal sequence. The activated carbon prepared with 
a new model pyrolysis chamber fulfilled the Indonesian 
industrial standard, and the quality is comparable with 
commercial-water- filter-activated carbons. The 
regenerated WF-C shows high adsorption capacity. The 
carbon particle stability on the ACC surface was affected 
by both the adhesive concentration and size. The 
adsorption capacity of ACC made of palm kernel shell 
toward ammonia vapor is lower than that of commercial 
water filter carbon made, which is made of coconut shell 
carbon, but kernel ACC has the comparable capacity 
with other work previously published. The ACC also 
showed a high capacity to reduce the skim-latex-odor 
level depending on its ACC area and odor quantity. 
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