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Abstract: In this paper, prospect of employing a low-tech preparation of coconut shell as activated carbon was investigated. Activated carbon
was prepared from locally available coconut shell with simple, inexpensive and low-tech production process. The influence of carbonisation
temperatures (i.e. 500, 600, 700 and 800°C) and residence times (i.e. 1.5 and 2 hours) of the prepared activated carbon on the percentage of
yield, adsorption capacity and the development of pores were examined. The charcoal was ground to particles size ranges of 0.6-1.0, 1.0-2.36
and 2.36-4.75 mm, respectively and was activated by saturated NaCl solution for 24 hours. Results show that the carbon yield reduces with
both increasing temperature and residence time, but the adsorption capacity increases up to an optimum temperature of 700°C. The pore
diameter was progressively increased from the carbonisation temperatures 500 to 700°C and stabilised even at higher temperature. Increasing
residence time to two hours obviously increased the pore diameter but the structural pore walls started to collapse at 700°C. It is further
found that 1.0-2.36 mm particle sized activated carbon has the best adsorption capacity of 58% compared with the other particle size range.
The optimum condition obtained is at carbonisation temperature of 700°C and 1.5 hours residence time. The results of the study demonstrate
that the low tech process of self-prepared coconut-shell activated carbon is feasible and may be utilised for water treatment.
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1. Introduction
Activated carbon (AC) is considered as universal adsorbent for water treatment and is commonly used for decolourization and detoxification of
liquids due to its porosity and large specific surface area (Bansal and Goyal, 2010). AC from agricultural by-products and natural biomass waste
has received considerable interest as these are cheaper, renewable and abundantly available. Numerous agricultural wastes have been successfully
experimented and produced effective AC such as oil-palm stone (Guo and Lua, 1999), olive-waste cakes (Bacaoui et al., 2001), pistachio-nut
shell (Lua and Yang, 2004), olive-seed (Stavropoulos and Zabaniotou, 2005), corn cob (Cao et al., 2006), cassava peel (Sudaryanto et al., 2006),
cherry stones (Olivares-Marín et al., 2006), rubber wood saw dust (Prakash et al., 2006), jute and coconut fibre (Phan et al., 2006), apricot
stones (Şentorun-Shalaby et al., 2006), sugar beet bagasse (Onal et al., 2007), palm shell (Adinata et al., 2007), sunflower oil cake (Karagöz et
al., 2008), sugar cane bagasse and rice husk (Kalderis et al., 2008) and coconut husk (Tan et al., 2008). The application of these residual waste is
seen as more economic, sustainable and conserving the environment by minimizing the use of chemicals, in particular for water treatment.
In industrial practices, the most common sources for the production of ACs are coal and coconut shells. However, these readily available
manufactured AC are rather expensive and provide limited access for the communities in rural areas. This study attempts to explore the
prospect of employing a low-tech preparation of coconut shell as AC. In tropical climate countries, such as Malaysia, coconut is abundantly
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available and thus provides unlimited sources. The coconut has three layers where the outermost layer is typically smooth with a greenish colour
is called the exocarp. Inside this, the fibrous husk or mesocarp surrounds the hard woody layer called the endocarp, which is commonly known
as the coconut shell. Both the coconut husk and shell are rich in carbon content and have been previously investigated as potential source for
activated carbon (Tan et al., 2008). Researchers found out that coconut husk is more efficiently carbonised than coconut shell. However the
coconut husk AC is not suitable as filter medium due to fine charcoal residues leaching into the water during filtration (Cobb et al., 2012).
Furthermore, it is less durable and physically breaks down very quickly. At the same time, coconut shell based AC is more durable and free
from fine charcoal residues, where the carbonisation of one tonne coconut shells can produce almost 120 kg of AC (Bhatnagar et al., 2010).
The activation process of the AC requires chemical reagent including ZnCl2 and H3PO4, K2CO3 (Hayashi et al., 2002; Adinata, 2007; Kalderis,
2008; Singh and Singh, 2012). The alkali hydroxide solutions such as KOH and NaOH also have been recently adopted as activation reagents as
it gives the AC a high specific surface area (Hu and Srinivasan, 1999; Stavropoulos and Zabaniotou, 2005; Sudaryanto et al., 2006; Cazetta et al.,
2011). Despite its desirable effect on the quality of AC, KOH and NaOH are expensive and corrosive chemicals, which need proper handling of
trained personnel. On the other hand, the activation dehydrating agents such as ZnCl2 or CaCl2 usually employ steam activation which is
excessively costly. As such, for rural communities with restricted equipment and trained personnel, a low-tech preparation of AC would benefit
them to ensure water security in their area.
The present study investigates the performance of low tech prepared coconut shell AC. It also evaluates the optimum conditions (temperature
and residence time) for preparation of the AC. The analyses include the carbon yield, adsorption capacity and the pore characteristics of
activated products.
2. Materials and methods
Raw coconut shells were locally collected, washed and dried under the sun light for ten hours. The shells were then cleaned thoroughly with
steel brush and were crushed into pieces of 5-7 cm size before putting into the stainless steel cylindrical combustion chamber placed in a
furnace. Two combustion chambers were fabricated where each had one opening which can be closed by screwing the iron stopper. This keeps
the chamber completely enclosed during the high temperature heating. The flow diagram is shown in Figure 1.

Figure 1 Flow diagram of the methodology adopted in this study
Carbonisation of the precursor was carried out by preheating the reactor at 500oC for 15 minutes. Two batches of 800g coconut shells were put
for combustion simultaneously in the two chambers. The coconut shells were carbonised for 1.5 hour residence time (t) and the temperature
was set at 5000C. This temperature was selected as the basis as it was suggested to be the highest devolatilation temperature (Fisher et al, 2002).
Keeping the residence time fixed at t =1.5 hr, the pyrolysis temperatures (T) were systematically increased at 100 oC, giving the temperature
range of 500 to 800oC. In addition, the experiments were extended to carbonisation duration of two hours for batches prepared at 600 and
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700oC temperatures, respectively. After carbonisation, the samples were cooled at room temperature for two hours and the pyrolysed char was
taken out. The percentage of carbon yield (CY) was determined as follows:
𝑤

CY(%) = 𝑤𝑐 × 100
𝑜

(1)

where wc and wo denote the charcoal dry weight (g) and the coconut shell dry weight (g), respectively.
In line with the low tech preparation, the commonly available NaCl was used as the activation reagent. The solution was prepared by mixing
35gm of NaCl into 100 ml of distilled water, giving a concentration of 5.99 mol/L. The charcoal was first ground and sieved in a mechanical
shaker for 20 minutes and separated into different particle sizes i.e. 0.6-1.0 mm, 1.0-2.36 mm, 2.36-4.75 mm, respectively and soaked in the
NaCl solution for 24 hours inside a plastic container. The char was mixed with the NaCl solution and the impregnation ratio of 2:1. The AC
particles were washed thoroughly with deionised water and dried in oven at 1050C for 24 hours to remove moisture.
Characteristics of the AC were determined by its performance to adsorb methyl orange in the liquid-phase adsorption experiments. The aqueous
solution was prepared by mixing an appropriate amount of methyl orange with 1000 ml of deionised water. Adsorption experiments were
conducted by mixing 10 g of the carbon sample to 50 ml of the methyl orange solution, in a glass flask. The flask was then put in a shaker for
25 minutes until it reached equilibration. The solutes from the flask were filtered prior to analysis to minimise disturbance from the carbon
fines. The concentration of the adsorbate in the filtered effluent samples were determined using a Hach brand DR 6000 spectrophotometer,
which measures the transmittance from 400 to 700 nm and converts to a set of abstract numbers. For each set of analysis, a control reference of
methyl orange solution was prepared. The American Dye Manufacturers Institute (ADMI) colour value was recorded for each effluent sample of
the prepared AC. The adsorption capacity (Ad%) for each prepared AC was presented as the percentage of adsorption, which can be calculated
using the relation:
Ad (%) =

𝐴𝑖 − 𝐴𝑒
𝐴𝑖

× 100

(2)

where Ae and Ai denote the ADMI colour value of the solutes and the reference (control) value, respectively.
Analysis of Scanning Electron Microscopy (SEM) of the prepared AC was carried out for all samples to investigate the surface texture and the
development of the porosity. SEMs were taken with 1250 times magnification by the Variable Pressure Scanning Electron Microscope (VPSEM)
of ZEISS EVO MA 10 (UK) model. The pore diameters were measured as an averaged value from a total 25 populations for each sample.
3. Results and discussion
The carbon yield obtained and the adsorption capacity of methyl orange for each parameter varied is given in Table 1. Note that as each varying
parameter has two batches of prepared AC, the averaged values are presented. Overall, the percentage of carbon yield for all samples is
encouraging where it ranged from 14-33%. The highest carbon yield was obtained at the lowest temperature of 500oC and the lowest carbon
yield was produced at the highest temperature T= 8000C. It can be seen in Figure 2 that pyrolysis temperature and yield percentage are inversely
proportional. Increasing the T was consistently decreasing the yield percentage of AC and vice-versa. The temperature increment
correspondingly increased the adsorption performance until 700oC. Although carbonisation process at T=500oC yields the highest obtained AC,
it has the lowest capacity to adsorb methyl orange. AC prepared at the highest temperature T= 800 0C has 41% efficiency to adsorb the methyl
orange which is about 26% lower than the highest adsorption capacity at T= 700oC.
Previous research have studied the characteristics of AC which was determined by adsorption of methylene blue (MB) and the adsorption
capacity was reported as milligram of MB adsorbed by unit gram of AC (mg/g). With some modified calculation to correspond to this study, the
adsorption values obtained by previous research are 43.48% (Tan et al., 2008), 12.29% (Azevedo et al., 2007) and 27.79% (Kannan and
Sundaram, 2001) respectively. It is found that the adsorption capacity of the low tech prepared AC is within the range obtained in other studies.
Table 1 and Figure 2 shows that the optimum conditions for good percentage of adsorption capacity is carbonisation temperature T= 7000C and
residence time t=1.5 hour. Note that the optimum conditions obtained in this study has higher T and longer t of 200 oC and 0.5 hours
respectively, than that developed by Fisher et al. (2002) where the pore development was assisted with the usage of N 2 gas. However, it is
interesting to note that the optimum carbonisation temperature obtained here is comparable with other agricultural by-product studies such as
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palm shell at 800oC (Adinata et al., 2007), cassava peel at 650oC (Sudaryanto et al., 2006) and bagasse and rice husk at 700oC (Kalderis et al.,
2008).
Table 1 Carbon yield and adsorption of AC at different temperature and residence time

CY (%)

ADMI
Colour
Value

Ad (%)

110

14

1789

41

800

150

19

1455

52

1.5

800

200

25

1304

57

600

2

800

215

27

1425

53

5

600

1.5

800

225

28

1516

50

6

500

1.5

800

265

33

2092

31

Sample
No

Temperature
T, (0C)

Residence
Time t,
(hours)

Shell
Mass (g)

Char coal
Mass (g)

1

800

1.5

800

2

700

2

3

700

4

Control

3032

Figure 2 Charcoal yield (Δ) and AC adsorption (◊) at 1.5 hour residence time for different temperatures
Analysis of SEM was conducted for all samples to investigate the development of pores, shown here in Figures 3-5. The micrograph of the
control virgin coconut shell, demonstrates no pores (Figure 3). In this study, two varying parameters were investigated here i.e. the
carbonisation temperature and the residence time. For coherent discussion, the effect of varying temperature will be first discussed. The
pyrolysis process clearly develops pores in the coconut-shell AC. At T=5000C and t=1.5 hours, pores were created and begin to be visible
although they are to well developed (Figure 4a). Thick wall structure can be found in Figure 4a with little porosity, where the averaged pore
diameter was found to be 2.86 μm and was uniformly developed within the sample. Larger and widened pores with simultaneous thinner pore
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wall were clearly visible as the temperature increased to T= 6000C and 7000C, as shown in Figure 4b and 4c, respectively. The pores developed at
T= 6000C show a progressive increase of size at 7.1 μm and at AC prepared at T=7000C show a more orderly structural skeleton with larger
pores of 17.3 μm (Table 2). At fixed residence time t=1.5 hours, increasing T by 1000C from initial temperature 5000C gave an increment of
pore diameter to 148% and 503% at T=6000C and 7000C, respectively. The development of pores, however reached their maximum diameter of
approximately 17 μm even when the temperature is increased to 8000C.
(a)

(c)

(b)

(d)

Figure 3-4 SEM images of coconut shell AC pyrolysed for 1.5 hours at varying temperatures T, (a) 5000C (b) 6000C (c) 7000C (d) 8000C
(mag. 1250×)
This pore widening is due to further devolatilation from the pore surface and merging of adjacent pores. Increasing the temperature to T=
8000C shows the structural pore walls were either started to collapse or have already disintegrated and merged with the adjacent pores (Figure
4d). The collapsed pore walls may have blocked the micropore channels and inhibit the accessible adsorption pore sites (Yang, 2010;
Shabanzadeh, 2012). This supports the methyl orange analysis where the capacity to adsorb was significantly reduced for the AC prepared at
T= 8000C. SEM analysis demonstrate gradual development of pores in the coconut-shell AC, i.e. creation of new pores at T =5000C and
widening of existing pores at T =6000C to 7000C. The well-developed pores in the prepared AC are the main factor that leads to the high
adsorption capacity as previously shown in Section 3.1.
With increasing residence time t=2 hours and at T= 6000C the pore walls remain well-structured (Figure 5a) but the pore walls were slightly
disintegrated when T= 7000C (Figure 5b). Even so, both conditions show a comparable adsorption capacity at 53% as shown in Table 1.
Increasing t obviously resulted an increment of the pore diameter; when t was made 0.5 hours longer at T= 600 oC and 7000C, the averaged
pore size increased 62% and 16% respectively from that of lower residence time (Table 1). The pore walls at t=2 hours and T=7000C started to
collapse, giving a more favourable options for the AC prepared at T= 7000C but with shorter residence time i.e. t=1.5 hours. It can be said that
the diffusion of NaCl into the pores was promoted with increasing t and T, allowing a better NaCl-carbon reactions. The opening and
enlargement of the pores enhanced the surface area and pore volume of the AC, thus increasing the adsorption capacity as shown previously in
the methyl orange analysis. To give a better illustration, the averaged pore diameters are listed in Table 2, along with the statistical parameters
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measured. The minimum, maximum, average and median diameters measured are given in μm. The standard deviation is also presented.
Depending on these data, a box plot is prepared.
(b)

(a)

Figure 5 SEM images of coconut shell AC pyrolysed for 2 hours at carbonisation temperatures of (a) 6000C (b) 7000C (mag. 1250×)
Table 2 Pore diameter of the prepared AC at different Temperature and Residence time
Temperature, T (0C)
Residence Time, t (hours)
Average diameter in μm

500
1.5
2.86

600
1.5
7.08

600
2
11.47

700
1.5
17.26

700
2
20.01

800
1.5
17.12

Standard Deviation

1.44

2.46

3.13

7.39

2.98

3.17

Minimum diameter

1.19

2.72

6.26

7.76

13.78

11.37

median

2.78

7.51

11.29

15.26

20.29

17.01

Maximum diameter

5.16

10.20

16.89

29.12

23.67

21.83

Figure 6 shows the box plot analysis of the measured pore diameter for all samples. It is evident that the pore diameters of the AC reached
maximum at t=1.5 hour and T= 7000C before stabilized independent of increasing residence time and temperature. The standard deviation (σ) of
the pore diameters distribution remains within the range of 1.44 to 3.17 for all pyrolysis conditions except at t=1.5 hour, T=7000C, where σ =
7.4. The high σ value is due to the wide range of pore size distribution from 7.76 to 29.12 μm where the pores can be newly created, widening
of existing pores and merging of some neighbouring pores.
The performance of the AC was also examined when the prepared AC particle sizes were varied. Table 3 shows the adsorption capacity of the
prepared AC for three ranges of particle sizes, with the minimum diameter of 0.6 mm and the largest of 4.75 mm. This table shows three types
of particle size ranges; type I (0.6- 1.0 mm), type II (1.0- 2.36 mm) and type III (2.36- 4.75 mm) to account for its different group. The results
indicate that the adsorption capacity increased to some extent with the decreasing particle size of the adsorbent. AC particles type II have the
highest adsorption capacity of 58%, whilst the largest type III have lower capacity to remove the methyl orange at only 32%. Smaller AC
particles have greater portion of the total pore volume to adsorb molecules and is more closely to a true equilibrium than the larger particles
(Daifullah et al., 2004). As the AC particles was produced by grinding larger particles to its designated group, it is likely that a certain
percentage of the pore volume and area of porous AC is unavailable to the methyl orange molecules because of the “ink-well” or “bottle-neck”
constrictions (Weber et al., 1983). Furthermore, the decreasing adsorption was promoted as the distance from its external surface was decreased
as a result of reduced accessibility of its inner regions to activation during the preparation process (Sellés-Pérez and Martín-Martínez, 1991).
It is expected that as the particle size decreasing, the specific surface area for adsorption is increased (Osman and Samuel, 1983). However, in
this study, type I particles with the smallest particle size range have lower adsorption percentage than type II at 41%. It can be deduced that the
enlargement of micropores to mesopores reduced the specific surface area for type I particles, although this is yet to be asserted with confidence.
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Figure 6 Diameters of the AC pores at different pyrolysis conditions
Table 3 ADMI colour value of effluents treated by AC of different particle size
Sample

Particle Size (mm)

ADMI Colour Value

Type I

0.6- 1.0

1006

41

Type II

1.0- 2.36

711

58

Type III

2.36- 4.75

1162

32

Control

(%)

1709
Note: AC prepared from coconut shell pyrolysed at 7000C for 1.5 hour

4. Conclusion
Low tech preparation of AC using coconut shell was conducted using commonly available NaCl as the activation reagent. Effects of the
carbonisation temperature and residence time were investigated on the yield percentage of pyrolysed carbon and their performance on the
methyl orange adsorption. The pyrolysis optimum condition to prepare the low tech AC from coconut shell is 7000C temperature and 1.5 hours
residence time. This was concluded by the high percentage (25%) of carbon yield and the highest adsorption capacity, i.e. 58% removal of
methyl orange. At this optimum condition, the diameter of the pore is approximately 17.3 μm. The coconut-shell AC with particle sizes ranges
from 1.0- 2.36 mm proved to have better adsorption capacity, where below and above this range reduced the adsorption performance. SEM
analysis shows that the pore size was gradually developed with creation of new pores, widening and merging of adjacent pores at T=500oC,
600oC and 700oC, respectively. This low tech process of preparing AC from coconut shell not only will be able to save energy and cost, but also
promotes sustainability by utilising readily available bio-waste material. It is foreseen that the water treatment process can be widened to the
rural communities, with minimum equipment and simple procedures.
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