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Abstract

This study reports on the use of activated carbon prepared from rubberwood sawdust and kenaf
core fiber, as an adsorbent for the removal of aluminum, Al(lIl) and copper, Cu(ll) in textile
wastewater. Rubberwood activated carbon (RWAC) and kenaf core fiber activated carbon (KFAC)
were prepared by chemical activation using 10%w/w - 60%w/w of phosphoric acid (H3POa)
loading. Adsorption experiments for both activated carbons were performed on the effect of
contact time, pH, and dosage of activated carbon used. The best RWAC and KFAC were obtained
by 40% and 30% loading of HsPO4 with a BET surface area of 303.65 m?/g and 361.22 m?/g
respectively. This has been approved by the FESEM images of well-developed pores observed on
the surface of both activated carbons. FTIR spectra show some functional group intensity becomes
less, more or shift to a higher or lower frequency level, even disappeared after carbonization and
activation process. The maximum Al(II1) and Cu(ll) removal were achieved using KFAC with
83.5% and 73.5% removal, respectively at pH 11 with 2.0 g of activated carbon dosage after 120
minutes of contact time. This study indicated that the prepared activated carbon able to remove the
heavy metal in the textile wastewater.
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Introduction

The textile industry generates substantial volumes of water (400 I/kg of fabric) mixed with
chemicals associated with the dyeing process [1]. Chemical compositions of the reagent used in
textile industries are diverse ranging from inorganic to organic. Most of the disposed dyes are toxic
and potentially carcinogenic and their removal from industrial effluent is should be highly
concerned [2]. These toxic and allergic metals based dye, usually from cadmium, copper, nickel,
zinc, and compounds like formaldehyde and chlorinated hydrocarbon used in many textile
productions. They can penetrate the textile during the production process especially dyeing process
and color fixation. These sources of pollution have become a major hazard issue due to their
possible toxic effects.

The treatment of wastewater from the textile industry has become a popular issue in Asia
countries. Many technologies have been developed for purification and treatment of wastewater
such as ion exchange, phytoremediation [3,4], osmosis, catalyst [5-7], bacteria bio-flocculants, and
nanofiltration [8]. Most of these treatment techniques could not be implemented by small-scale
industry due to the involvement of capital cost with continual expenses [9]. Studies of heavy metal
removal from dye-containing wastewater have revealed that adsorption using activated carbon to
be effective among the physicochemical processes [10]. This statement has been supported by
recent studies where activated carbon can be utilized at industrial waste and food manufacturing
[11-13].

In the present study, rubberwood sawdust (RWSD) and kenaf core fiber (KCF) have been applied
as a precursor for chemical activated carbon. The final products were used for heavy metal
adsorption study.

Materials and Methods
Wastewater collection

Textile wastewater was collected from the local batik factory in Kota Bharu, Kelantan. The
wastewater used for this study was collected from the dyeing, soaking, and washing process of
batik textile production. The collected sample was stored in a polyethylene container preserved
according to standard method procedures [14]. Aluminum(l11) and copper(Il) which contain in the
textile wastewater were the main adsorbates to be removed using the adsorption process by
produced activated carbon in this research.

Preparation of activated carbon

Raw materials were collected from local rubber sawmill and National Kenaf and Tobacco
Board in Kota Bharu, Kelantan, Malaysia. The raw materials were washed with water and dried
for 24 hours in an oven at a temperature of 105°C. Next, the dried materials were cut and ground
before sieved to the size of 500-600 pum. The materials were pre-carbonized at 400°C with 1 hour
holding time in a closed system. The resulting chars were subsequently impregnated with
impregnation ratios (IR) of 1:4 (w/w) using different loading of 1.0 M H3PO4 (10 %, 20 %, 30 %,
40 %, 50 %, and 60 %) for 24 hours. The excess H3sPO4 was latter filtered using a vacuum pump
and the samples were left to dry overnight in an oven at 105°C. The samples were then carbonized
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at 500°C using an electric muffle furnace (Model: JSMF-30T). The activated carbons were then
dried in an oven at 105°C for 24 hours. This preparation method of activated carbon was adopted
from our previous study [15]. Finally, activated carbon with a particle size of 200-300 um was
obtained by further crushing and sieving process in the final step. The activated carbon produced
for RWSD and KCF was denoted as RWAC and KFAC, respectively throughout the work.

Activated Carbon Characterization

RWAC and KFAC were characterized to identify the best surface area and porosity using
N2 adsorption isotherm of BET surface area analyzer based on different impregnation of acid
concentration of HsPO4 applied. The activated carbons sample was characterized by field emission
scanning electron microscopy (FESEM) and Fourier-transform infrared (FTIR) spectroscopy.
FESEM analysis was used to illustrate the surface morphology of the activated carbons samples.
FTIR analysis was conducted to find out the surface functional groups on the activated sample.

Adsorption Experiment

The batch experiment was carried out using three variables: pH (3, 5, 7, 9, 11), contact time (0-
180 min), and sorbent dosages (0.4 g - 2.0 g). For each conducted experiment, 50 ml of textile
wastewater samples were contained in 100 ml Erlenmeyer flasks. The concentration used for the
study was set according to the concentration of metal from industrial discharge. Different amounts
of adsorbents were added into flasks with a wastewater sample and the solution pH was adjusted
using 1.0 M NaOH and 1.0 M HCI. The experiments were carried out in orbital shaker at 150 rpm.
The sample solutions were withdrawn every 30 minutes and residual concentrations were
determined. The solutions were filtered using a GF/C glass microfiber filter prior to analysis. The
heavy metal concentrations remaining in the treated solution were measured using Atomic
Absorption Spectrophotometer (AAS) (Model Perkin Elmer- 3100, Japan).

Results and Discussions
Characterization of activated carbon
Effect of H3sPO4 activation on the surface area and porosity of activated carbon

Activating agents play a vital role in the development of pores structure and surface area.
Both activated carbon (RWAC and KFAC) were activated by different loading of HsPO4 (10%,
20%, 30%, 40%, 50%, and 60%). The surface area of ACs was analyzed using nitrogen adsorption.
The BET surface area of RWAC and KFAC was shown in Fig. 1. The RWAC recorded
enhancement of BET surface area from 166.68 m?/g to 303.65 m?/g parallel with increasing acid
loading from 10 % to 40 % however declined to 288.56 m?/g at 60% of acid loading. The BET
surface area of KFAC that shown in Fig. 1 was enhanced from 256.43 m?/g to 361.22 m?/g as acid
loading increased from 10 % to 30 % and started to decrease at 40% of acid loading with lowest
BET surface area of 180.05 m?/g at 60% of acid loading.

103



Nik Raihan Nik Yusoff et al. Malaysian Journal of Microscopy Vol. 16 No. 2 (2020), Page 101-111

400 0.16
350 0.14
~300 012 2
2 S

N

E250 01 <
® S
0 200 0.08 5
P S
3 150 0.06 3
8 o
3 100 0.04 &
. S
L

W 50 0.02 =

0 0

20% 30% 40% 50% 60%
H;PO, Concentration (%)
BET Surface Area RWAC BET Surface Area KFAC

=%== \icropore Volume RWAC =O==Micropore Volume KFAC

Fig. 1 Effect of H3PO4 concentrations on BET surface area of RWAC and KFAC

It was noted that AC produced from RWSD has a higher surface area and micropore volume
than AC produced from KCF. This phenomenon may be due to the difference in the chemical
composition of raw materials [16]. However, the declining value of the surface area and micropore
volume in KFAC at 60 % of H3PO4 could be attributed to one or a combination of reasons such
as pore blockage by oxygen surface groups that produced by acid, electrostatic repulsion of surface
probe molecules (nitrogen) and wall erosion or destruction of micropore walls by liquid oxidants
[16]. Hence, RWAC and KFAC that activated with 40 % and 30 % of H3PO4 respectively were
used for adsorption experiments.

FESEM analysis

The morphology of RWSD and KCF from FESEM images was shown in Fig. 2 (a) and (b)
respectively. The surface of both raw materials was curly form, highly packed, little pores on the
surface, and no cavities were observed. This observation was similar with the previous study [17].
It was observed that after carbonization at 400 °C, the surface of char for both raw materials
possesses more asymmetrical pores due to the decomposition of volatile matter [18]. This was
supported by the previous study carried out by Thanapal et al, [19], where larger surface area was
created from the increasing degree of porosity after the carbonization process. In addition, these
holes formation was enhanced by the disintegration of volatile matter from biomass. Activation
with HsPO4 at 500 °C has shown progressive changes on the surface with higher pores
development.
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Fig. 2 FESEM micrograph of (a) RWSD and (b) KCF at 100x magnification

Pores developed in the char of KCF and RWSD promoted the diffusion of an activating agent
into the cavities consequently enhancing the HsPOs-carbon reaction through acid hydrolysis
processes. This event latter would create more pores [20]. Images of KFAC and RWAC as shown
in Fig. 3 (a) and (b) respectively were parallel with the justification discussed.

Moreover, the presence of HsPO4 with dehydrogenation properties in the interior of the
precursor can restrict the formation of tar species and reduce the production of other volatile
products [21]. The activating agent applied disintegrates the polymeric structure of parent carbon
and resulted in the leftover of stiff carbon skeleton in the form of aromatic sheets and strips [22].

Fig. 3 FESEM micrograph of (a) RWAC (40% HsPOa) and (b) KFAC (30% HsPOa) at
2000x magnification

FTIR analysis

FTIR spectra for RWSD demonstrated in Fig. 4 displayed major absorption bands at 3400-
3010 cm™, 2600-3000 cm™*, 1500-1740 cm™ and 1000-1200 cm™. The band found at 3338 cm™ is
assigned to the presence of OH O-H stretching vibration, while the band at around 2914 cm™ is
probably due to alkyl C-H stretches [23]. The strong band around 1735 cm™ found in the raw
sample shows the presence of stretching vibration of C=0 bonds in ketones, aldehyde, lactone,
and carboxyl [24].
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Fig. 4 FTIR spectra for KCF and RWSD

The functional groups that exist on the surface of the powdered activated carbons (KFAC
and RWAC) are similar up to a certain extent. The bands of the KFAC and RWAC are different
from their parent materials as numbers of bands disappeared due to carbonization and activation
processes. Elimination of peaks at 2907 cm™, 1737 cm™, 1423 cm™ and 1325 cm™ from raw KCF
and peaks at 2914 cm™, 1735 cm™, 1422 cm™ and 1369 cm™ from raw RWSD indicated on the
disintegration of functional groups present in oxygenated hydrocarbons, portraying the
carbohydrate structure of cellulose and hemicellulose [25]. The band intensity reduced from 1235
cm? of KCF and 1233 cm™ of RWSD to 1218 cm™ and 1222 cm™ respectively after chemical
activation. The reduction could be explained by alteration of lignin structure comprises of ester
and ether linkage [24]. There were significant changes in the absorption band of raw material
compared with AC product but the spectra showed that the surface functional groups of the AC do
not exhibit significant differences, independently of the raw material used. Only slight differences
in the intensity of the bands were detected due to the different chemical composition of the
polymeric structure of cellulose, hemicellulose, and lignin [25].

Adsorption experiment
Effect of contact time

The study on the effect of contact time (0-180 min) using RWAC and KFAC was shown in
Fig. 5. The activated carbons displayed a significant percentage removal of Al(I1l) and Cu(ll) in

the first 30 minutes and gradually reaching a steady trend line with a further increase in time. As
for RWAC, the equilibrium was achieved at 120 min for both Al(I1l) and Cu(ll) cations. The
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percentage of maximum adsorption was 69.0% for Al(Ill) and 53% for Cu(ll). A study on the
effect of contact time using KFAC has shown that the equilibrium for KFAC was achieved at 90

min for both AI(I11) and Cu(Il) cations. The highest percentage of adsorption obtained was 64.0%
for AI(I11) and 55% for Cu(ll).

Percentage Removal (%)
&
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—o—Al (lll), KFAC —8—Al (), RWAC

Fig. 5 Effect of contact time on the percentage removal of Al(I111) and Cu(ll) using RWAC
and KFAC

The adsorption was rapid in the early stages as the adsorptive sites were highly available.
The adsorption capacity at equilibrium for both adsorbents favored Al(I1l) than Cu(ll). That
indicated the affinity of acidic groups adsorbed onto RWAC and KFAC. The result could be
explained by the charge density of cations (Al** > Cu*?) and the diameter of the adsorbate ions
which displayed better adsorption on Al(111) compared to Cu(ll). The ionic radius of Cu(ll) has 73
pm while AI(I11) with 53 pm ionic radius obtained higher removal. This justified faster equilibrium
achieved for Al(111) than Cu(ll) ions [26] for RWAC and KFAC.
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Effect of adsorbent dosage

The adsorbent dosage was varied from 0.4 g to 2.0 g and the percentage removals were
higher as the adsorbent dosage increase for both RWAC and KFAC which showed in Fig. 6.
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Fig. 6 Effect of adsorbent dosage on the percentage removal of Al(I111) and Cu(ll) using
RWAC and KFAC

At an initial dose of 0.4 g, KFAC has shown 54.8% and 64.0% removal percentage for Cu(ll)
and AI(I1), respectively. The percentage removal proceeded to 73.6% and 83.5 % for Cu(ll) and
Al(lIT)when the adsorbent amount of KFAC used was 2.0 g. RWAC also showed a similar
increasing trend and this was supported by Sabela et al., [27]. This finding can be justified by the
fact that higher adsorbent dosage provides more available sites to the adsorbate molecules,
consequently improved the adsorbent potential in the removal process. Therefore, the higher
adsorbent dosage has a positive effect on the removal percentage of the metal ion.

Effect of pH

The effect of pH on the removal of Cu(ll) and Al(I11) was studied on the selected pH of 3,
5,7,9, 11. The percentage removal using RWAC and KFAC was shown in Fig. 7, respectively.
The best percentage of removal was observed at neutral pH with maximum AI(I1l) removal
percentage was 85.77% and 88.96% for RWAC and KFAC, respectively. However, Cu(ll)
removal using KFAC was 86.8% in acidic conditions (pH 3). Although Cu(ll) seems favored
acidic solution to work best within this study, a previous study by Sabela et al., [27] and Bouhamed
et al., [28] claimed that Cu(ll) removal enhanced with increasing pH condition as at lower pH has
a higher number of hydronium ion which could be competing against active sites that bind with
targeted copper ion, thus lowering the adsorption capacity effectiveness [27-28]. However, in
alkaline conditions (pH 11), the removal of Cu(ll) was very least where 74% and 72.8% of
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removal percentage was obtained when KFAC and RWAC were used, respectively. This happened
due to the precipitation of copper hydroxide in the solution [27].
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Fig. 7 Effect of pH value on the percentage removal of Al(I111) and Cu(ll) using RWAC and
KFAC.

Conclusion

The activated carbon from RWAC and KFAC were potential in removing Al(111) and Cu(ll)
ions from textile wastewater where removal of heavy metal by both activated carbon nearly
reached 50% within 30 minutes of contact time. Clear FESEM image on the pore development
after carbonization and acid treatment indicated the suitability of the raw material used. It can be
concluded that either KFAC or RWAC, both were contributed to the higher percentage removal
of heavy metal once higher dosage of activated carbon was applied. Whereas, Al(I1l) was best
removed at neutral pH and Cu(Il) at pH 3when KFAC was used.
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