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Introduction

The need for clean water for people in peat
lands rural area in Jambi Province is a serious
problem to datel'l. The condition of water is

Abstract

The black water containing humic acid, HA in peat land rural area is a
serious issue. This study aims to synthesis of activated carbon, AC from
llalang Weeds, IW (Imperata cylindrica) as low-cost adsorbent for HA. The
success AC synthesis by HsPOs activator from IW was evidently
characterized by Fourier Transform Infra-Red, FTIR and Scanning Electron
Microscopy, SEM. The effects of pH solution, initial HA concentration, and
contact time were systematically studied to investigate the performance of
Activated Carbon from Ilalang Weeds, ACIW. The results showed the
increasing of Langmuir monolayer capacity of HA adsorption on carbon
from IW before (49.75 mg g1) and after (56.82 mg g) activation process at
the pH optimum 6.0. The equilibrium adsorption data fitted with the
isotherm model was shifted from multilayer Freundlich model (CIW) into
monolayer Langmuir model as the consequences of increasing pore
diameter size and active sites intensity. Calculation of adsorption energy by
Dubinin-Radushkevich (Epr) model, 0.50 and 2.24 kJ mol! for CIW and
ACIW, respectively, showed the increasing of physical affinity of HA with
the active sites of adsorbent. Adsorption kinetics showed that the
adsorption behavior followed the Ho pseudo-second-order kinetic model.
The experimental results of this work demonstrate that the ACIW can be
used as a promising low-cost adsorbent for HA removal for clean water
production in peat land rural area.

Keywords: activated carbon; adsorption; HsPOu activator; humic acid (HA); low-
cost adsorbent

amine, and peptide group (Figure 1)B. HA
contained water gives a bad smell and taste of
water that have potential to cause problems for
human health. HA also tends to interact with
pollutant to form carcinogenic compounds such

dark brown, acidic, and high content humic as trihalomethane and haloacetic acid®.

acid (HA)2. HA has abundant functional
groups such as phenolic, ketone, carboxylic,

Therefore, serious efforts are required to
overcome this issue.
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Figure 1. Structure of humic acids (HA)®?l.

Several methods have been developed to
overcome the issue, including membrane
filtration/], osmosislé],
photodegradation”, and adsorption®l. The
adsorption method still become promising

method due to its simple operation, safe, and

reverse

cheap?. The wuse of adsorbents in the
adsorption of HA in peat water has been
widely reported, including the wuse of
pyrophyllitel4, powdered eggshell, and
coconut copra residuel'l. To date the use of
adsorbents that are easy to synthesize, cheap,
and derived from abundant materials without
compromising performance are still highly
attracts researchers. One of the materials that
meet these criteria is activated carbon, AC. The
production of AC from green, low-price, and
renewable source is growing interest of
researcher: cassava leaves(2, rubber fruit
shell®], sengon wood (Paraserianthes falcataria)
shaws powder!¥], sugarcane dregs!'s], durian
peell’s], coconut shelll”], and enceng gondok
plantl’8l. One of the plant that are abundant,
high in availability, and cheap is Ilalang Weeds
(Imperata cylindrical).

llalang Weeds (Imperata cylindrical), IW are
reported to contain relatively high levels of
cellulose, hemicellulose, and
Therefore, IW considered having promising
prospects due to its abundance in nature and its

lignin1,

presence as a weed. However, the utilization of

IW as a source of AC had limitedly found in
literature. This study aims to develop AC from
IW, ACIW as HA adsorbent in the peat water
purification. The development of ACIW
includes a carbonization process and activation
process by HsPOs that reported can remove the
impuritiesi20211221. The use of HsPOs activator in
the activation process is expected to increase
the number of active sites that play important
role in the HA adsorption process. The
performance of the synthesized ACIW to
adsorb HA has been studied by the isotherm
and kinetics parameters at the optimum pH.

Experimental

Materials

Dry and clean Ilalang Weeds (IW) from the
Mendalo, Jambi has been prepared. All
chemicals is pro analyst produced from Merck®
(HsPOs 85%, HNOs 65%, and NaOH pellets)
and HA sample produced from Sigma-Aldrich.

Instruments

Quantification of HA was performed by UV-
Vis Spectrophotometer Perkin Elmer Lambda
35 and the characterization of functional group
was conducted by Fourier Transform-Infrared
Spectrometer (FTIR) Perkin Elmer Frontier. The
diameter pore size and morphological of
synthesized ACIW was characterized by
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Scanning Electron Microscope (SEM) Hitachi
Flexsem 1000.

Preparation of activated carbon from Ilalang
Weed (ACIW)

The ACIW has been produced through
carbonization by 300 °C furnace for 2 h and
activation steps by HsPOs 10% according to a
modified previous study!®l.

HA adsorption study

Effect of pH

Effect of pH has been studied by variation of
pH medium at 3, 4, 5, 6, 7, and 8. The pH was
adjusted by addition of 0.1 M HNOs and 0.1 M
NaOH. The adsorbed HA was measured by
UV-Vis (UV-1800
Shimadzu) at maximum A, 205 nm and
calculated using Eq. (1):

spectrophotometer

C,-C
ds :M (1)
w

Isotherm study

The isotherm study was conducted by the
adsorption of 50 mL of varied HA initial
concentration (30, 50, 70, 90, 120, and 150 mg L
at optimum pH) onto 100 mg ACIW (or CIW)
for 180 min. The adsorbed HA was calculated
by Eq. (1). The data was applied to isotherm
model: Langmuir (Eq.2)?4, Freundlich (Eq.3)!2%,
and Dubinin-Radushkevich, D-Ri! (Eq.4) in
order to determine the isotherm corresponding

parameters.
C 1 1
—£ = +=C
. bK,_ b @
Ing, =In B+£InCe )
n
In Q. = IanR - BDR‘92 4)

Kinetics study

The kinetics study was conducted by contacting
100 mg of ACIW with 50 mL of 95 mg L' HA
solution for 10min. A similar step was
conducted with variations in contact time: 20,
30, 45, 60, and 90 min. The kinetics data was
applied into kinetics models: Lagergren!?7,
pseudo-first order (Eq.5), Ho?l, pseudo-second
order (Eq.6), and proposed Rusdiarso-Basuki-
Santosa, RBS second order modell251291-321

(Eq.7).

In(qe _qt)= In qe _kLagt (5)
L B ©
qt kHoqe qe

_ _y2
In(COCb xex]:ka(cocb X’ jt—ln( X, j -
X, — X X, C,C,

Result and Discussion

Preparation of ACIW

The carbonization process was conducted by
incomplete combustion to decompose cellulose
and lignin with a limited supply of oxygen to
produce black carbon according to the
following reactions (Eq. 8 and 9)i3!:

CaHoanvzs) + O2(9) — nCOgg) + (n+1)H20() (8)

CaHoanvz) + O2(9) — nCes) + (n+1)H20(g) 9)

The activation reaction mechanism using HsPOs
solution on carbon is presented in the schematic
in Figure 2B4. The oxygen of the PO4* anions
activator binds to the carbon by releasing the
hydroxyl group on the carbon. This causes the
impurity that covers the surface of the ACIW
pores to decrease. Thus, this can increase its
adsorption capacity!34.
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Characterization of ACIW

The absorption spectra of carbon from IW
before the activation process (CIW) were

presented in Figure 3(a). It was shown that
there was no significant peak indicated the CIW
has few functional groups.

CH,OH OH CH,0H OH
‘|}
HO OH + |0—P=0 |=—x= HO on + H0
!
OH OH OH o]
HO—?!’*_—_O
OH o]
HO oH
OH CH,OH
Figure 2. Schematic representation of the IW carbon-HsPOal34l,
100 100 ~ (b)
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Figure 3. The FTIR spectra of carbon from IW before (CIW) (a) and after activation (ACIW) (b) and

SEM image of image CIW (c) and ACIW (d).
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However, the weak absorption were detected at
3497, 2937, 2186, 1729, and 1589 cm-1 that
indicated the vibration of O-H stretching, C-H
stretching, C=C stretching, C=O stretching, and
C=C stretching, After the
activation process, it was observed that there

respectivelyl.

was increasing the intensity of the peak of
ACIW (Figure 3(b)). The absorption band of
ACIW at 3612 cm™ was attributed to the O-H
stretching vibrations of carboxylic groups,
phenols, and alcoholsi®l. The band at 2186 and
1485 cm? can be assigned to C=C, and C=C
stretching vibration, respectively. The band at
1699 and 1188 cm™ was ascribed to C=O
stretching vibration and phosphorus/oxygen
compounds, respectively. This is due to the
activation with HsPOs which overlaps with the
C-O stretching vibrations of the acid, alcohol,
phenol, ether, and ester groups?!l. New bands
at 911 and 783 cm appeared after shifting from
903 and 780 cm (Figure 3(b)) were assigned to
aromatic C-H vibration of ACIW.

A surface morphology analysis by SEM
exhibited the increasing of diameter pore size
between CIW (1.39-3.13 um) and ACIW (1.37-
4.98 pm) that showed in Figure 3(c) and 3(d),
respectively. This indicates the success
activation process of CIW by the HsPOs
solution. The synthesized ACIW has the
potential of higher adsorption capacity as an
HA adsorbent due to larger size pores. Higher
pore diameter size makes ACIW have a larger
surface area so that the number of active sites

also increases as shown in Figure 3(b). Several
report showed the increasing of pore size and
surface area was in line with the increasing of

adsorption capacity of the
ACI141[161,[371[38]_

synthesized

Determining of optimum pH

pH is essential features in adsorption process
due to the changes in the charge distribution of
the ACIW and HA as a result of protonation
and de-protonation reactions of functional
groups®Izl, The result of the optimization of
pH effect was shown in Figure 5. From the
Figure 5, in all pH range the HA adsorbed was
above 80 mg L' and the optimum pH was
observed at pH 6.0. From this pattern, it can be
deducted that pH had no significant effect to
the HA adsorption onto ACIW. This often
occurs in adsorption processes that have
physical interactions mechanismsll.

Isotherm study

The adsorption of HA onto ACIW and CIW
was increased with increasing Co from 30 to 120
mg/L and reached the equilibrium at 180 min
with no further adsorbed HA. The plot of
isotherm data to the isotherm model as
presented in Figure 6 and the calculated
corresponding isotherm parameter was listed in
Table 1. By correlating the linearity value (R?) of
the isotherm models in Table 1, the Langmuir
show the best
representative model for the HA adsorption
onto ACIW and CIW, respectively.

and Freundlich model

100.0 -
o—O0—0—C——C0C—0
._-—‘.-—".——-.
8004 °*—°*
2
E, 600 - —e— Adsorbed HA
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L. 40.0 --e--Remain HA
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o---9 T eg.g®
0.0 +—r—r—r— e . s
2.0 6.0 8.0

pH

Figure 5. The effect of HA solution pH on the HA adsorption onto ACIW
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Figure 6. The effect of initial HA concentration on adsorbed HA onto ACIW and CIW (a); The plot of
isotherm data of HA adsorption onto ACIW and CIW on the Langmuir (b), Freundlich (c), and D-R

(d) isotherm model.

Table 1. Comparison of isotherm parameter of HA adsorption onto CIW and ACIW

Langmuir Freundlich D-R
Adsorbents
’ -1 K 1 2 n 1 R? qo® 4 Bpr R2
(mgg") (Lmg') (mg g™) (mg g
ACIW 56.82 0.49 0.9961 2.74 19.98 0.9658 39.13 1.0x107 0.7952
CIW 49.75 0.09 0.9855 234 8.70 0.9933 31.76 2.0x10¢ 0.7854

The fitted isotherm to the data was changed
from Freundlich (HA onto CIW) into Langmuir
model (HA onto ACIW). This indicates that
ACIW has the uniform active sites after the
activation step. Before the activation process,
CIW has heterogenic sites to bind with HA. The

result strengthens the fact that there was
increasing diameter pore size and functional
group intensity showed in Figure 3.

The important features of the Langmuir model
can be expressed in terms of dimensionless
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constant called separation factor of equilibrium

parameter, Ri described by Weber and
Cakkravortil4:
1

Ro=— — 10

“T1rK.C, (10)

which the R: values indicated to irreversible
(Ri=0), favorable (0<Ri<1), and wunfavorable
(Re>1). The calculated Ru in this work was
ranged from 0.06-0.02 for ACIW and 0.27-0.09
for CIW that indicate the adsorptions were
favorable.

The increasing in monolayer adsorption
capacity of HA adsorption onto CIW (49.75 mg
g1) and ACIW (56.82 mg g') was also evidently
proved that activation process was increasing
the active sites of carbon from IW. The value of
CIW and ACIW adsorption capacity was quite
higher than adsorption capacity of HA
adsorbent from natural zeolites (0.2787 mg g
2, natural zeolites/TiO2 (1.199 mg g)i#2,
untreated AC (19 mg g?)43l, HsPOu treated AC
(26 mg g1)*], HaSO4 treated AC (20 mg g)3),
magnetic Zn/Al CLDH (165.84 mg g™)i*4, HNOs
treated granular AC (58.83 mg g?')*], and
powder AC (76.92 mg g1)l4l.

»i (a)

% Transmittance

1698

1188 903

0 T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™')

The D-R isotherm is able to estimate the
adsorption mechanism by calculated the
adsorption energy (Epr). Epr can be calculated
by (2Bp-r)'2. The calculated Ep-x in this work
was 2.24 k] mol? (ACIW) and 0.5 k] mol* (CIW)
that indicate the adsorption occurred through
physical interaction between HA onto ACIW
and CIW, respectively. The Epr showed that
the HA has stronger interaction with ACIW
than CIW due to the higher content of
functional group of ACIW compared with CIW.
This based on the categorize that if the value of
Epr is <8 kJ mol? the adsorption type can be
explained by physical adsorption, between 8
and 16 k] mol" is ion exchange interaction, and
>16 kJ mol! is chemical adsorptionl#6}47,

This mechanism can be observed by FT-IR and
SEM analysis of ACIW-HA after adsorption
process (Figure 7). The difference in functional
groups between the FTIR spectrum of ACIW
before and after adsorption showed from
decreasing in the absorption followed by a shift
at 3728 cm? indicates that O-H groups have
interacted with HA after adsorption (Figure 7a).
The shift of the aliphatic C-H stretching
vibration from 2975 to 2984 cm indicates that
ACIW has interacted with HA. It is predicted
that the interaction of ACIW with HA occurs in
the pores of ACIW (Figure 7b).

TeknikMesin ITS 10.0kV 5.8mm x5.00k SE

Figure 7. The FT-IR spectra (a) and SEM image with 5000x magnification (b) of ACIW-HA.
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Kinetics study

The adsorption rates of HA onto ACIW was
rapidly occurred at the first 15 min, and then
slow down until the equilibrium is reached at
120 min (Figure 8a). The rapid HA adsorption
onto ACIW indicates HA
compatibility with ACIW’s active sites after
activation process. The adsorbed HA onto
ACIW was presented in Figure 7. The slow step

active  sites

of first 15 min adsorption possibly caused by
the slightly difference in concentration
gradient. The increasing HA adsorption on
ACIW was due to the occupying a free site or
pores of ACIW that characterized in Figure 3.
Thereafter, as times continue, the free sites got
saturated and reached the equilibrium. In this
study, the adsorbed HA on ACIW was found to
be 26.25 mg g (equal to 8.75x10% mol g based
on the referred molecular weight of HA by
MacFarlane and Bruch!®l). The plot of kinetics
data to the kinetics models was presented in

30.0 4 (a)
25.0 1

20.0 1
15.0 1
10.0 §

Adsorbed HA (mg/g)

5.0

0.0

0 30 60 90 120
Time (min)

8E+8 - (C)
B6E+8 +

4E+8

t/q; (g menit/mol)

2E+8 1 y = 1E+07x + 2E+407

2=

OE+0 r r T !
0 20 40 60 80
Time (min)

Figure 8b-8d and the corresponding parameters
were listed in Table 2.

The linearity value (R?) comparison between
three kinetics model in Figure 8 showed the
best model to represent HA adsorption onto
ACIW is Ho model (R2=1.00). Further, the
calculation of ge (qe ) of Ho (26.88 mg g7)
(Table 2) was also the closest value to the
experimental ge (ge, x=26.25 mg g) in this work.
This indicates that the adsorption process
follows the pseudo-second-order mechanism.
Further observation, the proposed RBS kinetics
models possible to generate the desorption rate
constant  (ks) and  through  Krss=ki/ka
relationship, the Gibbs free energy (AG) can be
calculated from AG=-RT In Kzss. The result of
AG calculation found in this work was 36.30
(AG<40 kJ mol") that indicate the physical
interaction!*!.

Time (min)
0 20 40 60 80
_15 L A A J
N (Y)
'?-3 -19 1
@
A=
c -21
-23 1 =-0.06x - 17.746
R®*=0.9779
-25
Waktu (menit)
0 20 40 60
0 L L J

-2 3 (d)

{1 y=0.0683x- 11.664
8 ] R?=0.992

Figure 8. Profile of adsorbed HA onto ACIW as a function of time (a); Plot of kinetics data to the

Lagergren (b), Ho (c), and RBS (d) kinetics model.
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Table 2. Corresponding parameters value of HA adsorption onto ACIW

Kinetics Parameters

Kinetics Models

kLag kHo ka ka qg, cale R2
(min) (g mol! min') (L mol! min) (min) (mg gt
Lagergren 0.06 - - - 5.89 0.98
Ho - 6.05x10° - - 26.88 1.00
RBS - - 6.15x10* 2.66x1072 3.92 0.99
Conclusion Co HA final concentration (mg/L)

Synthesis of activated carbon from Ilalang
(Imperata  cylindrica) using HsPOu
activator as a low cost HA adsorbent has been
successfully performed. The success synthesis
was evidently by increasing the intensity of the

weeds

ACIW active sites and increasing in pore
diameter size of ACIW. The optimum condition
of HA adsorption was occurred at pH 6.0.
Under the optimum condition, the monolayer
adsorption capacity of HA uptake was increase
from 49.75 (CIW) to 56.82 (ACIW) mg g with
the D-R adsorption energy of 0.50 and 2.24 k]
mol”, that indicate physical
adsorption process. Kinetics study of HA

respectively,

uptake was follows the Ho pseudo-second-
order kinetics mechanism. The performances of
ACIW demonstrate that the ACIW is a
promising low-cost adsorbent for HA removal
for clean water production in peat land rural
area.
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Abbreviation list

B multilayer adsorption capacity (mg/g)
b monolayer adsorption capacity (mg/g)
Bor  D-R free energy (mol?/J?)

Co concentration  of
C, [Cr=bw/v] (mol/L)

monolayer  capacity

€ initial HA concentration (mg/L)

ka Polanyi potential [e = RT In (1+1/Ce)] (J?/mol?)
ka RBS rate constants (L/mol min)

kno  RBS desorption rate constant (min-)

kg Ho rate constant (g/mol min)

K Lagergren rate constant (min)
gor  Langmuir constant (L/mol)

e D-R isotherm capacity (mg/g)
v adsorbed HA (mg/g)

w volume (L)

X weight (g)

Xe adsorbed HA at time ¢ (mol/L)

adsorbed HA at time equilibrium (mol/L)
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