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ABSTRACT

Palm kernel shell is an abundant agricultural by-product in Malaysia, which is mainly used for pro-
ducing activated carbon (AC) via the process called physicochemical activation. The applicability
of AC derived from palm kernel shell (ACPKS) was investigated for the removal of dissolved H,S
from wastewater. ACPKS was characterized by energy-dispersive X-ray, Fourier transform infrared
spectroscopy, Brunauer-Emmett-Teller surface area and scanning electron microscope. The batch
mode was utilized for studying adsorption capacity. The effects of various parameters were evalu-
ated and these parameters were then optimized. Parameters such as initial concentration (500 mg/L),
dose (100 mg/L), pH (7), agitation speed (150 rpm) and contact time (14 h) for removing dissociated
H.S were optimized. Equilibrium data for H,S adsorption on ACPKS were fitted using the Langmuir,
Freundlich, Temkin, and Dubinin—-Radushkevich isotherm models. The experimental data were com-
parable to the predictions of Langmuir equation, where the maximum monolayer adsorption capacity
of 524.2 mg/g was found. The pseudo-first-order, pseudo-second-order, and intraparticle diffusion
models were employed for simulating the experimental data for the adsorption kinetics. Among these
models, the pseudo-first-order model was the best fitting model based on the correlation coefficients
(R? and normalized standard deviation (sum of squared error). The current study shows that ACPKS
is the promising adsorbent for removing H_,S from wastewater and other aqueous solutions.

Keywords: Palm  kernel shell; Hydrogen sulfide; Activated carbon; Adsorption isotherms;
Water treatment; Kinetics

1. Introduction

The increase in global gasoline consumption has caused
petroleum refineries to produce enormous amounts of refined
products. Meanwhile, the crude oil refining process is often
associated with production of wastewater. Typically, high-
strength wastewater is released from petroleum refineries,
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which contains high concentrations of inorganic and organic
contaminants such as phenol, amines, cyanides, and hydro-
gen sulfide (H,S). Among these contaminants, H.S is highly
hazardous, which would cause pipeline corrosion and pose a
high health risk when it is released to the environment even
at low concentration [1-4]. Depending on its concentration,
H,S may cause many health problems such as paralysis of
respiration and respiratory arrest, central nervous system
stimulation, pulmonary edema, eye damage and threshold
for eye irritation [5]. Human nose can detect the rotten egg
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odor (consists of low H,S concentration at 0.0047 ppm) [5,6].
Therefore, researchers have developed different techniques
for removing H,S from wastewater such as precipitation [7],
reduction [8], oxidation [3,9] and adsorption [4,10]. Amongst
these techniques, adsorption is the most common method.

Activated carbon (AC) is a solid, porous and black carbo-
naceous material. It is the main adsorbent used in industries
for wastewater treatment. It can be obtained from enormous
carbon-based solid precursors, either synthetic or natural.
Carbon is typically a functional material with high market
value, which is obtained from petroleum coke, pitch and coal.
These carbonaceous materials are non-renewable. Hence, it is
imperative to identify suitable alternatives such as agricul-
tural wastes [11,12]. In addition, the development of AC from
waste bio-resources results in two concurrent effects: envi-
ronmental remediation and wealth creation [12,13]. Several
studies have been reported on producing AC from agricul-
tural wastes such as nut shell [14], sugarcanes [15], almond
shell [16], fruit stones [17], coconut shell [18], macadamia
nut shells [19], fibers of oil palm empty fruit bunches [20],
rice straw [21], sunflower straw [22], cotton stalk [23] and
date stones [24]. However, only a few studies have been con-
ducted on using palm kernel shell (PKS) residue [25,26]. Prior
to the use of AC derived from PKS, it is imperative to activate
it either by chemical or physical methods. The chemical route
consists of the impregnation of carbonaceous precursors
via heating with chemical reagent (mostly KOH and ZnCl,)
[27,28]. On the other hand, physical method involves carbon-
ization of raw material, followed by controlled gasification in
a stream of oxidizing agents such as steam, CO,, or air [29].
Chemical and physical methods employ KOH and CO, as
activators, respectively, to enhance the adsorption capacity of
AC derived from PKS.

In this study, AC was produced from PKS waste residue
by physicochemical activation using KOH and CO,. This
study aims to evaluate the potential of PKS-based AC to
adsorb H.,S in a simulated wastewater. Moreover, the kinet-
ics and isotherm equilibrium models of adsorption process
were investigated in order to understand the H,S adsorption
mechanism of palm kernel-based AC.

2. Materials and methods
2.1. Activated carbon preparation

Palm kernel shell (PKS) waste residue was obtained from
United Palm Oil Mill, Nibong Tebal, Malaysia. First, the PKS
was washed with deionized water in order to remove soils
and other impurities. Subsequently, the washed PKS was
air-dried to remove water. This was followed by mechanical
grinding and sieving to produce particles of size rang-
ing from 0.5 to 1 mm. These particles were further dried at
110°C for 24 h. The PKS was subjected to a pyrolysis process
performed at 700°C for 2 h in an inert atmosphere (N, flow
of 150 mL/min) for the production of char using a tubular
horizontal reactor (nominal diameter of 2 inches). Batches of
20 g sample were utilized in each experiment. The yield of
the carbon produced can be calculated as: yield (%) = 100 x
(W/W)), where W_and W are the dry weights of the final
sample and the precursor, respectively. The AC yield was
found to be 43.17%.

The absence of sulfur and low ash content in char are
positive factors, making PKS a good starting material for
the production of AC. The resulting carbon was mixed with
KOH at an optimum char/KOH ratio of 1:4 suggested by
previous researchers [30,31]. The mixture was left for 24 h
and filtered. The filtered carbon was placed in the tubular
horizontal reactor and gradually heated with inert gas
(N, flow of 150 mL/min) until the maximum temperature of
750°C was attained. Then, the N, gas was switched to CO,
gas for 2 h. The AC produced was cooled and washed using
boiled deionized water with HCI for 1 h in order to remove
the residual KOH. Finally, the sample was washed several
times with distilled water in order to reach the normal pH
condition. The final product was dried at 110°C for 24 h and
coded as ACPKS.

2.2. Activated carbon characterizations

Thermal analyses (e.g., thermogravimetric analysis (TGA)
and differential thermal analysis (DTA)) were performed with
the TA Instruments (Q500) thermal analyzer at 800°C (heating
rate of 10°C/min in N, environments). Fourier transform infra-
red spectroscopy (FTIR) was mainly employed as a qualitative
technique for evaluating the chemical structure of carbon mate-
rials. FTIR spectra were recorded between 4,000 and 400 cm™
in order to examine the functional groups on the surface of
the modified sample (ACPKS). FTIR analysis was performed
using JASCO-480 Plus. The porous structure of the AC parti-
cles was investigated by N, adsorption-desorption isotherms
at -196°C using the ASAP 2020 apparatus (Micromeritics Co.,
USA). The specific surface area (S.,, m*/g) and the total pore
volume (V, cm?/g at standard temperature and pressure) of
ACPKS were obtained using Brunauer-Emmett-Teller (BET)
and Barrett-Joyner-Halenda (BJH) methods. The actual
density (p) of the sample was measured by the helium dis-
placement method using the AccuPyc II 1340 pycnometer
(Micromeritics Co., USA). Scanning electron microscopy
(SEM) was employed for investigating the textural morphol-
ogies of ACPKS. SEM was conducted using the HITACHI
TM3030, Japan system running at an accelerating potential
of 20 kV. Elemental analysis or the chemical characterization
of samples was analyzed by energy-dispersive X-ray (EDX)
spectroscopy in order to examine the interaction between an
X-ray excitation source and a sample.

2.3. Preparation of H,S solutions

In this study, synthetic wastewater was prepared in
accordance with the procedure reported by Asaoka et al.
[32]. First, a known amount of Na,S-9H,O was dissolved in
a 500 mL solution of 0.01 M KCI purged with N,. Second, the
solution pH was adjusted to 7 using 0.2 M HCI [32]. H.S in
solution can exist in three forms: H,S, HS and 5* [33].

2.4. Batch equilibrium studies

The experiments for H,S adsorption were conducted in
the batch mode. ACPKS was intensively examined for inves-
tigating its ability to adsorb dissolved H,S from synthetic
wastewater. A sample of 100 mg of an adsorbent was used
in each run after degassing at 105°C for 24 h in an oven.
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The adsorption experiments were performed in a set of
250-mL Erlenmeyer flasks containing 100 mg of ACPKS and
100 mL of H_S solutions at various initial concentrations (100,
200, 300, 400 and 500 mg/L), mimicking the studies performed
earlier [34,35]. The flasks were agitated in a thermostatic
orbital shaker at 150 rpm and 30°C until the equilibrium was
reached. The concentrations of H.S in the supernatant solu-
tions were measured by spectrophotometer HACH DR2800
using sulfide reagent 1&2 (method: methylene blue).

The ACPKS adsorption capacity (g, mg/g) was calculated
using equation: g, = (C, - C)V/m [36,37]. Subsequently, the
initial and the final concentrations were measured after the
suspensions were filtered. Here, V is the solution volume (L),
m is the adsorbent amount (g) and C, and C, are the initial
and the final H,S concentrations, respectively. All adsorption
experiments were repeated two times, and we found that
the maximum deviation was ~5%. All measurements and
experiments were conducted in a fume hood as H,S is a very
dangerous gas.

2.5. Adsorption isotherm models

Typically, an adsorption isotherm is an oriental graph
describing the phenomenon governing the retention of a sub-
stance from aquatic environment on a solid phase at constant
temperature [38,39]. Generally, the adsorption isotherm gov-
erns the relation between the amount of adsorbate adsorbed
per unit mass of adsorbent (g,) and the concentration of adsor-
bate at equilibrium conditions (C). The well-known isotherm
models such Langmuir [40-42], Freundlich [40,43,44], Temkin
[45,46] and Dubinin—-Radushkevich [47,48] models were
applied and the relevant parameters were then calculated.

2.6. Batch kinetic studies

In addition to isotherm studies, adsorption kinetics was
carried out for simulating the uptake of H,S by adsorbents.
For investigating the adsorption kinetics of H,S on adsorbent,
pseudo-first-order [36,49], pseudo-second-order [46,50] and
intraparticle diffusion [36] models were employed for simu-
lating the experimental data.

2.7. Validity of kinetic model

Besides the R? value, all kinetic models were verified
by normalized standard deviation or sum of squared error
(SSE, %). The validity of each model was determined by SSE
using the equation reported elsewhere [37,51]. Better fitting
model is characterized by higher R* and lower SSE values.

3. Results and discussion
3.1. Textural characteristics of ACPKS

Thermal analyses of ACPKS were performed in order to
choose the suitable carbonization temperature. As shown in
Fig. 1, TGA shows the weight loss of 17.65% and the DTA peak
at less than 100°C due to the removal of adsorbed surface
water. At 600°C, it shows other weight loss of 12.14% together
with the DTA peak of low intensity due to the removal of
CO, and other materials [52,53]. Between 600°C and 800°C,
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ACPKS shows a thermal stable carbon structure. Therefore,
700°C was chosen as the carbonization temperature.

FTIR has been widely employed for characterizing
the surface groups of oxides and carbonaceous materials.
Fig. 2 shows the FTIR spectrum of ACKPS before and after
the adsorption process. Bands located at 3,450, 2,160 and
2,030 em™ correspond to O-H stretching, C=C stretching
and C-O stretching vibrations, respectively. These bands are
observed in both materials before and after the process, indi-
cating that the carbon structure was not destroyed during the
sulfur adsorption. C-O stretching vibrations are probably
attributed to the surface functional groups of ACPKS that
are dominated by carbon material. On the other hand, the
ACKRPS after adsorption shows additional band at 911 cm™,
which is related to the C-S bond stretching [54]. This indi-
cates the accumulation of S on the carbon surface. The acidity
and the basicity of surfaces can be used to describe the sur-
face chemistry of carbon adsorbent. Surface basicity is related
to the presence of oxygen-free Lewis sites as well as those
carbonyls, pyrone and chromene-type structures at the edge
of the carbon layers. On the other hand, the acidic behavior
is associated with the oxygen-containing groups (mainly car-
boxylic acid, anhydrides, lactones and phenols). Chemical
activation using KOH as an activation agent could possibly
increase the basic groups, which is attributed to the increase
of strongly basic hydroxyl group (OH") on the surface [55].

Fig. 3 displays the N, adsorption/desorption isotherm
of ACPKS and the inset shows the pore size distribution.
As seen, ACPKS shows high specific surface area based on
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Fig. 2. FTIR spectrum of ACKPS before (solid line) and after
(dotted line) the adsorption process.
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BET theory (S, value of 776.4 m*/g). The average pore width
(P) is related to S .. and pore volume (V) as: P, =4V /SBET
[56]. The total pore volume of ACPKS was 0.34 cm3/g and the
average pore diameter was 2.3 nm. This large pore diameter
is suitable for H,S removal. The actual density of ACPKS was
estimated as 2.217 g/cm® Consequently, the void fraction or
porosity of ACPKS (&,%) was 43% according to the expression
e=V /V +1/p [57,58]. Therefore, ACPKS is efficient in adsorp-
tion process due to its high void fraction and porosity. Other
parameters derived from N, adsorption/desorption data are
listed in Table 1. The large surface area and porous structure
of ACPKS are attributed to chemical and physical activa-
tions using KOH and CO,, respectively. The reactions such
as KOH—-carbon and CO,—carbon could possibly create more
pores in the ACPKS structure. Pore generation works based
on dehydration of KOH to K,O, which reacts with CO, pro-
duced by the water shift reaction, thus forming K CO, as well
as promoting the diffusion of KOH and CO, molecules into
the pores (hence, increased porosity [31]). In addition, adsor-
bents with large portions of mesopores could favor the forma-
tion of water film to facilitate the chemisorption of H,S and
high sulfur content. Moreover, metallic potassium appeared
to be responsible for the drastic increase of carbon material,
resulting in pore formation and increased pore volume [59].

Fig. 4(a) shows the microscopic structure of fresh ACPKS
in SEM image. Large pores are evident on the AC surface,
indicating that the carbonization stage mainly creates macro-
and mesoporous carbons. After adsorption, the pores are
seemingly filled by sulfur as less porosity is observed (see
Fig. 4(b)). In addition, EDX analyses were performed on fresh
and used materials as shown in Figs. 4(c) and (d), respec-
tively. The EDX chart for the fresh ACPKS adsorbent shows
peaks that correspond to C, O and K. For the used ACPKS,
peaks that correspond to C, O, K, S, Na and Al are observed.
In addition, the intensity of peak corresponding to S is quite
high, indicating that the efficiency of the current removal
process is indeed promising.

Table 2 summarizes the content of ACPKS before and
after adsorption. As observed, the components were changed
after adsorption. The fresh adsorbent contains components
such as C, O and K (the percentages are 73.41%, 18.71%, and
7.88%, respectively). However, components such as S, Na
and Al are not observed. The change in components of the
adsorbent is probably attributed to oxidation and adsorp-
tion. The most interesting finding is that the percentage of K
decreases to around 0.25% after adsorption, indicating that
acid-base reaction occurs. The presence of Al (although low
in percentage) might be due to the aluminum paper used

Table 1
Specific surface area and other related parameters of ACPKS

Properties Value
BET surface area (m?/g) 776.4
Micropore surface area (m?/g) 168.4
Total pore volume (cm®/g) 0.34
Void fraction or porosity (%) 43
Mesopore volume (cm?/g) 0.16
Average pore size (nm) 3.99

during the sampling process. Meanwhile, the Na component
might be produced from the dissolution of sodium sulfide:
Na,S + H,O — H,S (aq) + 2NaOH. On the other hand, the
percentage of S content is 7.41%, showing the adsorption of
sulfur compounds on AC.

3.2. Effect of contact time and initial H,S concentration
on adsorption equilibrium

Moisture can enhance the removal efficiency of H,5(g)
due to the dissociation of H,S(g) to H,S(aq) at the bound-
ary layer of the adsorbent surface. This makes them easily
attracted on the active sites of adsorbent. Thus, it is easier
to remove H,S in its ionic forms (H,S(aq)) such as bisulfide
(HS") and sulfide (S*) instead of its gaseous form [60]. In
addition, moisture facilitates the complete oxidation of H,S
into SO,*, causing no secondary pollution [61]. Therefore,
this study focuses on removing H_S(aq) using AC produced
from waste materials.

Typically, the adsorption capacity of HS and the adsor-
bent efficiency increase with increasing contact time. Fig. 5
shows the adsorption capacity vs. adsorption time at vari-
ous initial H,S concentrations at 30°C. As observed, the H,S
solutions of initial concentrations 100-500 mg/L would take
8-10 h to reach equilibrium. However, the experiment was
performed up to 14 h to ensure complete equilibrium. The
results indicate that contact time plays an important role in
adsorption. As observed from Fig. 5, initially, the amount
of H,S adsorbed onto the carbon surface increases steadily.
After certain time, the process decelerates and the adsorbed
amount plateaus (equilibrium). At the initial concentration
range of 100-200 mg/L, shorter time is required to reach the
equilibrium, due to the fact that there are many empty sites
that can be used to trap the H,S molecules, as well as several
active functional groups (OH") on the adsorbent surface at
the beginning of adsorption. In fact, Fig. 5 indicates that the
acid/base reaction occurs on the adsorbent surface, which is
attributed to the basic functional groups on the adsorbent
surface. This reaction can enhance the adsorption of acidic
pollutant (e.g., H,S). As reported in Fig. 5, the sulfur per-
centage increases rapidly as well. Thus, the amount of H,S
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Fig. 3. N, adsorption-desorption isotherm of ACPKS: the inset
shows the pore size distribution.
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Fig. 4. SEM images (a) and (b) and EDX (c) and (d) for ACPKS before and after adsorption process, respectively.

Table 2
Elemental components of fresh and used adsorbent

Element Fresh adsorbent (wt%)  Spent adsorbent (wt%)
C 73.41 72.55
O 18.71 17.61
K 7.88 0.25
Al Not detected 1.12
Na Not detected 1.06
S Not detected 741

adsorbed on AC indicates the adsorption capacity of adsor-
bent. In this study, the adsorption equilibrium g, increases
from 94 to 490 mg/g as the initial concentration increases
from 100 to 500 mg/L (see Fig. 4). The mechanisms of adsorp-
tion could be explained by three consecutive mass transport
steps. First, the adsorbate migrates through the solution, that
is, film diffusion, followed by the movement of solute from
the particle surface into the interior site by pore diffusion.
Finally, the adsorbate is adsorbed into the active sites at the
interior of adsorbent particle.

3.3. Adsorption isotherms

Adsorption isotherms are essential for describing
the manner in which solutes interact with adsorbents.
Moreover, it shows the distribution of adsorbed molecules
between solid and liquid phases and the time taken to reach
an equilibrium state. Fitting of different isotherm models is
an important step for finding a suitable model that can be

73
3
Removal (%)
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10 12

200 8

200 400
H:S initial concentrations (mg/L)

500 ¢ 2 4 Time (h)
Fig. 5. Variation of removal percentage with adsorption time at
various H,S initial concentrations at 100 mg dosage, 30°C and pH
of 7 and 150 rpm.

used for design purposes [62]. Here, Langmuir, Freundlich,
Temkin, and Dubinin—Radushkevich isotherm models were
applied. As shown in Fig. 6(a), the Langmuir adsorption
isotherm model is suitable for representing the adsorption
process of H,S on ACPKS. For the Langmuir isotherm, the
straight line with a slope of 1/Q is obtained from the plot of
C/q,against C, (see Fig. 6). The Langmuir constants b and Q
are calculated and shown in Table 3. An R* value of 0.9912
indicates that the adsorption data of H,S on ACPKS are
well fitted to the Langmuir isotherm model. The maximum
adsorption capacity is found to be 524.2 mg/g that is rela-
tively high compared with those reported by other studies
as shown in Table 4. The high adsorption capacity is related
to high void fraction, porous nature, high surface area and
activation of the surface of ACPKS. The R, value is another
evidence to support this inference, which is calculated as
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Fig. 6. Langmuir (a), Freundlich (b), Temkin (c) and Dubinin-Radushkevich (d) adsorption isotherms of H,S on ACPKS at 30°C.

Table 3
Parameters of different isotherm models and correlation
coefficients for the adsorption of H,S on ACKPS

Isotherm model ~ Parameter Value R?
Langmuir Q... (mg/g) 524.2 0.9912
K, (L/mg) 0.0495
Freundlich K, (mg/g(L/mg)"" 5213 0.9843
1/n 0.4982
Temkin K, (L/g) 0.766 0.9903
B, (J/mol) 9.92
Dubinin— q. (mg/g) 12.2 0.8398
Radushkevich k,, (mol/])? 1.7 x10°°
E (J/mol) 538.2

0.03882 at a particular solution concentration. This further
confirms that Langmuir isotherm is favorable for describ-
ing the adsorption of H,S on ACPKS under the conditions
employed in this study.

For the Freundlich isotherm, a straight line with a slope of
1/n (value of 0.4982) is obtained from the plot of logq, vs.logC,
(see Fig. 6(b)). This result demonstrates that the adsorption of
H.,S on ACPKS is favorable. However, the R* value is 0.9843,
indicating that the fitting of adsorption data is not as good
as that of the Langmuir model. Accordingly, the Freundlich
constants K, and n are calculated and listed in Table 3.

For the Temkin isotherm model, the linear relation
between g, and logC, is shown in Fig. 6(c), and the fitting
parameters are shown in Table 3. However, the R? value of
Temkin isotherm model is 0.9903, indicating that the adsorp-
tion data of H,S on ACPKS is more or less fitted. A smaller
R? value of 0.8389 is obtained for the Dubinin—-Radushkevich
isotherm. A straight line is obtained from the plot of logq,
vs. g, (Fig. 6(d)). The constants g, and E are determined and
reported in Table 3.

3.4. Adsorption kinetics

For the pseudo-first-order kinetic model, straight
lines are obtained by plotting log(g, - g,) vs. t as shown
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Table 4
Adsorption capacities of H,S on various adsorbents and palm kernel shell AC for various pollutants
Adsorbents Pollutants Adsorption Sppr (M?/g) References
capacity (mg/g)
AC from sawdust pellets H,S 6.2 426 [63]
Carbonated steel slag 7.5 14.4 [64]
Impregnated AC 9.4 732 [65]
Sewage sludge/fish waste mixture 22 25 [66]
Graphite-derived materials 30.5 192 [67]
AC/bentonite binders 47 1410 [68]
AC from oil-palm shell 76 1062 [6]
N,-modified carbide AC 90.5 1297 [69]
Adsorption/oxidation on unmodified AC 112 1063 [70]
Bituminous-coal-based AC 256 661 [71]
CaO/ACPKS 543.47 476.7 [37]
Palm kernel shell AC Methylene blue 40-110 1268 [72]
Phenol 78-82
Cr(VI) 0.35-0.37
Basic blue 9 333.33 1088 [73]
Lead 1.337 513.3 [74]
Copper 1.581
Nickel 0.130
ACPKS H,S 524.2 776.4 This study
in Fig. 7(a). On the other hand, when the pseudo-second-
order kinetic model is applied, the t/g, vs. t plot shows a 2s5F
linear relationship as shown in Fig. 7(b). Then, k, can be = F
determined from the intercept of the plot. This procedure E’ 20F
is more likely to predict the behaviour over the whole % sE*
range of adsorption. Moreover, the intraparticle diffusion e £ ::f'j:
model rate constant (K, ) is obtained from the slope of the 1o -g Toomy
straight line of plot gt vs. #'* (see Fig. 7(c)). The SSE value o = . . .
serves as an indicator for finding which kinetic model fits ¢ (h
the adsorption process well. The SSE ranges from 3.28% to sox10” [F & S00mer ®)
3.82% for the pseudo-first-order kinetic model, which is N F T ‘;gi:
lower than that of the pseudo-second-order kinetic model g eoF o leomen
(8.08%-99.55%) for initial concentrations ranging from £ .k
100 to 500 mg/L. Moreover, the pseudo-first-order kinetic -i:
model fits the experimental data better due to higher R? = 20p
value. Table 5 summarizes the calculated parameters. ok
The adsorption of H,S on ACPKS is best described by the
first-order kinetic model.
aq00F © S00mgl (c) <
F M 400 mg/L
. E 4 300mg/L
4. Conclusions ® 300 3 o ooyl
In this study, PKS is effective for preparing the acti- §; 200 -
vated carbon (AC). The prepared AC shows high porous 100 .
structure with high specific surface area of 776.4 m?g, ~
indicating that AC is an effective material for adsorption. 5 * ; * 5 * ; )

The prepared AC has been tested over a wide range of
initial concentrations. H,S has been found to be strongly
adsorbed on the AC surface due to its porous structure
and high surface area. The adsorption behavior can be
well described by a monolayer Langmuir isotherm. The
maximum adsorption capacity (Q_ ) has been found to
be 524.2 mg/g. The kinetic data have followed the pseudo-
first-order kinetic model. This study shows that the AC

2 {min)”z

Fig. 7. Pseudo-first-order (a), pseudo-second-order (b) and intra-
particle diffusion (c) kinetic models for the adsorption of H,S on
ACPKS at 30°C.

derived from PKS is an excellent material for wastewater
treatment.
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Table 5

Pseudo-first-order, pseudo-second-order, intraparticle diffusion kinetic models parameters as well as correlation coefficients for the

adsorption of H,S on ACPKS

Kinetic model Parameter Initial H,S concentration (mg/L)
100 200 300 400 500

Pseudo-first-order kinetic model K, (1/h) 0.335 0.325 0.425 0.253 0.260

R? 0.9536 0.9578 0.9832 0.9819 0.9904
Pseudo-second-order kinetic model K, (g/mg h) 35x10* 1.8 x10* 1.46 x10™* 1.89 x 10 2.4 %10

R? 0.9913 0.511 0.8934 0.9187 0.9768
Intraparticle diffusion kinetic model K, (mg/gh'?)  16.600 44.350 72.140 80.285 98.214

R? 0.9232 0.8675 0.9770 0.9855 0.9281
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