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a b s t r a c t
This paper investigated the ability of sago bark (Metroxylon sagu) as a new potential biosorbent in 
removing Cr(VI) in batch system. The optimum adsorption capacity of sago bark (Metroxylon sagu) 
was 61.73 mg/g achieved at pH 3, agitation rate of 100 rpm, contact time 60 min, particle size ≤32 µm, 
and initial concentration of Cr(VI) 1,000 mg/L at room temperature (25°C). The adsorbent regener-
ation was carried out using 0.01 M HNO3 with regeneration efficiency of 78.35%. The adsorption 
data fitted better to Freundlich and Langmuir equilibrium isotherm models. The data confirmed 
that Cr(VI) sorption onto sago bark (Metroxylon sagu) has good agreement with pseudo-second-order 
model. The thermodynamic study indicated that Cr(VI) sorption onto sago bark (Metroxylon sagu) 
occurred as exothermic in nature (DH = –72.55 kJ/mol), which was required energy for adsorption 
process, and the disorderliness decreased as temperature increased (DS = –263.06 J/mol). Thus, it 
can be concluded that sago bark (Metroxylon sagu) can be utilized as a potential adsorbent in Cr(VI) 
removal.
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1. Introduction

Recently, water pollution becomes a significant issue 
all around the world. Human activities such as industry, 
restaurant, textile industry, and the electroplating process 
produce a large amount of waste. The waste has a bad influ-
ence on water quality, biodiversity, and extinction of some 
animals living in the water. Heavy metals were discharged 
from wastewater into the water bodies. Chromium(VI) is 
one of the toxic metals produced in an industrial process 

[1,2]. Chromium(VI) exists as Cr2O7
–2, CrO4

–2, and HCrO4
– ions 

in solution. It can cause damage to the biological system in 
the body and is carcinogenic. United States Environmental 
Protection Agency emphasizes the maximum amount 
of chromium in wastewater and potable water is 1.0 and 
0.05 mg/L, respectively [3]. Numerous methods have been 
used to treat metal ions in aqueous solution such as chem-
ical precipitation, membrane filtration, electrochemical 
method, and ion exchange. The efficiency of these meth-
ods was not sufficient for large-scale application due to 
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the high cost and resulting in other compounds as residue 
[4–6]. Adsorption technique was chosen to treat metal ions 
because it is more efficient and short-time and low-cost 
operation. Hence, the metal ion adsorption used an agri-
cultural by-product/waste as an adsorbent to reduce waste-
water treatment cost [7]. Adsorption of metal ions has been 
done using a number of adsorbents such as biochar from 
paper mulberry [8], lychee peel [9], Artimisia absinthium 
seed [10], coir pith [11], wool [12], Phaleria macrocarpa [13], 
Dimorcarpus longan [14], Garcinia Mangostana [15], AC from 
oak leaves and date palm dead leaves [16,17], and other 
agricultural by-products.

Sago (Metroxylon sagu) plant is used in sago starch pro-
duction industries. This industry extracts the starch and 
produces the residue from sago starch processing. Sago bark 
is one of the solid residues of sago production industries. 
The sago industry produces about 5–10 t bark/d. It is usually 
used as timber fuel, fence, and building materials. Sago bark 
consists of lignin, and it is associated with hemicelluloses 
in wall cell of sago pith, non-condensed syringyl unit, non- 
condensed guaiacyl unit, non-condensed p-hydroxyphenyl 
unit, and cellulose [18,19]. This sago bark is not used effec-
tively yet. Thus, the aim of this research was to investigate 
the ability of sago bark (Metroxylon sagu) on removal anion of 
Cr(VI) adsorption in a batch reactor.

2. Experimental

2.1. Materials

The sago (Metroxylon sagu) bark was collected from a local 
area of West Sumatra, Indonesia. The reagents used in this 
work were potassium dichromate (K2Cr2O7), buffer (pH 2–7), 
sodium hydroxide (NaOH), and nitric acid (HNO3), which 
are produced by Merck. All solutions were of analytical 
grade and prepared in distilled water.

2.2. Adsorbent preparation

The sago bark, collected from local area, was washed 
to eliminate dirt. Then, sundried for 1 week before ground 
into particular particle sizes (32, 72, 160, and 425 µm). Later, 
1 kg of powder was immerged into HNO3 0.01 M for 2 h. 
The powder of sago barks was washed with distilled water 
until neutral pH was reached. Then, it was dried to remove 
water in a room temperature.

2.3. Adsorbent characterization

The characterization of adsorbent was carried out by 
FTIR (Fourier transform infrared, Unican Mattson Mod 7000 
FTIR), SEM-EDX (scanning electron microscopy energy- 
dispersive X-ray, Hitachi S-3400N), BET (Breuner–Emmet–
Teller/Quantachrome Nova 4200e), XRF (X-ray fluorescence 
spectroscopy/PANalytical epsilon 3), and ICP (inductively 
coupled plasma/ICPE 9000 Shimadzu, Japan). Point of zero 
charge (pHpzc) was investigated according to Ahmad et al. 
[6]. Twenty-five milliliters of KCl 0.1 M with various pH (1–8) 
was contacted with 0.05 g adsorbent for 24 h at 100 rpm of 
agitation rate. Then, the final pH (pHf) of each solution was 
measured and plotted against initial pH (pHi).

2.4. Adsorption studies

The batch technique was carried out by adding 0.1 g 
adsorbent into 10 mL of Cr(VI) solution under certain param-
eters such as pH 2–7, agitation rate 50–200  rpm, contact 
time 5–90 min, initial concentration 20–1,400 mg/L, tem-
perature 298–318 K, particle size of adsorbent 32–425 µm, 
and adsorption-desorption cycle. The concentration of 
Cr(VI) after adsorption was determined by atomic absorp-
tion spectrophotometer (AA240). The amount of Cr(VI) ion 
adsorbed was determined by the following equation:

Adsorption efficiency %( ) = −
×

C C
C

e0

0

100  (1)

Adsorption capacity mg
g
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C C
m

Ve0  (2)

where C0 and Ce (mg/L) are initial and the equilibrium 
concentrations of liquid phase, respectively. V (L) is the vol-
ume of Cr(VI) solution and m (g) is the mass of the adsorbent.

3. Results and discussion

3.1. Adsorbent characterization

To identify the functional group involved in adsorption 
process, FTIR was employed to spot wave number shift of 
functional group existed in sago bark. The broadband in the 
region of 3,276–3,500 cm–1 indicated the presence of free and 
intermolecular bonded –OH and –NH groups. The bands at 
3,421.10 and 1,734.16 cm–1 were hydroxyl (OH) and carbonyl 
(C–O) groups, respectively. The C–H stretching group was 
indicated at 2,923.73 cm–1. After adsorption process, the band 
of each functional groups was shifted. The hydroxyl group 
band was shifted from 3,421.10 to 3,424.46 cm–1 after Cr(VI) 
uptake. The carbonyl (C=O) and C–H stretching groups were 
shifted from 1,734.16 to 1,735.49 cm–1 and from 2,923.73 to 
2,922.42 cm–1, respectively (Fig. 1). This phenomenon was 
also found by previous researches [20–22]. As the metal 
ions contacted with adsorbent, the adsorbent composition 
changed. The XRF data verified that Cr(VI) has attached 
on sago bark proven by change of chemical composition in 
adsorbent (Table 1). pHpzc showed that sago bark surface has 
zero charge at pH 5 (Fig. 3). When pH < pHpzc, the adsor-
bent surface would be positively charged, and at pH > phpzc, 
the adsorbent surface would be negatively charged [6]. 
Morphology of sago bark surface was characterized by 
SEM with 1,000× magnification. It could clearly explain that 
the adsorbent surface which is initially porous and rough 
became smoother because it was covered by metal ions. 
The EDX spectra proved that Cr(VI) ion has attached on 
adsorbent surface (Fig. 2). According to BET analysis, sago 
bark has 4.845 m2/g of surface area with distribution pore 
24.904 Å. The total pore volume and average pore diame-
ter are 0.01342 cc/g and 55.39 Å, respectively. The surface 
area of sago bark changed after adsorption process from 
4.845 to 730.319 m2/g. This phenomenon indicated that the 
interaction between metal ion and adsorbent might occur 
chemically through complex formation, ion exchange, or 
electrostatic interaction or physically through the pores [23].
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3.2. Adsorption study

3.2.1. Effect of pH

pH plays an important role on sorption process. pH 
affected the surface charge of adsorbent which is related to 
interaction between adsorbent and metal ions. The effect of 
pH was studied within the range of 2–7. As seen in Fig. 3, 
the maximum adsorption capacity was achieved at pH 3. 
Because at low pH, the adsorbent surface was protonated. 
The protonated adsorbent surface exhibited the electrostatic 
force with Cr(VI), which existed in HCrO4

–, CrO4
–2, and Cr2O7

–2 
forms [8,19,24,25]. Then, at pH > 3, adsorption capacity 
decreased from 1.1244 to 0.3468 mg/g due to the huge num-
ber of OH– ions making the adsorbent surface negatively 
charged. It generated the repulsion force between oxy- anion 
and adsorbent surface [26,27]. Furthermore, this might attri-
bute to the sago bark pHpzc. pHpzc was the point where the 

 (a)

(b)

Fig. 1. FTIR spectra of sago bark (a) before adsorption and (b) after Cr(VI) sorption.

Table 1
XRF study of sago bark

Before adsorption After adsorption

compound Concentration 
(%w/w)

compound Concentration 
(%w/w)

Mg 7.74 Mg 8.82
Si 29.84 Si 33.82
Ca 16.10 Ca 16.56
K 7.81 K 2.05
MgO 9.12 MgO 10.16
SiO 39.47 SiO 42.08
CaO 10.84 CaO 10.10
K2O 4.79 K2O 1.13
Cr 0.07 Cr 1.51
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adsorbent surface charge has the equal number of positive 
and negative charges [28]. Fig. 4 exhibits that pHzpc of sago 
was 5. Above pHpzc, adsorbent surface will be negatively 
charged due to functional group deprotonation establishing 
anionic-dominated surface and vice versa. The functional 
group protonation occurred in acidic medium (pH < pHpzc) 
providing positively charged adsorbent surface [6,29,30]. 
Therefore, Cr(VI) sorption, which existed in negatively 
charged ions, reached the peak at low pH (pH 3). The similar 
finding has been reported by previous research [28].

3.2.2. Effect of agitation rate

The agitation influenced the boundary layer around 
adsorbent. During the adsorption process, this boundary 
layer will break and allow the metal ions to contact with 
active site [27,31]. Fig. 5 indicates that the adsorption capac-
ity of sago bark increased as the agitation rate increased until 
equilibrium was attained. Adsorption of Cr(VI) onto sago 
bark achieved maximum point at 100 rpm of agitation speed 
with adsorption capacity 1.7669 mg/g. At the lower speed, 
adsorbent was accumulated at the bottom of the flask, which 
declined the adsorption capacity of sago bark. Moreover, 
the decrease in the adsorption capacity was also induced by 

(a) (b)

Fig. 2. SEM-EDX image of sago bark (a) before and (b) after Cr(VI) sorption, magnification 1,000×.
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Fig. 3. The effect of pH on the adsorption of Cr(VI) with sago 
bark (initial concentration at 20 mg/L, contact time in 60 min, agi-
tation rate at 100 rpm, and adsorbent mass was 0.1 g).
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the higher speed. In this case, when the agitation speed was 
higher than 100 rpm, the adsorbed metal ions were released 
to liquid phase due to low affinity toward against active site 
[32,33]. This phenomenon has been confirmed by previous 
researches [27,33].

3.2.3. Effect of contact time and kinetic study

Contact time is the time required to reach an equilibrium 
where the adsorption capacity does not change significantly 
[24,34]. Contact time shows minimum time for adsorption 
to take place and also adsorbent surface saturation [3,35]. 

Fig. 6 reveals an effect of contact time on Cr(IV) sorption. 
In this case, Cr(VI) sorption attained equilibrium at 60 min 
with adsorption capacity 1.7669 mg/g and then gradually 
decreased as the time increased. This phenomenon could be 
explained by the vacant surface of adsorbent at initial phase 
leading to easy adsorption of metal ions onto active site [2]. 
Adsorption reaction mechanism of Cr(VI) on sago bark was 
explained by pseudo-first order, pseudo-second order, and 
Webber-Morris intraparticle diffusion. In the pseudo-first 
order, the linear plot was achieved by using the following 
equation [36,37]:

log log
.

q q q
k t

e t e−( ) = − 1

2 303
 (3)

where qe is the adsorption capacity at equilibrium (mg/g), qt 
is the adsorption capacity at t (mg/g), k1 is the rate constant 
(min–1) from the slope, and t is time (min).

Pseudo-second order was described by the following 
equation [36,37]:

t
q k q

t
qt e e

= +
1

2
2  (4) 

where k2 is the rate constant of pseudo-second order (g/
mg·min).

The intraparticle diffusion was utilized to explained the 
diffusion mechanism. This model was expressed by follow-
ing equation [26,29,38]:

q k t Ct = +id  (5)

where kid and C were intraparticle diffusion rate constant 
(mg/g min1/2) and intercept.

The adsorption capacities at equilibrium from pseu-
do-first-order and pseudo-second-order models were calculated 

Fig. 4. Point of zero charge determination.
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Fig. 5. The effect of agitation rate on the adsorption of Cr(VI) 
with sago bark (at pH 3, contact time in 60 min, initial 
concentration was 20 mg/L, and adsorbent mass was 0.1 g).
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Fig. 6. The effect of contact time on the adsorption of Cr(VI) 
with sago bark (at pH 3, agitation rate at 100 rpm, initial 
concentration was 20 mg/L, and adsorbent mass was 0.1 g).
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as 0.3818 and 1.8021 mg/g for the initial Cr(VI) concentra-
tion of 20 mg/L, respectively (Table 2). The experimental qe 
value (1.7669 mg/g) was close to calculated qe value from 
pseudo-second-order model. The Webber-Morris model 
indicated that adsorption of Cr(VI) onto sago bark can be 
explained by two mechanisms. The first stage, from 5 to 

30 min, attributed to macropore diffusion/external surface 
adsorption. The second stage, from 30 to 90 min, exhibited 
intraparticle diffusion adsorption (Fig. 7). The intraparticle 
rate constant (kid) was 0.049 mg/g min1/2 and C (intercept) 
was 1.3512 showing the existence of boundary layer effect 
(Table 2). The determination coefficient indicated that 

Table 2
The kinetic parameters of Cr(VI)

Pseudo-first order Pseudo-second order Webber-Morris intraparticle diffusion

k1 (min–1) qe (mg/g) R2 k2 (g/mg·min) qe (mg/g) R2 kid (mg/g·min1/2) C R2

0.0437 0.3818 0.9673 0.2956 1.8021 0.9996 0.049 1.3512 0.9283
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Fig. 7. Adsorption kinetics of Cr(VI) onto sago bark: (a) pseudo-first order, (b) Pseudo-second order, and (c) Webber-Morris intrapar-
ticle diffusion.
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pseudo-second order (R2 = 0.9996) fitted well to describe 
Cr(VI) sorption reaction (Table 2). Also, the experimental 
qe value (1.7669 mg/g) was close to calculated qe value from 
pseudo-second-order model. This result suggested that the 
Cr(VI) sorption onto sago bark was controlled by chemisorp-
tion reaction through exchanging or sharing electron [36,37] 
and intraparticle diffusion rate-limiting step [26,29,38].

3.2.4. Effect of particle size

Effect of particle size of sago bark powder was studied 
in various sizes of 32–425 µm. Fig. 8 shows that as particle 
size increased, the adsorption capacity decreased due to the 
surface area decrease. The smaller particle size had the more 
active site available for the adsorption process [2], and the 
smaller particle facilitated metal ion to diffuse onto adsor-
bent easily [38,39]. The adsorption capacity of sago bark 
decreased from 47.38 to 27.74 mg/g as particle size increased 
from 32 to 425 µm. Therefore, 32 µm of particle size was 
preferred for further use.

3.2.5. Effect of initial concentration and equilibrium study

Fig. 9 indicates the Cr(VI) ion initial concentration effect 
in the range of 20–1,400 mg/L. As seen in Fig. 7, the adsorption 
capacity decreased as the concentration increased. At the 
initial stage, adsorption occurred faster due to the vacant 
surface availability of the exchangeable site. But as concen-
tration increased, metal ion uptake became slower because 
the active sites have been occupied by metal ions causing 
a competition to occupy the active site which led to the 
reduction of metal uptake [1,3,24]. Cr(VI) attained the peak 
at concentration of 1,000 mg/L with adsorption capacity of 
61.73 mg/g.

Equilibrium adsorption of Cr(VI) onto sago bark was 
studied by Langmuir, Freundlich, and Temkin equilibrium 

isotherm models. Langmuir equilibrium isotherm model is 
expressed by the equation below:

C
q Q K

C
Q

e

e L

e=
×

+
1

max max

 (6)

The curve was conducted by plotting Ce/qe vs. Ce, where 
Ce is the equilibrium concentration of the adsorbate (mg/L), 
qe is the adsorption capacity at equilibrium (mg/g), Qmax 
is the maximum adsorption capacity (mg/g), and KL is 
the Langmuir equilibrium constant (L/mg). Langmuir iso-
therm is based on assumptions that adsorption is limited 
to monolayer coverage, the active sites are similar and only 
able to bind one atom of adsorbed, and the ability of the 
molecule to adsorb onto active sites is independent of its 
neighborhood [40,41].

Whereas Freundlich equilibrium isotherm model was 
described by the following equation:

ln lnq LnK
n

Ce F e= +
1  (7)

Linear plots were obtained by plotting ln qe vs ln ce. 
Where qe is adsorption capacity (mg/g), KF is Freundlich 
constant (L/mg), and 1/n is Freundlich adsorption intensity 
parameter. Freundlich has favorable adsorption constant n, 
between 1 and 10 (0.1 < 1/n < 1 means favorability of adsorp-
tion). This isotherm has an assumption that the active sites 
are distributed exponentially with respect to the heat of 
adsorption [40,41]. The equation and the linearized form of 
Temkin equilibrium isotherm model were represented as 
follows (plotting qe vs ln Ce):

q RT
b

K RT
b

Ce T e= +ln ln  (8)

where b is the Temkin constant related to the heat of 
adsorption (J/mol), KT Temkin constant (L/g), R is the gas 
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Fig. 8. The effect of particle size on the adsorption of Cr(VI) 
with sago bark (at pH 3, agitation rate at 100 rpm, contact time 
in 60 min, initial concentration 1,000 mg/L, and adsorbent 
mass 0.1 g).
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Fig. 9. The effect of initial concentration on the adsorption 
of Cr(VI) with sago bark (at pH 3, agitation rate at 100 rpm, 
contact time in 60 min, and adsorbent mass 0.1 g).
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constant (8.314 J/mol·K), and T is absolute temperature (K) 
[30]. Fig. 8 was linear plots of Langmuir, Freundlich, and 
Temkin equilibrium isotherm models. As listed in Table 3, 
the Langmuir model indicated that qmax was 70.9219 mg/g. 
The Temkin model described the heat of adsorption rep-
resented by b. The experiment exhibited exothermic sorp-
tion process due to b > 0 (b = 213.768 J/mol) [30]. It was 
also confirmed by the negative enthalpy (thermodynamic 
parameters). Meanwhile, the Freundlich model showed 
n parameter, which obeyed an order if n = 1, adsorption 

was linear; n < 1, chemisorption occurrence; and n > 1, 
physical sorption occurrences. The experimental result 
revealed physical sorption reaction between sago bark and 
Cr(VI) due to n = 1.5501 (n > 1). Based on the determina-
tion coefficient (R2), Cr(VI) sorption onto sago bark fitted 
to Freundlich and Langmuir equilibrium isotherm mod-
els, which assumed the chemical sorption through strong 
electrostatic interaction, ion exchange, or complex forma-
tion [40,41] and physical sorption through pore interaction 
(Fig. 10).

Table 3
The adsorption model parameters on Cr(VI) sorption

Langmuir Freundlich Temkin

qmax (mg/g) KL (L/mg) R2 KF (L/mg) n R2 b (J/mol) KT (L/mg) R2

70.9219 0.00503 0.919 0.9261 1.5501 0.9757 213.768 0.1466 0.8316
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Fig. 10. Isotherm plots for Cr(IV) adsorption onto sago bark: (a) Langmuir, (b) Freundlich, and (c) Tempkin.
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3.2.6. Thermodynamic evaluation

The effect of temperature was studied at 298, 308, and 
318 K with varying concentrations in the range of 10–50 mg/L, 
contact time 60 min, adsorbent dose 0.1 g, and agitation rate 
100 rpm. Fig. 11 reveals as temperature increased, adsorp-
tion capacity of sago bark increased. At temperature 298 K, 
the adsorption capacity of sago bark was 3.4685 mg/L (initial 
concentration at 50 mg/L); as temperature increased, the 
adsorption capacity slightly decreased to 3.035 mg/L at 
temperature 318 K. This result indicated the exothermic pro-
cess on adsorption process of Cr(VI) with sago bark. This 
result was confirmed by thermodynamic parameters derived 
from Van’t Hoff equation:

∆G RTο = − Ln Kl  (9)

Ln Kl = −
∆ ∆S
R

H
RT

 (10)

∆ ∆ ∆G H T Sο ο ο= −  (11)

where Kl is the equilibrium constant related to the Langmuir 
constant KL, R is the gas constant (8.314 J/mol·K), and T is the 
absolute temperature (K). The thermodynamic parameters 
were calculated by plotting Ln Kl Vs 

1
T

. The enthalpy and 

entropy were defined from slope and intercept of the linear 
plot.

Table 4 indicates the enthalpy, entropy, and free-energy 
gibs of Cr(VI) sorption with sago bark. The enthalpy (∆H°) 
and entropy (∆S°) of Cr(VI) sorption were –72.55 kJ/mol 
and –263.06 J/mol·K, respectively. It revealed exothermic 
reaction and decreased in disorder of Cr(VI) sorption with 
sago bark, whereas ∆G° shows a positive value which 
increased as temperature increased. This led to unsponta-
neous reaction that required energy for adsorption process. 
The same result had been reported by other literatures [2,35].

3.2.7. Adsorption-desorption cycle

The adsorbent regeneration is important in the indus-
trial process due to determining wastewater treatment 
cost. The adsorption study was conducted by adding 0.1 g 
adsorbent to 10 mL Cr(VI) solution of 20 mg/L and agitated 
for an hour at 100 rpm. Then, the desorption study was 
examined using 10 mL of HNO3 at varying concentrations 
(0.1 and 0.01 M) as a desorbing agent, and it was shaken at 
100 rpm of agitation rate for an hour [26]. It can be observed 
from Fig. 12 that adsorption capacity of sag bark decreased 
after 3 adsorption-desorption Cr(VI) cycles. The adsorp-
tion capacity declined from 0.2786 to 0.1504 mg/g after the 
third cycle having desorption efficiency 81.42% with HNO3 
0.1M as desorbing agent. Meanwhile, HNO3 0.01 M caused a 
decrease in adsorption capacity from 0.2786 to 0.1880 mg/g 
after 3 adsorption-desorption cycles with desorption effi-
ciency of 78.35%. The result showed that desorbing agent 
concentration affected the adsorbent capability on metal 
ion removal. HNO3 0.01M performed good result compared 
with HNO3 0.1M because the adsorption capacity did not 
change significantly between the second and the third cycle. 
This condition occurred due to the functional group break-
down in higher acidic medium when it was used time after 
time. Nevertheless, there was no significant difference in 
Cr(VI) sorption after 2 adsorption-desorption cycles. Thus, 
it could be interpreted that sago bark has promising adsorp-
tion capacity and reproducibility. Adsorption capacities of 
some other adsorbents were presented in Table 5.
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Fig. 11. The effect of temperature on the adsorption of Cr(VI) 
with sago bark (at pH 3, agitation rate at 100 rpm, contact time 
60 min, and adsorbent mass 0.1 g).
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Fig. 12. Adsorption capacity of sago bark after 3 adsorption-de-
sorption Cr(VI) cycles.

Table 4
The thermodynamic parameters on Cr(VI) sorption

T (K) ΔG° (kJ/mol) ΔH° (kJ/mol) ΔS° (J/mol·K)

298 5.83 −72.55 −263.06
308 8.46
318 11.09



S. Fauzia et al. / Desalination and Water Treatment 147 (2019) 191–202200

3.2.8. Adsorption mechanism

The adsorption mechanism of Cr(VI) removal on sago 
bark could be explained by adsorbent characteristic and 
experimental data resulted in experiment. There are several 
mechanisms suggested on Cr(VI) sorption such as electro-
static interaction, reduction, ion exchange, complexation, 
and adsorption through the pores [23]. The pHzpc of sago bark 
was 5 indicating that at pH lower than 5 the sago bark sur-
face would be positively charged. Since, the optimum pH on 
Cr(VI) sorption was reached at pH 3, it meant that electrostatic 
interaction existed between adsorbent and Cr(VI) ion because 
at pH < 6 Cr(VI) dominant species was Cr2O7

2– and HCrO4
–. 

These data were also supported by kinetic and isotherm 
models. Pseudo-second-order and Webber-Morris kinetic 
models were found appropriate to describe the mechanism 
of Cr(VI) sorption onto sago bark. These models proposed 
that adsorption process was chemical rate-limiting step and 
intraparticle rate-limiting step through sharing or exchang-
ing electron. The Webber-Morris model described that the 
adsorption process experienced the external diffusion at the 
initial stage so that adsorption happened faster. Later, when 
the surface has been covered, the adsorption process was 
carried out through internal diffusion. But it became slower. 
Thus, the adsorption capacity did not significantly change 
(Fig. 7(c)) [19,29,36–38]. These data were also confirmed by 
isotherm model that followed Langmuir and Freundlich 
isotherm models, pointing that physical and chemical sorp-
tions (electrostatic interaction, ion exchange, or complex for-
mation) occur as adsorption mechanism on Cr(VI) removal 
[40,41]. The adsorbent characteristic was shown by wave 
shift in FTIR spectra. The hydroxyl group band was shifted 
from 3,421.10 to 3,424.46 cm–1. The carbonyl and C–H stretch-
ing groups were shifted from 1,734.16 to 1,735.49 cm–1 and 
from 2,923.73 cm–1 to 2,922.42 cm–1, respectively. Although the 
wave number was not significantly shifted, this indicated the 
change in vibrational energy of the functional group. This 
phenomenon was also found by previous research [20–22]. 
The wave number shift of oxygen-containing functional 
group and C–H stretching group was concerned in the reduc-
tion of Cr(VI) to Cr(III). The Cr(III) could exchange with K, 
Mg, or Ca ion and establish complexation with other func-
tional group [23] (Fig. 13). This is proved by XRF, pointing 
that concentration change of these cations in the solid phase 

(Table 1) and ICP revealed these ion existence in the liquid 
phase (Table 6). The BET analysis indicated that the average 
pore diameter of sago bark was 55.39 Å with distribution 
pore 24.904 Å. These facts gave the possibility toward Cr(VI) 
to fill and trap into the pore of sago bark since the hydrated 
radius of Cr(VI) was 4.61 Å. The SEM image showed the 
surface alteration after the adsorption process occurred. 
The porous surface of sago bark was covered by Cr(VI) ion 
that was proven by the appearance of Cr(VI) spectra at EDX 
image (Fig. 2). This confirmed that physical adsorption has 
taken place on Cr(VI) sorption onto sago bark. Therefore, the 
Cr(VI) mechanism onto sago bark involved both physical 
and chemical reactions [42].

4. Conclusions

Sago bark (Metroxylon sagu) has an ability to remove 
Cr(VI) ion in solution as a low-cost adsorbent with adsorp-
tion capacity of 61.73 mg/g with no significant reduction 
after three adsorption-desorption cycles. Thus, it could be 
concluded that sago bark is a promising adsorbent to treat 
wastewater containing Cr(VI) ion compared with commercial 
activated carbon.
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