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ABSTRACT

The present study examines the ability of sago bark to remove Cu(Il) ions in solution which was a solid waste from
sago starch industry. The optimum condition utilizing batch experiment for Cu(II) sorption was achieved at pH 5,
agitation speed 100 rpm, adsorbent mass 0.1 g, temperature 298 K, 800 mg/L of initial concentration in contact time
30 minutes with adsorption capacity 16.47 mg/L. Cu(Il) removal showed a good agreement with Langmuir,
Freundlich and Tempkin isotherm model. The kinetic data confirmed that Cu(II) sorption followed pseudo-second-
order model. The thermodynamic parameters revealed that the adsorption process was exothermic. Fixed bed
column evaluation revealed that the best condition reached at 2 mL/min of flow rate with 9 cm bed depth. The
breakthrough curve was suited to Thomas and Yoon-Nelson models. HNO; 0.01 M gave better performance as a
desorbing agent and adsorption capacity decreased after 3 adsorption-desorption cycles.
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INTRODUCTION
The industrial process is discharged waste containing heavy metals. These metals contribute to
environmental damage. The United Nations World Water Development stated that the amount of waste
discharged to water bodies was 2 million tons of waste.! Copper (Cu(Il)) is one of the heavy metals that
is abundance in the earth’s crust. Therefore, the occurrence of copper in the environment is both naturally
and due to human activities. Human activities such as electroplating, herbicide, metal production,
phosphate fertilizer production and paper industry are discharged an amount of copper to the air, water
and soil. This metal ion can be accumulated or reacted to form a dangerous compound. Cu(lIl) is able to
evoke some diseases to human body such as nausea, diarrhea, coma and death. That is why the level of
Cu(Il) in the drinking water level is limited by 1.3 mg/L.*’ Due to its hazardous effect, the number of
investigations has been conducted to overcome heavy metal wastewater. Adsorption is a common
technique that has employed to remove heavy metals in wastewater. The adsorption technique can be
done in two ways, the batch system and fixed-bed column system. The batch system gives information
related to equilibrium and kinetic. Unfortunately, this system cannot be applied for industrial purpose but
fixed-bed column. In the fixed-bed column, the waste flows continuously lead to gradient concentration
that improves mass transfer and promotes adsorption efficiency.*’ The adsorption technique is preferred
because it is easy operation, high efficiency, low-cost and regeneration ability.® The low-cost comes from
the utilization of biomass or agricultural waste as adsorbent to remove heavy metals such as barley straw
ash’, stem tree of soybean®, nypa fruticans merr shell’ | activated carbon from oak leaves'® and date palm
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dead leaflets," curry tree carbon,'? watermelon peel,” rice husk,'* tree sawdust, natural and activated
fluorapatite,” zeolite,'® eggshell and sugarcane bagasse.'” These adsorbents consist of lignocellulosic
which has pores, carboxylic and hydroxyl functional group playing a role in metal ion removal.'®

Most of the adsorbents mentioned above came from agricultural or household waste. This waste would
bring up another issue if it was not properly treated. Thus, the utilization of agricultural or household
waste as an adsorbent will add more value toward them. Sago (Metroxylon sagu) is a plant that is used as
raw material for starch production or livestock feed. These activities remain its bark as a waste that is not
fully utilized. The bark has fiber that consists of lignin associated with the hemicelluloses.' These
compounds contain several functional groups that will support the adsorption of heavy metal. It expects to
overcome both heavy metal in wastewater and sago bark itself as agricultural waste. The previous
research which has been conducted in Pb(Il) and Cr(VI) removal utilizing sago bark as the adsorbent
confirmed the existence of pores, carbonyl and hydroxyl functional group that were one of the main
requirements of biomass to be used an adsorbent. The result indicated that the ability of sago bark as an
adsorbent was quite promising with adsorption capacity for Pb(Il) and Cr(VI) removal 31.43 mg/g and
61.73 mg/g, respectively.””?' Thus, the research aim is to evaluate the equilibrium and kinetics of
chemically activated sago bark in Cu(II) removal using the batch system and investigated its feasibility in
industrial purpose by following fixed-bed column system.

EXPERIMENTAL

Adsorbent Preparation

Sago (Metroxylon sagu) bark was obtained from the local area of West Sumatra, Indonesia. Sago bark
was cut up into small pieces and washed with distilled water. Then, it was dried under the sunshade to
remove water. The dried pieces of sago bark were powdered and sieved using into the particular size by a
manual sieve (Retsch milling and Sieving). Later the powder of sago bark was chemically activated by
HN%3210.01 M for 2 hours. The powder was rinsed until the pH is neutral. Then, let it dried for further
use.”

Adsorbent Characterization

The morphology of adsorbent was studied by Scanning Electron Microscopy (SEM, Hitachi S-3400N).
The sago bark powder was placed on the sample holder and coated by gold particle using ion sputtering
method. Then, the surface morphology was scanned at 10 kV with 1000 times magnification. The
functional group existed in sago bark was observed by Fourier Transform Infra-Red (FTIR, Unican
Mattson Mod 7000). Whereas, the chemical composition was analyzed using X-ray Fluorescence
Spectroscopy (XRF, PANalytical Epsilon 3).

Batch Study

The Batch study was carried out at the various experimental conditions. 10 mL of Cu(II) solution, which
the pH and concentration were varied within the range (2-7) and (20-1000 mg/L), contact time (5-90
minutes), different temperature (25-45 °C) at adsorbent mass 0.1 g. After the adsorption process was over,
the supernatant and adsorbent were separated by Whatman filter paper No. 42. The concentration of
Cu(Il) remained was measured using Atomic Absorption Spectrophotometer (AAS, AA240). Error bar
represented the standard deviation.

Fixed Bed Column Study

The fixed-bed column study was conducted in a glass column (15%1 cm i.d.) by varying flow rate (2-6
mL/min) and bed depth (3-9 cm/0.5-1.5 g) with pH and concentration optimum obtained from batch
system, 160 um of particle size at room temperature. The effluent concentration was analyzed every five
minutes using AAS and the breakthrough curve was plotting against Ce/Co vs time (t).

Regeneration Study
The repeatability of sago bark as adsorbent was investigated using HNO; with concentration 0.1 M and
0.01 M as a desorbing agent. In the batch system, the regeneration study was conducted by contacting 10
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mL of Cu(Il) solution with an adsorbent at the optimum condition from the batch study. Meanwhile, for
the fixed bed column study, the desorbing agent was streamed through the bed in the column. Later the
Cu(II) concentration was determined by AAS.

RESULTS AND DISCUSSION

Sago Bark Characterization

The FTIR spectra of sago bark before and after adsorption were reported in Fig.-1. A band at 3421.10 cm’
! corresponding to O-H stretching was shifted to 3422.62 cm™ after Cu(Il) sorption (figure 1a) The peak
at 1636.26 cm™, shifted to 1637 cm™ represented a C=0 (carbonyl) group. Whereas, the peak within the
range of 1000-1200 cm™ assigned to C-O stretching or C-N stretching.”*** The SEM image indicated that
the surface of sago bark changed due to the adsorption process. The pore has disappeared because the
adsorbate has attached to the adsorbent surface (Fig.-2a and b). Based on the previous research *', the
sago bark pore radii was 24, 904 A and the hydrated ionic radii of Cu(Il) was 4.19 A. It explained that the
feasibility of Cu(Il) ion to trap in the sago bark pore. Along with the pore surface, the chemical
composition of sago bark has changed as well. This proof that the Cu(Il) has reacted with the sago bark
not only physically (trap in the pore) but also chemically through complexion, ion exchange or
electrostatic force because Cu(Il) has 1.90 of electronegativity that supported electrostatic interaction.***
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Fig.-1: FTIR spectrum of Sago Bark (a) Before Adsorption®*', (b) Cu(II) Uptake
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()
Fig.-2: SEM Morphology of Sago Bark (a) Before adsorption®**', (b) Cu(II) Uptake

Table-1: The Chemical Composition of Sago Bark

Before Adsorption”' After Adsorption
Compound Concentration Compound Concentration
(%w/w) (Yow/w)
Ca 16.10 Ca 15.97
K 7.81 K 1.88
MgO 9.12 MgO 11.09
Si0, 39.47 SiO 40.00
CaO 10.84 CaO 10.03
K,0 4.79 K,0 1.06
Al O, 9.77 Al O, 6.53
Cu 0.042 Cu 5.34
Batch Adsorption Study
Effect pH

The pH,,. and metal solution pH affects the surface charge of adsorbent and the speciation of the metal
ion itself. The adsorption of Cu(Il) onto sago bark achieved the peak when the pH of the solution was 5
(Fig.-3). Whereas at the pH above 5, the H;O" ion gradually decreased and OH' ion slightly increased.
The high concentration of OH™ ion caused the formation of metal ions precipitation such as Cu(OH),.
Thus, the metal ions could not interact with the active site properly.”*** The previous study found that
the pH,,. of sago bark was 5.22! Therefore above this pH, the sago bark surface possesses positively
charged *’. The positively charged of sago bark surface result in a repulsive force between the cation and
the adsorbent. Moreover, at the lower pH the competition between H™ and the metal ion to occupy the
active site increase. Therefore, the adsorption capacity was smaller at the lower pH. In reverse, when the
pH of the metal solution was higher than pH,,., the adsorbent surface was negatively charged.” Although
It Cal219sed an attraction force between adsorbent and cation increase, it leads to metal precipitation as
well.

Kinetic Study

Figure-4 described the effect of contact time on the adsorption capacity of sago bark towards Cu(Il)
removal. Cu(Il) sorption onto sago bark reached equilibrium after 30 minutes. At the initial stage, there
are a number of vacant surfaces available so that metal ion is quickly adsorbed. Subsequently, the longer
Cu(II) ion contacts with sago bark the less vacant surface remains to be occupied by Cu(Il) ion. Later, the
adsorption capacity comes down due to the saturation of adsorbent remarked by no significant changes in
adsorption capacity after 30 minutes.**” Thus, 30 minutes of contact time was selected for further use.
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Pseudo-first order, pseudo-second order and Webber-Morris intraparticle diffusion equations were
employed to study the kinetic mechanism of Cu(II) sorption on sago bark. The pseudo first-order equation
was described by the following equation (Eq.-1):
k;t

log(ge — qv) = logge — 5= €Y
Where k; was pseudo first-order constant (min"). q. and q, were the adsorption capacity (mg/g) at
equilibrium and at the time t (minutes). Pseudo-second order was expressed as (Eq.-2):

t Lt ,

qe k208 qe 2
Where k, was pseudo-second order constant (g.mg"' min™). Webber-Morris intraparticle diffusion given
by using equation (Eq.-3):

q = kigVt+C (3)
Where K;q was intraparticle rate diffusion constant (mg/g min"?) and C was intercept giving information
about the boundary layer thickness.*
According to Table-1, the kinetic mechanism of Cu(Il) sorption was well described by pseudo second-
order model with q. 1.4384 mg/g and determination coefficient 0.9996 (Fig.-5). It confirmed that the
adsorption process of Cu(Il) occurred chemically. The Webber Morris model indicated that Cu(II)
sorption on to sago bark was monolayer at the initial stage and later the multilayer process begins to
happer;lglzlat’s why the adsorption at the static state and decrease due to the saturation of functional
group.”

1 (ngg)
L

i
=
e

L
4

I o
e

P EL

Fig.-3: pH Effect on Adsorption Capacity of Sago Bark on Cu(II) Sorption at Intitial Concentration of 20 mg/L, 0.1g
Sorbent, 100 rpm of agitation rate in 60 Minutes.

1t

I
L]

=
b

o
]

i (mg/g)

=
b

-
-]
palasaaa o isaliaiaaleaaailaisii

=
)

Z0 40 i 20 LMD
o o i tes )

=1

Fig.-4: Contact Time Effect on Adsorption Capacity of Cu(II) Sorption onto at pH 5, initial Concentration of 20
mg/L, 0.1g Adsorbent, 100 rpm of Agitation Rate
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Fig.-5: Kinetic Adsorption of Sago Bark for Cu(II) Sorption (a) Pseudo- First Order, (b) Pseudo- Second Order, (c)
Intraparticle Diffusion

Initial Concentration effect and Adsorption Isotherm

As seen in Fig.-6, the adsorption Cu(Il) ions rose as the concentration of metal ion increased from 20
mg/L to 800 mg/L with adsorption capacity of 16.47 mg/L. The adsorption process took place faster at the
initial stage because the availability of vacant surface was sufficient to bind the metal ions either
chemically or physically.”> When the concentration of metal ions went up, the active site/the amount of
adsorbent mass remained the same. Therefore, the adsorption capacity declined due to the saturation of
the active site.”* The isotherm adsorption was evaluated by Langmuir, Freundlich and Tempkin isotherm
models. Langmuir isotherm model was calculated by the following equation (Eq.-4):
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Ce 1 + Ce @
ge Qmax.K; Qmax
Where Ce and qe were concentration (mg/L) and adsorption capacity (mg/g) at equilibrium, respectively.
K1 was equilibrium adsorption constant (L/g), and qm.x adsorption capacity maximum (mg/g). Freundlich
isotherm model was described by (Eq.-5):

1
Inge =Ln KF+Hlnce (5)

Where K was Freundlich constant (L/g) and 1/n was adsorption intensity. The 1/n index within the range
of 0.1<1/n<1 indicated a favourable adsorption process.
Whereas, Tempkin model was expressed by the following equation (Eq.-6):

RT RT
qe = TanT+ FlnCe (6)

Where R was gas constant (8.314 J/mol.K), T was absolute temperature (K). Kt was equilibrium binding
constant (L/g) and b was Tempkin contant relating to the enthalpy of adsorption (J/mol).*
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Fig.-6: Initial Concentration Effect Cu(II) Sorption onto Sago Bark at pH 5, with 0.1g Sorbent, 100 rpm of agitation
rate for 30 Minutes

The isotherm model evaluation showed that Cu(Il) sorption onto sago bark was properly described by
Langmuir, Freundlich and Tempkin model indicated by determination coefficient (figure 7). Langmuir
isotherm model revealed that the adsorption capacity of sago bark was 16.47 mg/g. The adsorption
intensity (1/n) pointed out that the adsorption of Cu(Il) onto sago bark was favorable (1/n=0.3557) with
Kr 1.6815 L/g. Meanwhile, enthalpy of adsorption obtained from Tempkin was 1.071 kJ/mol. It could be
assumed that the adsorption of Cu(Il) onto sago bark was monolayer at the initial stage than through
multilayer adsorption at the next stage >. According to the heat of adsorption, Cu(II) sorption onto sago
bark followed physical adsorption reaction through van der Waal’s interaction or trap in the pore.*”

Temperature Effect and Thermodynamic Evaluation

Effect of temperature on Cu(ll) sorption was shown in figure 8. The adsorption capacity of sago bark
increased as the temperature increased due to the collision between adsorbate and adsorbent.”® This
pointed out that the active site contained in the sago bark was able to resist up to 45 °C. The higher
temperature might harm the organic matter inside the adsorbent. The thermodynamic parameters were
evaluated by following the Van’t Hoff equation (Eq.-7 to 9):

AG® = —RT Ln Kl 7

[ _AS aH .

M =R T RT ®)
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Table-2: Isotherm Constant for Adsorption Cu(II) onto Sago Bark

Langmuir isotherm Freundlich isotherm Tempkin isotherm
Adsorbate dmax | KL (L/g) R’ 1/n Ky (L/g) R’ b (kJ/mol) | InKj R’
(mg/g)
Cu(Il) 16.47 0.0191 0.9686 | 0.3557 1.6815 0.9108 1.071 0.155 | 0.9271

Ce/Qe

In qe
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Fig.-7: Isotherm Adsorption of Sago Bark for Cu(Il): (a) Langmuir Model, (b) Freundlich Model, (¢) Tempkin
Model

AG® = AH° — TAS® 9
Where K1 was equilibrium constant related to Langmuir constant. R was gas constant (8.314 J/mol K). T
was absolute temperature (K), AH®°, AS® and AG® were enthalpy (kJ/mol), entropy (kJ/mol K) and free

energy (kJ/mol), respectively.
Based on data presented in table 3, the enthalpy (AH®) was -62.0423 kJ/mol) and the entropy (AS°) was -

0.2312 kJ/mol K. These things showed that Cu(Il) sorption onto sago bark was exothermic process and a
rise in disorder. Whereas, the free energy (AG°) for the Cu(Il) sorption was positive reflected
unspontaneous reaction. The same phenomenon has been reported by previous research.”

Table-3: Thermodynamic Parameters of Cu(Il) Sorption

o
T(K) | AG° (kl/mol) | AH® (kJ/mol) (kﬁnso 1K)
298 6.8820
308 9.1949 -62.0423 -0.2312
318 11.5078
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Adsorption-Desorption Cycles

Adsorption-desorption cycles were carried out to evaluate the efficiency of sago bark after several times
of use. HNO; 0.1 M and 0.01 M were employed as a desorbing agent for sago bark.***' The process was
repeated for three times.*® Figure 9 described that the adsorption capacity of sago bark changed after three
times adsorption-desorption cycles. The adsorption capacity at the first cycle was 1.9894 mg/g with
HNO; 0.1 M and 1.9891 mg/g with HNO; 0.01 M. After the third cycles, the adsorption capacity was
1.8581 mg/g with HNO; 0.1 M and 1.8601 mg/g with HNO; 0.01 M. This fact indicated that the
adsorption capacity did not significantly change after three times adsorption-desorption cycles. But both
desorbing agents provided a different effect. Figure 9 exhibited that HNO; 0.01 M gave better
performance after three times adsorption-desorption cycles. Therefore, HNO; 0.01 M was employed for
further work. Table-6 presented the adsorption capacity of other adsorbents to remove Cu(ll) ion in

aqueous solution.
5.0

4.5 5

q(mg'g)

T
10 20 30 L] =0

Imitiml comncen tartiom {m g1k
Fig.-8: Temperature Effect of Cu(Il) Sorption onto Sago Bark at pH 5, Initial Concentration 10-50 mg/L, 0.1g of
Adsorbent Dose, 30 Minutes of Contact Time at 100 rpm

Fixed Bed Column Evaluation

The breakthrough curve of Cu(Il) sorption was investigated at optimum condition obtained from the batch
system (pH 5 and 800 mg/L of Cu(Il) concentration) with different flow rate and bed depth. Figure-10
revealed that the higher flow rate made bed saturation faster. At 2 mL/min of flow rate, the exhaustion
time was 10 minutes. As the flow rate increased up to 6 mL/min, the exhaustion time declined to 5
minutes. Table-4 indicated that the adsorption capacity of sago bark at 6 mL/min was 17.08 mg/g and
14.31 mg/g at 2 mL/min. It pointed out that the adsorption capacity was higher at the higher flow rate but
it shortened the exhaustion. In reverse, the variation of bed depth provided a different result. When bed
depth was 9 cm, the exhaustion time was 15 minutes. Unfortunately, the lower bed depth shortened the
exhaustion time to 5 minutes. At the lower flow rate, the metal ion was able to diffuse to the active site
inside the adsorbent properly. It has sufficient time to react with the active site so that the concentration of
a metal ion in effluent decreased. Extending the bed depth would give time to Cu(Il) ion to interact with
the active site and delay the breakthrough and exhaustion time. Thus, the volume of waste treated
enhanced.*'® The adsorption-desorption cycles were conducted using HNO; 0.01 M as a desorbing agent.
As seen in Table-4, the exhaustion time declined after three times adsorption-desorption cycles. There
was no different time between the first and the second cycles. It reached the equilibrium after 15 minutes.
After the third cycles, the exhaustion time reduced from 15 minutes to 10 minutes. It pointed out that
HNO; 0.01 M was suited as a desorbing agent that did not harm the active site inside of sago bark after
three times adsorption-desorption cycles. This result exhibited that sago bark could be regenerated and
reused for several times. The data was executed using Thomas and Yoon-Nelson models. The parameters
of these model were listed in Table-5. Thomas model indicated that q, increased as the flow rate increased
and decreased when the bed depth increased. The determination coefficient revealed that the breakthrough
curve of Cu(ll) sorption on sago bark followed Yoon-Nelson and Thomas model at flow rate 2 mL/min
and 9 cm of bed depth. Yoon-Nelson showed that the 50 % breakthrough declined when the flow rate
increased. Whereas, the increase in bed depth could extend the 50 % breakthrough time of sago bark.
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Fig.-9: Adsorption-Desorption Cycles of Sago Bark
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Fig.-10: Breakthrough Curve of Cu(II) Sorption onto Sago Bark at Different (a) Flow Rate, (b) Bed Depth

Table-4: Adsorption Capacity of Sago Bark at Different Flow Rate and Bed Depth

Flow Bed
Metal Rate Depth tl? t? AER | EBRT BV MTZ Ce Gotal My Je RE
Ton (H}L)/ (cm) (min) | (min) | (L) | (s) (ecm) | (mglL) | (mg) | (mg) | (mgg) | (%)
min
2 6 1 10 50 12.73 | 0.42 5.4 284.5 14.31 20 14.31 71.55
4 6 1 5 50 12.73 | 0.85 4.8 364 12.72 20 12.72 63.60
Cu(ll) 6 6 1 5 33.33 | 12.73 | 1.27 4.8 430.67 | 17.08 30 17.08 59.33
2 3 1 5 50 25.47 | 0.85 2.4 364 6.36 10 12.72 63.6
2 6 1 10 50 12.73 | 0.42 5.4 284.5 14.31 20 14.31 71.55
2 9 1 15 50 8.49 | 0.28 8.4 336 19.92 30 13.28 66.4
Adsorption-desorption cycles
Cycle 1 2 9 1 15 50 12.73 | 0.42 8.4 38.67 22.84 24 15.22 95.16
Cycle 2 2 9 1 15 50 12.73 | 0.42 8.4 106.66 20.8 24 13.86 86.66
Cycle 3 2 9 1 10 75 12.73 | 0.42 8.1 131 13.38 16 8.92 83.62

Table-5: Thomas and Yoon-Nelson Model Parameters at Different Flow Rate and Bed Depth for Cu(II) Sorption

Thomas Yoon-Nelson
Flow Rate Z K K
: TH 2 YN . 2
(mL/min) (cm) (L/mg.min) qo (mg/g) R (min™) T (min) R
2 6 3.98x10™ 6.70 0.7935 0.3185 4.20 0.7935
4 6 1.56x10” 20.94 0.7393 1.2490 6.53 0.7393
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6 6 3.69x10™ 16.15 0.7156 0.2955 3.36 0.7156
2 3 4.40x10™ 10.63 0.7113 0.2932 3.14 0.8014
2 6 3.98x10™ 6.70 0.7935 0.3185 4.20 0.7935
2 9 1.35x107 8.13 0.9199 0.743 9.33 0.8392
Table-6: Adsorption Capacity of Other Adsorbents in the Batch System
Adsorbent Q (mg/g) Reference
Agroindustry residues -
Bark 5.96
Bagasse 8.22
Bark+Bagasse 7.81
Granular Activated Carbon 7.03 37
Sargassum fusiforme 7.69 >
Acacia nilotica 9.76 6
Andean sacha inchi 9.69 :
Sago Bark 16.47 Present Study
CONCLUSION

Based on this research, it could be concluded that Cu(II) removal using sago bark reached optimum
condition at pH 5, initial concentration 800 mg/L, adsorbent mass 0.1 g, 100 rpm of agitation speed for 30
minutes with adsorption capacity 16.47 mg/L at room temperature. The equilibrium in the batch system
followed Langmuir, Freundlich, and Tempkin isotherm models. The adsorption of Cu(Il) onto sago bark
was well-described by pseudo-second order and overcame exothermic reaction. Meanwhile, in fixed-bed
column system, the breakthrough curve was properly explained by Thomas and Yoon-Nelson model at
the lower flow rate (2 mL/min) and the higher bed depth (9 cm). The regeneration using HNO;3 0.01 M,
revealed the repeatability of sago bark after three times adsorption-desorption cycles.
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