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Abstract

Recently, the Indonesian industry has been rapidly developed and affects the number of heavy metal
ions waste such as iron (I1). Iron (11) is dangerous to the environment because it is harmful to aquatic
systems and carcinogenic. This research used activated silica/lignin to remove iron (Il) in water. The
activated silica/lignin was isolated from rice husk and activated by sodium periodate with a 10%
weight of lignin in the range of pH of 2-5 at 55 °C. Then its specific surface area was analyzed with
the methylene blue adsorption method. It is found that the condition in pH 2 showed the best isolation
and activation condition to achieve the lowest impurity (cellulose and hemicellulose) in silica/lignin
composite. Furthermore, the activated silica/lignin composite, isolated in pH 2, has a specific surface
area of 366.6372 m/g with the highest adsorption value of 1.1825 mg g™ for iron (I1) ions solution (5
ppm) within a contact time of 90 minutes. Moreover, the adsorption kinetics followed the pseudo-
second-order kinetic model, also the adsorption isotherm fitted with the Freundlich model. This
research showed that activated silica/lignin could be used as an alternative of environmentally friendly
material for iron (I1) removal in water.
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1. INTRODUCTION

The amount of industrial waste
increased with the following industrial
development in Indonesia. Industrial waste is
heavy metal ions such as iron, cadmium, zinc,
copper, nickel, mercury, and chromium,
produced by the metal plating industry,
mining, smelting, battery pesticide, and nuclear

2004; Kravchenko et al., 2009;). Recently the
adsorption process has been getting much
attention, especially for natural-based or
industrial waste-based adsorbents, due to their
economical, environmentally friendly, and
abundance (Qiu et al., 2009; Wu et al., 2008;
Xiong et al, 2015). One of the natural
materials that can be used as an adsorbent is

industries. The most common heavy metal ion
waste is iron (I1) (Nurhasni, 2014). The exceed
of the iron content threshold in the waste will
endanger the environment and the health of
living things because the iron can accumulate
in the body (Agus et al., 2017).

Several methods have been applied in
order to remove the metal ions from industrial
wastewater and soil, i.e., reverse 0smosis,
chemical precipitation, ultrafiltration,
electrodialysis and ion exchange (Bratskaya et
al., 2009; Borbely et al., 2009; Dbrowski et al.,

rice husk (Gupta et al., 2009).

The high levels of silica and lignin,
which are contained in rice husk, can be used
as raw materials for adsorbents composite of
the heavy metal ion. Silica/lignin composite
material is expected to be superior to metal’s
mechanical properties and specific stiffness.
Janekarn et al. (2020) have reported combining
silica and carbon-based material as a
composite to achieve a better mechanical
property for dye removal application.
Furthermore, silica/lignin composite has been
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utilized as a heavy metal ion adsorbent for Ni
(11, Cd (1), and Cr (IV) (Klapiszewski et al.,
2015; Yuliyati et al., 2018). In addition, the
activation of the adsorbent was carried out to
increase the adsorption of heavy metal ion
waste, such as physical or chemical activation.
The physical activation can be accomplished
by reducing the particle size and heating at
high temperatures. In contrast, the chemical
activation is carried out by adding a substance
or chemical such as HCI (hydrochloric acid),
NaOH (sodium hydroxide), 2ZnCl, (zinc
chloride), and NalO4 (sodium periodate)
(Handayani, 2010). This method is simple and
produces no solid waste (Aidha, 2013). The
chemical activation using sodium periodate
will oxidize the guaiacyl group to ortho-
quinone (Gosselink et al., 2011). The changing
structure of the lignin monomer to ortho and
para-quinone will add a carbonyl group, an
active centre for heavy metal adsorption
(Kozhevnikov et al., 2017). Febriyani (2018)
reported silica/lignin composites from rice
husk activated with an optimum 10% sodium
periodate concentration at pH 5 for chromium
metal ion adsorption.

In this study, rice husk is used as the raw
material of activated silica/lignin composites.
Rice husk was activated by a 10% sodium
periodate in the range of pH 2-5 to modify the
guaiacyl functional group of lignin to be ortho-
guinone that will be the active centre of lignin
for metal ion adsorption. Then, the specific
surface area was analyzed by using methylene
blue. Then, the adsorption performance of the
silica/lignin composite was evaluated by the
solution of iron (II) metal ions. The variation
of iron (1) concentration and contact time
were conducted to determine the adsorption
mechanisms based on the isotherm and kinetic
model for iron (II) removal investigation.
Finally, the activated silica/lignin composite
from rice husk can be utilized as an alternative
economical and environmentally friendly
adsorbent for heavy metal waste.

2. MATERIALS AND METHODS
Materials and Equipment

The raw material, rice husk, was
collected from rice mills in Pancalang Village,
Kuningan, West Java. Distilled water,
hydrochloric acid (technical), sulfuric acid
(p.a., Merck), iron (1) ammonium sulfate (p.a.,
Merck), and potassium thiocyanate (p.a.,
Merck), were used as chemicals. Glassware,

Buchner funnel (Normax), technical balance
and analytical balance (Mettler Toledo AB104-
S), shaker (lka Labortechnik KS250 basic),
and stopwatch, were used as equipment.

Preparation of Activated Silica/Lignin
Composite from Rice Husk

The activated silica/lignin was isolated
from rice husk and activated by 10% sodium
periodate in the range of pH of 2-5. Initially,
the rice husk was washed with distilled water
and dried. Then, the rice husk was treated with
1 N hydrochloric acid to remove the metal
impurities in the rice husk, then washed with
distilled water until neutral and dried. Next, the
obtained rice husks were ground and sieved
with a molecular mesh number of 50 (<0.3
mm). Afterwards, the fine rice husk was put
into a beaker and added 2 M sodium hydroxide
with a ratio of 1:3 (w/v), then heated at 100 °C
for 4 hours. After that, the mixture was filtered
in a hot state using a Buchner funnel. The
filtrate was put into a beaker and then heated at
90 °C. Then, sulfuric acid was added dropwise
up to pH 5. Afterwards, sodium periodate was
added with a 10% by weight of lignin at 55 °C
(Gosselink et al., 2011). The variation of pH
solutions of 2, 3, and 4 was conducted by
adjusting sulfuric acid at 90 °C. The solution
was agitated for 6 hours until a sol solution
was obtained. The obtained sol solution was
centrifuged and decanted. The precipitate was
washed with distilled water and dried at 90 °C
for 12 hours. Finally, these dried materials are
denoted as activated silica/lignin composite
(pH X), in which X represents the pH of the
oxidation condition.

Determination of Silica/Lignin Content by
Chesson Method

The content of lignin, cellulose and
hemicellulose was analyzed followed the
Chesson method (Datta, 1981). The sample
was treated gradually with: (1) distilled water
at 100 °C, (2) 1 N H,SO, at 100 °C, (3) 72%
H,SO, at room temperature and (4) the final of
dried residue was calcined in the furnace. The
weight of dried sample was measured at the
end of each treatment. Then, the composition
of silica, lignin, cellulose and hemicellulose
can be calculated with the equations of 1, 2,
and 3 (Kurniaty et al., 2017)

% hemicellulose = % x100% (1)
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% cellulose = ? x100% (2

% lignin =2x100%  (3)
where a is the initial of weight (g), b is the
weight after DI water washing treatment (g), c
is the weight after 1 N H,SO, treatment (g), d
is the weight after 72% H,SO, treatment (g),
and e is the weight of ash (g)

Determination of Specific Surface Area of
Activated Silica/Lignin Composite

Specific surface area was analyzed
based on methylene blue (MB) adsorption on
the surface of material. The determination of
surface area was calculated by using equation
4,

ge XN XA

SSA = (4)

Myp
where SSA is specific surface area (m?g), q. is
the adsorption amount at equilibrium of MB
(mg g%), N is Avogadro’s number (6.023 x
10%%/mol), A is cross section of MB (1.3 x 10™°
m?) and Mys is molecular weight of MB
(319.86 g/mol)

Adsorption of Iron (II) with Activated
Silica/Lignin Composite

In this study, the adsorption efficiency
of iron (I1) was observed by mixing activated
silica/lignin composite (0.1 g) with 25 mL of
iron  (I) solution. Batch adsorption
experiments were conducted at room
temperature for 10 minutes. Further, the
mixture was settled for 30 minutes and filtered.
A similar procedure was applied with 20; 30;
60; 90; 120; 160; and 180 minutes for batch
kinetic experiments. The equilibrium condition
was determined when iron (Il) adsorption on
silica/lignin composite reached a saturated
point (t = 90 min). The resulting filtrate was
analyzed with the UV-Visible light
spectrophotometer (Genesys 10S, UV-Vis) to
determine  absorbed iron  (ll). The
concentration of the adsorbed iron (11) solution
can be calculated from the difference between
the initial concentration and the final
concentration of the iron (Il) solution, as
follows in equation 5.

(C _Ce)V
ge = C=et (5)
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where C. is the equilibrium concentration of
adsorbate (mg L%, C, is the initial
concentration of adsorbate (mg L™), V is the
volume of solution (L) and M is the mass of
the adsorbent (g).

For the determination of adsorption
isotherm, a similar procedure as described
above was conducted. The activated
silica/lignin composite (pH 2) with 0.1 g was
mixed with 25 mL of iron (lI) solution with
various concentrations, i.e., 2.5; 3.0; 3.5; 3.5;
4.0; 4.5; 5.0 ppm and shake with the optimum
contact time (90 minutes). Then, the mixture
was filtered and the filtrate was analyzed by a
UV-Visible light spectrophotometer.

3. RESULTS AND DISCUSSION
The Composition of Lignin, Silica,
Hemicellulose and Cellulose in the Activated
Silica-Lignin Composites

Figure 1 shows that the activated
silica/lignin composite, isolated at pH 2, has a
higher silica and lignin composition than the
isolation condition at pH 3, pH 4, and pH 5.
Furthermore, the isolation condition of pH 2
can promote the cleavage of chemical bonding
between cellulose and hemicellulose with
lignin. Therefore, those activated silica/lignin
composite has the lowest amount of impurities
(cellulose and hemicellulose). It also
minimises the involvement of the impurities in
the metal adsorption. Moreover, based to
Gosselink et al., 2011 and Kozhevnikov et al.,
2017 works, the modified lignin functional
group is the main active site to adsorb metal
ions. According to the results, the activated
silica/lignin composite (pH 2) was used as an
adsorbent material for iron (1) ions.
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Figure 1. The composition of activated silica/lignin
composite in the various of pH.
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In this study, the oxidation process was
conducted under a low concentration of NalO,4
(10% by weight of lignin) for 10 minutes of
immersion at 55°C (Gosselink et al., 2011).
This oxidation process will change the
guaiacyl functional group to form an ortho-
quinone structure (Figure 2): The changing
structure of the lignin monomer to ortho-
quinone will add a carbonyl group active
centre of lignin for metal adsorption
(Kozhevnikov et al., 2017). The determination
of specific surface area by methylene blue
shows that the activated silica/lignin composite
has a surface area of 366.6 m?/g.

Lig Lig
Nalo,
e
o—CHa X0
OH o

Figure 2. Oxidation reaction of guaiacyl to ortho-
quinone (Kozhevnikov et al., 2017)

Adsorption Kinetic of Iron (11) by Activated
Silica/lignin Composite

The adsorption Kinetic research is
primarily used to characterize the removal of
the adsorbate from the adsorbent, which is
useful for determining the control mechanism
of adsorption. Two kinetic models (pseudo-
first-order and pseudo-second-order) were used
to fit the kinetic data to determine this study's
adsorption process and mechanism. The
linearized forms of pseudo-first-order and
pseudo-second-order kinetic equations follow
Equations 6 and 7, respectively.

—
Lad

y=-0.0016x - 14583
R2=0.7504

o=

'

' _

—_ —_
e

log (qe-qy)
N
= N e AR r
L e | L (=% L L L = Ly
1

U
—a

0 30 60 90

Time (mimtes)

120 150 180 210

k
log(qe — q¢) =logqe — 5t (6)

t 1

1
= +—t 7
a4 k2G5 de "

where g, and g, (mg g™) are the amount of
adsorbate at equilibrium and at time t,
respectively; k; and k, (min™) are the pseudo
first- order and the pseudo second-order rate
constants, respectively.

The adsorption amount of iron (Il) ion
on activated silica/lignin composite (pH 2)
increased with the extension of contact time.
Initially, the gt value rapidly increased for 60
minutes due to the sufficient adsorption sites
for iron (I1), and then the adsorption reached
equilibrium after 90 minutes (1.1825 mg g™)
(Figure 3). As shown in Figure 4 (B) and Table
1, the Kkinetics of iron (IlI) adsorption on
activated silica/lignin composite (pH 2) follow
a pseudo-second-order kinetics model with R?
close to 1. Furthermore, the experimental ge
cal values similar to ge exp values for the
pseudo-second-order kinetics model.
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&
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1.1590 4 ® Activated silica/lignin composite (pH 2)
—Pseudo-Second-Order Kinetic Model

1.1540

0 30 60 90 120 150 180 210
Time (minutes)

Figure 3. Adsorption profile of iron (Il) ion on
activated silica/lignin composite (pH 2).
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Figure 4. Adsorption kinetics model of activated silica/lignin composite (pH 2) on iron (1) ions. (A) pseudo-

first-order model and (B) pseudo-second-order model.
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Tabel 1. Pseudo-first-order and pseudo-second-order kinetics model parameters of activated silica/lignin (pH 2)

on Iron (1) ions adsorption.

Pseudo-first-order

Pseudo-second-order

-1
m S
e exp( 99 ) e cal (mg g 1) kl

R2 e cal (mg gl) k2 R2

1.2032 0.0348 -0.0036

0.7504 1.1843 3.5787 0.9999

Adsorption Isotherm

Isothermal adsorption studies are
important to understand the equilibrium
relationship between the adsorbent and
adsorbate. The adsorption mechanism and the
affinity of the adsorbent are determined with
the parameters obtained from different model
fittings (Khaled et al., 2009). Here, two
isothermal models, i.e., the Langmuir and the
Freundlich models, were used to fit the
isothermal data. The fitting calculation results
are shown in Figure 5 and Table 2.

0.14
A
0.13 | (4) *

0.09 + y =0.2466x + 0.0893
R*=0.7750

0.0000 0.0300 0.1000 0.1500 0.2000
C.(mg L)

(B)

y=0.7884x + 0.7285
R2=0.9760

03 T T T
-1.4000 -1.2000 -1.0000 -0.8000 -0.6000

log C,
Figure 5. Adsorption isotherm model of activated
silica/lignin composite (pH 2) on iron (1) ions. (A)
Langmuir model and (B) Freundlich model.

Table 2. Langmuir and Freundlich isotherm
parameters and correlation coefficients

Langmuir Isotherm

qmax KL R2
4.0554 2.7598 0.7750
Freundlich Isotherm
1/n Ke R?
0.7884 5.3521 0.9760

The Langmuir adsorption isotherm
assumes monolayer adsorption onto a surface
containing a finite number of adsorption sites,
and there is no interaction between the
adsorbates (Allen et al., 2003). The linear form
of the Langmuir isotherm equation is given by
the following Equation 8.

Ce 1 ;Ce (8)

de AmaxKL dmax

where gmax IS the amount of adsorbate adsorbed
per gram of adsorbent, C. is the equilibrium
concentration, b is the adsorption capacity, and
K, is the equilibrium constant.

Meanwhile, The Freundlich isotherm
proposes that multilayer adsorption occurs
across a heterogeneous surface with a non-
uniform distribution of adsorption heat
(Anirudhan et al., 2008). The linear form of
the Freundlich isotherm is given by the
following Equation 9.

logq, = logKy + i.log Ce 9)

where Kg is Freundlich constant
correspond to the adsorption capacity and n is
intensity of adsorption constants including the
factors affecting the capacity of adsorption.

The adsorption model of activated
silica/lignin composite (pH 2) is more suitable
for the Freundlich model than the Langmuir
model. It indicates that the surface
modification  of activated silica/lignin
composite was not uniform. However, since
the activated silica/lignin composite (pH 2) is
an economical and environmentally friendly
adsorbent, it can be used as an alternative for
heavy metal waste, especially iron (I1).

4. CONCLUSION

Activated silica lignin was used to
remove iron (II) in water. The activated
silica/lignin was successfully isolated from rice
husk and activated by sodium periodate with a
10% by weight of lignin with the best isolation
condition at pH 2 at 55 °C. Furthermore, the
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activated silica/lignin composite (pH 2) has a
specific surface area of 366.6372 m?/g with the
highest adsorption value of 1.1825 mg g™ for
iron (I1) ions solution (5 ppm) within a contact
time of 90 minutes. Moreover, the adsorption
kinetic followed the pseudo-second-order
kinetic model and the adsorption kinetic fitted
with the Freundlich model. This research
showed that activated silica/lignin could be
used as an alternative of environmentally
friendly material for iron (11) removal in water.
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