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AbstractRice husk (RH) cellulose as a matrix was synthesized for amine rice husk magnetic biocomposite (RB-
NH2) by one-pot solvothermal method. The synergic effect of amine on magnetic nanoparticle will enhance the reac-
tivity of material. Ethylene glycol as solvent was used for dissolved iron(III) chloride hexahydrate, Na-acetate anhy-
drate, and 1,6-hexanediamine, then RH was added, kept at ±200 oC for 6 h. The optimums of Fe contained and amine
concentrations on biocomposite were detected at 93% and 2.9 mmol/g, respectively. The surface area of rice husk sig-
nificantly increased from 1.309 m2 g1 to 19.45 m2 g1 when converted to biocomposite. The RB-NH2 has good capabil-
ity to adsorb Cu(II) ion at 116.45 mg g1 at pH 5 for 60 min. Surprisingly, during adsorption, the RB-NH2 also worked
on reducing the chemical oxygen demand (COD) number, total suspended solid (TSS) and dye for 22%, 54.37%, and
33.74%, respectively. The reuse effectiveness for RB-NH2 showed a good result with four repetitions. The multiple
effects of amine rice husk magnetic biocomposite on wastewater contaminants leads to becoming a candidate material
to be developed and applied in a wide range of waste water treatment applications.
Keywords: Adsorption, Biocomposite, Cu(II) Ion, Magnetic, Rice Husk, Solvothermal

INTRODUCTION

Rice husk is a by-product of rice milling and is only used as fuel
for brick burning, cooking or just throwing it away [1]. Improper
handling of rice husks will cause pollution to the environment. Rice
husk as waste agriculture process consists of lignocellulose, which
causes strong and rigid properties, especially for cellulose around
31-49% [2]. Based on these stiff and strong properties, rice husk
has potential for composite raw material [3]. The utilization of rice
husk carbon (RH-C) was investigated for carbon black [4], isolation
of silica [5], dye removal [6], and metal ion adsorption [7]. Nowa-
days, magnetic properties are widely used in several applications,
as well as silicon steel [8], drug delivery [9], antimicrobial [10] and
as adsorbent for metal ions [11]. The property of magnetism has
advantage for specific applications. Synthesis of magnetic nanopar-
ticle (MNPs) using solvothermal method produced high quality
MNPs: stable, uniform particle size and a high degree of magneti-
fication so that they have the potential to be developed as adsor-
bents [12]. The advantage of using waste of biomass as raw material
is that it is in nature and covers the environment problem. Nano-
technology research in the environmental field, especially the pre-
vention of heavy metal pollution, pays great attention to nano-
particle-based adsorbents because they have been proven to be
able to overcome water pollution by heavy metals. Adsorption is a
widely used method in the removal of heavy metals because of its

efficiency and easy operation. The adsorbent commonly used is
nanoparticle-based adsorbent [13], with particle size in the nano-
meter scale it has a high surface area that can absorb many met-
als; therefore, nanoparticles are very suitable to be used as metal
adsorbent [14].

To improve the quality and functionality of materials, are many
researches have modified the material for heavy metal ion adsorp-
tion [15] and other contaminants such as ampicillin [16], oil spill
remediation [17], and other pollutants [18]. Although tiny amounts
of copper Cu(II) are essential for human health, excess amounts
can cause adverse health effects, including nausea and gastrointes-
tinal problems [19]. However, they are still limited to observing the
optimum parameter condition for Cu(II) ion adsorption and het-
erogeneous degradation of other contaminants by one step reaction.
Especially for textile industry wastewater, it contains total suspended
solid (TSS), chemical oxygen demand (COD) and dye. Based on
our previous research [7,20], the amine functionalized on rice husk
magnetic biocomposite has good capability to adsorb Fe(III) ion
and Pb(II) ion.

In this study, the characterization of amine rice husk magnetic
biocomposite was observed to approve the properties of material as
biocomposite. The biocomposite was applied as adsorbent for Cu(II)
ion removal. The kinetic study for adsorption, performance to de-
grade of TSS, COD and dye in wastewater was also investigated.
In order to evaluate the effect amine surface functionalization, the
biocomposite without amine functionalization was also used as ad-
sorbent in the same condition. The results are expected to increase
the capability of biocomposite as adsorbent and can resolve more
contaminants of wastewater in the environment.
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MATERIALS AND METHODS

1. Materials
Rice husk (RH) was obtained in Gambut, South Kalimantan,

Indonesia. The Sarangani textile industry from Cempaka District,
Banjarbaru, South Kalimantan was chosen as sample for adsorp-
tion. Copper (II) chloride (CuCl2), ethylene glycol (C2H6O2), anhy-
drous sodium acetate (C2H3NaO2), iron (III) chloride hexahydrate
(FeCl3·6H2O), 1,6-hexanediamine (C6H16N2), sodium hydroxide
(NaOH), hydrochloric acid (HCl), ethanol (C2H5OH) were pur-
chased from Sigma Aldrich.
2. Rice Husk Delignification

Rice husk was washed with tap water and dried in an oven at
105 oC for 7 h and crushed to become powder and pass 60 mesh
sieves. Rice husk powder (40% v/v) was soaked for 2 h in 1% of
NaOH solution (ASTM-D-1109-56, 1978), heated at 80 oC for 2 h
and 150 rpm under stirring. After reaction, the solid part washed
with deionized (DI) water until pH of filtrate was neutral. The solid
part was dried in an oven at 105 oC for 7 h and the material was
called RH-D. The RH was delignified to remove lignin content
and produce lignin-free cellulose fiber.
3. Synthesis of Amine Rice Husk Magnetic Biocomposite

The amine magnetic biocomposite was prepared by solvother-
mal method, with ethylene glycol (24 mL) as a solvent. Anhydrous
sodium acetate (1.6 g), iron (III) chloride hexahydrate (0.8 g), 1,6-
hexanediamine (7 mL) were put into a glass beaker, then heated at
60 oC for 15 min under stirring of 150 rpm. The RH-D (0.5 g) was
added to the mixture and put in 50 mL Teflon stainless steel auto-
clave reactor and heated for 6 h at 200 oC. The reactor was cooled
to room temperature after the process, and then the biocomposite
was washed with DI water and 40% of ethanol for three times. The
washing step is to remove the remaining chemical in the mixture.
The biocomposite was called (RB-NH2). The naked MNPs also was
produced by same procedure above without addition of RH-D. In
addition, the biocomposite without 1,6-hexanediamine (RB-M) was
also produced as a control. All prepared materials were kept in DI
water for future use.
4. Adsorption of Cu(II) Ion, Total Suspended Solid (TSS), and
Chemical Oxygen Demand (COD) onto Amine Magnetic Rice
Husk Biocomposite

A batch adsorption experiment of Cu(II) ion was carried out to
determine the adsorption capacity of biocomposite using waste-
water of Sarangani textile industry. The contact time and pH (4, 5,
and 6) effect of solution were studied in the adsorption process com-
prehensively. A weighed amount of biocomposite was added to 200
mL of sample containing Cu(II) ion, then the solution was shaken
for a specific time (15, 30, 60, 120, and 240 min) at room tempera-
ture to get the equilibrium time. The magnetic property of biocom-
posite facilitated the separation using an external magnetic field.
The solution was passed 0.2m PVDF membranes for further ob-
servation. The filtrate was analyzed by inductively coupled plasma
atomic emission spectrophotometer (ICP-AES JY2000 2, Horiba
Jobin Yvon) to measure the Cu(II) ion remaining in solution. The
experimental data was taken in duplicate. On the other hand, the
performance of the reusability of biocomposite was also studied.
Cu(II) ion-loaded RB-M and RB-NH2 were released by shaking in

0.1 N HCl for 4 h. After washing with DI water, the regenerated
RB-M and RB-NH2 were used as adsorbent for the next run. The
recycle usage of adsorbent was repeated four times. All samples were
duplicated for treatment. The capacity of adsorption was determined
applying the equation:

(1)

where Co (mg/L) is initial concentration of Cu(II) ion and Ce (mg/
L) is the equilibrium concentration of Cu(II) ion. V (L) is the solu-
tion volume and m (g) is the amount of adsorbent.
5. Characterization

Surface morphology of sample was observed by field-emission
scanning Eelectron microscopy (FE-SEM, JOEL JSM-6500F) and
sputter coated by platinum before observation. Transmission elec-
tron microscopy (TEM) image was taken using a Hitachi H-800
transmission electron microscope (Japan). The X-Ray Fluorescence
(XRF) observation by PANalytical/Minipal machine was used for
detecting of elements. X-Ray diffraction (XRD) was investigated using
a Rigaku D/MAX-B X-ray diffractometer equipped with Copper
K-alpha (CuK) radiation. The operation voltage worked at 40 kV
and current for the machine worked at 100mA. Autosorb-1 instru-
ment was used to evaluate Brunauer-Emmet-Teller (BET) surface
area equipped with nitrogen adsorption-desorption using a Quan-
tachrome. The functional groups on the sample were investigated
by using Fourier transform infrared spectrometry (FT-IR, Bio-rad,
Digilab FTS-3500) in the wavelength range of 400-4,000 cm1.
6. Analysis

The amine contained on rice husk magnetic biocomposite was
calculated by retro-titration method [21]. The RB-NH2 (50 mg) was
put in solution of 0.01 M HCl (25 mL) and shaken for 2 h at room
temperature. After separation, the filtrate (10 mL) was titrated by
0.01 N NaOH. The amount of NaOH used is identified for amine
concentration on sample. The calculation was by applying the equa-
tion:

(2)

where CHCl is the HCl solution concentration (mmol/L), CNaOH is
the NaOH solution concentration (mmol/L); VHCl and VNaOH is the
volume of HCl and NaOH used in the titration (L), respectively;
weight of sample (g) is labeled as msample.

COD analysis was measured by titrimetric permanganate method;
wastewater sample (100 mL) was treated with 6 N H2SO4 (1 mL)
and followed by 0.01 N KMnO4 (10 mL). The mixture in the flask
was heated at boiling point and cooled to room temperature for
10 min and then 0.01 N of H2C2O4·2H2O (10 mL) was added to
the flask. The mixture was titrated by 0.01 KMnO4 until the solu-
tion changed to pink color. The blank solution used by DI water
was also titrated by 0.01 KMnO4. The titration continued until the
purple color disappeared. The COD concentration was calculated
by the following equation:

(3)

where: a is KMnO4 volume for standard titration, b is KMnO4 vol-

qe   Co   Ce 
V
m
----

CNH2
  

CHCl VHCl     5CNaOH VNaOH 
msample

-------------------------------------------------------------------------

COD mg
L
-------

 
    a   b x C KMnO4   VxC H2C2O4    8,000
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ume for sample titration, C KMnO4 is KMnO4 concentration (N),
V H2C2O4 is volume of H2C2O4 (L) and C H2C2O4 is concentration
of H2C2O4 (N), respectively.

The standard test method for filterable and nonfilterable matter
in water was used for TSS. A well-mixed of sample was measured
which filtered through a pre-weighed fiber filter. The filter was heated
at 104±1 oC until constant mass and then weighed. The TSS was
calculated by equation:

(4)

where A is total dry weight of residue and filter (mg), B is dry weight
of filter (mg), and C is sample volume (L). The dye intensity was
tested by UV-Vis spectroscopy (V-550-JASCO), which worked on
wavelength maximum color adsorption on sample.

RESULTS AND DISCUSSION

1. Characterization of Amine Rice Husk Magnetic Biocomposite
Delignification process on rice husk has an effect on its struc-

ture. The brown color of rice husk became gray and lighter (Fig. 1,
inset). Basically, the rice husk is cellulosic material that has a com-
plex structure. The morphology of RH, RH-D, RB-M and RB-NH2

was observed by FE-SEM as shown in Fig. 1. The original RH has
a surface (Fig. 1(a)), is still covered in lignin, hemicellulose, and other

components that bind cellulose. After delignification, the shrink
structure was formed (Fig. 1(b)). This is indicating loss of lignin
and change of amorph structure into crystal form on RH. The
NaOH as solvent facilitated the dissolving of lignin and hemicellu-
lose [2].

The magnetic nanoparticle was grown on the surface of RH-D.
The surface functionalization on biocomposite was an effect on the
size of magnetic nanoparticle. The size becomes smaller about 30-
50 nm (Fig. 1(d), inset) [22]. Amine groups have capability to pre-
vent further growth of magnetic nanoparticle, and then initiate for-
mation of new particles. On the other hand, the biocomposite with-
out amine group produced magnetic nanoparticle in the range of
50-100 nm (Fig. 1(c), inset). From size measurement by TEM can
be concluded that particle size of adsorbent was in nanoscale. Due
to different size of magnetic nanoparticles, the surface area of RB-
NH2 significantly increased from 9.11 up to 19.45 m2 g1 measured
by BET. In addition, amine content on RB-NH2 was measured at
about 2.9 mmol g1. Based on X-Ray, fluorescence was detected of
Fe contained on RB-M and RB-NH2 about 78.9% and 93%, respec-
tively.

Delignification on RH was confirmed by changing structure
from amorph (hemicellulose and lignin) to crystals (cellulose). The
specific peaks of RH were identified at 2 tetha (o)=18.7o and 22.4o

for amorph and crystalline structure, respectively. The crystallinity
Index (CrI) of RH increased 20.87% after the delignification. The

TSS mg
L
-------

 
    

A   B  100
C

------------------------------

Fig. 1. FE-SEM images of (a) rice husk before treatment; (b) rice husk after treatment; (c) rice husk magnetic biocomposite without amine
group (RB-M); (d) amine magnetic rice husk biocomposite (RB-NH2).
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NaOH successfully worked on RH [2] with effect of increasing inten-
sity of the crystalline structure and reducing of amorph structure
of polysaccharide [23]. The intensity of peaks of RH, RH-D, RB-
M and RB-NH2 by XRD is presented in Fig. 2. Physically, the RB-
M and RB-NH2 have a response to a magnetic field; specific types
of peaks as magnetite at 36o, 43o, 63o were confirmed on XRD dif-
fraction, which peaks are appropriate with crystalline magnetite
(Fe3O4, JCPDS card 39-0664).

FT-IR spectra analysis was used to observe the functional groups
on materials. The magnetic phase as Fe3O4 showed stretching of
the Fe-O at 580 cm1. This peak was only found on RB-M and RB-
NH2. Amine groups also detected on RB-NH2 at peak 1,540 cm1

for N-H bending vibration and at peak 950 cm1 wavenumber reads
for O-H bend (Fig. 3).
2. Kinetic Study of Cu(II) Ion Adsorption onto Amine Rice
Husk Magnetic Biocomposites

Cu(II) ion kinetic adsorption on biocomposite was investigated
with initial concentration of 50mg L1 at pH 6. The adsorption capac-
ity of Cu(II) ion increased linearly up to 64.61 mg g1 and 109.75
mg/g in 30 min, as shown in Fig. 4 for RB-M and RB-NH2, respec-
tively. Afterward, the Cu(II) ion adsorbed rate slowly increased and
was constant to final of 75.84 mg g1 and 113.75 mg g1 reached
after 60 min. At this moment, the equilibrium rate of adsorbent to
capture Cu(II) ion occurred. The equilibrium time for Cu(II) adsorp-
tion on magnetic is similar with other reported research [24]. In
addition, other type of adsorbent will take longer equilibrium time
[25]. The adsorption capacity equilibrium data was fit to study ad-
sorption model of Cu(II) using pseudo 1st order and pseudo 2nd

order kinetic models [26]; the equations are:

(5)

where qe: Cu(II) ion adsorbed (mg g1) at equilibrium
where qt: Cu(II) ion adsorbed (mg g1) time
where k1: is the rate constant of adsorption (min1).

(6)

where qe: the maximum adsorption capacity (mg g1)
where k2: rate constant of the pseudo-2nd order equation (g mg1

min1)
where qt: the amount of Cu(II) adsorbed (mg g1).

The parameters of these two kinetic models (equilibrium value
of qe and rate constant) were calculated by using non-linear regres-
sion and the results are shown in Table 1. Based on higher number
of coefficient correlation (r2), the pseudo 2nd order and 1st order
kinetic model fitted well for RB-M and RB-NH2.

dqt

dt
-------  k1 qe  qt 

dqt

dt
-------  k2 qe  qt 2

Fig. 2. X-Ray Diffraction (XRD) of rice husk (RH), RH after delig-
nification (RH-D), rice husk magnetic biocomposite without
amine (RB-M), and amine rice husk magnetic biocomposite
(RB-NH2).

Fig. 3. FT-IR Spectra of rice husk (RH), RH after delignification
(RH-D), rice husk magnetic biocomposite without amine
(RB-M), and amine rice husk magnetic biocomposite (RB-
NH2).

Fig. 4. The kinetic model of Cu(II) ion adsorbed onto RB-M and
RB-NH2 at room temperature. Initial concentration of Cu(II)
of 50 mg L1, pH 7, shaking rate of 150 rpm.
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The profile of adsorption of RB-NH2 showed higher adsorption
capacity than RB-M. This proved that amine group has a contri-
bution to increase Cu(II) ion adsorption capacity about 48%. The
amine groups play a role in absorption due to their ligand to cap-
ture ion as well as a smaller diameter of particle size [7]. So that,
there is high surface area, high permeability and stable of mechan-
ical and thermal properties of RB-NH2.
3. The pH Solution Effect on Cu(II) Ion Adsorption, Chemical
Oxygen Demand (COD), Total Suspended Solid (TSS), and Dye
Adsorption onto Amine Functionalized Rice Husk Magnetic
Nanoparticle Biocomposite

The pH equilibrium (pHe) of a solution is very important for
metal ion removal and also to predict the main driving force for
adsorption. This effect of pH on adsorption is related to protona-
tion or deprotonation of adsorbent active side [27] and degree of
ionization and species type of ion [28]. This research only observed
adsorption in the pH range of 5-7. For low pH at 1-4, the iron con-
tent on biocomposite will release to the solution. On the other hand,
working at higher of pH, Cu(II) ion will precipitate on base condi-
tion to form Cu(OH)2. The pH effect on Cu(II) ion adsorption on
RB-M and RB-NH2 as adsorbent can be seen in Fig. 5. It shows
higher adsorption capacity at pH 5, the RB-M and RB-NH2 with

Table 1. The kinetic parameters of Cu(II) ion adsorption onto RB-
M and RB-NH2 at room temperature

Adsorbent Kinetic model Parameter constant Value
RB-M Pseudo 1st order qe (mg/g) 75.21

k1 (min) 0.084
r2 0.993

Pseudo 2nd order qe (mg/g) 79.72
k2 (g/mg min) 0.002
r2 0.996

RB-NH2 Pseudo 1st order qe (mg/g) 111.43
k1 (min) 0.081
r2 0.987

Pseudo 2nd order qe (mg/g) 117.29
k2 (g/mg min) 0.001
r2 0.962

Fig. 5. The Cu(II) ion adsorbed in various pH onto RB-M and RB-
NH2. Cu(II) initial concentration of 50 mg L1, shaking rate
of 150 rpm, 1 h.

Fig. 6. The Cu(II) ion adsorption mechanism of amine rice husk magnetic nanoparticle biocomposite (RB-NH2).

adsorption capacity about 77.6 mg g1 and 116.80 mg g1, respec-
tively. Interestingly, the adsorption capacity at pH 5-7 is quite small.
In other words, the active site is stable at pH 5-7. In contrast, RB-
NH2 again has shown 50% higher reactivity than RB-M for all range
of pH. This condition also proved that amine groups on the sur-
face of particle are quite stable.

The surface stability of RB-NH2 due to formation of positive
charged (-NH3

+). The water solubility of amines is enhanced by hy-
drogen bonding, including these lone electron pairs, then interac-
tion occurred with Cu(II) ion in solution as shown in Fig. 6. Based
on Hard-Soft Acids and Bases (HSAB) theory, the RB-NH2 is hard
base, which has covalent complexes interaction with Cu(II) as soft
acid. It proved cationic amine group formation in range of pH 2-7
[7,29]. On the other hand, the capability of biocomposite is limited
to capturing Cu(II) ion, so that there still is a vacancy of active site
as negative charge to interact with positive charge of molecules in
the solution.

In the case RB-M as magnetite has point zero charge (PZC) at
5.5 of pH, so the surface charge of RHB-M is below PZC on posi-
tive charged and over PZC in negative charged [12]. In this condi-
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tion, the RB-M surface charge will increase due to negative charged
formation and electrostatic interaction to capture Cu(II) ion. The
protonation of Cu(II) ion in the range of pH facilitates electrostatic
and complexation mechanism to have good capability for adsorp-
tion [30].

Another parameter of quality of water is COD. Its concentra-
tion is also influenced by pH solution, then is related to adsorbent
surface charge, degree of ionization, stability and color intensity of
the compounds in solution [31]. Fig. 7 shows COD reduction at vari-
ous pH with initial concentration on COD of 998 mg/L. The higest
reduction of COD occurred at pH of 5 with value of 10% and 22%
for RB-M and RB-NH2, respectively. For higher pH, COD will de-
crease and lower adsorption occurs due to an increased diffusion
of organic ions as well as the abundance of OH- ions; this causes
competition between organic molecules and the adsorbent surface
charge [32]. In addition, when organic molecules are positively
charged, they have electrostatic interaction with negative charge of
the adsorbent. This result accords with another study, COD reduc-
tion also incrased by adsorbent made from bagasse at low pH [33].

Another parameter that has an effect on wastewater treatment
is TSS, due to surface positive charge of adsorbent. The positive
charge is able to absorb negative charges of suspended surface par-
ticles, then repulsive interaction force occurs with suspended par-
ticles. The suspended particles in solution can be neutralized with
positive charge from adsorbent, then the solution becomes stable.
Fig. 8 shows the TSS reduction during adsorption process in the
presence of RB-M and RB-NH2 with initial concentration of TSS
of about 355 mg L1. At low pH the TSS reduction percentage is
higher than other pH, the reducing number of TSS for RB-M and
RB-NH2 at pH 5 is 32.44% and 54.37%, respectively. The degrada-
tion process of organic and inorganic compounds takes place opti-
mally at acidic solution, causing the suspended substances to be re-
dissolved in large quantities, which will increase the percentage of
TSS reduction [34].

The color change of wastewater was also observed in this research;
the profile of reducing of dye during adsorption is shown in Fig. 9.

The high dye reduction for RB-M and RB-NH2 occurred at pH 5
about 26.38% and 33.74% for RB-M and RB-NH2, respectively. The
initial dye concentration was 1.363 PtCo. Reduction color for dye
was observed before adsorption and after adsorption by using RB-
M and RB-NH2 (Fig. 6(b), inset). It is clear that the original color
(brown) disappears, becoming a clear solution after adsorption. The
decrease of dye intensity in solution is probably due to protonation,
and that would be the specific cause for the enhancement of elec-
trostatic interaction between the negatively charged anions in the
dye molecules and the positively charged of adsorbent active site
[35].

In fact, the hydrogen ion concentration in a solution with pH of 5
is higher and this causes the hydrogen ions to compete with another
contaminant for the active site. Hence, the presence of hydrogen
ions can reduce the adsorption capacity of dye. The pH of the ad-
sorbate affects the electrostatic force of the ion to relate to the func-

Fig. 7. The COD reduction in various pH onto RB-M and RB-NH2
as adsorbent in wastewater containing Cu(II) ion of 50 mg
L1, shaking rate of 150 rpm, 1 h.

Fig. 8. TSS reduction in various of pH onto RB-M and RB-NH2 as
adsorbent in wastewater containing Cu(II) ion of 50 mg L1,
shaking rate of 150 rpm, 1 h.

Fig. 9. Dye reduction in various of pH onto RB-M and RB-NH2 as
adsorbent in wastewater containing Cu(II) ion of 50 mg L1,
shaking rate of 150 rpm, 1 h.
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tional groups on the adsorbent [36].
4. Reusability of Amine Rice Husk Biocomposite for Cu(II)
Ion Adsorption

The important thing related to economic and efficiency factor
for material is being able to reduce secondary waste. The magnetic
properties of adsorbent also facilitate reusability and easy separa-
tion. After one cycle experiments, the adsorbent is used again for
the next adsorption after a thorough washing process. After 4th repe-
tition, the adsorption capacity of Cu(II) ion decreased only 8% for
RB-M and 6.6% for RB-NH2 (Fig. 10). The adsorbent efficiency of
those adsorbents during fourth cycle was 92% and 94.6% for RB-
M and RB-NH2, respectively. This performance is similar to Pb(II)
ion removal using amine magnetic biocomposite [7].

The concentration of Cu(II) ion absorbed decreased after four
times used. Based on observation of amine concentration and H+

ion, there is a decreasing number of functional groups for each step
around 1-8%; this could be followed by decreasing of adsorption
capacity. This could be possible because of the reduced concentra-
tion of H+ ions during washing step. HCl was used for washing
where the Cu(II) will bind with Cl to become CuCl2. The evaluated
adsorbent performance shows a good performance and still effec-
tive for reuse as adsorbent.

CONCLUSION

The synthesis of amine functionalized on biocomposite using rice
husk cellulose with magnetic nanoparticles was successfully syn-
thesized by solvothermal method. The cellulose based biocompos-
ite enhances the value added of biomass. The biocomposite has
good on Cu(II) ion adsorption, reduction of COD, TSS and dye in
waste water treatment. The biocomposite material was tested for
reusability and that showed it only reduces performance slightly.
The multiple effects of amine rice husk magnetic biocomposite on
wastewater contaminants leads to becoming a candidate material
to be developed and applied in a wide range of waste water treat-
ment applications.
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SJR

The SJR is a size-independent prestige indicator that
ranks journals by their 'average prestige per article'. It is

based on the idea that 'all citations are not created
equal'. SJR is a measure of scienti�c in�uence of
journals that accounts for both the number of citations
received by a journal and the importance or prestige of

the journals where such citations come from It
measures the scienti�c in�uence of the average article
in a journal it expresses how central to the global

Total Documents

Evolution of the number of published documents. All
types of documents are considered, including citable

and non citable documents.

Year Documents
1999 134
2000 129
2001 156
2002 178

Citations per document

This indicator counts the number of citations received
by documents from a journal and divides them by the

total number of documents published in that journal.
The chart shows the evolution of the average number
of times documents published in a journal in the past
two, three and four years have been cited in the current

year. The two years line is equivalent to journal impact
factor ™ (Thomson Reuters) metric.

Cites per document Year Value
Cites / Doc. (4 years) 1999 0.344
Cites / Doc. (4 years) 2000 0.356
Cites / Doc. (4 years) 2001 0.772
Cites / Doc. (4 years) 2002 0.764
Cites / Doc. (4 years) 2003 0.740
Cites / Doc. (4 years) 2004 0.783
Cites / Doc. (4 years) 2005 0.764
Cites / Doc. (4 years) 2006 0.835
Cites / Doc. (4 years) 2007 0.706
Cites / Doc. (4 years) 2008 0.871

Total Cites Self-Cites

Evolution of the total number of citations and journal's
self-citations received by a journal's published

documents during the three previous years.
Journal Self-citation is de�ned as the number of
citation from a journal citing article to articles
published by the same journal.

Cites Year Value
f

External Cites per Doc Cites per Doc

Evolution of the number of total citation per document
and external citation per document (i.e. journal self-

citations removed) received by a journal's published
documents during the three previous years. External
citations are calculated by subtracting the number of
self-citations from the total number of citations

received by the journal’s documents.

% International Collaboration

International Collaboration accounts for the articles
that have been produced by researchers from several

countries. The chart shows the ratio of a journal's
documents signed by researchers from more than one

Citable documents Non-citable documents

Not every article in a journal is considered primary
research and therefore "citable", this chart shows the

ratio of a journal's articles including substantial
research (research articles, conference papers and
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Dr. Keshav A.Bulbule 4 years ago

Dear Sir,

good morning

I have some manuscripts ready for submission to your esteemed journal for publication. Extensive

Research work has been done on Recycling of E-waste, Urban Mining, resource

recovery,environment protection etc. Plz guide me as to what template to be used,is there

processing fee, time for publication etc.

Regards

Dr.Keshav A.Bulbule

Consultant

E-Parisaraa-India's First Approved E-waste Recycler

Bangalore-India

reply

country; that is including more than one country
address.

Year International Collaboration

reviews) in three year windows vs. those documents
other than research articles, reviews and conference

papers.

Cited documents Uncited documents

Ratio of a journal's items, grouped in three years
windows, that have been cited at least once vs. those

not cited during the following year.

Documents Year Value
Uncited documents 1999 212
Uncited documents 2000 237
Uncited documents 2001 195
Uncited documents 2002 223
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