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ABSTRACT

Biochar and activated carbon, as carbon-rich porous materials, have wide
environmental applications. In the present research, rice husk (RH) was used for
preparation of biochar at 400, 600, and 800 °C under simple pyrolysis, physically-
activated carbon with water steam, chemically-activated carbon with potassium
hydroxide (KOH), and physiochemically-activated carbon with KOH and steam. Physical
and chemical properties of biochar and activated carbons were characterized using
nitrogen adsorption—desorption isotherm, Fourier transform, infra-red analysis, and
Boehm method. The results showed that carbonization temperature and activation agents
had significant effects on the characteristics of the samples. Activated carbon produced by
KOH activation had the highest surface area (2201 m’ g'l) and total pore volume (0.96
em® g'l). High concentration of sodium (Na) is an important limiting factor to reuse poor
quality water resources in arid and semiarid regions. The sorption capacity of biochars
and activated carbons was investigated by performing batch sorption experiments using
Na as adsorbate. Na sorption was increased with increasing surface area and pore
volume. The highest Na sorption capacity of 134.2 mg g was achieved by the KOH
activated carbon, which has the highest surface area and pore volume. The kinetic data

were well-fitted to pseudo-first order and intra-particle diffusion models.

Keywords: Adsorbent, Diffusion models, Nitrogen isotherm, Physiochemical characteristics,

Sorption isotherm.

INTRODUCTION

In arid and semiarid regions of the world,
demand for clean and fresh water is
increasing because of population growth and
industrial development. The scarcity of fresh
water resources has impelled humans to
reuse poor quality water such as saline and
brackish water or drainage water. Salinity
can negatively impact plants through
osmotic, nutritious, and toxic stresses
(Mousavi et al., 2009). Sodium (Na) is the
major cation causing salinity and high
concentration of Na is an important limiting
factor to reuse saline water. Various

techniques have been used for water
desalination. These techniques are usually
not economical due to their energy
dependence and high costs, especially for
agricultural purposes, which is the biggest
water consumer in the world. Therefore,
pretreatment of saline water before applying
these methods can be used to reduce
desalination costs.

Utilizing adsorbents, as an economical
method, is usual for removal of different
ionic species from water. Hence, finding
inexpensive and efficient adsorbents for
removing ions causing salinity from water
resources is an important issue. Gasco et al.
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(2005) introduced carbon-based adsorbents

prepared from sewage sludge, as
inexpensive acceptable materials, to remove
Na*, K*, Ca®*, and Mg”" cations from saline
water. Aghakhani et al. (2011) considered
dual adsorbents (combinations of peat,
activated carbon, zeolite, cationic resins and
anionic resins) in removal of salinity ions
from drainage water. This study confirmed
that application of cationic resin with peat
had the highest ability to desalinate drainage
water as compared to other adsorbents.

Biochars are low-cost carbon-rich porous
materials obtained by pyrolysis of organic
residues. The production of biochar by
pyrolysis is a carbonization process in which
the content of carbon increases with
temperature, accompanied by simultaneous
decrease in oxygen and hydrogen content.
Biochars have many positive properties such
as large surface area, high porosity and
active functional groups, which are highly
influenced by the source of feedstock and
the preparation process (Jiang et al., 2012).
Biochar has been evaluated widely in water
treatment applications for removing various
contaminants, including heavy metals,
pesticides, and organic  compounds
(Kolodynska et al., 2012; Zhang et al.,
2011).

Activated carbon is an excellent adsorbent
which has been used extensively for removal
of various pollutants from gaseous and
liquid phases (Lu et al., 2012; Pehlivan and
Cetin, 2008). Activated carbon can be
produced by activation of biochar.
Activation usually improves the adsorption
capacity of biochar in order to greatly
increase its porosity and surface area.
Activation can be carried out by either
physical methods or chemical methods.
Physical activation involves activating the
biochar with an oxidizing gas such as CO,,
steam, or their combination at relatively high
temperatures (Aworn et al., 2008). In
chemical activation, the biochar is
impregnated with a chemical agent such as
KOH, NaOH, K,CO3;, ZnCl,, and H;PO, and
then it is heated in an inert atmosphere at
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various temperatures (Gundogdu et al.,
2013).

More than 500000 tons of rice husk (RH)
is produced annually in Iran as raw biomass
(Abedi  Koupai and Fathi, 2003).
Unfortunately, most of this residue is
burned, causing air pollution and human
health problems. Therefore, it will be useful
to consider the use of this material for
producing applicable and suitable products,
providing  positive  effects on the
environment. The application of carbon-

based material is significantly affected by its
properties, which depend on the precursor
type and preparation procedure (Rambabu et
al., 2013; Stals et al., 2013). Therefore,
knowing the characteristics of carbon-based

materials is an important issue for selecting
a suitable adsorbent to remove specified
compounds. The first objective of this
research was conversion of rice husk to
biochar at different pyrolysis temperatures,
activated carbon using steam, KOH, and
both KOH and steam activation and also
evaluation of their physicochemical
characteristics. To our knowledge, there is
limited information about application of
biochar and activated carbon to sodium
sorption. Our second objective was to
consider the potential of the biochars and
activated carbons to remove Na, as the main
cation causing salinity, from saline waters.

MATERIALS AND METHODS

Preparation of Biochars and Activated
Carbons

Rice husk (RH) was used as feedstock for
biochar production. The RH was rinsed with
boiling distilled water and oven-dried at 105
°C for 24 h. The oven-dried RH was crushed
and sieved to the particle size of less than 0.5
mm. The pyrolysis system consisted of a
reactor with inlet and outlet devices allowing
movement of gaseous flow through the
sample. The reactor was placed in the
electrical furnace with a programmable
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temperature controller. A thermocouple was
employed to measure the temperature in the
reactor. The RH material was pyrolysed under
inert N, gas from room temperature to the
desired carbonization temperature (400, 600,
and 800 °C) at a heating rate of 10 °C min™
and held at the peak temperature for 2 h before
cooling to room temperature. The biochars
prepared at 400, 600, and 800 °C were denoted
as RHB4, RHB6 and RHBS, respectively.

The RHB6 was selected to prepare the
physically and chemically activated carbon.
For the physical activation, water steam was
selected as activation agent. A sub-sample of
RHB6 was reheated under N, gas from room
temperature to 800 °C at a heating rate of 10
°C min'. Then, the activation began by
introducing water steam at 800 °C for 1 h.
Later, the activated biochar was allowed to
cool under N, gas. The physically-activated
carbon was denoted as RHBS.

For the chemical activation, KOH was
selected as activation agent. A sub-sample of
RHB6 was first impregnated with KOH. The
ratio of KOH: biochar was 3:1 (w/w). The
mixture was allowed to stand at room
temperature for 24 h, and then oven-dried at
105 °C for 24 h. The dried sample was placed
into reactor and heated under N, gas at 800 °C
for 1 h, and then cooled-down under N, gas.
The activated sample was washed several
times with hot distilled water, and finally with
cold distilled water until the pH of the filtrate
was neutral. The washed sample was dried at
105 °C for 24 h. The chemically-activated
carbon was denoted as RHBK.

For physiochemical activation, the RHBK
was used. A sub-sample of RHBK was heated
under N, gas from room temperature up to 800
°C, then steam flow was injected into reactor
for 1 h. Afterwards, the sample was cooled
down under N, gas. The physiochemically-
activated carbon was denoted as RHBKS.

Characterization of Biochars and
Activated Carbons

The prepared biochars and the activated
carbons were characterized by several
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techniques. The product yield was calculated
as the weight ratio of final RH carbon-based
sample to the initial-dried raw material. The
ash of the samples was obtained by their
oxidation under atmospheric condition in an
electrical furnace at 800 °C for 4 h.
Electrical conductivity (EC) and pH was
measured by adding each sample to
deionized water in a mass ratio of 1:100.
The solution was shaken for 2 h and then
filtered before measuring the pH and EC. A
Metrohm 827 mV/pH-meter and a CC-501
Elmetron conductivity-meter were used for
measuring the pH and EC, respectively.

The pH at which charge of the solid
surface is zero is referred as zero point of
charge (pHzpc). To determine the pHzpc
value of biochars and activated carbons, 0.1
g of each sample was introduced into 50 mL
of 0.1 M KNO; solution with initial pH
range of 2-10 and was shaken for 24 h. After
that, the sample was separated from solution
and equilibrium pH values of the solution
were measured with a pH-meter. The
difference between initial and equilibrium
pH was plotted against initial pH of the
solution. The point at which the graph
crossed the x-axis was noted as pHzpc value.

Quantities of surface acidic and basic
functional groups of the carbon-based
samples were determined by Boehm titration
method (Cheung et al., 2012). According to
this method, 0.5 g of each sample was added
separately to 50 mL of NaOH (0.1 M) and
HCI (0.1 M), and shaken for 24 h. After the
mixtures were separated, the basic and
acidic filtrates were titrated with 0.1 M HCI
and 0.1 M NaOH, respectively. The amount
of total acidic and basic groups on the
sample surface was estimated from the
amount neutralized by NaOH and HCI
solutions, respectively.

Physical characteristics of the samples
were determined by N, adsorption-
desorption isotherm at -196°C using Belsorp
mini I instrument. The BET surface area
(Sger) was calculated by the Brunauer—
Emmet-Teller (BET) method. The total pore
volume (V) was obtained by N, adsorption
at a relative pressure of 0.98. The complex


http://journals.modares.ac.ir/article-23-3837-en.html

Downloaded from ormr.modares.ac.ir at 22:34 IRDT on Monday May 7th 2018

network of pores have been classified into
micropores (diameter <2 nm), mesopores
(diameter 2-50 nm), and macropores
(diameter >50 nm). Micropore volume
(Vi) was derived from the t-plot method.
Pore-size distribution and mesopore volume
(Vimes) were determined by Barret-Joyner-
Hanlenda (BJH) method.

The surface functional groups were
recorded by Fourier Transform Infra-red
(FTIR) spectra using JASCO FTIR-680
spectrophotometer, within the range of wave
number of 400 to 4000 cm™.

Sodium Sorption of Biochars and
Activated Carbons

Sodium sorption capacity was determined
to compare sorption capacity of the biochar
and activated carbons for cations. The Na
sorption capacity was determined by adding
0.2 g of each sample to 25 mL of 0.2 M
NaCl. The NaCl used in this experiment was
of analytical grade. The mixture was shaken
for 24 h. The solution was filtered using
Whatman 42 filter paper and the Na
concentration in the filtrated solution was
measured using a Corning 410 flame
photometer. The Na sorption capacity was
calculated as follows:

q= C=CIV 0

m
Where, q. (mg ) is the amount of sorbed
Na at equilibrium, Cy (mg L") is initial
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concentration of Na ion (mg LY, C. (mg LY

is equilibrium concentration of Na, V (L) is
the volume of the solution, and m (g) is
mass of the sample.

To determine sorption isotherm, the initial
molarity of NaCl solution ranged from 0.05
M to 0.3 M. For adsorption kinetic studies,
0.2 g of the selected adsorbent was added to
25 mL of 0.2 M NaCl and the mixture was
shaken for varying amount of time. Then,
the solution was filtered and Na
concentration in the filtrated solution was
determined. The amount of sorbed Na is
described by equations (2) to (4) as follows:

— _ _klt
Pseudo-first order: 9t = Ye (I—e™) 2)

2
Pseudo-second order: q.= qeikzt 3
1+q.k,t
1 (05
Intra-particle diffusion: 9=kt ¢ @

Where, ¢, (mg g") is the amount of sorbed
Na at time t, q. (mg g) is the amount of
sorbed Na at equilibrium, and ki, k,, k; and ¢
are constants.

RESULTS AND DISCUSSION

Selected Properties of the Biochars and
Activated Carbons

Selected properties of the biochars and
activated carbons are shown in Table 1. The
product yield of biochars decreased with
rising the pyrolysis temperature due to large

Table 1. Selected properties of the studied biochars and activated carbons.

Sample Yield Ash pH EC
(%) (%) (dSm™)
RHB4 ¢ 46.8 32.8 8.2 0.07
RHB6" 40.1 41.1 9 0.12
RHBS¢ 35.4 43.1 10.1 0.14
RHBS 32.6 46.8 10.1 0.21
RHBK ¢ 28.2 11.5 9.2 0.26
RHBKS’ 24.7 3.7 9.7 0.24

“ Biochar prepared at 400 °C, ” Biochar prepared at 600 °C, ¢ Biochar prepared at 800 °C,
“ Physically- activated carbon, ¢ Chemically- activated carbon, ’Physiochemically- activated carbon
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amount of volatiles that could be easily
released at higher temperatures. The product
yield of activated carbons was lower
compared to the biochars. This indicated that
the activation agent reacted with carbon
content of biochar and decreased its yield.
Higher weight loss under activation with
KOH was because of increasing the release
of wvolatile products as a result of
intensifying dehydration and elimination
reactions (Tan et al., 2008). The ash content
of the biochars increased by increasing
pyrolysis temperature. The amount of ash
was higher in the biochar productions than
the activated carbons produced by KOH
agent. This is in agreement with the results
found by Tay et al. (2009). The RHBKS had
the lowest ash.

The pH of the biochars and activated
carbons was in the range of 8.2-10.1. The
higher pH for the biochars prepared at
higher temperatures was probably due to the
release of acidic surface groups during the
pyrolysis (Mendez et al., 2013). The EC
value of the biochars and activated carbon
varied from 0.07 to 0.26 dS m™. This
parameter was used to estimate total
dissolved solids in the water sample.
Overall, the EC of the biochars and activated
carbons was low, which indicated that the
amount of water-soluble ions in the prepared
samples was low.

JAST

Surface Chemistry

The pHzpc is a very useful parameter that
expresses surface charge of the adsorbent
and its interactions with adsorbates. Net
charge of the adsorbent under and above
pHzpc is positive and negative, respectively.
All prepared samples had pHzpc in the range
of 6.8-8.5 (Table 2). The results indicated
that pHzpc of the samples depended on
carbonization temperature and activation
agent. Quantification of acidic and basic
groups of the biochars and activated carbons
are given in Table 2. All the samples, except
RHB4, had more basic surface sites than
acidic sites. The value of pHzpc>7 confirmed
the basic properties of the samples.
Maximum total acidic surface groups
belonged to RHB4 and declined with
increasing  carbonization temperature.
According to Minkova et al. (2000),
decomposition of the acidic groups at
temperatures above 600 °C causes
production of basic carbon-based materials.
All activations produced basic activated
carbons.

Physical Characteristics

It is well known that surface area,
porosity, and pore size distribution are the
most important parameters for evaluating the
sorption capacity of carbon-based material.

Table 2. Quantities of surface functional groups and pHzpc of the biochars and activated carbons.

Acidic groups Basic groups pHzpc

Sample (mmol g'l) (mmol g")

RHB4 “ 1.21 0.34 6.8
RHB6" 0.49 0.71 7.7
RHBS“ 0.30 0.64 8.5
RHBS* 0.46 0.69 7.8
RHBK* 0.59 0.92 7.1
RHBKS/ 0.36 0.61 7.5

“ Biochar prepared at 400 °C, ” Biochar prepared at 600 °C, “ Biochar prepared at 800 °C, ¢ Physically- activated
carbon, e Chemically- activated carbon, ‘Physiochemically- activated carbon
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Table 3. Textural characteristics of the biochars and activated carbons.

Sample Sper v, Vi € Vines D,°
(m*g") (em’g™h) (em’g™) (em’g™h) (nm)

RHB4/ 32.6 0.029 0.015 0.014 3.49
RHB6¢ 211.3 0.114 0.090 0.024 2.15
RHBS" 202.4 0.104 0.080 0.024 2.06
RHBS* 317 0.175 0.136 0.039 221
RHBK' 2201 0.957 0.924 0.033 1.74
RHBKS"” 1168.8 0.498 0.462 0.036 1.70

“ BET surface area; ” total pore volume;  micropore volume,

¢ mesopore volume; ° mean pore

diameter. / Biochar prepared at 400 °C, ¢ Biochar prepared at 600 °C, "Biochar prepared at 800 °C,
k Physically- activated carbon, ! Chemically- activated carbon, "Physiochemically- activated carbon

The physical properties of the biochars and
activated carbons are given in Table 3. Raw
rice husk material had very low surface area
of 1.43 m® g, and pyrolysis and activation
increased it significantly. RHB4 had the
least surface area (32.6 m® g"') and pore
volume (0.029 cm’ g'') among the biochars.
By raising the carbonization temperature
from 400 °C, the surface area and pore
volume of biochars increased. This is
probably because of the removal of higher
amounts of volatiles compounds resulting
from decomposition of major compounds of
RH during the carbonization process. Our
results indicated that the activation process
improved development of pores and
enhanced surface area of the biochars (Table
3). The RHBK showed a developed porous
structure with Sggr of 2201 m? g'1 and V, of
0.96 cm’ g'. The reaction between KOH and
carbon could be as follows (Deng et al.,
2010):
6KOH + 2C — 2K + 3H,+2K,CO; (5)

It is assumed that KOH is reduced to
metallic K during the carbonization process.
When activation temperature reaches the

boiling point of K (760°C), K is diffused
into the layer of carbon and causes
formation of new pores in the carbon
structure, which increases porosity and
surface area. According to Table 3, KOH
agent, compared to steam, produced smaller
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mean pore diameter. Wu er al. (2005)
reported that activation with KOH produced
mainly micropores and a narrower pore size
distribution. Compared to steam, KOH agent
significantly increased surface area and pore
volume, although both RHBS and RHBK
were prepared in the same carbonization and
activation temperatures. The high ash
content of RHB6 (Table 1) decreased the
reaction of steam with organic carbon and,
therefore, development of pore structure of
physically-activated carbon was relatively
low. Physiochemical activation was not
satisfactory in development of pore structure
(Table 3). The surface area and pore volume
of RHBKS decreased as compared to
RHBK. This was probably because of
developing pore structures in the RHBK
under further activation causing the walls of
the pores to become very thin and collapse,
consequently, producing pores too small to
be measured by the BET analysis (Wang et
al., 2013). This caused significant reduction
in the surface area and pore volume of
RHBKS.

Micropore volume occupied about 78%,
96%, and 93% of total pore volume of
RHBS, RHBK and RHBKS, respectively
(Table 3). This supported the idea that the
prepared activated carbons were
microporous material. The shape of N,
adsorption-desorption isotherms of the
samples (Figure 1) supports that the majority
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Figure 1. N, adsorption-desorption isotherms of a) RHBS, b) RHBKS, and c) RHBK.

of pores were micropores. According to
IUPAC classification, the isotherms are type
I, indicating mostly a microporous structure.

Pore size distributions of the biochars and
activated carbons showing the internal
structure of samples are presented in Figure
2, which shows that the pore size
distributions were dependent on the
carbonization temperature and activation
agent. For all the samples, micropores were
the dominant pores. The shift of mean pore

diameter to smaller values for RHBK and
RHBKS indicates that chemical and
physiochemical activation promotes the
creation of new micropores. The close knee
of isotherm shown in Figure 1 clearly proves
the narrow microporous nature of RHBK
and RHBKS.

FTIR Analysis

Surface functional group is another
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Figure 2. Pore size distribution of biochars and activated carbons.
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effective parameter on adsorption capacity
of the adsorbent. FTIR is perhaps the most
powerful tool for identifying type of the
functional groups. Figure 3 shows the FTIR
spectra of the prepared biochars and
activated carbons. The intensity of
functional groups for RHB4 was more than
the other biochars. The spectra of the RHB4
were characterized by several major peaks.
Broad peak at 3443 cm’ is typically
attributed to hydroxyl groups (O-H). The
strong peaks located at 469 cm, 803 cm™
and 1098 cm™’ are ascribed to bending
vibration, = symmetric  stretching and
asymmetric stretching of Si-O bonds (Guo
and Rockstraw, 2007; Mohamed, 2004). The
presence of these peaks was due to the
existence of silica. The peak at 1382 cm
can be assigned to C-O stretching vibration.
The strong peak at 1613 cm’ can be
attributed to C=C stretching vibration. The
weak stretching vibration of C-H bond is
visible as a peak at 2924 cm’. Results
showed that the spectra of RHB4, RHB6 and
RHBS8 were very similar to each other and
intensities of these bands decreasd with
change of temperature from 400 °C to 800

Rostamian et al.

°C. The peak at 2924 cm™ disappeared at
higher temperatures, indicating organic
hydrocarbons were decomposed into
methane, carbon dioxide, and other gases or
aromatic structures (Lu et al., 2013). The
trend in spectra for RHBS was similar to
RHB6. The additional peak appeared at
2355 cm™ which can be associated with
=C=0 in ketene group (Gaur et al., 2006).
Similar results were reported by El-
Hendawy (2006) in a study on steam-
activated carbon prepared from date pits.
Significant differences in intensity of peak
for RHBK were noted. Sharp peak located at
1098 cm™ was decreased intensively and the
peak located at around 470 cm’ was
disappeared. This result indicates that KOH
agent could decrease silica content of RHB.
It suggests that various surface groups
formed on carbon could be influenced by the
activation agent.

Sodium Sorption Capacity

The Na sorption capacity of the prepared
samples was tested and the results are

(e)
[ e gy

©

Mg

% T

™

(@

4000 3000

2000 1000 400

Wavenumber [cm-1]

Figure 3. FTIR of a) RHB4, b) RHB6, c) RHBS, d) RHBS and ¢) RHBK.
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presented in Table 4. The sorption capacity
was in the range of 35.2-134.2 mg g
Activation increased Na sorption capacity of
biochar and RHBK, had the highest
tendency for Na sorption. In general,
sorption capacity of the carbon-based
materials is  influenced by  such
characteristics as surface functional groups,
surface area, pore volume, and pore size
distribution.  Correlation  between Na
capacity and acidic surface functional
groups and textural characteristics of the
prepared samples are shown in Figure 4.
Although the more acidic groups can
enhance ion exchange, specific relation
between surface acidity and Na sorption was
not observed. The greatest acidic group
belonged to RHB4; however, RHB4 had the
lowest sorption capacity. Also, FTIR spectra
(Figure 3) did not present any special
surface group, which indicates probability of
involvement between Na ion and surface
group in the sorption process.

Figures 4b and 4c show an increase in Na
sorption capacity with increasing surface

N
S

Table 4. Na sorption capacity of the
biochars and activated carbons.

Sample Na sorption capacity
(mg g
RHB4 35.2
RHB6 60.8
RHBS 53.9
RHBS 73.5
RHBK 134.2
RHBKS 102.1

area and pore volume. High surface area
increases migration of ions from the bulk
solution to the surface of the adsorbent. Na
sorption had an approximate linear relation
with Sger and V.. The R® values of linear
relation were 0.932 and 0.938, respectively,
indicating that textural properties of the
prepared adsorbents were the key factor in
Na sorption in our experiments. The sorption
capacity of carbon porous materials depends
on the accessibility of molecules to reach the
inner surface of the adsorbent, which
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Figure 4. Sodium sorption capacity of the adsorbents, textural structures, and surface acidity

properties.
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depends on their size. Pore diameter, being
larger than the size of adsorbate, improves
accessibility to the internal surface of the
adsorbent materials. Rohani and Entezari
(2012) reported that activated carbon with
mean pore size of about 2.2 nm was a
suitable adsorbent for removing P-
nitrophenol with a size of 0.75 nm. The
iodine element with a size of 0.56 nm is
greatly adsorbed into micropores (Gundogdu
et al., 2013). The hydrated ionic radius of
Na has been estimated to be about 0.178 nm
(Kiriukhin and Collins, 2002). According to
the size of Na ion, the micropores could act
as effective pores to adsorb this cation. As
the total pore volume increased, micropores
volume also increased (Table 3). The RHBK
which was the most effective adsorbent for
Na sorption had the highest percentage of
micropore volume.

Sorption Isotherm and Kinetics Study

RHBK, as the most effective adsorbent,

200

)
—_
=
(=]

80 |

Na sorption capacity (mg g!

40

A
)

Equilibrium concentration (mg L)

Figure 5. Sorption isotherm of Na on RHBK.

0 1000 2000 3000 4000 5000 6000

was selected for more studies. Figure 5
shows the amount of sorbed Na versus
equilibrium concentration. The amount of
Na sorbed by RHBK increased from 16.4 to
165.1 mg g as the initial Na concentration
increased from 0.05 to 0.3 M, probably due
to a greater concentration gradient and
diffusive movement of Na ions toward
and/or into the adsorbent at higher Na
concentrations in solution.

Figure 6 shows the effect of contact time
on the amount of Na sorbed by RHBK.
Sorption kinetics of Na on the RHBK
adsorbent was studied by employing pseudo-
first order, pseudo-second order and intra-
particle diffusion models. Table 5 shows the
obtained constants for kinetics models used
in this study. Coefficient of determination
(R» and standard estimation error (SEE)
were used for evaluation of the models.
There was a good agreement between
experimental data and the calculated Na
sorbed values according to pseudo-first
order and intra-particle diffusion models.

160

A Experimental data
—Pscudo- first order

—~Pseudo- second order

Na sorption capacity (mg g™
oo
o

----Intra- particle diffusion

0 500 1000 1500 2000
Contact time (min)

Figure 6. Sorption kinetics of Na on RHBK.

Table 5. Parameters of kinetic models for Na sorption by RHBK.

Pseudo-first order

Pseudo-second order

Intra-particle diffusion

g (mgg)  157.99 qe (mg g

K, (min™) 0.0014 K, (g mg' min™)
“R? 0.995 R?

' SEE 4.87 SSE

144.94 K; (mg g min®?) 3.84
0.000023 C(mggh) 10.07
0.945 R’ 0.993
15.97 SSE 5.91

“ Coefficient of determination, ° Standard Estimation Error
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Results indicated that intra-particle diffusion
was involved in the sorption process.
Pseudo-second order model, which was
indicative of a possible chemisorption
process, had the lowest agreement with
experimental data and was not satisfactorily
fitted to the data.

CONCLUSIONS

Rice husk biochars were prepared at three
carbonization temperatures (400 (RHB4), 600
(RHB6), and 800 °C (RHBS)). Results showed
that surface area and porosity of RHB4 were
very low and increased significantly by
increasing the carbonization temperature;
while the surface acidic functional groups of
the biochar decreased. Activated carbon was
derived from the biochar using steam, KOH,
and both agents. The activation process
changed the physiochemical properties such as
specific surface area, porosity, and surface
functional groups. The high ash content of rice
husk caused the reaction of steam with organic
carbon and, therefore, the development of pore
structure of physically-activated carbon was
relatively low. Potassium hydroxide agent
increased surface area, total pore volume, and
micropores' volume of the biochar
significantly and decreased its ash content.
Sorption capacity for Na by the prepared
samples was evaluated. Chemically-activated
carbon had the highest sorption capacity. The
results showed that Na sorption increased with
increasing surface area and pore volume.
Pseudo-first order and intra-particle diffusion
models appeared to be suitable to describe the
sorption kinetic data. Conversion of RH to
biochar and activated carbon offers a solution
for minimizing agricultural wastes volume and
producing valuable adsorbents to improve
water quality.
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