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Abstract

The optimization conditions of high Cation Exchange Capacity (CEC) of coal fly ash (CFA) zeolite
modified with chitosan were studied. The experimental design had employed Box-Behnken
design with 3 factors at 3 levels. The independent variables were chitosan concentration (5-15
g/L), retention time (12-36 hours), and temperature (40-60°C). It is resulted that the independent
variables of chitosan concentration had significant effect to CEC at 95% confidence (P<0.05). In
vice versa, retention time and temperature had no significant effect to CEC at 95% confidence
(P>0.05). However, the interaction effect between chitosan concentration with retention time and
retention time with temperature had significant effect to CEC at 95% confidence (P<0.05) Thus,
the optimum conditions of high CEC (474.21 meq/100g) were 15 g/L of chitosan concentration,
36 hours of retention time, and 40°C of temperature. Regarding with 3 times of validation for
such optimum conditions, CEC was 474.21+ 5 meq/100g which was closely the predicted value.
CEC of chitosan modified with CFA-zeolite had CEC more than CFA-zeolite (272.12 meq/100g)
about 2 times, indicating chitosan was the appropriate material for increasing CEC on CFA-zeolite.

Keywords: Coal fly ash; Cation exchange capacity; Response surface methodology; Box- Behnken
Design; Zeolite

1. Introduction environmental problems such as reducing air
pollution, treating wastewater (Anwar et al.,

Coal fly ash (CFA) is a waste generated ~ 2009; Visa et al., 2012), etc. CFA by nature has
from coal combustion including fly ash, bottom  a high Si/Al ratio which can be synthesized as
ash, boiler slag and flue gas desulfurization  low-Sizeolite with a high ion exchange capacity,
materials. CFA can also be used as adsorbent  ahigh selectivity for polar molecules, and a large
material, which is applied to solve the pore volume (Visa, 2016). Zeolites are crystals

58



P. Sangaroon / EnvironmentAsia 12(2) (2019) 58-68

including aluminate and silicate frameworks. It
has the ability for using as adsorbent (Bandura
et al.,2017;0tal et al.,2005) and catalysts
(Missengue et al., 2017; Subbulekshmi and
Subramanian, 2017). As an importance of
zeolite properties, it has many applications in
the fields of waste immobilization (Vy$vatil and
Bayer, 2016), chemical reactions (Bandura et al.,
2017), water purification (Fan et al., 2008), and
purification of gasses (Park et al., 2012).Zeolite
is synthesized from CFA using hydrothermal
treatment methods (Fukasawa et al., 2017; Jha
and Singh, 2014; Tauanov et al., 2018).size and
composition of zeolite generated from CFA
has effect to the crystal structure (Ameh et
al., 2017; Belviso et al., 2015; Musyoka et al.,
2012). According to the negative charges in
the porous crystal structure of zeolites make
its appropriate for adsorbing cationic pollutant
such as ammonium and nitrite. (Huong et al.,
2017). Nevertheless, the cheap sorbents such
as fly ash or zeolites are very often considered
by sorption capacities, thus modification of
CFA-zeolite with chitosan was investigated in
order to increase sorption efliciency. Several
studies have been reported on using fly ash
coated chitosan for removal of heavy metal
ions and nitrate (Adamczuk and Kotodynska,
2015; Wen et al., 2011a).Wen et al.(Wen et al.,
2011b) reported the chitosan coated on fly ash
composite was a good adsorbent for removal
of Cr (VI).Removal of nitrate from aqueous
solution onto the chitosan-zeolite composite
was also described by Lin (2017). In addition,
high adsorption capability of chitosan coated
on zeolite for appropriate cationic, anionic and
organic pollutants from was studied by Xie et
al. (2013), indicating that chitosan could be
immobilized onto the surface of CFA-zeolite
for increasing the CEC.

Chitosan is a deacetylated polymer of
chitin. It is known as a good bio-sorbent for
metal ions (Gokila et al., 2017; Kong et al.,
2018; Wan Ngah et al., 2011). Chitosan is
usually prepared from chitin in crab-shells,
shrimps and insects by deacetylation with a
strong alkaline solution. It has been reported
that the characterization of chitosan has large
sorption capacity owing to the position of -OH
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and -NH2 groups and high hydrophilicity due
to alarge number of hydroxyl groups of glucose
units and the presence of a large number of
functional groups (acetamido, primary amino
and or hydroxyl groups) (Tobhlong et al., 1994;
Kolodynska et al., 2017; Yang et al., 2014; Zhang
et al., 2016). In addition, many researchers
reported that chitosan concentration, reaction
time and temperature have effect to chitosan
coated CFA-zeolite.

Regarding the methodology employed
for this study, response surface methodology
(RSM) is a powerful statistical technique
for modeling the systems, evaluating the
instantaneous effects of several factors and
determining for the optimum conditions for
required responses (Ding and Sartaj, 2015;
Oyinade et al., 2016). RSM is generated by
mathematical model to predict the response of
a system for new condition. RSM was chosen
to study the effect of chitosan concentration,
reaction time and temperature using Box-
Behnken design (BBD). In this research, the
main objective was to evaluate and to optimize
the conditions for increasing CEC of chitosan
coated on CFA-zeolite using Box-Behnken
design. The effect of different operational factors
including chitosan concentration, time and
temperature were accordingly investigated.

2. Materials and Methods

2.1 Materials

CFA sample was collected from the
Coal boiler of Thai Toray Textile Mills Public
(Thailand). The Chemical reagent of Sodium
hydroxide (NaOH) was obtained from Merck,
Germany. Chitosan was purchased from Merck,
Germany.

2.2 Preparation of Chitosan modified CFA
CFA was treated by washing and sieving
with 325-mesh size (44 microns) to eliminate
larger particles. Then, CFA-zeolite was
synthesized by hydrothermal activation method.
The calcination of CFA-zeolite at 700°C for 3
hours was used to improve amorphous silica
structure and to remove the volatile organic
compound. For the modification of CFA-zeolite
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Table 1. The Box-Behnken Design of CEC

Factor

X: chitosan
X: retention time

X3: temperature

level
-1 0 1
5 10 15
12 24 36
40 50 60

by coting with chitosan, the experimental was
designed by Box-Behnken Design (BBD) using
the MINITAB software version 17.0 at 3-factor
(X: chitosan concentration (g/L), X,: retention
time (hr), X;: temperature (°C) and 3-level
(low, medium, high) as shown in Table 1. Total
numbers of 30 experimental runs as shown in
Table 2 were conducted to assess the effect of
independent variable on the efficiency of CEC
(meq/100g). CEC (meq/100g) as response
function was optimized to achieve a desired
value by response optimizer. Thus, CFA-zeolite
modified with chitosan was carried out under
various conditions as already mentioned in
Table 2.

A Chitosan solution was prepared by
dissolving chitosan in acetic acid (pH = 4.87).
After that, the mixed solution was achieved by
orbital shaker equipped in water bath. CFA-
zeolite was then added into chitosan solution
and the mixture was shaken continuously
in water bath at (40-60 °C). Then, After this
procedure, the mixture was filtered and washed
by DI water until pH 7. Finally, CFA-zeolite
modified with chitosan was dried in an oven at
105°C for 24 hours. CEC was then determined
using the ammonium acetate (pH 7) method
according to Zhang et al. (2001)

2.3 Characterization of CFA-zeolite and CFA-
zeolite modified with with chitosan

The textural properties of CFA-zeolite
and CFA-zeolite modified with Chitosan
were estimated by nitrogen adsorption at
-196°C using Micrometrics ASAP 2010
((Micromeritics Instrument Corp, Georgia,
USA) (Sriprom et al., 2015a) Phase analyses
of CFA-zeolite and CFA-zeolite modified with
chitosan were performed by X-ray diffraction
(XRD; Bruker AXS-D8; Karlsruhe, Germany)
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using CuKa radiation (A = 0.15406 nm) with
an anode current of 30 mA and an accelerating
voltage of 40 kV. The samples were scanned
from 20° to 80° (20) in scanning step of 0.02°
ata rate of 5° /min. (Sriprom et al., 2015b). The
chemical composition of CFA and CFA-zeolite
modified with chitosan were determined by
X-ray Fluorescence (XRF; Bruker WDXRF
S8 Tiger, Germany). Si/Al molar ratio of the
samples was calculated from the chemical
composition.

2.4 Cation exchange capacity analysis

Cation exchange capacity (CEC) was
determined using the ammonium acetate
(pH 7) method. 5.0 grams of CFA-zeolite and
CFA-zeolite modified with chitosan samples
were placed in a 125-mL erlenmayer flask. 25
mL of ammonium acetate concentration of
1 mol/L was added to each erlenmayer flask.
The dispersion was stirred and kept overnight
and filtered. Each CFA-zeolite and CFA-zeolite
modified with chitosan samples was leached 3
times with 25 increments of ammonium acetate.
The leachate was transferred and brought to
250-mL using deionized water. CEC of each
kind of leachate was analyzed by titration with
0.1N HCL

3. Results and Discussion

3.1 Characterization of CFA-zeolite and chitosan
modified CFA-zeolite

Chemical composition of CFA, CFA-
zeolite and CFA-zeolite modified with chitosan
were analyzed by XRF as shown in Table 3. It
showed that main compositions of CFA are
the oxides of Si and Al However, iron oxide
is higher than other composition. Due to CFA
is sub-bituminus compound, of which SiO,,
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Table 2. Experimental runs from BBD

Run Order Chitosan Retention time Temperature CEC Y predict
concentration (g/L) (hr) (°C) (meq/100g) (meq/100g)
1 10 36 40 330.00 330.57
2 5 12 50 110.00 110.35
3 15 36 50 265.00 264.64
4 5 24 60 86.67 121.67
5 5 12 50 110.00 110.35
6 10 12 60 317.50 285.67
7 110 36 60 267.50 174.05
8 15 12 50 65.00 106.50
9 15 36 50 265.00 264.64
10 10 36 40 267.50 330.57
11 10 24 50 70.00 81.45
12 10 24 50 56.24 81.45
13 15 12 50 78.33 106.50
14 10 24 50 56.25 81.45
15 15 24 60 106.25 191.98
16 10 24 50 173.75 81.45
17 10 24 50 70.00 81.45
18 5 24 40 71.67 82.59
19 10 12 60 317.50 285.67
20 10 12 40 170.00 168.50
21 15 24 40 320.00 270.40
22 5 24 40 87.50 82.59
23 5 36 50 37.50 2.66
24 10 24 50 62.50 81.45
25 5 24 60 93.75 121.67
26 10 12 40 173.75 168.50
27 15 24 40 283.75 270.40
28 5 36 50 37.50 2.66
29 15 24 60 283.75 191.98
30 10 36 60 73.88 174.05

ALO; and Fe,O; are the main composition,
CFA-zeolite and CFA-zeolite modified with
Chitosan consist of SiO,, Al,O3 and Fe,O; as
main composition like CFA (Wang et al.,2015).

The XRD pattern of CFA, CFA-zeolite and
CFA-zeolite modified with chitosan are showed
in Figure 1. The XRD pattern evidenced the
presence of quartz with 20 = 20.86, 26.64 and
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did not show peak related to iron oxides . CFA
is generated from coal combustion. It typically
consists of silica as the main component and
small amount of iron oxide

The BET surface area of chitosan modified
CFA was 47.52 m?/g. The pore volume and
average pore diameter were 143.20 cm®/g and
0.170 nm, respectively. This can be compared
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Table 3. Chemical composition of sample (% by weight)

Content chitosan modified

Component Content CFA Content CFA-zeolite CFA-zeolite
§i0, 31.80 27.60 33.20
Al 0, 13.70 11.00 14.00
Fe,0; 38.70 40.60 42.30
Ca0 7.23 9.05 2.58
MgO 2.14 2.47 1.90
K,0 0.84 0.18 0.17
Na,0 0.36 6.95 2.33
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Figure 1. XRD pattern of zeolite modified with chitosan, zeolite from coal fly ash and coal fly ash

(b) CA-Zeolite

X000 Sym  —

(c) Chitosan modified
CFA-zeolite

Figure 2. Scanning electron micrographs of (a) CFA, (b) CFA-Zeolite, (c) Chitosan modified CFA-Zeolite

with CFA and CFA-zeolite where the average
BET specific surface area (BET) is 18.13 and
34.55 m*/g. The total volumes of pores are 5.75
and 15.40 cm*/g and the average pore diameter
were 0.026 and 0.13 nm, respectively. These
results indicate the modification process can
be used for increasing the chitosan modified
CFA surface area. The morphology of CFA,
CFA-zeolite and chitosan modified CFA-zeolite
can be seen in the SEM images (Figure. 2a, 2b
and 2¢). CFA has spherical smooth particles,
while CFA-zeolite particle surface are rough,
proposing the structure of zeolite crystals
after the hydrothermal process. Chitosan

modified CFA-zeolite had irregular shape and
rough which can be attributed to the zeolite
acidification treatment. (Pengthamkeerati et
al., 2008; Xie et al., 2013)

3.2 Response Surface methodology and
optimization

3.2.1 Statistical analysis and analysis of
variance

The results of CEC of CFA-zeolite
modified with chitosan at all conditions
designed by BBD technique were estimated by
least-square technique to determine the
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Y = o+ iy BiXi + Ty BEX? + B3, BhByXiX; + € 1)

Y = 81.457 + 65.531X, + 12.612X, — 9.836X; — 16.726X, + 56.310X2 )
+101.937X2 + 66.459X, X, — 29.375X, X5 — 68.421X,X,

regression quadratic equation as shown in
Eq.(1).Where Y is the response (CEC) By, B;,
Bi* and By are the constant coefficients, X is
the independence variable that X;, X,, and X;
are, chitosan concentration (g/L), temperature
(°C) and retention time (hr) and ¢ is the
experimental error. The regression quadratic
equation was resulted in Eq.(2). The predicted
results can be calculated by Eq.(1). Then, the
internal standard residual was applied to check
how well the model satisfies the assumption of
the analysis of variance (ANOVA) Analysis of
variance is applied to estimate the significance
of the regression models and effect of factors.
It explains the variance of factor and achieves
the estimation index of variance.

The predicted results could be calculated
by Eq.(1). Then, the internal standard residual
was applied to check how well the model satisfies
the assumption of the analysis of variance
(ANOVA). Analysis of variance is applied
to estimate the significance of the regression
models and effect of factors. It explains the
variance of factor and achieves the estimation
index of variance. The ANOVA results of the
regression model for CEC are shown in Table 4.
It reccommended that the regression model was
significant, as it was apparent from the model’s

E-value with a low probability value (P < 0.005).
Values of “prob > F” less than 0.05 indicated
that model terms were significant. In this case,
X, X524 X324, XX, and X,X; were statistically
significant for CEC. Other terms like X,, X; and
X;X; with larger p-values could be considered
to have slight influence on CEC.

The regression model was investigated
by graphical analysis of residuals, which
were considered from the differences in the
experimental and the predicted values. The
residual plots for the regression model are
shown in Figure 3, a normal probability plot
of standard residual from least square fit plot
showed a straight line pattern, indicating
satisfaction of the normality assumption. The
frequency of residual in normal distributions
was presented in the histogram. The residual
versus the fitted value shows randomly scattered
around the zero line, which recommend that the
data appeared to show the relatively constant
variance across the predicted value and had no
outliers or influential observations (Sriprom et
al., 2015¢), In addition, the standard residuals
versus observation show fluctuation around
the center line, indicating that the data were
distributed well (Wantala et al., 2013). Figure
4 shows the plot for the predicted values

Table 4. ANOVA analysis

Term coef
constant 81.46
X, 64.53
X, 12.61
X3 -9.84
XX, -16.73
X,X, 56.31
X5X;3 101.94
XX, 66.46
X;X; -29.38
X, X3 -68.42

F-test P-value
- 0.002
21.95 0.000
0.84 0.371
0.51 0.483
0.68 0.419
7.71 0.012
25.58 0.000
11.64 0.003
2.27 0.147
12.34 0.002

R2=80.49%
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Figure 3. Internal standard residual plots versus normal probability, histogram, fit and order
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Figure 4. Observed value plotted against predicted values

versus the experimented values of CEC, the
experimented values were scattered in a nearly
straight line, indicating a highly satisfactory fit
(R? = 0.80), demonstrating that the regression
model predicted the CEC very well.

3.2.2 Main and interaction effects on CEC
of CFA-zeolite modified with chitosan

At 95% confidence, the independence
variable of chitosan concentration (g/L) had
significantly effect to CEC of CFA-zeolite
modified with chitosan (P < 0.05). In opposite,
retention time and temperature had no
significant effect to CEC at95% confidence
(P>0.05).The interaction effect between
chitosan concentration with retention time
and retention time with temperature had
significant effect to CEC at 95% confidence
(P<0.05) as shown in Table 4.Thus, it indicated
that any studied factors could not left out from
the regression model. The main effect was for
chitosan concentration, CEC increased with
increasing chitosan concentration as shown in
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Figure 5, indicating that the chitosan molecule
forms a bilayer on the external surface of CFA-
zeolite described on the basis of CEC.
Chitosan do not form micelle on external
surface. This is in comparison with many
monovalent organic cation with a hydrophobic
C-chain. Due to the layer of chitosan, an
organic fraction is created over the zeolite
surface, which is responsible for trapping
organic hydrophobic pollutants. (Liu et al.,
2017). However, CEC had sharpen in the first
period of time (at 24 hour) and temperature
(at 50 0oC), then CEC increased with time and
temperature but not sharpen like decreasing
rate as depicted in Figure. 6(a) and 6(b). This
indicated that CEC decreased at the first period
and low temperature, following by increased
with increasing time and temperature. This is
due to the surface area and pore of CFA-zeolite
are not coated fully with chitosan at first period
and low temperature, later period and higher
temperature CFA-zeolite coated fully with
chitosan. Thus, change of CEC depends on
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Main Effect Plot For CEC (meq/100g)
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Figure 6. Contour and surface plot of interaction effects of CEC

numerous factors such as starting material and
its structure, selected activation method agents
used and thermal activation. Additionally, the
surface area of particles is important because it
may control the total adsorption capacity and
it generally varies inversely with the particle
size (i.e. the smaller the particle, the larger
the surface area.) (Tatlier et al., 2018) Finally,
MINITAB 17.0 software was used to optimize
the model for maximum CEC (meq/100g). The
results showed that the optimum condition
was found at chitosan concentration 15 g/L,
retention time 36 hr and temperature 40°C.
It can be predicted value of 474.21 meq/100g
CEC. The prediction of model was verified by
additional 3 runs under the optimum condition,
resulting in a CEC of 474.21 + 5 meq/100g.
that experimental value closely agrees with
prediction values of 474.21 meq/100g. From
this result compared with CEC of CFA-
zeolite and CFA was 272.12 meq /100g and
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61.28meq/100g respectively and a comparison
of the CEC of various zeolite is shown in Table
5, indicating that CEC of CFA-zeolite modified
with chitosan is closely with other zeolites
synthesized in other countries, Na-P1 zeolite
synthesized in Brazil and Na-P1, FAU,CHA
synthesized in India.

4, Conclusion

The optimum conditions for increasing
CEC were found at chitosan concentration
of 15 g/L, retention time of 36 hours and
temperature at 40 °C; the predicted value was
474.21 meq/100g, CEC. The prediction of
model was verified by additional 3 experimental
runs under the optimum conditions, resulting
in CEC of 474.21 + 5 meq/100g. Analysis of
variance (ANOVA) results showed that the
experimental data fitted well to the quadratic
regression model with coeflicient determination
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Table 5. Comparison of CEC of zeolites and synthesized zeolites from CFA

Zeolite Fly ash source  CEC (meq/100g) Ref
GIS China 69 (Zhang et al., 2011a)
Na-P1 Brazil 290 (Cardoso et al., 2015)
K-Phillipsite Spain 85 (Juan et al., 2009)
Na-P1 China 213 (Zhang et al., 2007)
Na-P1, FAU, CHA India 283.3 (Prasad et al., 2011)
if‘:i:;fgsith small amounts of China 279 ( Zhang et al., 2011b)
A South Africa 105 (Koukouzas et al., 2010)
FAU, SOD, A South Africa 95 (Somerset et al., 2008)
CFA -zeolite Thailand 268.17 This work
Chitosan modified CFA-zeolite Thailand 474.21 This work

exceeding 0.80. Chitosan concentration was
the most significant factor in determination
of CEC. Synthetic temperature and synthetic
time had little effect on CEC values. Currently,
we have high amount of chitosan remaining as
waste product. It will be very useful for make
use of chitosan in term of increasing CEC of
CFA-zeolite.
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