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ABSTRACT

In the present study, the preparation of sorbent from waste-derived siliceous
materials has been investigated for the removal of dyes and heavy metals. The rice
husk ash (RHA), palm oil fuel ash (PFA) and coal fly ash (CFA) were selected,
since no work has been carried out to combine these waste-derived siliceous
materials as a sorbent, and also it is highly abundant in Malaysia. The novel sorbents
were prepared using various methods, namely hydration method, chemical
activation, magnetic method and sol-gel method. The prepared sorbents were used to
remove single components of zinc (Zn?"), nickel (Ni?"), iron (Fe?"), manganese
(Mn*"), brilliant green dye, direct blue 71 dye, and acid violet 7 dye from synthetic
wastewater. Various physical and chemical characterizations were carried out for
(selected) prepared and spent RHA/PFA/CFA sorbents in order to obtain a better
understanding of adsorption process in removing dyes and heavy metals. More than
90% of each dye and heavy metal could be removed during all optimum conditions.
All experimental parameters, such as ash ratio in the sorbent preparation, contact
time, initial concentration of dye or heavy metal, agitation rate and pH, affecting the
adsorption of dye and heavy metal. This study demonstrated that RHA, PFA and
CFA could be combined and can be exploited as an excellent alternative sorbent for

the removal of dyes and heavy metals by adsorption process.

Keywords: Sorbent, Rice husk ash, Palm oil fuel ash, Coal fly ash, Dye, Heavy metal.



CHAPTER 1
INTRODUCTION & LITERATURE REVIEW

The release of huge quantities of dyes wastewater and heavy metals from many
industries into water bodies has creates undesirable impact on the environment. Due to
strong colour, dyes reduce sunlight transmission into water thus affecting aquatic plants.
Typically, untreated dyes wastewaters from dyestuff production and dyeing industries
have a great variety of colours and difficult to biodegrade due to complex chemical
structures. Furthermore, dyes used in the textile industry may be toxic to aquatic
organisms and some of these dyes are suspected carcinogens (Pinheiro et al., 2004;
Erdem et al., 2005; Babu et al., 2007, Hameed, 2009). At the same time, unlike other
organic pollutants, heavy metals (such as arsenic, cadmium, copper, lead, mercury, and
zinc,) are also not easy to biodegrade and tend to accumulate in soil and water
reservoirs. The disposal of untreated heavy metal containing effluents into natural water
resources causes negative effects to the aquatic environment and in humans some of
these metals, even in small amounts can cause severe physiological and health effects
(Kadirvelu & Namasivayam, 2003; Rengaraj et al. 2004). As a result, heavy metals are
permitted to be discharged only at very low concentrations.

Due to the strong environmental concern and regulation, removal of dyes and
heavy metals are necessary before discharging into water streams. Various treatments
have been used to treat dyes and heavy metals. Chemical treatment has been used to
decolourize dye containing wastewater as well as to remove heavy metal. However,
these chemical treatments are too expensive for practical implementation. And also due
to low biodegradability of dyes and heavy metals, biological treatments (using activated
sludge process, trickling filters and rotary biological contactors) (Spellman, 2003; Wang
et al., 2009) cannot effectively remove them from wastewater.

From various treatment technologies exist for dyes and heavy metals removal,
adsorption technique using many type of sorbents is still the most favorable method in
the removal of these contaminants from wastewaters due to its efficiency; high
adsorption capacity and low operational cost method (Demirbas, 2008; Sudet al., 2008;
Demirbas, 2009; Gupta & Suhas, 2009). From many type of sorbent, activated carbon

(from many sources of raw materials) is currently of great interest for removal of dyes



and heavy metals. Although activated carbon is a preferred sorbent, however carbon
adsorption remains an expensive process and difficulties associated with regeneration
(Bhatnagar & Jain, 2005). Therefore, low-cost (sorbent) alternatives to activated
carbons have attracted considerable research interest in recent years.

Attempts have therefore been made to utilize waste materials as alternative
sorbents, especially waste-derived siliceous materials, i.e. rice husk ash (RHA), palm oil
fuel ash (PFA) and coal fly ash (CFA). These ashes are come from the burning of rice
husk, palm oil fiber/shell, and coal to generate electricity. The utilization of RHA
(Chuah et al., 2005; Foo & Hameed, 2009), oil palm by-product (Issabayeva et al.,
2006; Hasnain et al., 2007; Tan et al., 2008a) and CFA (Wang & Wu, 2006) as an
adsorbent has been investigated/reviewed in literature. Nevertheless, most of these ashes
were converted to activated carbon before utilizing as an adsorbent. Furthermore, no
work has been carried out to combine these waste-derived siliceous materials as a
sorbent. On the other hand, the role of silica in these waste materials in removing dyes
and heavy metals is very scarcely reported.

Therefore, the objective of this study is to synthesize a RHA/PFA/CFA sorbent
with good adsorption properties and to understand the role of silica in removing dyes
and heavy metals. The rice husk ash (RHA), palm oil fuel ash (PFA) and coal fly ash
(CFA) were selected because of it is highly abundant in Malaysia.

The undertaken research project aims to achieve the following objectives:

1. To synthesize and characterize rice husk ash (RHA), palm oil fuel ash (PFA) and
coal fly ash (CFA) for the preparation of siliceous-based sorbent

2. To study the sorption of dyes (i.e. brilliant green dye, direct blue 71 dye, and acid
violet 7 dye) and heavy metals (i.e. zinc, nickel, iron, and manganese) on
RHA/PFA/CFA sorbent in batch process under various operating conditions (effect
of initial concentration, effect of temperature, effect of pH solution and effect of
sorption time).

3. To study the role of silica (SiO,) in the preparation of siliceous-based sorbent for the
removal dye and heavy metal

4. To study the kinetic and isotherm properties of dyes and heavy metals on
RHA/PFA/CFA sorbent



to give an overview of the research activities that have been performed throughout this

study.

CHAPTER 2

MATERIALS AND METHODS

Figure 2.1 shows the overall flowchart of the present experimental work. This is
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Figure 2.1. Flowchart of overall experimental activities involved in this research.

2.1 Preparation of Sorbent

The sorbents were prepared from rice husk ash (RHA), palm oil fuel ash (PFA)
and coal fly ash (CFA). The RHA was obtained from Kilang Beras & Minyak Sin Guan
Hup Sdn. Bhd., Penang. The PFA was supplied by United Oil Palm Mill, Penang. While
CFA was collected from Stesen Janakuasa Sultan Azlan Shah, Manjung, Perak. Prior to
use, all three type of ashes were sieved to obtain less than 63 pm fine particle size and
oven dried overnight at 110°C. The dyes (i.e. brilliant green dye, direct blue 71 dye, and
acid violet 7 dye) were obtained from Sigma-Aldrich Sdn. Bhd. Other chemicals were
supplied by local suppliers.



In this present study, different preparation methods were used in order to

synthesize RHA/PFA/CFA sorbent.

(1). Preparation of hydrated RHA/PFA/CFA sorbent

A specific amount of RHA, PFA and CFA was added into 100 ml deionized water in the
conical flask. Then the conical flask was inserted into a water bath shaker with a
rotating stirring rate of 150 rpm and temperature of 65°C for 3 h. After that, the slurry

was filtered and dried in the oven at 110°C for 3 h before used as sorbent.

(2). Preparation of NaOH-treated RHA/PFA/CFA sorbent
Modified RHA/PFA/CFA sorbent was prepared by mixing a specific amount of RHA,
PFA and CFA into 500 ml NaOH 3 M. The mixture was stirred (constantly) using hot

plate for 5 h. Then, the product was washed with warm distilled water and ethanol,

filtered and then dried in the oven at 110°C for 3 h before used as sorbent.

(3). Preparation of HCl-treated RHA/PFA/CFA sorbent

For the modification of HCl-treated RHA/PFA/CFA sorbent, a specific amount of each
ash (RHA, PFA, CFA) was refluxed with 500 ml of 3 M HCI at 80°C in a round-bottom
flask for 3 h. The mixture was then air-cooled, filtered and repeatedly washed with
deionized water until the filtrate was neutral. It was then dried in an oven at 110°C

before use.

(4). Preparation of HCI-NaOH treated RHA/PFA/CFA sorbent
The prepared sorbent (Method No. 3) was further treated with 3M NaOH solution
according to the preparation of Method No. 2.

(5). Preparation of RHA/PFA/CFA sorbent by sol-gel method

A specific amount of each ash (RHA, PFA, CFA) was mixed and stirred in nitric acid
(HNOs 65%) for 24 h. This removes almost all metals to negligible levels. It was then
filtered and rinsed with deionized water until the pH of the rinse became constant. The
mixture was subsequently dried in an oven at 110°C for one day. A specific amount of
the acidified RHA/PFA/CFA sorbent was dissolved in 250 ml of 6 M NaOH, stirred for
12 h, and filtered to remove undissolved particles. The filtrant was titrated with 3 M
nitric acid which contained 10% (w/w) AP** [AI(NOs);.9H,0 in HNO;]. A black



suspension was observed when the pH reached 11.5. Titration was carried out until the
pH ~ 5. The sample was then aged for 6 days. The soft gel formed was filtered and dried
at 110°C for 24 h. This sorbent was then calcined at 700°C for 5 h.

(6). Preparation of magnetic RHA/PFA/CFA sorbent

A specific amount of RHA was suspended in distilled water (500 mL). A ferric chloride
solution was freshly prepared by adding 18 g FeCl; to distilled water (150 mL). A
ferrous sulfate solution was prepared by adding 20 g FeSO4 to distilled water (150 mL).
Both solutions were combined and vigorously stirred at 60-70 °C. The suspension
formed was then added into suspension of RHA at room temperature and slowly stirred
for 30 min. After mixing, 10 M NaOH (aqueous) was added drop wise into the
suspension until the PH raised to 10-11. During NaOH addition, the suspension became
dark brown at pH ~6 and then black at pH ~ 10. After mixing for 60 min, the
suspension was aged at room temperature for 24 h and then repeatedly washed with
distilled water followed by ethanol. The sorbent was vacuum filtered and dried

overnight at 50 °C in a hot air oven.

2.2 Batch Adsorption Studies

Batch adsorption studies were carried out at ambient temperature by varying
contact time, initial concentration of dye/heavy metal, temperature, sorbent amount,
shaking rate, and pH. All experiments were carried out in 250 ml conical flasks and the
total volume of the synthetic wastewater was kept at 100 ml, The pH of solution was
maintained at a desired value by adding 0.1 M NaOH or HNCO;. The conical flasks
were shaken at a certain speed in a SK-600 horizontal shaker or Certomat S-II
horizontal shaker (Sartorius AG). Samples were withdrawn at appropriate time
intervals, filtered through fiber filter paper and filtrate was analyzed using DR2800
Spectrophotometer. The percentage removal of dye/heavy metal was calculated using

the following relationship:

GG x 100 2.1

% Removal =
o

where C, and C, are the initial and equilibrium concentration of dye/heavy metal

solution (mg/l), respectively. All experiments were duplicated to increase the precision

of the results, and only the average value was reported throughout this research. In some



part of this research, removal efficiency data were presented in term of normalized data.

Before plotting the graph, the data were normalized in the range of 0 (newx_, ) to 1

(new x_,,, ) to obtain a new removal efficiency scale value data (x,_,) by the following
Equation (2.2),

X. —X_.
X, _, =——""—(newx,, —newx,_,)+newx,, (2.2)

2.3 Isothern and Kinetic Studies
The experimental data from the effect of initial dye and heavy metal

concentrations was used in equilibrium and kinetic studies. At time t = 0 and

equilibrium, the dye and heavy metal concentrations was measured and the amount of

adsorption at equilibrium, qe (mg/g), was calculated by,
I —ufe).V

where C, and C. (mg/l) are the liquid-phase concentrations of sample at initial and

(2.3)

equilibrium, respectively. W (g) is the mass of sorbent used and V (1) is the volume of
the solution.

Adsorption isotherm is fundamentally essential to explain how solutes interact
with sorbents, and is critical in optimizing the use of sorbents. In the present study, the
equilibrium isotherms were analyzed using the Langmuir, Freundlich, Redlich-Peterson,
and Temkin isotherms. The linear form of Langmuir, Freundlich, Redlich-Peterson, and

Temkin isotherms are given in Egs (2.4), (2.5), (2.6) and (2.7), respectively.

C_1_6C (2.4)
9. Ob O
Ing, =InK, +llnCe (2.5)
n
C
In(K,—<4-1)=Ina, + fInC, (2.6)
q.=B,InK, + B InC, 2.7

where the constant Qy signifies the adsorption capacity (mg/g) and b is related with the
energy of the adsorption (I/mg), K¢ and n are Freundlich constants, Kr is the R-P
isotherm constant (1/g), ag is the R-P isotherm constant (I/'mg), f is thc cxponent which



lies between 1 and 0, and K, and B, are Temkin isotherms which is related to maximum

binding energy and heat of adsorption, respectively.

2.4 Chemical and Physical Analysis

The concentration of the dye and heavy metal in the solution before and after
sorption treatment was analyzed using DR2800 Spectrophotometer. Apart from that,
selected RHA/PFA/CFA sorbents, before and after the adsorption process, was
characterized based on its physical and chemical properties using various analytical
instruments. For example, the chemical composition of each raw RHA, PFA, CFA as
well as the prepared RHA/PFA/CFA sorbents was determined using X-ray Fluorescence
(XRF) spectrometer. The specific surface area of the prepared sorbents and raw
materials were determined using Mastersizer 2000 and/or BET (Brunner-Emmett-
Teller) methods on an Autosorb-1 Quantachrome analyzer. Scanning electron
microscope (SEM) was used to examine the sorbent surface morphologies and X-ray
diffraction (XRD) spectrum was recorded using X-ray diffractometer to investigate the
various phases present in the sorbent. The specific surface functional groups in the

sorbent were determined using Fourier Transform Infrared (FTIR) spectroscopy.



CHAPTER 3
RESULTS AND DISCUSSION

The chemical composition of rice husk ash (RHA), palm oil fuel ash (PFA) and
coal fly ash (CFA), which was analyzed using Rigaku RIX 3000 X-ray Fluorescence
(XRF) spectrometer, is shown in Table 3.1. It was shown that the silica (SiO,) was the

significant component inside these ashes besides other metals.

Table 3.1 Chemical composition of RHA, PFA and CFA.

Composition Percentage (wt%)

(Oxides) RHA PFA CFA
Si0O, 63.31 | 34.00 | 31.00
C 18.63 | 25.00 | 24.00
K,0 2.23 2.90 0.68
P,0s 0.58 2.00 0.12
CaO 0.43 5.00 6.60
MgO 0.42 3.10 3.50
Fe,03 0.26 5.30 10.00
SO, 0.20 0.26 0.33
TiO, 0.09 0.25 0.48
CLO 0.18 0.03 trace
AlLOs 0.11 5.50 11.00
Others 0.01 0.24 0.29
LOI 13.54 | 1642 | 12.00

3.1 A Study on the Removal Characteristic of Zinc ion (Zn2+) from Synthetic

Wastewater Using a Novel Waste-Derived Siliceous Sorbent

In this study, the removal of zinc (Zn2+) from synthetic wastewater was
investigated by adsorption method using RHA/PFA/CFA sorbent prepared by sol-gel
method (Adam & Chua, 2004; Adam et al., 2006).



3.1.1 Effect of Sorbent Amount

The amount of sorbent is one of the important parameters to obtain the
quantitative adsorption of Zn** from synthetic wastewater. The dependence of Zn**
adsorption on amount was studied by varying the amount of RHA/PFA/CFA sorbent
from 0.25 to 4 g while keeping other parameters (contact time, shaking rate, pH and
initial Zn** concentration) constant. Figure 3.1 shows the effect of sorbent amount on
removal efficiency of Zn>". It can be observed that removal efficiency of Zn** increases
with increase in sorbent amount. Zn** removal efficiency significantly increased from
93.3% to 98.5% when the amount of RHA/PFA/CFA sorbent was increased from 0.25
to 1 g. An increase in the adsorption with the amount of sorbent might be attributed to
greater surface area and the availability of more exchangeable sites for metal ions. At
the sorbent amount of greater than 1 g, the Zn®* removal efficiencies are almost similar,
hence no additional adsorption of Zn** to adsorption sites of the sorbent. Although,
there is a slightly decrease in Zn*>* removal efficiency from 2 to 4 g, this might be due to

desorption effect, however, the effect is not significant.
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Figure 3.1 Effect of sorbent amount on the removal of Zn**.

3.1.2 Effect of Contact Time

Equilibrium time is another main important parameters for an economical
wastewater treatment process. To establish a suitable contact time between the

RHA/PFA/CFA sorbent and Zn®* solution, the removal efficiency of Zn** were studied



as a function of time over 0.5 to 2.5 h. Figure 3.2 shows the effect of contact time on
removal efficiency of Zn>*. The results showed that a half-hour (0.5 h) equilibrium time
for the RHA/PFA/CFA sorbent is enough to remove more than 95% of Zn**. This
shows that adsorption site are well exposed, thus quick reaction is occurred. As the
contact time increase to 1 h, about 97.2% Zn** removal efficiency was achieved. Above
1 h of contact time, there were no significant Zn** removal efficiency was observed,
therefore equilibrium time was reached in 1 h. Thus, to make sure that equilibrium was

reached, it was decided to use the equilibrium time of 1 h in the rest of this study.
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Figure 3.2 Effect of contact time on the removal of Zn*.

3.1.3 Effect of Shaking Rate

The effect of shaking rate was studied by varying the shaking rate from 50 to 250
rpm while keeping other parameters constant. Results shown in Figure 3.3 indicate that
removal efficiency of RHA/PFA/CFA sorbent increased from 92.8% to 97.5% when
shaking rate increased from 50 to 100 rpm. An enhanced adsorption rate at higher
shaking rate is probably due to an increase in the mobility of sorbing species (Raji &
Anirudhan, 1996). Apart from that, the increase of the shaking rate might improve the
diffusion of the zinc ions towards the surface of the RHA/PFA/CFA sorbents. For
shaking rate greater than 100 rpm, the removal efficiency of Zn** remained constant,

thus a shaking rate of 100 rpm is sufficient to assure the surface binding for zinc uptake.
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Figure 3.3 Effect of shaking rate on the removal of Zn®*.

3.1.4 Effect of pH

The behavior of metal ions in aqueous solutions (synthetic wastewater) is
influenced by pH of the solution. The pH does not only determine the speciation of
metal ions in the solution but also determines the surface charge of the sorbent (Cho et
al., 2005). Thus, the role of pH was examined in the pH range 2 — 10 on the Zn*
removal. The effect of pH on the Zn®* removal is presented in Figure 3.4. It was shown
that increasing pH of the solution from 2 to 8 caused the Zn** removal efficiency
increased from 87% to 97%. The low adsorption removal of Zn** by RHA/PFA/CFA
sorbents at low pH values can be attributed to the fact that at low pH values, the H' ion
concentration is high, therefore protons can compete with the zinc cations for surface
adsorption sites of the sorbent, since at low pH zinc are present in solution as Zn** free
cations. Furthermore when pH increases, there is a decrease in positive surface charge,
which results in a lower electrostatic repulsion between the positively charged metal ion
and the surface of RHA/PFA/CFA sorbent’s active site which favor adsorption process
to occur.

From Figure 3.4, it was also found that there was a reduction in Zn’>" removal
efficiency to 94%, when equilibrium pH was increased to 10. Therefore, in this study
pH 8 was considered as an optimum condition for adsorption process. Different
observations were reported by other researchers for Zn** adsorption. Study by Abdel
Salam et al. (2011) reported that the optimum pH of 6 was obtained for Zn** adsorption



using peanut husk charcoal and natural zeolite. Similar to that, Amuda et al. (2007) also
found the optimum pH of 6 for the removal of Zn>* using composite sorbents (chitosan-
coated acid treated coconut shell carbon). The different results obtained in this study are
probably caused by structural changes being effected in the Zn®" molecules and the
surface adsorption characteristics of RHA/PFA/CFA sorbent. Therefore, this study
shows that the pH of the solutions plays an important role in the whole Zn** adsorption

process and on the adsorption capacity of RHA/PFA/CFA sorbents.
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Figure 3.4 Effect of pH on the removal of Zn**.

3.1.5 Characterization of RHA/PFA/CFA Sorbents

The surface morphology of the selected RHA/PFA/CFA sorbents was examined
using scanning clcctron microscopy (SEM). Figure 3.5 shows the image of the selected
RHA/PFA/CFA sorbents before and after treatment with Zn®*, It was observed (Figure
3.5a & b) that RHA, PFA and CFA are combined to each other to form larger or
complex particles with compact structures during the preparation of sorbent using sol-
gel method. From previous studies, raw RHA was reported to have uniform structure
with a dome-shaped and/or a skeletal structure (Dahlan et al., 2008). While raw PFA
usually has the shape of flat plate layers with small particles deposited on its surface
(Zainudin et al., 2005) and raw CFA typically consists of smooth sphere
particles/structures (Lee et al., 2006). After the adsorption of Zn**, the surface of the
RHA/PFA/CFA sorbents was found to have more compact structures covered by lumps

of smaller particles (Figure 3.5c), which is most probably the zinc ions. Closer view at



higher magnification (5000X) shows that the sorbent surface consists of a tetrahedron
and/or octahedron-like structures with other small granular particles (Figure 3.5d), and
this might be caused by zinc sorption which covered the external surface of

RHA/PFA/CFA sorbents.
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Figure 3.5 Scanning electron micrograph of prepared RHA/PFA/CFA sorbents at (a)
1000X, (b) 2000X and spent RHA/PFA/CFA sorbents at (¢) 1000X and (d) 5000X

magnifications.

To further strengthen this study, selected RHA/PFA/CFA sorbents was also
characterized for particle size distribution before and after Zn** removal. The particle

size distribution of selected RHA/PFA/CFA sorbents is shown in Figure 3.6. It was



shown that RHA/PFA/CFA sorbent before and after treated with Zn®>* has bimodal-type
particle size distribution, with two (nearly) similar range. The bimodal-type particle size
distribution of the prepared and spent RHA/PFA/CFA sorbents might be resulted from a
process involving breakup of multiple sources of particles or variable growth
mechanisms during the preparation method and as well as from a process involving the
agglomerating of smaller particles (which is most probably the zinc ions that cover the
surface of the sorbent) during the adsorption process.

The results also showed that the volume of the first particle size distribution range
(ie. RHA/PFA/CFA sorbent after treated with Zn®") is reduced as compared to
RHA/PFA/CFA sorbent before treated with Zn>". Meanwhile, the volume of the second
particle size distribution range of RHA/PFA/CFA sorbent after treated with Zn*" is
increased, which means that higher particle size distributions range are available after
Zn** jon adsorption on the RHA/PFA/CFA sorbent surface.

It was also found that the specific surface area of RHA/PFA/CFA sorbent before
treated with Zn*" was much higher (0.774 m%/g) than that of the RHA/PFA/CFA sorbent
after treated with Zn>* (0.666 m?/g). The lower specific surface area of RHA/PFA/CFA
sorbent after treated with Zn>* could be due to the agglomerating of smaller particles
(which is most probably the zinc ions that cover the surface of the sorbent) during the
adsorption process. Apart from that, the average surface weighted mean and average
volume weighted mean are dramatically increased (from 7.753 pm and 65.005 pm,
respectively) to 15.984 um and 353.178 pm, respectively, after the RHA/PFA/CFA

sorbent was treated with Zn?*.
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Figure 3.6 Particle size distribution of RHA/PFA/CFA sorbents.



From the results of this study, it can be concluded that waste-derived siliceous
materials, i.e. rice husk ash (RHA), palm oil fuel ash (PFA) and coal fly ash (CFA), can
be prepared and used as an effective sorbent for the removal of zinc ion (Zn*") from
synthetic wastewater. All experimental parameters, such as amount of sorbent, contact
time, shaking rate, and pH affecting the adsorption of Zn**. During all optimum
conditions tested, it was found that RHA/PFA/CFA sorbent was able to remove more

than 95% of Zn>" from synthetic wastewater.

3.2 Manganese (Mn>") Removal From Aqueous Solutions Using RHA/PFA/CFA

Sorbent.

In this study, water hydration and reflux methods were used to prepare
RHA/PFA/CFA sorbent in order to select the best method for sorbent preparation.
Different prepared RHA/PFA/CFA sorbents were resulted from this preparation, i.e.
hydrated RHA/PFA/CFA sorbent, hydrated RHA/PFA/CFA sorbent with Ca(OH),
addition, NaOH-treated RHA/PFA/CFA sorbent, HCl-treated RHA/PFA/CFA sorbent,
and HCI-NaOH treated RHA/PFA/CFA sorbent and these sorbents were labeled as
sorbent S1-A, S1-B, S2, S3 and S4, respectively.

Table 3.2 shows the result of manganese removal using different prepared
RHA/PFA/CFA sorbents. It was shown that S- 1(B) sorbent (hydrated RHA/PFA/CFA
sorbent with Ca(OH), addition) was found to have highest manganese removal.
Therefore, S- 1(B) sorbent prepared using water hydration method with Ca(OH),

addition was used for the next study.

Table 3.2 Manganese removal based on different preparation methods

Method Sorbent label | Removal efficiency
(%)
S- 1(A) 96
Water hydration S- 1(B) 99
S-2 92
Reflux S-3 79
S-4 98




After selecting the sorbent based on preparation method, the water hydration
method with Ca(OH), addition was used to prepare the sorbents with various
RHA/PFA/CFA ratio. It was found out from Table 3.3 that sorbent prepared with
RHA/PFA/CFA ratio of 0:6:3 gave the highest manganese removal. Thus, it was
decided to prepare hydrated PFA/CFA sorbent with Ca(OH); addition (with PFA/CFA
ratio of 6:3) in the rest of this study.

Table 3.3 Manganese removal based on ratio

RHA/PFA/CFA ratio Manganese
RHA | PFA | CFA removal (%)
3 3 3 97
0 3 3 97
3 0 3 97
3 3 0 98
0 3 6 97
6 3 0 96
3 0 6 97
6 0 3 98
3 6 0 96
0 6 3 99

3.2.1 Effect of Contact Time

Figure 3.7 shows manganese removal efficiency as function of contact time. It is
shown that increase in shaking time increased removal efficiency until equilibrium
adsorption was established. It is obvious that increase in contact time from 5 to 60
minutes enhanced the percent removal of manganese significantly. The initial rapid
adsorption gives away a very slow approach to equilibrium. The nature of sorbent and
its available sorption sites affected the time needed to reach the equilibrium. In the
beginning fast adsorption, may be explained due to the availability of more number of

adsorption sites. After initial adsorption of adsorbate, the available sites in the adsorbent



reduced and thus rate of adsorption further decreased, which attained a limiting value at

equilibrium
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Figure 3.7 Effect of contact time on the adsorption of Mn®" using PFA/CFA sorbent.

3.2.2 Scanning Electron Microscopy (SEM) Analysis

Figure 3.8 shows the image of the PFA/CFA sorbent before and after treatment
with manganese. SEM photographs shown in Figure 3.8(a) revealed that PFA and CFA
are combined to each other to form larger or complex particles during the preparation.
From previous studies, raw PFA usually has the shape of flat plate layers with small
particles deposited on its surface and raw CFA typically consists of smooth sphere
particles/ structures. After the adsorption of manganese, the surface of the PFA/CFA
sorbent was found to have more compact structures. The rough irregular-shaped
particles are attached on the surface and inside of the PFA/CFA sorbent and this might
be caused by manganese sorption which covered the external surface of PFA/CFA

sorbent as shown in Figure 3.8(b).
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Figure 3.8 Scanning electron micrograph of (a) prepared PFA/CFA sorbent and (b)

PFA/CFA sorbent after treated with manganese.

3.3 RHA/PFA/CFA Sorbent for Removal of Ni** From Aqueous Solutions

In the present study, the preparation of sorbent from waste-derived siliceous
materials was investigated for the removal of nickel ion (Ni%") from aqueous solutions.
The sorbents were prepared using the water hydration method (Dahlan et al., 2008). In
the preliminary study, the sorbents were prepared from RHA, PFA and CFA in order to
select the best ratio between the ashes. In this study, all removal efficiency data were

presented in term of normalized data.



The amount of ash is one of the important parameters in the preparation of sorbent
using hydration method, therefore it is necessary to choose the best ratio between RHA,
CFA and PFA; but not all three types of ashes have to be used to synthesize the sorbent.
In this study, the sorbent was only prepared by combination of two ashes with the aim
to reduce complexity of the prepared sorbent. Figure 3.9 shows the effect of various
ratios in the preparation of waste-derived siliceous materials as a sorbent in removing
Ni**. The ratios shown in Figure 3.9 represent the actual mass (g) of ashes used in the
sorbent preparation. It can be observed that amount of each ash (in sorbent preparation)
was found to have effect on resulting sorbent in removing Ni** from synthetic
wastewater. Although the effect was not too significant, however for RHA/CFA sorbent
with ratio of 6:3 (ratio number six), the removal efficiency significantly dropped as
compared to other ratios. At this moment, the influential factor for various ratios in
synthesizing sorbents from waste-derived siliceous materials that provide a high Ni**
removal efficiency is still unclear. From all the ratios, it can be observed that sorbent
contains RHA and PFA (with ratio of 3:3) gave the highest NiZ* removal efficiency.
Therefore, to further investigate the effect of these waste-derived siliceous materials as
a sorbent in removing Ni**, it was decided to prepare hydrated RHA/PFA sorbent (with
ratio of 3:3) in the rest of this study.
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Figure 3.9 Effect of ash ratio in the preparation of waste-derived siliceous sorbent on
the removal of Ni**. (Expetimental conditions: initial concentration, 25 mg/L; contact
time, 2 h; shaking rate, 130 rpm; sorbent dosage, 0.3 g; room temperature).



3.3.1 Effect of Contact Time
To establish a suitable contact time between the RHA/PFA sorbent and synthetic

wastewater, the removal efficiency of Ni?* were studied as a function of time from 5 to
60 minutes. The removal efficiency of Ni*" increased with the increase in shaking time
until equilibrium adsorption was established at 30 minutes (Figure 3.10). This shows
that adsorption sites are well exposed, thus quick reaction occurred. The results also
show that at 30 minutes equilibrium time, the RHA/PFA sorbent is enough to remove
more than 90% of Ni**. The nature of sorbent and its available sorption sites affect the
time needed to reach equilibrium (Bhattacharya et al., 2008). In the beginning, fast
adsorption may be explained due to the availability of more number of adsorption sites.
After initial adsorption of adsorbate, the available sites in the adsorbent reduced and
thus, the rate of adsorption further decreased, which attained a limiting value at
equilibrium. Above 30 minutes of equilibrium time, there no further significant Ni**

removal. Thus, it was decided to adopt the equilibrium time as 30 minutes for the rest of

this study.
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Figure 3.10 Effect of contact time on the removal of Ni** using RHA/PFA sorbent
(Experimental conditions: initial concentration, 130 mg/L; shaking rate, 130 rpm;
sorbent dosage, 0.3 g; room temperature)

3.3.2 Effect of Nickel Concentration

The effect of initial concentrations on metal ion uptake was investigated by

varying the nickel concentration from 25 to 200 mg/L. In this study, the RHA/PFA



sorbent efficiency follows a bell shaped curve (Figure 3.11). It can be seen from Fig. 3,
the Ni** removal efficiencies were markedly increased with the initial Ni**
concentration up to 100 mg/L. and remained constant up to 130 mg/L. The rapid
increase of nickel removal at low initial concentration might be due the surface area and
the availability of adsorption sites of RHA/PFA sorbent were relatively high and the
nickel ions were easily adsorbed. As the Ni** concentration increased (above 130 mg/L)
the total available adsorption sites became limited and/or saturated and the RHA/PFA
sorbent could no longer bind further Ni**, resulting in a decrease in the Ni** removal

efficiencies.
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Figure 3.11 Effect of nickel concentration on the removal of Ni** using RHA/PFA
sorbent (Experimental conditions: contact time, 2 h; shaking rate, 130 rpm; sorbent
dosage, 0.3 g; room temperature)

3.3.3 Effect of Agitation Rate

The effect of agitation rate was investigated by varying the agitation rate from 100
to 210 rpm while keeping other parameters constant. The effect of agitation rate on
removal efficiency of Ni** is shown in Figure 3.12. As can be seen in Figure 3.12, the
removal efficiency of RHA/PFA sorbent increased when shaking rate increased from
100 to 130 rpm. More than 90% of Ni** is removed from the synthetic wastewater at
agitation rate of 130 rpm. An enhanced of Ni** removal efficiency at higher agitation
rate is probably due to an increase in the mobility of adsorbing species (Raji &

Anirudhan, 1996). Apart from that, the increase of the agitation rate might improve the



diffusion of nickel ions towards the surface of the RHA/PFA sorbents. For agitation rate
greater than 130 rpm, the removal efficiency of Ni** was found to decrease. This might
be due to higher boundary layer resistance to mass transfer in the bulk. Thus, it is
concluded that agitation rate above 130 rpm is not suitable to ensure the surface binding

of Ni%*,
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Figure 3.12 Effect of shaking rate on the removal of Ni** using RHA/PFA sorbent
(Experimental conditions: initial concentration, 130 mg/L; contact time, 2 h; sorbent
dosage, 0.3 g; room temperature)

3.3.4 Effect of pH

The hydrogen ion concentration (pH) of the aqueous solutions (synthetic
wastewater) is an important parameter since it effects not only the surface charge of
sorbent, but also the degree of ionization and speciation of sorbent during adsorption
(Cho et al., 2005). The behavior of Ni** ions in aqueous solutions was examined in the
pH range 2 — 10. The effect of pH on the Ni** removal is presented in Figure 3.13. It
was shown that increasing pH solution from 2 to 4 caused the Ni** removal efficiency to
incr