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ABSTRACT

The study of rice husk as potential activated carbon as a low-cost adsorbent to
remove zine (Zn) from Zn(Il) ion solution was investigated. Raw rice husk as an
agricultural waste was chosen for this project due to its huge amount of production
during milling activities. The scope of this study covers from preparation of the rice
husk activated carbon (RHAC) to the experimental works for removal of Zn(II) ion
from aqueous solution. The preparation involves three stages which are preparation
of raw rice husk to size of 63um, digestion and carbonization. 63pm raw rice husks
were digested with 1.0 M sodium hydroxide (NaOH) solution for 24 hours. The
treated rice husks were then carbonized at 500°C for 1 hour in order to remove
volatile organic constituents leaving behind highly porous carbonaceous materials.
Once the activated carbon was prepared, mixing process with Zn(II) ion solution at
various contact time ranging from 5 to 120 minutes was carried out to study the
adsorption capacity. In this study, pores development in rice husk was analyzed
using FESEM for each stage. Other analyses on rice husk activated carbon were also
conducted using BET Surface Area Analyzer, Fourier Transmitter Infrared
Spectroscopy (FTIR), CHN Elemental Analyzer, and X-ray Diffraction (XRD) for
the characterization study. The adsorption capacity towards metal ion was
determined using Atomic Adsorption Spectroscopy (AAS). [sotherm models are also
developed, which is Langmuir and Freundlich Isotherm. The results obtained from
the adsorption study showed that rice husk has a potential to be converted to

adsorbent for the removal of heave metals.
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CHAPTER 1
INTRODUCTION

1.1  BACKGROUND OF STUDY

The environment has always been in danger due to the rapid growth of
industrialization. One of the aspects that has been affecting heavily is the heavy
metals that has been discharged into the environment without proper treatment and
cleaning. Metal ions are mostly non-degradable and very toxic, and the major source
is from the industrial wastewater. The contaminated wastewater can affect both
surface and ground water which will affect the biological ecosystem thus resulting
health hazard. The heavy metals which come with immediate concern are zinc,

chromium, iron, nickel, mercury, cadmium and lead (Kadirvelu et al 2001).

Heavy metals concentration has to be reduced to some levels. Table 1.1 in the
next page shows the Environmental Quality Act 1974, Environmental Quality
(Sewage and Industrial Effluents) Regulations, 1979, in Malaysia with selected

parameter limits of effluent of heavy metals.

Zinc as the heavy metals in question mostly exhibits the environment via
human activities such as mining, purifying zinc, lead and cadmium ores, steel
production, coal burning, galvanizing and from the waste water of pharmaceuticals,
paints, pigments, insecticides, cosmetics and industries (Bhattacharya 2006). Some
of the technologies that were usually used to remove Zinc ions in wastewater are
chemical precipitation, solvent extraction, reverse osmosis, ion exchange,
evaporation, filtration, adsorption, oxidation and reduction. However, these methods
are quite expensive and some are ineffective for low Zinc concentrations, produce

toxic sludge and require the use of high reagent and energy.



Recent studies on Zinc removal has been made to search for an economically
feasible method and one of the efficient and effective methods is by using adsorption
with activated carbon and there were varieties of activated carbons available in the
market. Though it is always available, there is still no cheap activated carbon present.
Therefore, it is very necessary to find a new and inexpensive adsorbent for the
removal of Zinc ions in wastewater. Some of recent studies have identified some
potential in several low-cost materials among the agricultural wastes and industrial

by-products that can be used to produce activated carbons.

Table 1.1: Environmental Quality Act 1974, Environmental Quality (Sewage and
Industrial Effluents) Regulations, 1979, Malaysia: Selected parameter limits of
effluent of Standards A and B (Department of Environment, DOE, Malaysia)

Parameters  [[Units)

Ay | ee
| 1 [{fempemtue | °C | 40 40
|2 | [~ I 60-90 55.90 |
[3]BoDs@20oC Jmen || 20 [ s |
4 |pop | men | 50 100 |
5 EJ‘”,’MP:"M ngfl 50 100
Lﬁ_]k@mmy mglt 0005 ( nas
7 |Cedmima mgfl 0,81 | oo
g [Fhomium, | g 0os 005
9 |asenic wgl | 0.05 0.10
[ 10 [loyemide mgd || 005 0.10
11 [eed mgh || 010 05
g2 [PEomiun, o 020 L0
(15 Jbomer  Jmgn L om | 12 |
14 [Maoganese || mgil 020 10 |
15 |iticke] mell 020 10 i
16 {[Tin wgl 0.20 10
17 |ginc gl 10 10
[ 18 |Boron ngd || 10 a0 ]
[19 Jfron (Fe) mgl | 10 s ]
{20 [Phenol mgfl 0.001 10 i
[ 2t [Free Chiorire || mgll 10 20 |
22 |5ulphide mgfl 0.50 0.50 |
[23 |Dilend Gresse |[ mgl || ot detectble || 100 |




Activated carbons production are made from a material that has high carbon
but low inorganic contents such as wood, lignite, peat and coal (Lua and Guo 2001).
There are some agricultural waste that has been successfully converted into activated
carbon such as macadamia nutshell (Ahmadpour and Do, 1996), paper mill siudge
(Khalili et al, 2000) and peach stones (Arriagada et al, 1997). In Malaysia, researches
with varied application have been made by using agricultural waste. Table below

shows some example of activated carbon made by coconut shell and palm shell.

Table 1.2: Summary of earlier work on activated carbon using coconut shell and

palm shell
Authors Year Rawmaterials | Method Appiication
Lua and Guo 2001 Cil palm stones | COzactivation S0, removal
InClz activation
Hu and C oconut shell Phenol,
2001 and €Oz
Srivinasan and palm shell o methyiene biue
activation
Ammonia
Gup and Lua 2003 Palm shell HF O, .
adsorption
Mozammel etal. | 2002 C oconct shelt ZrClzactivetion lodine
C oconut shell
Hu et al. 2001 InCl; gctivation | Phenol and dye
and paln seed
Physical .
Patm shell and . Mitrogen
Daud and Ali 2004 activation i
coconut shell acsorption
{N2gas)

Besides above example, agricultural wastes used as activated carbon are rice
husks, olive-waste cakes, palm seeds, guava seeds, and corncobs (Rahman, Ismail, &
Osman, 2000). These wastes are used as it is inexpensive and they have no or low
economic value. Other advantages are because of its easily prepared, requires only
simple techniques and simple processing, good adsorption capacity, selective
adsorption of heavy metal ions, low cost, freely available and easy regeneration
(Wan Ngah & Hanafiah, 2008).



Basically, after the materials undergo proper preparation and treatment
process, it will be activated first using some reagent that is acidic or basic and then
carbonized in order to increase porosity. The process can be change accordingly with
different properties and parameters to get the most optimized results. The main
feature that is common to all activated carbon are; graphite like structures which
have varied degrees of disorientation and the resulting spaces between the planes

gives its porosity and this is the aim of the overall process.

One of the most potential adsorbent that is currently studied is an adsorbent
from rice husks. Malaysia as one of paddy producer can produce almost 2.5 million
tones of paddy every year. So, for rice husks production that takes account of 20% of
paddy production can produce more than 40,000 tonnes of rice husk annually in
Malaysia (Chuah Et al, 2005) and these rice husks was just considered as agricultural

waste with no value.

By utilizing rice husk as an activated carbon will actually convert the waste
into a value-added product. Recently, lots of studies have been focusing on the
optimization of this material to be used as an activated carbon. Therefore, this
research is made by manipulating the properties that is highly affecting the
affectivity and the porosity of the activated carbon.

1.2 PROBLEM STATEMENT

1.2.1 Problem Identification

Presence of heavy metal in wastewater has been interrupting the environment
at an alarming rate. The properties of the heavy metal ions that resist to degrade into
harmless compound and its affect to the biological system of surrounding
environment has made it into a very dangerous substance to be present in the
environment. Wastewater treatment that has been used to date is very expensive and
lots of benefit based industry has neglect the use of this technology because of the
high cost.



Activated carbon, as one of the most efficient method for treatment has been
the targeted because there is potential for a low cost activated carbon to be produced
by using agricultural waste which has no value. Rice husk as one of the agricultural
waste in question is one of the by-product that has no economic value and it is
usually burn in situ, resulting to more release of carbon dioxide (CO2) and various
other compound that is toxic such as carbon monoxides, volatile organic compounds,

nitrogen oxides, and suspended particles which can harm the environment.

One of the heavy metals that need high attention is Zinc and this metal is very
common in most wastewater. Actually, zinc is essential to the growth of plants,
humans and animals but excess quantity of this metal can be very toxic. When it
enters the surface or ground water, and drink by the living beings, it can cause
biological disturbance and cause various random deceases such as cancer and organ
failure. Hence, it is essential to remove Zinc ion and it should be removed by an

effective and a low cost technology.

1.2.2 Significance of the Project

Studies on wastewater treatment have been progressing to further
acknowledgement. A suitable method which is highly efficient and effective is rather
in need and it has been revealed that adsorption using activated carbon meets the
criteria. But still, superior activated carbon can be very expensive and this reduces
the will of industrial company to a stalemate. Researchers have been studying the
suitability of various agricuitural wastes as a potential activated carbon and they
discovers that rice husk may achieve the requirement for its availability and it is
inexpensive compare to other materials such as wood that has been used to produce
activated carbon. Its main component, which is carbon and silica, is an important

aspect that can be look trough for the adsorption of the heavy metals.



1.3 OBJECTIVES AND SCOPE OF STUDY

The objectives of this project are listed as follows:
i.  To study the capability of rice husk as and adsorbent to adsorb Zinc ion from
aqueous solution
ii. To study and characterize the pore development of rice husk throughout the
processes.
iii.  To study the effect of mass on adsorption activities.

iv.  To study the isotherm model for rice husk adsorption.

1.3.1 The Relevance of the Project

Even though rice husk has not achieved the industrial requirement for
activated carbon, it still serves a very high potential for an adsorbent. It still needs
some tweaks to unleash its full potential in terms of its pores structure and the
adsorption capability. In this project, the research is made by using the rice husk
where it is easily available, laboratory process suitability, low cost and needs only a
low cost technology. Thus, activated carbon from a rice husk is a good option of
cheaper material and a good alternative to extract Zinc jons through adsorption

process.

1.3.2 Feasibility of the Project within scope and time frame.

There are a lot of references of studies that can be used for this project as it
was already developed so it is actually able to be completed in the period of one year
or less. The equipments and materials needed for the project are readily available in
the Chemical Engineering Laboratory as well as the chemicals involved. This project
can be considered as a feasible project and can be done in the time frame as stated, so

there should be no problem across.



CHAPTER 2
LITERATURE REVIEW

21 HEAVY METAL POLLUTION

Heavy metals are in widespread industrial use and the presence has been
increasing as contaminants in the environmental system. Copper, Silver, Cadmium,
Gold, Zinc, Mercury, Lead, Chromium, Iron, Nickel, Tin, Arsenic, Selenium, Cobalt,
Manganese, and Aluminium are the elements that usuvally considered as heavy
metals. Several places that have been polluted by heavy metals have turned into a
land where the living organism food chain has slowly abolished and the ground and

surface water is very toxic.

Zinc as one of heavy metals that is present in the natural environment has
been proved to increase because of human activities such as mining, purifying zinc,
lead and cadmium ores, steel production, coal burning, galvanizing and from the
waste water of pharmaceuticals, paints, pigments, insecticides, cosmetics and
industries {Bhattacharya 2006). As for its effects on human beings, it regularly
causes irritability, muscular stiffness, loss of appetite and nausea if it is consumed
more than the usual consumption. Thus, from table 1.1, the standard for zinc to be
released into wastewater is set to 1 ppm only (Environmental Quality Act 1974,
Environmental Quality (Sewage and Industrial Effluents) Regulations, 1979,
Malaysia)

2.2  RICE HUSK POTENTIAL

Research on the production of a low-cost adsorbents have been carried out
because of the available activated carbon are quite expensive and is in limited use in
only developing countries. As a by-product or an agricultural waste for paddy
production, there can be a lot of resources and it also can produce a significantly low
cost activated carbon. Table 2.1 and 2.2 in the next page shows the physicochemical
characteristics of rice husk as reported by Chuah et al (2005).
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Table 2.1: Typical composition of rice husk

Composition Percent
Cellulose 32.34
Hemicellulose 21.34
Lignin 21.44
Extractives 1.82
Water 8.11
Mineral Ash 15.05
Chemical composition in mineral ash
Si02 96.34
K20 2.31
MgO 0.45
Fe203 0.41
Al203 0.41
CaO 0.41
K20 0.08

Table 2.2: Reported physicochemical characteristics of rice husk

Characteristics Values
Bulk density {g/ml) 0.73

| Solid density (g/ml) L5
Moisture content (%) 6.62
Ash content (%) 45.97
Particle size (mesh) 200-16
Surface area (m2/g) 272.5
Surface area acidity (meg/gm) 0.1
Surface area basicity (meq/gm) 0.45




2.3. SODIUM HYDROXIDE, NAOH AS AN ACTIVATION AGENT

Base on the figure 2.1 below, the rice husk ash aiready has some pores
developed after the carbonization. It is a carbonized rice husk without any pre-
treatment with an activation agent. As to increase the pores and the surface area, we
actually needed to do some pre-treatment with the raw rice husk by using an

activation agent.

il - IOEKA S 40Ny T iCOer D s T
b v v g 4 n HEY LTt Tesacaip bl ez,

Figure 2.1: SEM for Raw Rice Husk ash (300°C, 3h), magnified 1000 times

According to Liou and Wu (2009), they say that the rice husk may be
activated by using acidic solution or basic solution. Base on the results, we have
decided to go on with NaOH as an activation agent because afier the treatment with
the alkaline solution, the silica reacts with NaOH to form sodium silicate (NaSiO3).
The Na;SiO; is soluble in water and is removed by adequate water-washing. As a
result, some large holes remain on the husks outer epidermis. Figure 2.2 below
shows the pores developed after the treatment of the raw rice husk, and it shows that
the rice husk have higher potential of developing more pores when treated with
Sodium Hydroxide, NaOH.

Figure 2.2: SEM for raw rice husk treated with 0.5M NaOH, magnified 1000 times



24 FACTORS AFFECT]NG ADSORPTION

For process optimization there are actually several factors that will affect the
adsorption studies. That is,
i pH
ii. Contact Time
iti. Metal Concentration
iv, Particle Size

\2 Temperature

2.4.1 Particle Size

The adsorption capacity of rice husk depends very much on the surface
activites, 1.e., specific surface area available for solute surface interaction, which is
accessible to solute. It is expected that with larger surface area, adsorption cabacity
will be increased because smaller particle size increases the adsorption capacity,
Munaf and Zein (1997) reported that metal ions adsorbed decreases when the size of
rice husk particle increases. Similar trends have been reported by Wong et al.
Adsorption as surface phenomenon, smaller particle size will offer comparatively

larger surface areas and higher adsorption will occur.

2.4.2 pH of Activation agent

At high pH, metal ion may be forced to bind to low affinity ligands such as
hydroxyl and carboxy! group but at low pH, the binding may occur through high
affinity ligands only (Michael Horsfall Jr. Et al., 2004). This is an indication that the
degree of ionization on the biomass surface is pH dependent (Michael Horsfall Jr. et

al., 2004) which [ater affect the metal adsorption activities.
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Bhattacharya et al (2006) reported that removal efficiency was found to be
highly dependent on hydrogen ion conceéntration that present in solution. At low pH,
due to high positive charge density due to protons on the surface sites, electrostatic
tepulsion will bé high during uptake of metal 1ons fesuling in lower removal
efficiency. With increasing pH, electrostatic repulsion decreases due to reduction of
positive charge dengsity oit the soiption sites thus resulting in an eénhancemernt of
metal adsorption. At higher pH values, OH ions compete for Zn(II} with the active
sites on the surface of the adsorbents (Kalyani ¢t al., 2003).

2.4.3 Carbonization Time of Rice Husk

It is reported that activity of adsorption decrease as carbonization time
ificreases. This is i)i‘bbébly dué to the thetinal destruction of pores stfucture as the
carbonization time increases. It may also be due to formation of as, which may block

the pores entrance (Shasaikan Sekhar, 2009).

An increased in the burning time increased the amount of silica but decreased
the amount of carbon content Significantly. The decrease of carbon content will
predictably cause the decrease of the porosity of the adsorbent. This is expected sice
at longer times, mofe carbon are ébﬁ’Vé’ftéd to siliea (Daffala, Mukhtar, & Shaharun,
2010).

2.4.4 Carbonization Temperature of Rice Husk

The purpose of carbonizing the rice husk is to impart thermal decomposition
to it, thus eliminating non-carbon speciés and fixeéd the carbon mass as well as the
basic carbon structure. Generally, the quality and yield of the carbonized activated

carbon are affected by niifiérous pafameters which are:

e Therate of hea ng
® Thehea ng nal temperature
» Thesoaking meatthe naltemperature

# Nature and physical state of the raw material
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Low heating rate during pyrolysis results in lower volatilization and higher
char. Thesé occur due to thé incréased dehydration and bétter stabilization of the

polymeric components.

At the first stage of carbonization, the structure of the activated carbon is
made of small planar aroriatic fings which are fandomly orieiited. As the heat
treatment temperature increases, the random structure will start to be arranged in
parallel. The basic microstructure was formed by 500°C, although some of these
pores are blocked by the pyrolysis products and could be available only when high

ternperature tréatent is given.

2.4.5 Contact Time of Adsorption Activites

The contact time affect metal adsorption on rice husk activated carbon as the
contact titiie increases, the metal ion adsorbed will dlso increase (Guo et al., 2000).
About three hours of adsorption, the rate of adsorption will become constant which
However, the fast kinetics between rice husk and the metal depends on the analytical
speed and the removal efficiency. Therefore, this factor need to bé considered and

must be made constant as the effect of contact time is tested.

The project would be concentrating on the contact time, metal concentration,

i Large surface area

il Enhanced mechanical stténgth

iii, Favorable pore size as an access route to the internal surface
iv.  Universal adsoiption effect

V. A high degree of surface reactivity.
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25  ADSORPTION ISOTHERM

The adsorption equilibrium relates g to C. The equilibrium is a function of the
teimperature. Thereforé, the adsofption eéquilibeium teélationship at a given
temperature is typically referred to as adsorption isotherm, i.e.:

§=1(C)
Where:
g = mass of species adsorbed/mass of adsorbent (i.e., equilibrium concentration of
adsorbable species in solid adsorbent)

C = equilibrium concentration of adsorbable spééies in solution

From the basic function, the isotherms that studied in this project is the

follows,

Langmuir Isotherm, where:

_ mKaC gm = maximum adsorbable value of g
1=1+K,C

KA = constant (function of enthalpy of

adsorption and temperature)

Freundlich Isotherm, where:
g = KzCl/" K= constant (function of energy of
adsorption
and temperature)

1 = constant

The Isotherm developed from the results may tell us the characteristic of the

adsorption and some parameters can also be calculated.
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CHAPTER 3
METHODOLOGY

3.1 PROCEDURES

There are four major parts for the project:
i. Preparation of raw rice husk
i. Treatment of raw rice husk
iii.  Carbonization of treated rice husk

iv. Adsorption study.

To maximize the capability of the activated carbon from rice husk, the
preparation and treatment must be done thoroughly so that no impurities will
interrupt with the carbonization process. After the rice husk is carbonized, it will be
tested for its adsorption of metal ions capability. Then, from the data we can know

the overall potential for rice husk as an activated carbon.

3.1.1 Preparation of Raw Rice Husk

Rice husk undergoes cleaning and drying for this process before we obtain

the desired 63um rice husk. Below are the brief descriptions of the procedures

involved:
i About 2000 g of raw rice husk was washed with distilled water for several
times to make sure that there are no more adhering materials.
i. The rice hisks wete dried in the oven at 80°C foi 24 houfs.

iii. After that, the dried rice husk were blended using blender.
iv. Then, the blended rice hisk were sieved using a set of sieve trays sized

500pum, 250pm, 125um and 63pm to obtain 63pum size of rice husk.

14



Figure 3.1: Rice husk of varying particle size
3.1.2 Treatment of Raw Rice Husk

1.0M of sodium hydroxide (NaOH) was used as an activation agent for the
rice husk tréatient process. The pH value is to be fanged froi 6 to 8 fof optimize
effect of pH. The required sodium hydroxide was prepared by dissolving 40 g of
NaOH pellets in 1 L of distilled water. The ratio of rice husk to the digestion agent
was 1:10 where rice husk is in unit of gram (gram) while the digestion agent is in

millimeter (ml).

The procedures for treatment of rice husk are as follows:

i Fifst, 1.0 M Sodiuini Hydroxide (NaOH) was prepared

ii. 100 g of raw rice husk 63 um was digested with 1000 ml of 1.0 M NaOH
in 1000 ml beaket.

iii. Seal the beaker containing sample using aluminum foil.

iv. After 24 hours, the digesied samples filtered and washed with éxcessive
distilled water until the filtrate is free from sodium hydroxide (pH value
faige from 6 o 8)

V. The samples were placed on tray for drying process in an oven at 80°C for
24 hours.
Vi. Then, the samples were weight

*Preparation of sodium hydroxide, NaOH is to be conducted in fume hood for safety

reason.
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3.1.3 Carbonization of Treated Rice Husk

The treated rice husk are carbonized to impact thermal decomposition to it
thus eliminating non-carbon species and fixed the carbon mass as well as the basic
carbon structure. The details are as follows:

i. The treated rice husk was weighed.

ii. An aluminum foil was used to wrap the treated rice husk.

iii.  The wrapped samples weére placed into the crucible and a crucible lid was
used to close crucible as to minimize the effect of oxidation.

iv. The ¢rucible that contains rice husk was put into the furnace when the

temperature reached nearly 500°C.

V. Afier carbonizing for 1 hour, the furnace temperature was reduced to
30°C

Vi. The samples were taken out once the furnace has reached the desired
temperature.

vii.  Then, the samples were weighed and calculate percentage weight loss.

Figure 3.2: Ricé husk aftér catbonization

3.2 ADSORPTION STUDY

To observe the adsorption activities, the sample is mixed with the metal ion
solution for a spécified time. After mixing, the samples are then filiered to get the
filirate before analyzed using the equipments in schedule. The metal ion
concentration used is 25l of 150ppm solution of Zinc Chleride and the rice husk

activated carbon used are 0.05g, 0.1g, 0.15g, 0.2g, and 0.25g.

16



Below are the procedures to study the adsorption capacity of rice husk-based

activated carboi using Atoiic Adsorption Spectrophotoineter (AAS).

ii.

iii.

iv.

3.3

5 set of 25ml from the 150ppm Zinc Chloride was prepared and the
soliitions was mixed with 0.05, 0.1, 0.15g, 0.2g and 0.25g of fice husk

activated carbon in different conical flask.

The conical flasks were placed in a water bath shaker and it was left
stirring at 110 rpm at room temperature for 5 minutes.
Each of the solutions was filtered and then the filtrate was analyzed using
AAS to check the metal concentration left in the filtrate.
Steps 1 to 3 weére répeated for various contact time ranging from 5, 10,
15, 20, 30, 60, 90, and 120 minutes.
Graph was plotte from the data to observe the effect of parametets varied
on the adsorption activities.

ANALYSES

Samples before and after extraction study are analyzed using several

equipmeénts namely Field Emission Scanning Eleciron Micrescope (FESEM), Fourier
Transform Infrared (FTIR), CHN Elemental Analyzer, X-ray Diffraction {(XRD), and

Atoinic Absoiption Spectioimeter (AAS). Below is the lis of saniples (fot teféfence)

which were sent for analysis.

The samples also needs labelling to avoid confusion as listed in the table below,

Table 3.1: List of Samples for Analysis Study

Ne. | Sample Name & Description Label
1. Raw Rice Husk (63um) RRH
2. | Treated Rice Husk TRH
3. | Carbonized Rice Husk CRH
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Then, the chemicals that are needed in this project are listed as below,
i Sodium Hydroxide, NaOH {(pellet forin)
ii. Zinc Chloride, ZnCl; (adsorbate)
iii.  Distilled water

iv. Deicnized water

Field Emission Scanning Electron Microscope (FESEM)

The Scanning Electron Microscope (FESEM) is a microscope that uses
electrons rather than light to form an image. [t produces images of high resolution,
which means that closely spaced features can be examined at high magnification.
Preparation of the sample is relatively easy since FESEM oily fequired the samiple to
be conductive. The development of pores can be easily observed due to the

c¢ombination of higher magnification, larger depth of focuss and great resolition.

Figure 3.3: FESEM
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CHN Elemental Analyzer

CHN Elemental Analyzer can provide a mean for the rapid determination of
carbon, hydrogen and nitfogen in organic matrices and othet types of maierials, CHN
Flemental Analyzer is performed to provide carbonate and organic carbon and to get

some idea of the composition of the organic matter.

-
¥ty

Figure: 3.4: CHN Elemental Analyzer

BET Surface Area Analyzer

BET theory aims to explain the physical adsorption of gas molecules on a

+Hamg
o peybley

g
cewparaiee
canwoh

sty sebection by pad

vkt 1o

Rear of tnstrument: RS 232 Pont for PC Contro! via NOVAWin 2.0
Printer Port

Figure 3.5: BET Surface Area Analyzer
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Fourier Transform Infrared (FTIR)

Fourier Transform Infrared (FTIR) is the preferred method of infrared
spectroscopy. An FTIR spectrometér simultaneously collects Spéctral data ih a wide
spectral range. The size of the peaks in the spectrum is a direct indication of the
aihotint of material préseit. The main purpose of perforiming FTIR analysis in this

study is to identify the functional group of the samples.

Figure 3.6: FTIR
Atomic¢ Absorption Spectrometer (AAS)

Atomic Absorption Spectrometer (AAS) is analytical equipment used in
tesearch woiks as it is the oily équipinent that cai give definite reading of the ietal
ions’ concentration. AAS works by providing the accurate quantitative analyses for
metals in water, sedimetit soils of rock. Iit this study, the purpose of using AAS is to

determine the final concentration of the metal ion in the filirate.

Figure 3.7: AAS
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X-ray Diffraction (XRD)

The principal function of XRD is to measure the diffraction beam intensity
and the d-spacings of crystalline inaterials, which however has béen developed to
determine many structural properties. In this study, XRD is conducted to investigate
the ciystalline afid amorphous phases of the carbon saimples. XRD éxperiments are

performed with 2@ values ranging from 2° to 80°.

Figure 3.8: XRD
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CHAPTER 4
RESULTS AND DISCUSSIONS

After the process of preparing the Rice Husk Activated Carbon, 3 samples
havé been sent for charactérization and analysis. The 3 samples aré Raw Riceé Husk,
Treated Rice Husk, and Carbonized Rice Husk. The data in the process are carefully
a quantity of 6 g has been successfully prepared and would be used for adsorption
study of Zn (II) ion.

41 PREPARATION OF RAW RICE HUSK
The target is to prepare 6 gram of activated carbon after the carbonization

process. So, some assuinptions aré made for calculations as to avoid repetitive

actions that may cause more time to be wasted. The assumptions are,

i 80% may be removed during the washing process after the freatment with
NaOH, Sodium Hydroxide.
ii. Only 30% of the Treated Rice Husk will rémain aftér the carbonization

process. This is due to the decompositiori of the rice husk structure.
So, to prepare 6 gram of Rice Husk Activated Carbon, we actually need about

Husk. Thus, after the carbonization process, we may eventually get 6 g of
Carbonized Rice Husk. These calculations has been succ¢esshully conducied during

the project and 6.13 g Carbonized Rice Husk had been produced.

Some of the observation during the preparation process, which the rice husk
weie cleaned using lots of distilled watéf, imputities and paddy remainders were
floating on the water surface. Thus, the objective to remove the impurities that may
contaminate the rice husk had successfully conducted. Afier grinding and sieving

process, 103.86 g of 63um dull brown rice husk were collected.
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Figure 4.1: Raw Rice Husk (before cleaning, grinding and sieving process)

Figuré 4.2: Raw Rice Husk (aftér cleaning, grindihg and Sieving process to 63jif)

42 TREATMENT OF RAW RICE HUSK USING ACTIVATING AGENT
—NaOH (SODIUM HYDROXIDE)

As was previously mentioned in the literature review, a ratio of 1:10 is used
to tréal thé Raw Ricé Husk. So, 100 g of Raw Rice Husk were teeated with 1000 ml
(1L) of Sodium Hydroxide. The mixture was left overnight (24 hours) inside a 1 L

beaker and was stifred with a mechanical stifrék. Table below describes the color

change and the amount of rice husk lost after the treatment.

Table 4.1: Color changes and weight difference of rice husk during and after

treatment.
Color Weight (g)
During Treatment (mix with NaOH) | Greenish Brown 100
After Treatment Dull Brown 18.05
Pércentage 1088 (%) | ((100-18.05)/100)*100

=81.95%
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Excessive amount of distilled water was used to reduce the pH of the mixture
also washed along with the distilied water. This is because, when Sodium Hydroxide
reacts with silica to forim sodiuim silicate (Na,Si0;), the solublé sodium silicales are
also removed along with the water.
2NaOH (s) + SiO; (s) - N&,Si0s3 (8) + H,0 (1)

Final pH of the mixture was 7.27.
43 RICE HUSK ACTIVATED CARBON

Optimum temperature, 500°C and carbonization time, 2 hours are selected
based on journals. 18 grams of treated rice husk were gathered and were all used for
the carbonization. There were reductions of mass after the carbonization because of
some factors. The factors are the sliminationis of fioisture at 100°C, decompositio
of organic materials at 100-375°C and further mass reduction at 375-800°C may be
attributed to further pyrolysis of the intermediate. (Reference — Tzong-Horng Liou)

Table 4.2: Observation results of carbonized rice husk

Temperature (°C) Weight (g)

Before Carbonization After Carbonization
300 18.05 6.1
Percentage Weight Loss(%) | ((18.05—6.1)/18.05)*100

=66.2%

Further characterization are mentioned in the next section whereby, the
characterization were made by using Thermogravimetric Analyzér (TGA), Figld
Emission Scanning Electron Microscopy (FESEM), CHNS Analyzer, X-ray
Diffraélion (XRD), Fourier Transform Infrared Spectioseopy (FTIR) and Afoinic
Absorption Spectroscopy (AAS) for adsorption study of Zn(11} ion.
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44 CHARACTERIZATION

4.4.1 CHNS Analyzer

This equipment was used to determine the four elements which is represents
by its name, Carbon {C), Hydfogen (H), Nitrogen (N), and Sulfur (S). The weight
percentage of the resuits is displayed in the table below. Samples are labeled
likewise, Raw Rice Husk (RRH), Treated Rice Husk (TRH), and Carbonized Rice
Husk {CRH).

Table 4.3;: CHNS Analysis Resuits

Sample Carbén % H% N% S % Total wi %
RRH 34.07 4,652 1.663 0.095 40,48
TRH 38.41 4.371 0.698 0.033 43,51
CRH 65.73 : 4.022 1.122 0.042 70.92

B < e

|

S

E -E & Sulfur

; oo

] a

g ; .- Nitrogen

i ® Hydrogen
i

& Carbon

;

RRH TRH CRH

Samples

Figure 4.3: Elemental Analysis by CHNS Analyzer for RRH, TRH, and CRH
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There is a significant difference of Carbon weight percentage because there
are redictions of mass for other elements that made the compositioni of rice huisk
such as cellulose, hemicelluloses, lignin, water, lignin and other volatile matters. The
observatiens that can be made are, almost seventy percent of the activated carbon
produced consist carbon, an almost consistent weight percentage of nitrogen,
hydrogen, carbon, and siilfur, and the perceiitage of sulfur in rice husk cofposition

are insignificant and it is good as for environmental reason.

4.4.2 TField Emission Scanning Electron Microscopy (FESEM)

FESEM images

Raw Rice Husk

Figure 4.4: RRH Magnification: 100 x  Figure 4.5: RRH Magnification: 500 x

Figure 4.6: RRH Magnification: 1.0 K x  Figure 4.7: RRH Magnification: 5.0 K x

Raw Rice Husk that has been washed with distilled water and blended to
63um has a microstructure with a lot of surface area. Unfortunately, during this

stage, there is no evidence of pores, so it is still not suitable for adsorption process.
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Treated Rice Husk

Figure 4.10: TRH Magnification 1.0 K x  Figure 4.11: TRH Magnification: 5.0 K x

Treated Rice Husk that has been treated with Sodium Hydroxide and washed
with distilled water has a smoother microstructire where the sodiuin silicate that has
been produce by the reaction of sodium hydroxide and the silica on the rice husk and
it has beeit washed by distilled water. The Treated Rice Husk is teady for

carbonization to develop more pores.
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Carbonized Rice Husk

Figure 4.14: Magnification: 1.0 K x Figure 4.15: Magnification: 5.0 K x

Treated Rice Husk that has been carbonized is turned into an activated carbon
by applying high temperature (500°C) on it in a furnace With a nitrogen flow. We can
actually see from this Carbonized Rice Husk, that it has pores developed. These
many pofés aré iiniportant for métal ion adsorption. The porés opening in the suiface
must be due to the extraction of some materials such, e.g., dissolution of lignins and
othér iminéral componeénts from the husk duting treatment process (L. John Kennedy
et al. 2004). Metal ions would be attracted to the pores due to the adsorption kinetics
called London Dispersion Forces, a type of Van de Waals Force which exists

between molecules.
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Along with images, FESEM results also came with EDX Spectrum that shows the elements in the samples. Below are the list and
the spectrum of the elements;

Sample: Raw Rice Husk

Standard:

C CiCO3 1-Jui-1999 12:00 AM

O Si02 1-Jun-1999 12:00 AM

Mg MgO 1-Jua-1999 12:00 AM

Si Si02 1-Jun-1999 12:00 AM

P GaP [-Jun-1999 12:00 AM

K MAD-10 Feldspar 1-Jan-1999 12:00 AM
Table 4.4: Composition of Raw Rice Husk

Element | Weight%  Atomic% Toum Eleclion Image 1

CK 51.71 59.62 Spectrum 1
OK 44,67 38.67

MgK {026 0.15

SiK 2.43 1.20

PK 0.30 0.14 o o

KK 0.62 0.22 T B
Totals | 100.00 MSCJ”H;ECW;M& 5 & 7 B 3 ::w

Figuré 4.16: Raw rice husk image ind specifum



Sample: Treated Rice Husk
Standard:

C CaCO3 1-Jun-1999 12:00 AM
O Si02 1-7un-1999 12:00 AM

Tablke 4.5: Composition of Treatéd Rice Husk

Fleme | Weight%  Atomic%
ot

CK 50.99 58.09
0K {49.01 41.91
Totals | 100.00

f 100um T ) Electron Irnage t
Spectrum 1
C
Q
-t Pyt T T 3 T T T L
p 1 2 3 4 3 B 7 5] 8 10
Full Scale 2097 cis Cursor: 0.000 ke'vi

Figure 4.17: Treated rice husk image and spectrum
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Sample: Carbonized Rice Husk

Standard:

C CaCO3 1-Jun-1999 12:00 AM

O Si02 1-fun-1999 12:00 AM

Si Si02 1-Jun-1999 12:00 AM

Ca Wollastonite 1-Jun:1999 12:00 AM

Table 4.6: Composition of Carbonized Rice Husk

Element | Weight% Atomic%

CK 79.74 84.43
oK 18.98 15.09

SiK 0.53 0.24
CakK 0.75 0.24
Totals 100.00

4 16yura 1 Elechron Image t
Spectnim 1
Q
Si
wfe, "
Mg, fIP LK
T T ! T T T 3 T
1 2 3 4 3 ] 7 8 9 10
ke

ull Scale 2087 cts Cursor. 0.000

Figure 4.18: Carbonized rice husk image and spectrum



4.4.3 Fourier Transform Infrared (FTIR)

The function of FTIR is to obtain the infrared spectrum which measures
intensity over a narrow range of wavelengths at a time. [t detects the functional group
of an organic compound and delivers a peak for the dominant functional group.

Below are the figures which repreésent the data fof the 3 sainples.

BN VAN A
B \_J»"/\ / lf" Y f
\~~-” & g[f \1[ VVM
0 T

Transmittange %

O} i 258 1542 win 1330 T EHh)

Wavenumbers{cm*)
Figure 4.19: FTIR spectra of samples; Blue line (RRH), Red line (TRH), Green line
(CRH)

The comparative study that can be made for these three spectra is of their
functional groups. The functional groups identified for these two spectra are listed in
the table 4.7. There are some obvious differences of the spectra before and after the
treatmeni with Sodium Hydroxide, NaOH that will be discussed afierwards. The

peak after the carbonization process also has slight changes.
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Table 4.7: Peak identified in Raw Rice Husk and Treated Rice Husk spectra

Wavenumbers Fuiictional Compatisoil for RRH, TRH, and CRH
(cm™) Group
3284 <OH and SizOH | Peak is wide. RRH has the lowest transmittance
peak.
2850-2930 C-H stretching of | Almost none of the peak for RRH. Peak developed
alkanes for TRH and CRH.
1712-1743 €=0 stretching | Almost nene for RRH. Peak developed for TRH and
of aromatic CRH.
groups
1598 C=0 stretching | Almost no change
of aromatic
groups
1456 CH2 and CH3 Peak developed for TRH and CRH. Almost none for
RRH.
1377 Aromatic CH Peak developed for TRH and CRH. Almost none for
and carboxyl- RRH.
carbonate
1233 CHOH stretching | Peak developed for TRH and CRH. Almost none for
of alcohol group | RRH.
1158 CO group in Peak developed for TRH and CRH. Almost none for
lactones RRH.
1035 |SiO-Si | Peakis very wide and steep for RRH. Gradually _
decreasing for TRH and CRH.
797 Si-H Almost no change

The functional groups identified above are relevant with the functional
groups identified by S.B. Daffalla et al, 2010 and Tzong-Horn Liou et al, 2009. We

¢an conclude from the graph where the stretching at 1035 ¢ suddenly decrease

because the functional group of silicon, Si-O is removed. It is stated before that,

when sodium hydroxide reacts with the silica i the rice husk, it fofis sodium

silicate that is soluble in water. So it is washed away after the treatment process.
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Then, the Si-OH bond is formed where the stretch is wide at 3284 cm™

because of the reaction.

2NaOH (s} + SiO; (s) -> Na,8i04(s) + H,O (1) (reaction of sodium hydroxide with

water)
Other significant comparison that can be made, is that there is a reduction of

activation and carbonization process and there are also some other bands that
disappear because of the vapotization of organic mattet. The difféeence of iitensity
that happens between Treated Rice Husk and Carbonized Rice Husk where the
intenisity decrease for Carbonized Rice Husk is because of the propottion of c¢arbon

content increases at high temperatures (Tzong-Hormng Liou et al, 2009).
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4.4.4 THERMOGRAVIMETRIC ANALYZER (TGA)

This equipment analyzes the change of mass while the samples are
subjected to a uniform rate of temperature programmed. When heats are applied 1o
the samples, some of the components in it may burn off, thus resulting weight loss.

the mass, it actually indicates the composition of the sample and its thermal stability.

Weight Percentage vs Temperature

120

i ;
g
5 =

-\
L

Weight Percentage (%)

!
| i sememe RRH
) e TRH i
40 \‘; |
i 20 -~ M o
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: |
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Figure 4.20: TGA Result Comparison for RRH and TRH
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From the figure 4.20, it actually means that there are three stages that we can

both samples is at 100°C — 120°C, which is the stage of moisture elimination and
moisture accumulates around 5-7 percent of the samples composition. Second stage
of mass loss, which is also the major part of it, is at 300-450°C where the burning
and the decomposition of organic materials occurred. Afterwards, during the third
stage, which is at 450°C-800°C, the weight lost is lessening and this shows that the

structure achieve structure stability at that temperature.

Carbonized Rice Husk is also sent for sample analyzing, and it shows a stable

weight loss. The result is as showa in the figure below.

100.7

B

/

Weight % (%) —— —
4

a0

7432 t
332 100 200 300 400 500
Temperature (*C) |

Figure 4.21: TGA result for CRH

From the graph, we can also determine the ash content in samples by the
straight line when the samples are gradually heated. For faw rice husk, the ash
content is 20-22%, and for treated rice husk the ash content can be approximately to
be 18-20%.
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4.4.5 X-Ray Diffraction (XRD)

Saunts)
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Figure 4.22: XRD curves of (a) RRH, (b) TRH, and (¢) CRH.
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Figure 4.22 has shown the x-ray diffraction curves of the samples and it
provides the information on the crystallinity of a compound. From the results
obtained, we can determine whether the compound has a crystallinity component or
amoiphous component. Crystallinity component gives sharp and narrow diffraction
peaks and amorphous component gives a very broad peak. Based on the figure X raw
rice husk and treated rice hiisk has a mixture of amorphous and crystalline phases of
silica with a peak centered at 20 angle of 22°. Somehow, there suppose to be dual
peak for raw rice husk as there is in treated rice husk if we refer to the Tzong Horng
Liou et al, 2009 but it may be caused equipment error. It is known that the crystalline
phases of silica are identified as é’f}ié‘t(“)ﬁﬁlffé and tridymite (Yalcin N. & Seviné V.,
2001). Then, by looking at the figure 4.22(c), the diffractions are very wide from the
peak at the 20 angle of 2° to 28°. This broad peak signifies thé amorphous
component of the CRH.

38



45 ADSORPTION STUDY

451 ATOMIC ABSORPTION SPECTROPHOTOMETER (AAS)

The objective of the project is to investigate the adsorption of Zinc (II) metal
ion and from the data obtained; isotherms are determined to characterize the
adsorption rice husk. A set of contact times are made for the adsorption study, that is
from 5, 10, 15, 20, 30, 60, and 120 minutes with a variation of the activated carbon
mass (0.05g, 0.1g, 0.15g, 0.2g, 0.25g). Before the process of concentration
measurement, standard solutions of Zn (II) with different concentrations have to be

prepared for 1ppm, 2ppm, and 4ppm.

Table 4.8: Concentration of Zinc after adsorption

Weight | Adsorption | Initial Conc., | Final Conc., Ce | Percent Metal | Adsorption Capacity,
contact time | CO (ppm) (ppm) Uptake (%o (mg Zn{II) ion
Removal) adsorbed/g adsorbent)
0 0 0 0 0
5 150 133.13 11.25 8.435
10 150 126.00 16.00 12
15 150 122.25 18.50 13.875
0.05 20 150 120.38 19.75 14.8125
30 150 119.25 20.50 15.375
60 150 115.50 23.00 17.25
90 150 114.75 23.50 17.625
120 150 114.00 24.00 18
0 0 0 0 0
5 150 126.00 16.00 6
10 150 122.63 18.25 6.84375
15 150 118.13 21.25 7.96875
0.10 20 150 114.75 23.50 8.8125
30 150 112.50 25.00 9.375
60 150 98.00 34.67 13
90 150 94.13 37.25 13.9675
120 150 92.80 38.13 14.3
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0 0 0 0 0
5 150 127.88 ' 14.75 3.6875
10 150 123.38 17.75 4.4375
15 150 120.38 19.75 4.9375
0.15 20 150 120.00 20.00 5
30 150 116.25 22.50 5.625
60 150 93.00 38.00 9.5
90 150 83.34 44.44 11.11
120 150 81.10 45.93 11.48333333
0 0 0 0 0
5 150 133.13 11.25 2.109375
10 150 126.00 16.00 3
15 150 120.00 20.00 3.75
0.30 20 150 117.00 22.00 4.125
30 150 114.00 24.00 4.5
60 150 89.75 40.17 7.53125
90 150 78.00 48.00 9
120 150 63.00 58.00 10.875
0 0 0 0 0
5 150 129.38 13.75 2,0625
10 150 121.50 19.00 2.85
15 150 118.88 20.75 3.1125
0.5 20 150 115.00 23.33 3.5
30 150 112.75 24.83 3.725
60 150 92.00 38.67 58
90 150 71.35 52.43 7.865
120 150 58.00 61.33 9.2

A pattern of adsorption can be observed from the data in the table 4.8. This
data is then was analyzed for adsorption study and also is used to develop the

Isotherm whether Langmuir Isotherm or Freundlich Isotherm.
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4.5.2 EFFECT OF MASS ON THE METAL UPTAKE OF ZN (II)

Table 4.8 has shown the percentage of metal uptake versus the contact time
suggested. According to the data, the activated carbon has successfully adsorbed a
portion of the 150ppm Zinc (II) ion. By means, the final adsorption capacity that
have been observed for each set of activated carbon mass are 18 for 0.05g, 14.3 for
0.1g, and 11.5 for 0.15g. This set of activated carbon has successfully achieved
equilibrium as shown in the figure 4.23. As for 0.2g and 0.25g, the activated carbon
tested did not achieve the equilibrium points and still adsorbing through the contact

time suggested.
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Figure 4.23: Percentage Removal versus Contact Time
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During the adsorption of the Zn (IT) metal ion, the colorless aqueous solution
is put into a water bath shaker to maximize the adsorption as stirring or shaking may
results for more contact of the adsorbent pores with the metal ion. During the first 30
minutes, the adsorption occurs steadily until it reaches 90 minutes where for 0.05, 0.1
and 0.15g of activated carbon slowly reach equilibrium. Finally, when the time reach
100-120 minutes, the adsorption stops, but for 0.2g and 0.25g, adsorption is still
happening so it needs to be lengthen a little bit for the adsorption process to reach
equilibrium. So, the data to plot the isotherms will be taken for 0.05, 0.1 and 0.15g
only as the others didn’t yet achieve equilibrium. The metal uptake also increases

with the increasing quantity of activated carbon used.

The equilibrium concentration for the three sets are recorded and tabulated in
the table below.

Table 4.9: Equilibrium Concentration for 0.05, 0.1, and 0.15g (plot by graph)

Weight Equilibrium Time to reach mg Zn(I1} ion
Concentration, C (ppm) | Equilibrium (minute) | adsorbed/g adsorbent

0.05 114 100 18

0.1 93 110 14,25

0.15 81 120 11.5
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4.5.3 EFFECT OF MASS WITH ADSORPTION CAPACITY

As you can see from the data in table 4.24, the adsorption capacity of the
activated carbon is inversely proportional to the increasing quantity or mass of the

activated carbon. This can be proved by looking at the equations used to calculate the

adsorption capacity.
. m . m
mg Zn (IN)ion adsorbed _ |Initial ppm (‘“fg) — Final ppm (Tg)] X volume (L)
g adsorbent - g adsorbent

So, as the mass increase, the adsorption capacity drops for the 25 ml of Zinc
(II) ion solution used. This relationship can easily be displayed as in the figure
below. The increase of mass of the activated carbon actually made the activated
carbon accumulates more volume so the crowded volume of solution has less
efficiency for adsorption. So, to have better adsorption is to increase the volume for

the adsorption to occur.
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Adsorption Capacity (mg Zn{ll) ion adsorbed/
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Figure 4.24: Adsorption capacity vs Contact time
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454 LANGMUIR ISOTHERM AND FREUNDLICH ISOTHERM

To plot the isotherm, some variable has to be clarified based on the results

from table X. The variables need to be clarify are;

__mass of species adsorbed

mass of adsorbent
(i.e., equilibrium concentration of adsorbable species in solid adsorbent)

¢ = equilibrium concentration of adsorbable species in solution

Then, the isotherms that will be investigated are the Langmuir Isotherm and
the Freundlich Isotherm. This is determined by the graph function, whereby the
graph with R that have the value nearest to 1. After the isotherm is determined, we
can determine the parameters related base on the basic function, Y=mX + C. Below

are the functions of the isotherm with the parameter.

Langmuir Isotherm, <= - ! +2¢ Accordingly, a plot of C/Q vs. C will give:
q A9m  9m

Slope = Kroe

Intercept = qi
Freundlich Isotherm, logq = logKy + Accordingly, a plot of log ¢ vs. log C will
%lo g€ give:

=1
Slope = "

Intercept = log Ky

So, the variable for 0.05g, 0.1g, and 0.15g are listed as follow:
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Table 4.10: Parameters for developing Isotherm

Weigh mg adsorbate/g Equilibrium concentration of
eight,

adsorbent, q Logq | adsorbable species in LogC C/g
g .

solution, C

0.05 18 1.255 | 114 2.057 6.333
0.10 14.25 1.154 |93 1.968 6.526
0.15 1.5 1.061 {81 1.908 7.043

Below, the graphs for the Langmuir and Freundlich are displayed. The

nearest value of R* for any of the isotherms to 1 will be selected and the parameters

will be calculated based on the functions.

C/q

71 4

6.9
6.8 -
6.7
6.6
6.5
6.4 -
63

Langmuir

R?*=0.869

y =-4.566x + 15.66

6.2 1
19

1.95

2 2.05
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Figure 4.25: Langmuir Isotherm plotted for 0.05, 0.1, and 0.15g

2.1




Freundlich
1.3

SO PN N O o |

1.25
y=1.289x-1.393

R?*=0.992

12 -
i o ‘J
o i
! [+] 5
£ -1 b
E 115 4
| 11 ;
]

1.05 4+ s :

1.9 1.95 2 2.05 2.1

LogC

Figure 4.26: Freundlich Isotherm plotted for 0.05, 0.1, and 0.15g

As the R? for the plotted Freundlich Isotherm has the value nearest to 1 that is
0.992; it will be selected as the isotherm model for this adsorption. Thus, the function
of the graph, y = 1.289x — 1.393 would be used to determine the 1/n (constant) and

Ke(constant, function of energy of adsorption and temperature).

So the intercept is,
x=0, y=-1.393 =log K¢
K¢= 107" = 0.0405

And the slope is equal to 1.289 and also equal to 1/n. So, n equals to 0.7758.

Thus, we can conclude that rice husk develops Freundlich Isotherm’s
adsorption. Freundlich Isotherm represents an empirical model and no assumption
can be made for the adsorption characteristic. Freundlich isotherm also can be used
for mixtures of compound rather than Langmuir Isotherm that represents data only

for single components.
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5.2

CHAPTER 5
CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

From the results obtained, several conclusions can be made as the followings:

. The characterization of rice husk as an activated carbon proves that it can be

made into a good adsorbent after it has gone through careful preparation with
activated agent (Sodium Hydroxide), optimize particle size (63um), optimize

carbonization temperature (500°C), and are highly porous cellulose-silica.

. As the mass is increased, the metal uptake also increases. But the adsorption

capacity decrease with mass, which can be fixed by increasing the volume of

the adsorption to avoid crowded ion adsorption on the activated carbon.

. Rice Husk adsorption develops an adsorption with Freundlich Isotherm. The

value for K¢ and 1/n are also determined in the process, that is 0.0405 (Ky)
and 0.7758 (n). This value is subject to error, as there may be some error in

the production and error from the equipment.

. Rice husk has high potential to substitute current adsorbents as a low-cost

activated carbon to remove Zn (II) and can be utilized for water treatment

management.

RECOMMENDATIONS

The study on rice husk as a potential adsorbent has not finish yet. There are

lots of are of improvement to be made so that it will be fully capable for industrial

use. Thus, below are the recommendations for further development of rice husk.

. To relate rice husk with other isotherms, such as Brunauer-Emmet-Teller

(BET) isotherm and Kisliuk Isotherm so that we can determine other

attributes of rice husk adsorption.

2. To study on the effect of batch adsorption and continuous flow adsorption.

3. To study the adsorption activities for complex ion, which wastewater usually

have complex mixture of ion.
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APPENDICES
APPENDIX I

Calculation of 150 ppm of Zn (II} ion solution

in order to minimize error, the solution prepared is started from 500 ppm ZnCl,.

500 . _ 500 mg Zn**
PP oY MASS =11 of water
Given the molar mass: Zn—-65.38 ggmol;  ZnCly — 136.28 g/mol

Assuming 1.0 mol of ZnC12, thus having 1.0 moi of Zn*

65.38 g Zn2*
1 mol of Zn?*

Mass of ion Zn** = x 1mol of Zn?*
136.28 g ZnCl;

Mass of ZnCl, = Tmol of ZnCl,

X 1 mol of ZnCl;

2+ 2
.. Percent mass of ion of Zn** = 65.38 g Zn*" _ 0.4797 g Zn**
136.28 g ZnCl, 1.000 g ZnCl,

Then 500 mg of Zn** in ZnCl,.

1.000 g ZnCl,

-3 24 U G ARVE
500 X107 gof Zn*" x 047979 Zn2*

= 1,042 g ZnCl,

By using dilution formula M1V1 = M2V2
500 V; = 150 (1000ml)
« Vy = 300ml

Thgrefore, 300 ml of 500 ppm of Zn (1) ion solution is diluted to prepare 150 ppm of
Zn”



APPENDIX I
Calculation for Percent Metal Uptake
The calculation for metal uptake is shown as below:

Initial concentration — Final Concentration
Initial Concentration

x 100%

For example, the initial concentration is 150 ppm and the final concentration is 114
ppm, therefore the percent metal uptake is;

150 ppm — 114 ppm
150 ppm

X 100%

= 24% metal ion uptake

Calculation for Adsorption Capacity

The calculation for adsorption capacity is such as below:

Initial concentration — Final Concentration
Weight of rice husk in gram (g)

X Volume of solution in litre(L)

For example, the initial concentration is 150 ppm and the final concentration is 114
ppm, volume of solution is 0.025 L and weight of the rice husk used is 0.1 g,
therefore the adsorption capacity is;

150 ppm — 114 ppm

0.1 g rice husk * 0.015L

= 14.63 mg Zn (I1)/ g rice husk
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APPENDIX V

Timelines fer FYP 1
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Figure 4.27: Timeline for FYP 1
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