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ABSTRACT

Nowadays, most of the wastewater produced as industrial effluent contain constituents
where it needs to be treated prior discharge to environment. One of the constituents is
phenol; an organic compound with the chemieal formula C6H50H which is generated in
many of the steel industry’s coking facilities as a precursor to many materials and vseful
compounds. Phenol can pose a severe health hazard whereupon it can affect the central
nervous system and cause damage to the liver and kidneys. Phenol will stay in the air,
soil, and water for much longer times if a large amount of it is released at one time, or ifa
steady amount is released over a long time. In advanced wastewater treatment, many
methods have been applied such as adsorption using activated carbon, ion exchange using
resin, using Fenton reagent and UV light degradation to remove phenol. So, in this
systematic study, two methods have been chosen to be investigated for phenol removat
efficiency, which is adsorption using activated carbon and ion exchange resin. A
modification process is performed to modify the surface of activated chemically using
KOH. The adsorptive capacity between modified activated carbon, non modified
activated carbon and resin then is compared to determine which is better for phenol
removal. From this study, it is proven that the modification on the surface of activated
carbon improves the performance for phenol removal compared to non-modified and

resin.

it



ACKNOWLEDGEMENT

First and foremost, I would like to express my praises to God for His blessing.

My deepest appreciation and gratitude is extended to my Supervisor, Dr Usama
Mohamed Nour El Demerdash for being very encouraging, supportive and responsive
throughout the whole process of completing this final year project to fuifil the university
requirement. Without his constant supervision and guidance, I may not be able to

complete this project successfully.

Apart from that, I am very thankful to the lab technicians who are directly and indirectly
involved during the experimental work in the laboratory. Thank you to Mr. Fazli and Mr.
Shaharudin for their endless support and diligence providing sufficient chemicals and
equipments required for the laboratory work. Their incessant assistance throughout the

whole period of experiments are very much appreciated.

Besides, thank you to the Final Year Project (FYP) coordinator, Dr. Lukman Ismail for
being very dedicated and stringent in handling the course effectively throughout the year.

The management of the FYP is systematic and every submission datelines are perfectly

scheduled.

Hereby, T would like to thank also to my fellow friends who have always been
- accommodating and cooperative whenever [ am in need of ideas and opinion throughout

the completion of this project report.

Last but not least, I would like to acknowledge, my family members for keeping me

motivated throughout the year.
Thank you.

(NADIA ISABELLA BINTI MOHD NOOR)

v



TABLE OF CONTENTS

CERTIFICATION OF APPROVAL.
CERTIFICATION OF ORIGINALITY

ABSTRACT

ACKNOWLEDGEMENTS.
TABLE OF CONTENTS

LIST OF FIGURES AND TABLES
LIST OF ABBREVIATIONS

CHAPTER 1:

CHAPTER 2:

CHAPTER 3:

INTRODUCTION

1.1 Background of Study

1.2 Problem Statement

1.3 Objectives.

1.4 Scope of Study

1.5 Project Relevancy

1.6 Project Feasibility
LITERATURE REVIEW

2.1 Wastewater Treatment .

2.2 Phenol in Wastewater

2.3 Carbon Adserption for Phenol Remeoval
2.4 Ion Exchange for Phenol Remaval
2.5 Activated Carbon

2.6 Resin

2.7 Activated Carben Surface Modification
2.8 Adsorption Isotherm

2.9 Characterization .
METHODOLOGY .

3.1 Research Mcthology

3.2 Equipment and Chemiecals

3.3 Project Gantt Chart

3.4 Experimental Procedure

i

iV

= =

WQ&Q@-—JG\W&Nl—Hﬁ
-y

L I N R o B T e T
DR RS S @ @D omommeD



CHAPTER 4: RESULT AND DISCUSSION . . . 27
4.1 Characterization of Adsorbent . . . 27
4.2 Effect of Contact Time . . . . 28
43 Effectof pH . . . . . 30
4.4 Effect of A&sarbent Dosage . - . . 32

4.5 Effect of Initial Concentration . . . 33
4.6 Adsorptio:!n Isotherm . . . . 34
CHAPTER 5: CONCLUSION AND RECOMMENDATION . 37
5.1 Conclusicn . . . . . 37

5.2 Recom’mendation . . . . 37
REFERENCES . ) . ) ) . ) ) 38

LIST OF FIGURES

Figure 1 Wastewater t;éatment process

Figure 2 Molecular s@ctme for strong acid cation resin

Figure 3 Molecular structure for Type I anion resin

Figure 4 Molecular st;;'uctllre for Type II anion resin

Figure 5 Molecular structure for weak base anion resin

Figure 6 Type of AC éurface modification

Figure 7 Some acidic surface group bonded to aromatic rings on AC

Figure § Cation exch%mge mechanism with the carbon surface carboxylic
group i

Figure 9 Freundlich Iisotherm Curve

Figure 10 FTIR image"‘for (a) resin (b) PAC (¢c) MAC

Figure 11 Effect of contact time

Figure 12 Effect of pH

Figure 13 Effect of adfsorbent dosage

Figure 14 Effect of ini;tial concentration of aqueous solution

Figure 15 Freundlich Isotherm

Figure 16 Langmuir Isotherm

vi



Table 1
Table 2
Table 3

AC
BET
FTIR
H2S04
KOH
MAC
NaOH
PAC

LIST OF TABLES
Phenol concentration in various industrial wastewater
Type of resin and their active group

List of equipment and chemicals

LIST OF ABBREVIATIONS
Activated Carbon

Bruncur-Emmett-Teller
Fourier Transform Infrared
Sulphuric Acid

Potassium Hydroxide
Modified Activated Carbon
Sodium Hydroxide
Purified Activated Carbon

vii



CHAPTER 2
LITERATURE REVIEW

2.1 Wastewater Treatment

Wastewater treatment involves several stages which are pretreatment, primary treatment,
secondary treatment and advanced wastewater treatment. Pretreatment steps is purposely
added to remove large materials such as rags, logs and other large objects from the
wastewater that could interfere the treatment process (Ludzack F.J. and Noran D.K.,
1995). Coarse screening, grit chambers and flow equalization used to remove large
materials in the wastewater. In the primary stage, a portion of the suspended solid and
organic matter is removed from the wastewater. Sedimentation tank is used to remove the
contaminant by gravity settling (Metcalf and Eddy, 2003). What settles out is called as

sludge.

Meanwhile, secondary treatment removes soluble materials that require oxygen for decay,
as well as further removal of suspended solids. Trickling filters, activated sludge and
clarifiers normally used in secondary treatment (Ludzack F.J. and Noran D.K., 1995). In
the advanced wastewater treatment, several processes are applied such as carbon
adsorption, phosphorus removal and nitrogen semoval. This level of wastewater treatment
is so effective in removing pollutants so that the treated wastewater can be reused.

Preliminary

Figure 1: Wastewater treatment process



2.2 Phenel in Wastewater

Phenol, also known as carbolic acid, is an organic compound with the chemical fonnuia
C6H50H. Although similar to alcohols, phenols have unique properties and are not
classified as alcohols. Phenol was first extracted from coal tar, and its major uses involve
its conversion to plastics or related materials. It is produced on a large scale since it is
demand as a precursor to many materials and useful compound (Azni I. and Katayon S.,
2003). However, phenol can pose a significant threat and severe health hazard and should
be handled with extreme caution because it is highly corrosive to the skin and readily

absorb through it where it can affect central nervous system and cause damage to liver

and kidney.

Small, single releases of phenol do not stay long in the air and soil but it can stay in water
for longer than 9 days. More phenol is usually found in the environment has been found
in surface. Phenol compounds are considered to be hazardous wastes, which are released
into the aquatic environment by industries such as coke ovens in steel plants, petroleum
refineries, petrochemical, pharmaceutical and dye industries and have been reported in

hazardous wastes sites (Ahmaruzzaman M. and Sharma D.K., 2004).

In industrial wastewater, the content of phenols usually is about 200-2000 mg/L which is
higher than the standard limits set in regulation which is mostly less than 0.5 mg/L
(Abmaruzzaman M. and Sharma D.K., 2004). Due to its nature of highly toxic and
biodegradability, phenol concentration in industrial effluent need to be reduced as low as
applicable prior discharge to the environment, Following table shows the conecentration of

phenols from different industries:

Table 1: Pheno! concentration in various industrial wastewater

Concentration of phenol
Industry (mg/l)
Coal mining 1000-2000
Lignite transformation 10000-15000
Gas production 4000
Petrochemicals 50-700
Pharmaceuticals 1000
Oil refining 2000-20000




2.3 Carbon Adsorption for Phenol Removal

In adsorption process, one or more components of a gas or liqﬁid are adsorbed on the
surface of the solid adsorbent and a separation process is accomplished. In commercial
processes, the adsorbent is usually in the form of small patticle size in a fixed bed. Many
adsorbents have been developed for a wide range of separation. Typically, the adsorbents
are in the form of small pellets, beads and granules ranging diameter from 0.1mm and
12mm. There are a number of commercial adsorbents such as activated carbon, silica gel,
activated alumina, molecular sieve zeolites and synthetic polymer or resin (Geankoplis,

2003).

In wastewater treatment, adsorption is one of the most effective processes of advanced
wastewater treatment employed by industries to reduce hazardous organic and inorganic
wastes in effluents. Activated carbon normally used as an adsorbent in advanced stage to
remove soluble organics which may still present after secondary treatment and filtration.
It has a highly porous carbonaceous substance with a wide range of applications in gas,
vapor, and liquid treatment. The refractory organic material will be adsorbed to the pores
on the activated carbon surface. Once the activated carbon has reached exhaustion and all
the adsorptive sites are filled, it must be regenerated by heating it at a temperature of 8§20
to 930 degC. Activated carbon is expensive, thus making regeneration is economically
desirable.

There are few factors that may influence the performance of adsorption such as pH,
dosage of adsorbent and adsorbate concentration. The adsorption of phenol at acidic pH
does not give significant impact, except slightly increase with increasing pH. However, in
the basic pH, the amount of phenol adsorbed decrease drastically (Carlos M.C., 2003).
Besides that, the dosage of activated carbon and adsorbate concentration is directly
proportional to the adsorption of phenol onto activated carbon (Fritz S. ef o/, 2003). The
use of activated carbon as an adsorbent for industrial wastewater treatment also has
several other problems such as regeneration of activated carbon, intraparticle resistance in

adsorption processes in practice, and high cost of manufacture (Rengaraj S ef al, 2001).
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2.4 TIon Exchange for Phenol Removal

Ion exchange processes are basically chemical reactions between ions in solution and
ions in an insoluble solid phase. The techniques used in ion exchange so closely resemble
those used in adsorption. So, ion exchange process can be considered as a special case of
adsorption. Most present today, ion-exchange solids used are synthetic resins or polymers

(Geankoplis, 2003). The resins are prepared as spherical beads 0.5 to 1.0 mm in diameter.

In wastewater treatment, phenol can be removed efficiently by ion exchange process
using anion resin {(Geankoplis, 2003). In the vast majority cases, ion exchange process
use to treat wastewater containing inorpanic contaminants such as heavy metals, The
kinetics of sorption of organic species from non-polar solvents by ion exchangers is
typically unfavorable because ion exchangers which are resins not very effective against
large organic molecules. This is due to the Jarger size of organic molecules which tends
to reduce the exchange rate of the resins. However, ion exchanges process stilt effective

in the treatment of specific organic compounds such as phenol.

Two kinds of resin most commonly used today is polystyrene with sulphonate groups to
form cation exchangers or amine groups to form anion exchangers. Factors affecting the
ion exchange process include the presence of oil and grease, contaminant concentration,
exchange capacity of the resin and pH of the wastewater. Each type of resins has different
affect towards pH. For example, strong acid cation resin is independent towards solution

pH whereas weak acid resin has imited adsorption capacity for pH below than 6.0.

2.5 Activated Carbon

Activated carbon is a form ofcarbonthat has been processed to make it
extremely porous and has a very large surface area available for adsorption process and is
produced from carbonaceous source materials Iike nutshells, wood, coconut shells and
charcoal (Fritz S. et al, 2003). Activated carbon has three main forms which are
powdered, granular and extruded. In wastewater treatment, activated carbon removes
contaminant by adsorption process where activated carbon functions as adsorbent and
contaminant or organic compound function as adsorbate. They must have high abrasion

resistance, high thermal stability and small pore diameters, which results in higher

11



exposed surface area and hence high surface capacity for adsorption (Ahmaruzzaman M.
and Sharma D.X., 2004). |

There are several factors affect the size, number and chemical structure of organic acid
molecules such as wastewater pH and temperature. Accordingly, there exist an infinite
number of organics acids in wastewater and this cause difficulty in removing organics
and consider as site specific. However, activated carbon’s properties are used to remove
organics like phenols. Generally, adsorption takes place because all molecules exert
forces to adhere to each other. Activated carbon adsorbs organic material because the
attractive forces between the carbons surface (non-polar) and the organic contaminant

(non-polar) are stronger than the forces that keeping the contaminant dissolve in water

(polar).

The organic molecules can be adsorbed by the activated carbon only when the molecules
are close to carbon’s surface. This is due to the adsorptive forces of the activated carbon
are weak towards organic molecule. The large particle size as well as configuration of
pores on the activated carbon surface also allows for the adsorption to take place. For
activated carbon used in industrial wastewater treatment, it_;s filter capacity towards
organic molecules can be roughly estimated at 0.lpound of organics per 1 pound of

carbon at a flow rate of 2gpm/cu.ft and carbon depth 3 feet (Frank D.S., 2000).

For this project, activated carbon in the form of granular 1s used because this form can be
a particularly good adsorbent medivm due fo its high surface area to volume ratio. One
gram of a typical commercial activated carbon will have a surface area equivalent to
1,000 square meters. This high surface area permits the accumulation of a large number

of contaminant molecules.

2.6 Resin

An ion-exchange resin is an insoluble material that is normally in the form of small beads
with 1 to 2mm in diameter. It is fabricated from an organic polymer substrate. Resin has
highly developed structure of pores on the surface so that ions will be easily trapped and

reieased. The process trapping of ions with simultaneous releasing of other ions is

called ion-exchange process.

12



The functional group determines whether the ion exchange resin is a cationic type or an
anionic type. Although an infinite quantity of functional groups can be attached to the

polymeric matrix, the most commonty used in the industry are:

Table 2: Type of resin and their active group

Active Group Structure Type of Resin
Sulphonic R-SOsH Strong acid cation (SAC)
Carboxylic R-COOH Weak acid cation (WAC)

Ammonium R-N(CH;):C1 Strong base anion (SBA) type |
R-N{CH;};OHCl- Strong base anion {SBA) type I
R-N(CH;), Weak base anion (WBA)
Chelating R-5H
R-CH; N(CH,COOH), Chelating resins
R-CH; NHCH, CH; PG; H

Strong acid cation resins contain exchangeable H+ cation which gives the resins the
ability to behave very reactive insoluble acids. These resins not only can be used to

exchange the H+ jon for the cation of a salt in solution but they can be used in place of

soluble acid in many catalytic reactions as well.

Strong Acid Resins

Figure I : Molecnlar structure for strong acid cation resin

For weak acid cation resin, it contains carboxylic acid groups which act as base adsorbers
(Frank D.S., 2000). A typical weak acid resin has limited capacity below a pH of 6.0
conditions making it unsuitable for deionizing acidic metal in wastewater treatment
(Rengaraj S. ef al., 2001). Strong base anion resins functional group is quaternary amine
and has the ability to exchange anions. When in the OH- ionic form, this type of resins is

13




capable to act like very strong inschuble bases in solution. Strong base anion resin can be
divided to two types which are Type I and Type IL. Type I resins incorporate quaternary
methylamines as the functionality and behave as the strongest bases of the anion resins.
For Type I resin, its basicity is lower than Type 1 is formed when the amine used in the

reaction is dimethylethanolamine, which results in improved regeneration efficiency.

Type | Strong Base Resins

oo
S
°

"-«f“(*

CH- — NI* - CH;
CH;

Figure 3: Molecular structure for Type I apion resin

Type !l Strong Base Resins
T

CH; — nia* — CH,— CH,CH |
CH.,

Figure 4: Moleeular structare for Type fI znion resin

Wesk base anion resins contain tertiary amine functionalities which act as acid adsorbers.
Consequently, weak base resins exhibit minimum exchange capacity above a pH of 7.0.

The weak base resin does not have a hydroxide ion form as does the strong base resin

(Rengaraj S. et al., 2001).
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Weak Base Resins

CH, — N - CH,

Figure 5;: Meolecular structure for weak base anion resin

For chelating resins, they have different types of functional group. They remove metals,
boric acid or other ions selectively. They may have used in chromatographic separation
and in removal and recovery of traces heavy metals from concentrated salt solution.

In this work, strong base anion resin Type 1 will be used to remove phenol. The solid
exchange, as well as a high porosity on which molecular adsorption by hydrophobic
interaction can take place (Rengaraj S. er al., 2001). In this case the ion exchanger does
not act as such but more as a conventional adsorbent. Plus, strong base anion resin also
has high resistance to fouling (Frank D.S., 2000). Phenol can be efficiently removed from
polluted wastewaters by using a strong-base anion exchanger. It was observed that its

removal capacity was higher than that of other known adsorbents.

2.7 Activated Carbon Surface Modification

Based on the type and nature of the targeted impurities, the surface of activated carbon
may be modified to enhance the affinity toward the desired impurity. As an Inert porous
carrier material having large specific surface area, activated carbon is capable of
attracting a variety of chemicals onto it hydrophobic internal surface. Depending on the
application, there are different methods to modify activated carbon, which make the
surface accessible to a variety of reactants. The modification can be categorized in three
classes: |

2) Chemical modification

b} Physical modification

¢} Biological modification

15



The chemical modification may further be divided into two broad groups, those resulting
in acidic and basic surface. The third type of chemical modification is the surface
impregnation of activated carbon with active metals and their oxides. The physical
modification includes mainly heat treatment. The biological modification is a relatively
newer approach, where biological methods of environmental control can be used for

water treatment and other applications (Vivekand G. and Shankar P.A., 2008).

| [t Treament| - { Bioadsorption

| Impregnation-.

Figure 6: Type of AC surface modification

2.7.1 Chemical Modification
The chemical modification is carried out by impregnation the activated carbon with acid,

basic or foreign metal depending on the targeted impurities. Acidic treatment will form
acidic surface functional group such as carboxyl, quinine, hydroxyl, carbonyl, carboxylic

anhydride and lactone as shown in following figure:
=

fa) OH

Carboxyt Quinone Hydroxyl
|/\]/!c'i\|/ﬁ (\ﬁ)f' i
Carbonyl Carboxylic anhyride Lactone

Figure 7: Some acidic surface group borded to aromatic rings on AC
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These functional groups will increase affinity towards metal ions since metal ions have a
tendency to form metal complexes with the negatively charged acid groups. Figure 9
shows the cation exchange mechanism with the carbon surface carboxylic acid. Besides

that, the existence of acidic group will promote hydrophilicity on the carbon surface.
H-

M+ -
; M+ '
o * oH 0= 40
'.‘ L-. > -4 C £

+ **

Figure 8: Cation exchange mechanism with the carbon surface carboxylie group

Based on a study done by Chen, the maximum adsorption capacity for adsorption of
copper increased from 6.14 mg Cu/g to 14.92 mg Cu/g after the activated carbon was
treated with citric acid (Wengzhong S. er al., 2008). Edwin reported that the maximum
adsorption capacity treated with citric acid was enhanced from 0.5813 mg/g to 0.881
mg/g (Shunnian W. and Chen J.P., 2008). However, acidic modification has its
disadvantages where it will reduce the BET surface area and pore volume. This is due to
the destruction of porous structures within activated carbon during oxidation process.
Besides that, the acid modification does give adverse effect on the uptake of organics
contaminant. The adsorption capacity if benzene onto activated carbon treated with nitric
acid is less than non-treated activated carbon.

As contrast to the acidic treatment, basic modification is highly favorable for adsorption
of organic contaminant. A research conducted by Yamin shows that the activated carbon
treated with KOH demonstrate better performance in adsorbing organic dye of methylene
blue. Basic modification is commonly done by treating the activated carbon with aqueous
ammonia and sodium hydroxide. Under basic solutions, it is expected that OH- ions react

with the surface functional groups of activated carbon.

Surface impregnation is another method for chemical modification of activated carbon.

The term ‘impregnation’ defined as fine distribution of chemicals and metal particles on

17



the internal surface of AC (Vivekand G. and Shankar P.A., 2008). The rational for
employing impregnation are to optimize the catalytic properties of activated carbon by
promoting it’s built in catalytic oxidation capability, to promote synergism between
activated carbon and the impregnating agent and to boost the capacity of activated carbon
as an inert porous catrier. Vivekand reported that the activated carbon impregnated with
silver, copper, nickel, aluminum and iron has enhanced adsorption capacity towards

fluoride, cyanide and heavy metals like arsenic in water.

For this project, chemical modifications of basic groups on the surface are carried out by
treating activated carbon with potassium hydroxide (KOH) because the alkaline treatment
of activated is beneficial in enhancing the adsorption of organic species like phenols.

2.7.2 Physical Modification

Heat treatment is the major method so far reported for physical modification that partly
remove some of the humic acids lodged m the micropores; therefore result in increase
surface area. Furthermore, the heat treatment of activated carbon under inert flow is

tavorable for enhancing adsorption of organic compounds since the basic characteristic of

activated carbon is amplified at high temperature.

2.8 Adserption Esotherm

Generally, the amount of material adsorbed is determined as a function of the
concentration at a constant femperature and the resulting function are called as adsorption
isotherm. There are several equations that are often used to describe adsorption isotherm
were develop, but the most commonly use to describe adsorption characteristic of the
activated carbon used in wastewater treatment is Freundlich Isotherm, defined as

(Metcalf and Eddy, 2003):

X K 1
| =R
Where X/M: Amount of contaminant adsorbed per unit mass of adsorbent, mg

adsorbate/g activated carbon
C: Concentration of contaminant in the water stream

K.n: Empirical constants particular to the contaminant



The constant in the Freundlich isotherm can be determined by plotting log (X/M) versus
log Ce and get a straight line with i/n is slope value and leg K as y-axis intercept. The

equation written as:

X i
lng.(E) = logK; + Elog,(,'e

} Iﬁ.if::':&pt = 1‘33 k

Log P vemmmrip
Figure 9: Freundlich Isotherm Curve
2.9 Characterization
2.9.1 Fourier Transform Infrared Spectrum (FTIR)

FTIR analysis is used to investigate variations in the functional groups of the sample. The
increase and decrease in the spectrum peaks shows how the experimental conditions

affect the structure of material. FTIR is used to identify the chemicals either organics or

not.
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CHAPTER 3
RESEARCH METHODOLOGY

3.1 Research Methodology

«Identify the issues that lead to the need of conducting the research
«Significant of the project towards the issue

*Review previous research done by others that related to this topic
=Make hypothesis based on their result and finding

«Identify the equipment and chemicals needed to conduct the experiment
«Develop the experimental procedure

*Modify the activated carbon using KOH
«Characterize the mpdified, purified and resin
«Perform adsorption and ion exchange experiment, where phenol is the pollutant

= Analyze the result of the experiment
*Compare with the theory/hypothesis/literature review

*Conclude finding of the project
= Provide recommendation for improvement

20



3.2 Equipment and Chemicals
Following table shows Jist of equipments and chemicals used in this study:

Table 3: List of eguipment and chemicals

Equipment Deseription
Fixed Bed Activation | To activate the modified activated carbon
Unit
{ Ton Exchange Unit To allow ion exchange process between anion resin and
phenol
' Oven To dry the activaied carbon during modification process
Water bath shaker { To do adsorption process
UV Vis To determine initial and final concentration of phenol
Spectrophotometer
' Chemicals Description
Activated Carbon (R&M) | As adsorbent
| Strong base anion As ion exchanger
Exchange Resin
{Amberlite IRA420 CD
| Potassium Hydroxide | To modify surface of activated carbon
R&M)
| Phenol (R&M) | As contaminant or adsorbate

21




3.3 Project Gantt Chart
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3.4 Experimental Procedure
Basically, three experiment procedures will be conducted in this project involves

activated carbon surface modification, adsorption process using modified and purified
activated carbon and also ion exchange process using anion resin. For adsorption and ion
exchange, the effect of solution pH, adsorbent amount and initial adsorbate concentration
will be investigated. This is due to pH of wastewater is differ depends on the process in
the industry. The effect of adsorbent amount is studied to investigate its correlation with
amount of phenol adsorbed. Different industry release different amount of phenol
concentration in its wastewater. So, the effect of adsorbate concentration is very
important to be investigated to determine its effect towards adsorption capacity. The

effect of temperature is not taken into consideration because the process follow

adsorption isotherm.
3.4.1 Preparation Modified Activated Carbon (MAC)

The commercial granular AC (R&M) is used in this study. Prior to use, it is washed with
distilled water to remove ash and subsequently dried using oven at 110degC for 24 hours

and noied as purified activated carbon (PAC).

Some of the PAC is immersed in concentrated KOH (12M) for 24 hours with stir, After
completed, the resulting sample is repeatedly washed to neutralize the pH and remove
any excess KOH. Subsequently, the sample is dried in oven for 24 hours at 110degC.
Then, the sample is placed in the fixed bed activation unit and heated from room
temperature until 800degC under inert condition. The sample is held at 800degC for 3
hours and cool down to room temperature under inert condition. Once it reaches room

temperature, air is introduced. The sample is noted as modified activated carbon (MAC).
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Dry using oven at _ Immerse PACin

Wash granular }
‘ 110degC and noted as concentration KOH
actvatedcarbonwith | | " puifiedActivated | Ly’ (12M)for 24h with
Carbon (PAC) stir
L \ %

Cool down to room
Characterize sample temperature and f':':e‘:bt:: mple;:
paer = - M. v unit to h until
- SEM and XRD - Activated Carbon ~ 800degC for 3h
L . (wag) r3
3.4.2 Characterization

All samples, the raw activated carbon, purified activated carbon (PAC) , modified
activated carbon (MAC) and anion resin are sent for characterization using Scanning
Electron Microscope (SEM) and X-Ray Diffraction (XRD).

3.4.3 Adsorption Studies

The adsorption of phenol by activated carbon is carried out using batch technique. The
effect of solution pH, initial adsorbate concentration and adsorbate amount towards
adsorption process are investigated. For the effect of pH solution, 0.2g of PAC and MAC
are added into two different conical flasks containing 150mL of 150ppm phenol. The pH
of the solution is adjusted using NaOH and H,SOy to make it in range between pH 2 to 11
and shake for 60 minutes at 150 rpm. The sample for each value of pH is taken and
concentration of phenol is determined using UV-Vis spectrophotometer by 4-
Aminoantipyrine Method.

For the effect of initial adsorbate concentration, the adsorption will be carried out using
different phenol initial concentration ranging from 50ppm to 400ppm and same amount
of adsorbent is used which is 0.2g of PAC and MAC. All of the solutions are stirred for
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60 winutes at 150 rpm. Samples ate taken afier 60 minutes to determine phenol

concentration using UV-Vis spectrophotometer.

Meanwhile, for the effect of adsorbent amount towards phenol adsorption, various
amount of adsorbent in the range of 0.2g to 2.0g are added to 150ppm phenol and shake

for 60 minutes at 150 rpm. Then, the samples are taken to determined final concentration

of phenol using UV-Vis spectrophotometer.

For the effect of contact time, 150ml of 150ppm phenol aqueous solution was added to
two conical flasks containing 0.2g PAC and MAC. The solution is shaken at 150 rpm.,
The samples were withdrawn every 5 to 10 minutes. The experiment is done both for

PAC and MAC.

3.4.4 Ion Exchange Studies

Batch technique is used for phenol removal by ion exchange process using anion resin.
Before the ion exchange resin is used in the experiments, it is pretreated by immersed in
deionized water for 3 to 4 hours. Then, the resin is dried at 40degC in vacuum condition

for 24 hours before being used. The resin samples were stored in desiccators for

experiments.

For the effect of pH solution, 0.2g of anion resin is placed into a conical flask containing
150m! of 150ppm phenol. The pH of the solution is adjusted using NaOH and H,S80; to
make it in range between pH 2 to 11 and shake for 60 minutes. The sample for each value
of pH is taken and concentration of phenol is determined using UV-Vis

spectrophotometer.

For the effect of initial adsorbate concentration, the ion exchange process will be carried
out using different phenol initial concentration ranging from 50ppm to 406ppm and same
amount of resin which is 0.2g is used. All of the solutions are stirred for 60 minutes.
Samples are taken after 60 minutes to determine phenol concentration using UV-Vis

spectrophotometet.

Meanwhile, for the effect of adsorbent amount towards phenol adsorption, various

amount of anion resin in the range of 0.2g to 2.0g are added to 150ppm phenol and shake

25



for 60 minutes. Then, the samples are taken to determined final concentration of phenol

using UV-Vis spectrophotometer.

For the effect of contact time, 150ml of 150ppm phenol aqueous solution was added to a
conical flasks containing 0.2g anion resin. The solution is shaken at 150 rpm. The

samples were withdrawn every 5 to 10 minutes.
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CHAPTER 4
RESULT AND DISCUSSION

4.1 Characterization of Adsorbent
4,1.1 FTIR Analysis

Pt

e

= =
e e

il

.
8

o

®)

27




/ E |
15 | H I & \

' / s ! ! mep
4 f {

©

Figere 10: FTIR image for (a) resin (b) PAC (¢) MAC

A guantitative analysis for all adsorbents was conducted using FTIR. Based on the Figure
10, the FTIR spectra for PAC and MAC samples are almost similar. For the anion resin,
some of the wavelengths are around 2800 cm-1. This might be due to OH- ions in the
resin after pretreatment process, For PAC, there are some wavelength ranges between
3300 to 2500 em™. This might be due to the OH- on the surface of activated carbon. For
MAC, the wavelengths for hydroxyl group is less because some of the ions is remove

when modification is performed on the activated carbon.

4,2 Effect of Contact Time for Phencl Removal

The effect of contact time on the amount of phenol adsorbed was investigated at the
optimum initial concentration of phenol which is 150ppm. The samples were withdrawn
every 5 to 10 minutes time interval and the phenol concentration was determined using

UV-Vis spectrophotometer. Figure 11 shows the phenol percent uptake after 60 minutes:
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Figure 11: Effect of contact time

The percentage uptake is calculated using the following equation:

Cinitial — Cfinal
Cinitial

% Uptake = x 100%

From the above figure, it shows that MAC reach equilibrium fastest compared to PAC
and resin after 60 minutes agitation. For MAC, it reached equilibrium at 45 min
meanwhile for resin at 55 min and for PAC at 50 min. Between PAC and MAC where
phenol is removed from aqueous solution by adsorption separation, MAC reached
equilibrium faster. This might be due to greater surface area after the modification of
activated carbon using KOH. The change in the surface morphology of the activated
carbon will lead to better phenol adsorption. By treating the activated carbon with basic
solution, it is expected that the OH- ions react with the surface functional groups of AC
creating basic functional groups on the surface of the AC. This will lead to increase in
efficiency for activated carbon to remove phenol. So, the alkaline treatment of activated
carbon is beneficial in enhancing the adsorption of organic species such as phenol from
water ((Vivekand G. and Shankar P.A., 2008).

This result also is parallel to Yamin’s study where modified activated carbon with KOH
reached equilibrium earlier than the non modified activated carbon in adsorbing ethylene



blue (Yamin Y. ef al., 2007). The equilibrium time for activated carbon in this study is
supported by Bestamin study where the activated carbon starts to saturate with phenol
after 1 hour (Bestamin O., 2006).

The PAC achieved equilibrium faster than anion resin. This might be due to the different
adsorption capacity between activated carbon and anion resin. The activated carbon
adsorption capacity (350 mg/g) is higher than resin adsorption capacity which is only 317
mg/g (Lin S.H. and Juang R.S., 2009). The size of the phenol molecule also probably
cause the equilibrium time for resin is more than PAC equilibrium time. It is difficult for
the large organic molecule to penetrate inside the resin beads to the interior exchange
sites. This means that the ion exchange reaction between the resin charged functional
group and the phenol molecule occurs quickly only at the surface of the resins but the
process getting slow as the organic gradually penetrates into the resin beads. So, there is a
limit resin exchange rate because most of the ions exchange sites are not on the surface of
the resin beads.

4.3 Effect of pH

The phenol removal process is greatly influenced by the pH of the solution. In this study,
solutions contain 150 ppm phenol with pH 2, 3, 5, 6, 7.9 and 11 are agitated for 60
minutes. The pH is adjusted using NaOh and H2S04. The following figure illustrated the
effect of varying the pH on the phenol uptake from aqueous solution:

Effect of pH

Figure 12: Effect of pH
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From the above figure,it is clear that the maximum uptake percentage is between pH 5 to
7 for all adsorbents. From the result, it shows take the amount of phenol removed
increase slightly with the acid and at a certain pH, the amount of phenol removed start to
decrease while the pH increases. The influenced of the pH has been interpreted in terms
of phenol dissociation. The phenol compounds starts to dissociate at a pH higher than
pKa value which is 9.89 and ionize into water-soluble phenolate ion, C6H50- (Carmona.
et al., 2006). Hence, the solubility of phenql in water increased and it tend to remain in
the solution rather than been adsorbed onto activated carbon. At acidic pH, the phenol
percentage removal is higher because phenol was not dissociated yet and easﬂy adsorbed

by activated carbon.

For phenol removal by anion resin, at pH higher than pKa, the multi component exchange
between hydroxyl and phenolate ions will occur. Subsequently, the ions need to compete
to be exchanged by the anion resins. Hence, the adsorption and ion exchange process will

achieve good effictencies for phenol removal if it has been conducted at several pH units

where the pH is below than pKa.

Abburi in his study explained that phenols act as weak acids in agueous solution and the
dissociation of hydrogen ion from phenols strongly depends on the pH of the solution
(Gao H.J. and Jiang, 2010). In acidic solutions the molecular form dominates and in
alkaline medium the anionic form is the predominant species. That explains the
experimenital results show that the phenol is removed effectively by anion resin at around
pH 6. The phenol molecules exist predominantly as neutral at pH 6. Therefore, the
interaction between the resin and phenols is considered mainly as non-polar and the
forces responsible for adsorption are physical van der Waals forces and phenols can be

easily removed by resin.

4.4 Effect of Adsorbent Desage
Adsorbent dosage is one of the significant parameter in determining the percentage of

phenol removal. Following figure shows the percentage of phenol removal at various

amount of adsorbent:
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Figure 13: Effect of adsorbent dosage

From the above figure, it can be concluded that the phenol removal efficiency increasing
by in by an increasing in dosage of adsorbent. The amount of adsorbent determines the
number of surface area available for separation process to oceur. This can be explained
by the fact that the number of available adsorption sites increases as adsorbent dosage
increase. Besides that, the result of the study by Hamzah et al. is same where the Nickel
removal efficiency increases by increasing the adsorbent dosage (Hamzah M. and Ujang
Z., 2003), Even though the adsorbate is different, however the pattern of the result is still
same. Besides that, Mahdi also obtained similar result as this study for boron removal

using ion exchange process (Mahdi. ef af, 2011).

From the result above, activated carbon adsorbed more phenol compared to anion resin at
the same amount. This might be due to the activated carbon’s propertiss which are used
to remove organics. Generally, adsorption takes place because all molecules exert forces
to adhere to each other (Frank, 2000). Activated carbon tends to adsorbs organic material
because the attractive forces between the carbon surface (non-polar) and the contaminant
(non-polar) are stronger than the forces keeping the contaminat dissolved in water
(polar). Plus, the large surface of the activated carbon due to its particle size and pore

configuration allows for the adsorption to takes place.
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* For phenol removal by ion exchange, the removal efficiency is less compared to activated
carbon. The reason is most probably because during the ion exchange process, only
selective ions will be displaced with certain selective ions. The ion exchange only
continues as long as there are enough selective ions available for the resin to exchange.
Once most of the functional groups are saturated with the selective ions, the process will

become slow and more resin needed to remove the organic molecule.

4.5 Effect of Initial Concentration
Batch experiments were conducted for 150 minutes at 23°C to evaluate the effect of

initial concentration of contaminant (phenol) removal from aqueous solutions. The effect
of initial concentration of phenol was examined for concentrations of 50, 60, 100, 150,
200, 250, 300, 350 and 400 mg P/L at constant operating temperature of 23 °C. The pH
value was kept constant at the original value of the solutions. The results obtained are

illustrated in Figure 14:
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90 -
80 -
76 - )
60 - e A
50 =~ PAC
&0 - :

20 =fr=MAC
29 -
10 -

8 - S —

4] 50 100 150 200 250 308 350 400 450
tnitial Concentration (ppm)

% Uptake

Figure 14: Effect of initial coneentration of agueous sclution

Based on the result obtained, phenol percentage removal decreases with increasing initial
adsorbate concentration at constant temperature, pH and resin amount. This might be due
to the fact that for a fixed adsorbent dosage, the amounts of ion allowable for ion

exchange process to occur is limited, resulting in a decrease of percentage removal
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corresponding to an increased in initial adsorbate concentration. According to Ho, the
equilibrium would be reached faster at lower initial concentration, probably because the
more sorption sites are available to catch the available ions, which means faster
adsorption in lower concentrations. As a result, reaching the equilibrium condition

increased when the initial concentration of the solution increased.

For activated carbon adsorption, it is clearly shown that as the initial concentration
increase, the adsorptive capacity also increases. The same result also was achieved by
Afshin et al. in their research on adsorption of phenol in aquecus solution (Afshin. et al.,
2007). This is due to the mass transfer driving force increasing as the initial concentration
increase. Hence, the rate for phenol molecules passes from the bulk solution is higher,
leads to easier adsorption process to occur. However, the percentage of phenol uptake
decreasing as the initial concentration increases. This might be due to the adsorbent

already saturated with phenol after shaking for 1 hour.

4.6 Adsorption Isotherm
There are several models have been reported in the literature to describe experimental

data as adsorption isotherms. Analysis of the isotherm data is important in order to
develop equations that represent the results which could be used for design purposes. In
 this study two models, which are Freundlich and Langmuir were used to describe the
relationship between the amount of phenol adsorbed and its equilibrium concentration for

all adsorbents.
For Freundlich Isotherm, it is expressed as:
Ge = kp(CHV

Where, ge is the amount adsorbed at equilibrium (mg/g), Ce is eguilibrium concentration
of the adsorbate (mg/l), and k and 1/n are the Freundlich constants related to adsorption
capacity and adsorption intensity respectively of the adsorbent. The values of k and 1/n
can be obtained from the intercept and slope respectively of the linear plot of log qe

versus logCe.
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Figure 15: Freundlich Isctherm

The linear form of the Freundlich isotherm model is given by the following relation:
1
logg, = - logC, +logk

For Langmuir Isotherm, it is expressed as:
_ CybC,
T =11 Cnt,

Where qe is the amount adsorbed at equilibrivm (mg/g), Ce is equilibriuvm concentration
of the adsorbate (mg/l), and cm(mg/g) and b (I/mg) are the Langmuir constants related to
the maximum adsorption capacity and the energy of adsorption, respectively. These
constants can be evaluated from the intercept and slope of the linear plot experimental

data of 1/ge versus 1/Ce.
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Figare 16: Langmuir Isotherm



Based on the adsorption isotherms above, the results reveal that for MAC and resin obey
Langmuir isotherm whereas PAC obeys Freundlich isotherm. This might be due to
greater porosity for MAC after undergoing the surface treatment.
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CHAPTER S
CONCLUSEON AND RECOMMENDATION

3.1 Conclusion
The systematic experiment discuss in this paper shows that activated carbon surface

modification can be done using KOH. After modification process, the adsorption
efficiency is improved and the activated carbon removes phenol better compared to non-
modified activated carbon and resin. This is proven that surface modification can be used
to improve the adsorption efficiency for the activated carbon. From the adsorption study,
it shows clearly phenol percentage uptake is directly proportional with adsorbent dosage
used to remove phenol. The optimum pH is between 5 to 7 and 50 minutes contact time
with the adsorbent to get the best efficiency of phenol removal. Both Freundlich and
Langmuir adsorption models are suitable to describe the adsorption process of phenol

removal from aqueous solution.

5.2 Recommendation
For future works continuation, the BET and porosity analysis should be done to analyze

the surface and porosity of activated carbon before and after modification with KOH as
well as for the resin. The study on the effect of KOH concentration used to modify the
activated carbon shall be investigated to determine the effect on the activated carbon. For
the operating parameter, the effect of operating temperature towards the phenol removal
efficiency by the adsorbent should be studied to get better operating parameter for phenol
removal process. Since this experiment is conducted by batch process, the next
experiment should be done by continuous process to determine the differences between
batch and continuous process. Another method for surface modification also can be done
in the future study. It is recommended to perform the adsorption and ion exchange
process on different poliutant, both organic ard heavy metals ion to confirm whether it is

applicable to be used for other contaminant.
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