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ABSTRACT

Copper ions are one of heavy metal that high in toxicity and can cause
pollutant. Removing copper ions has become a major key mostly in chemical
industry as heavy metals can bring many negative impacts to living organisms as
well as pollute the environment. Due to that, many researches have been conducted
to remove copper ions which include chemical precipitation, reverse osmosis, ion
exchange, ultra filtration and adsorption. Adsorption is the most preferential
technology mainly attributed to its ease of availability and economic efficiency.
Study showed that amino functionalized mesoporous silica, MCM-41 has great
potential in copper ions adsorption as it has high selectivity of heavy metal
separation. Therefore, this research work is focuses on the synthesis of functionalized
MCM-41 tertiary amino group via co-condensation method and the performance of
the synthesized adsorbent on copper ion removal. The resulting adsorbent will be
characterized using different analytical tools such as Fourier Transform Infrared
(FTIR) and Brunauer-Emmett-Teller (BET). The adsorbent then was tested for
removal of copper ions. Based on that, the results were analyzed by adsorption
isotherm and Kkinetics model for adsorption study for the adsorbent on copper ion.
The adsorption process on modified MCM 41 was well described by the Langmuir
Model and Pseudo-Second-Order model. For percentage of copper ions removal,10%
AEPTMS — MCM 41 have the highest percentage removal that is 57.4%.. In
summary, 10% AEPTMS — MCM 41 was an excellent adsorbent in the field of

copper ions removal.



ACKNOWLEDGEMENT

First and foremost, | would like to thank ALLAH S.W.T. for giving me the strength
and good health throughout my Final Year Project.

I would like to express my gratitude to my supervisor, Dr Yeong Yin Fong for giving
me the opportunity to work under her for my Final Year Project. Her valuable

guidance, constructive criticism and support would not be forgotten.

Besides that, 1 would like to seize this opportunity to thank to all parties who has
contributed along the process in accomplishing my Final Year Project. Special
appreciation to all staffs and technicians from Chemical Department for their full

support, encouragement and guidance.

Last but not least, the appreciation goes to my family and my friends who had been
supporting me, sharing ideas and given me encouragement and strength during the

entire period of this project.



TABLE OF CONTENTS

ABSTRACT
ACKNOWLEDGEMENT .
TABLE OF CONTENTS
LIST OF FIGURES

LIST OF TABLES

CHAPTER 1: INTRODUCTION
1.1.  Background of Study .
1.2.  Problem Statements
1.3.  Objectives
1.4.  Scope of Study.

CHAPTER 2: LITERATURE REVIEW .
2.1 Effect of heavy metal ions.
2.2 Existing method on heavy metal ions removal
2.3 Characteristics of Functionalized MCM-41
2.4 Synthesis MCM-41 using co-condensation method

CHAPTER 3: METHODOLOGY AND PROJECT ACTIVITIES
3.1  Project flow chart.
3.2 Experimental procedure for sample synthesizes
3.3 Characterization of sample.
3.4 Adsorption Cu* removal study
3.5  Adsorption isothermal models
3.6 Adsorption kinetics models
3.7  Chemical used and apparatus.
3.8 Key milestones.
3.9  Gantt chart.

Vi

w w N -

10
13

16
16
17
18
18
19
20
22
23
24



CHAPTER 4. RESULT AND DISCUSSION
4.1  Characteristics study of samples
4.2 Overall copper removal of samples .
4.3  Adsorption isotherms study .
4.4 Adsorption kinetics study

CHAPTER &: CONCLUSION AND RECOMMENDATION

REFERENCES

APPENDIX

26
26
29
30
33

38

40

42



List of Figures

Figure 1:
Figure 2:
Figure 3:
Figure 4:
Figure 5:

Figure 6:

Figure 7:
Figure 8:

Figure 9:

TEM image of mesoporous silica MCM-41

Image of functionalized mesoporous silica nanoparticles

Process flow of synthesize of mesoporous silica MCM-41

Project Flow Chart

FTIR spectra of (A) pure Mesoporous Silica MCM 41 and modified
Mesoporous Silica MCM 41, (B) 10% additional AEPTMS and (C)
20% additional AEPTMS.

Nadsorption—desorption isotherms for (A) Pure MCM 41 (B) 10%
AEPTMS — MCM 41 and (C) 20% AEPTMS — MCM 41

Adsorption Isotherms for different type of MCM 41 on copper ions
Langmuir plots of copper adsorption on pure MCM 41, 10%
AEPTMS — MCM 41 and 20% AEPTMS — MCM 41

Freundlich plots of copper adsorption on pure MCM 41, 10%
AEPTMS — MCM 41 and 20% AEPTMS — MCM 41

Figure 10: Adsorption kinetic of copper ions on pure MCM 41, 10%

AEPTMS — MCM 41 and 20% AEPTMS — MCM 41

Figure 11: Weber and Morris intra particle diffusion for pure MCM 41, 10%

AEPTMS — MCM 41 and 20% AEPTMS — MCM 41

Figure 12: Pseudo-first-order model for copper ions adsorption by pure MCM

41, 10% AEPTMS — MCM 41 and 20% AEPTMS — MCM 41

Figure 13: Pseudo-second-order model for copper ions adsorption by pure

MCM 41, 10% AEPTMS — MCM 41 and 20% AEPTMS — MCM
41.

11

12

14

16

26

27

30
31

32

33

34

36

36




List of Tables

Table 1:
Table 2:
Table 3:
Table 4:
Table 5:
Table 6:
Table 7:
Table 8:
Table 9:

Types of heavy metals and effect on human health

Type of adsorbent with adsorbent removal and its disadvantage
Disadvantages of removal of heavy metal ions procedure

Mesoporous adsorbent and its adsorption capacities for Cu(ll) at 25 °C
Type of analytical tools

Key milestones for FYP 1

Key milestones for FYP 2

Gantt Chart for FYP 1

Gantt Chart for FYP 2

Table 10: Pore properties of the samples

Table 11: Copper Removal
Table 12: Adsorption isotherm parameters for Pure MCM 41, 10% AEPTMS —

MCM 41, 20% AEPTMS — MCM 41 on copper adsorption

Table 13: Weber and Morris intra particle diffusion for pure MCM 41, 10%

AEPTMS — MCM 41 and 20% AEPTMS — MCM 41

Table 14: Pseudo-first-order model and pseudo-second-order model parameters

for copper ions adsorption by pure MCM 41, 10% AEPTMS —-MCM
41 and 20% AEPTMS — MCM 41

12
18
23
23
24
25
28
29
33

35

37

vi




CHAPTER 1
INTRODUCTION

1.1 Background of Study

Industrial heavy metal pollution has become a serious environmental and
sanitary problem all over the world in recent years. Heavy metals not only have toxic
and harmful effects on organisms living in water, but also accumulate throughout the
food chain and may also affect human beings (Heidari, Younesi, & Mehraban, 2009).
Heavy metals give negative impact to living organism, especially on human being.
Although living organisms need certain amount of “heavy metal” for living,
excessive amount can bring damage to the organism. Other than that, these toxic
elements in soils are non-biodegradable and, therefore, are extremely persistent in the
environment (Zhou et al., 2014). Because of that, many research, study and method

were created in order to separate and remove heavy metal ions.

Since heavy metals have toxic effects on the environment and human life, the
removal of heavy metal ions from polluted waters is currently one of the important
topics for environmental challenges. Different processes are used in industry to
remove these metals from agueous media, such as ion exchange, adsorption, reverse
osmosis, chemical precipitation being, sedimentation, filtration, electrodialysis,
etc(Pérez-Quintanilla, Sanchez, del Hierro, Fajardo, & Sierra, 2007). But with the
addition in pollution involving heavy metal, there is an increase in demand to
produce an adsorbents of higher efficiency for removal of heavy metal ions than
those available adsorbents (Heidari et al., 2009). One of the potential absorbent for

removal of heavy metal ions is mesoporous silica, MCM-41.

Mesoporous silica, MCM-41 by cooperative assembly of silica and

surfactants, has attracted a great deal of research interest in recent years. These



mesoporous materials have a large pore size (1.5-10 nm) and a high internal surface
area (up to 1200 m?/g). Therefore, it can be used as catalyst, adsorbent, absorbent
and etc.

Due to its potential application in adsorption of heavy metal ions, MCM-41
has attracted much interest among the researchers. The surface of mesoporous silica
materials can be readily functionalized with organic groups in order to change their
characteristics and achieve specific purposes (Lee et al., 2011). For synthesizing of
this adsorbent, modification of mesoporous silica MCM-41 can be carried out by
post-synthesis grafting and co-condensation methods. In general, post-synthesis
grafting method can be done by grafting the surface of the preformed silica by means
of silanol groups reactions with an organoalkoxysilane compound supporting the
active functional group (Taib, Endud, & Katun, 2011), whereas co-condensation
method used sodium hydroxide catalyzed reactions on tetraethoxysilane (TEOS) with
various organoalkoxysilanes in the presence of a low concentration of
cetyltrimethylammonium bromide (CTAB) surfactant (Huh., Wienc., Yoo., Prusk., &
Lin., 2003). In the present work, removal of heavy metal ios; copper ion by using
functionalized mesoporous silica MCM-41 adsorbent synthesized by co-
condensations method will be focused.

1.2 Problem Statement

Heavy metal ions were harmful and toxic to living organisms. One ways to
remove heavy metal ions is by absorption process by mesoporous silica MCM-41
absorbent.

Although mesoporous silica MCM-41 absorbent had been identified as a
potential candidate for heavy metal ions removal, it performance in heavy metal ions
is yet to be improved. Besides, synthesis of functionalized mesoporous silica MCM-
41 using tertiary amine-functional group remains a new task. Therefore, the present
work focuses on the development of this new type of adsorbent and its performance

in copper ions removal



1.3 Objective

The objectives of the present research are:

i.  To synthesis functionalized mesoporous silica MCM-41 adsorbent by using
tertiary amine-functional group (3-[2-(2-aminoethylamino)
ethylamino]propyltrimethoxysilaneAEPTMS).

ii. To characterize the resultants absorbent using Brunauer-Emmett-Teller
(BET) analysis and Fourier transform infrared (FTIR).

iii.  To test the performance of the absorbent in removal of copper ions.

1.4 Scope of Study

In order to complete this research, several scope of study has to be completed.

e Synthesize of functionalized mesoporous silica MCM-41 absorbent by
tertiary amine-functional group using co-condensation method.

e Characterization study of the resultants absorbent (functionalized mesoporous
silica MCM-41) using analytical tools such as Brunauer-Emmett-Teller
(BET) and Fourier transform infrared (FTIR).

e Test the absorbent in removal of heavy metal (copper ions) and analyze the

performances of the absorbent.



CHAPTER 2
LITERATURE REVIEW

2.1 Effect of heavy metal ions

Heavy metals released into the environment from plating plants, mining,
metal finishing, welding and alloy manufacturing pose a significant threat to the
environment and public health. The major concern with heavy metals is their ability
to accumulate in the environment and cause heavy metal poisoning. Unlike some
organic pollutants, heavy metals are not biodegradable and cannot be metabolized or
decomposed (Ge, Li, Ye, & Zhao, 2012). Recently, this environmental damage has
been monitored by modern technology. However, the environmental pollution still
occurs because of problems of management of the liquid phase environment (Wang,
Tsai, Lo, & Tsai, 2008).

Heavy metal pollution caused by lead, copper, chromium, cadmium, nickel
and arsenic is most serious to the human body. Concentrations of 0.005 mg/l (for
Pb* and Cr**), 0.001 mg/l (for Cd**, Ni**, and As®) and 0.1 mg/l (for Cu?*), will
cause humans to fall ill (Wang et al., 2008). Therefore, removal of heavy metal ions
Is an important task in the field of water purification.

The amounts of heavy metal ions are present in relatively low concentrations.
Although, the trace concentrations of some heavy metals like copper and cadmium is
essential, they are toxic in large amount. Accumulation of lead and cadmium can
cause cancer and brain damage as well as poisoning (Huang et al., 2012). Silver is
known to be a toxic environmental pollutant with hazardous effects in aquatic
ecosystems. Mercury is also one of the most hazardous metals affecting the central

nervous system (Mashhadizadeh, Amoli-Diva, Shapouri, & Afruzi, 2014).



Acute exposure to Zn(ll) causes health problems such as stomach cramps,
skin irritations, vomiting, nausea, and anemia. Very high levels of zinc can damage
the pancreas, disturb the protein metabolism and cause arteriosclerosis (Pérez-
Quintanilla et al., 2007). Other than that, an excess adsorption of Cu causes Wilson’s
disease, and Cu(ll)-ions are deposited in the brain, skin, liver, pancreas and
myocardium (Ahalya, Ramachandra, & Kanamadi, 2003). Lead can cause central
nervous system damage. Lead can also damage the kidney, liver and reproductive
system, basic cellular processes and brain functions (Fu & Wang, 2011). Due to
many negative effects on heavy metal ions, it creates many great concerns in health
aspect which makes these ions removal becomes a major key in the industry.

Table 1 show types of heavy metals and it effect on human health with their
permissible limits. In general, based on table 1, many major sources of heavy metal
come from industrial especially chemical industry. Besides, heavy metal can cause
negative impact on human health if the amounts taken exceed the permissible level.
For copper ions, the sources come from chemical industry, mining, pesticide
production and metal piping. It can give damage to liver and kidney if exceed
permissible level of 0.1 mg/l.

Table 1: Types of heavy metals and effect on human health (Singh, Gautam, Mishra,
& Gupta, 2011).

. Permissible
Pollutant Major sources Effect on human health
level(mg/l)
_ Pesticides, fungicides, N o o
Arsenic Bronchitis, dermatitis, poisoning 0.02
metal smelters
) _ Renal dysfunction, lung disease,
Welding, electroplating, )
) o . lung cancer, bone defects, increased
Cadmium | pesticide fertilizer, Cd and ) 0.06
) ) blood pressure, kidney damage,
Ni batteries
bone narrow
Paint, pesticide, smoking, Mental retardation in children,
Lead automobile, mining, development delay, sensor neural 0.1
burning of coal deafness, acute or chronic damage




to nervous system, liver, kidney,
gastrointestinal damage

Welding, fuel addition,

Inhalation or contact causes

Manganese ) 0.26
ferromanganese production | damage to central nervous system
. ) Tremors, gingivitis, minor
Pesticides, batteries, paper _
Mercury ] ] psychological changes, damage to 0.01
industries
nervous system
Refineries, brass ] )
) ) Corrosive effect on skin, damage to
Zinc manufacture, metal plating, 15
_ nervous membrane
plumbing
) _ ) Fatigue, damage to nervous system,
Chromium Mines, mineral sources R 0.05
irritability
Mining, pesticide o _
) ) Anemia, liver and kidney damage,
Copper production, chemical 0.1

industry, metal piping

stomach and intestinal irritation

2.2 Existing method on heavy metal ions removal

Due to concerns on negative effects on heavy metal, research on removal of

these ions had been conducted crucially. The commonly used procedures for

removing metal ions from aqueous streams include chemical precipitation, reverse

osmosis, ion exchange, ultra filtration and adsorption (Ahalya et al., 2003). The

details of the process will be discussed in the following section. However, these

processes are expensive, not fully effective and generates the secondary effluent such

as sludge which created management (Singanan & Peters, 2013).

2.2.1

Chemical precipitation

In precipitation processes, chemicals react with heavy metal ions to form

insoluble precipitates. The forming precipitates can be separated from the

water by sedimentation or filtration. And the treated water is then decanted

and appropriately discharged or

reused. The conventional
6

chemical




2.2.2

2.2.3

224

precipitation processes include hydroxide precipitation and sulfide
precipitation (Fu & Wang, 2011). Chemical precipitation pose a significant
problem in terms of disposal of the precipitated wastes(Argun & Dursun,
2006)

Reverse osmosis (RO)

Reverse osmosis is the process of forcing a solvent from a region of high
solute concentration through a membrane to a region of low solute
concentration by applying a pressure in excess of the osmotic pressure. These
processes only give good result when dealing with low concentration of
heavy metal. With low heavy metal concentration the permeate flux was
sharply decreasing whilst with higher heavy metal concentration the decline
is linear (Bakalar, Bugel, & Gajdosova, 2009).

lon Exchange

In this process, metal ions from dilute solutions are exchanged with ions held
by electrostatic forces on the exchange resin. The disadvantages include: high
cost and partial removal of certain ions (Ahalya et al., 2003),(Argun &
Dursun, 2006).

Ultrafiltration

The general idea is that the surfactant produces large amphiphilic aggregate
micelles when it is added to aqueous streams at a concentration higher than
its critical micelle concentration (CMC). The metal ions and dissolved
organic compounds can be mostly trapped by the micelles if they tend to be
strongly attracted by the micelle surface and be solubilized in the micelle
interior, respectively. The solutes can be retained after trapping with the
micelles, whereas the untrapped species readily pass through the
ultrafiltration membranes. The advantages of this method are the low-energy
requirements involved in the ultrafiltraion process and its high removal

7



2.2.5

efficiency owing to the effective trapping of solutes by the micelles (Juang,
Xu, & Chen, 2003).

Adsorption

This process use adsorbent that had been functionalized to absorb heavy
metal ions. it is a renewable resource, and does not need to be regenerated
after it has been used to capture the metals (Argun & Dursun, 2006). There
were few examples for adsorbent used such as MCM-41; diamine modified
MCM-41, activated carbon and zeolite.

From table 2, the most promising adsorbent was mesoporos silica
MCM-41 adsorbent synthesize from diamine group. This is because the
adsorbent contain large surface area with nano-size pores compares to other
adsorbent. The current state-of-the-art methods for synthesize this adsorbent
is post-synthesis grafting and co-condensation method (Huh. et al., 2003).
Even though the price for MCM 41 adsorbent is relatively high contrast to
other adsorbent commonly used for this application, MCM 41 prove to be
useful high-capacity adsorbents because the adsorbent can be economically
regenerated while maintaining high adsorption capacities for the analyte of

interest after multiple use (Idris et al., 2011)



Table 2: Type of adsorbent with adsorbent removal and its disadvantage.

Type of adsorbent

Adsorbent removal of _
Disadvantage

Cu®*" at 25°C
Diamine Modified 66.577 mg/g (W. Yang et High cost, expensive
MCM-41 al., 2013) (Idris et al., 2011)

Zeolite (SAPO 34)

Difficult to separate
28.57 mg/g (Ji et al., from solution after
2012) adsorption (Ji et al.,

2012)

Activated carbon

Largely economic;
0.587-0.660 mg/g (Lo,

_ _ expensive (Lo et al.,
Wang, Tsai, & Lin, 2012)

2012)

Table 3 shows the disadvantages of chemical precipitation, reverse osmosis,

ion exchange, ultrafiltration and adsorption process in term of heavy metal ions

removal. Although heavy metal ions have many removal process, each process have

disadvantages and what we can conclude is adsorption process show the most

promising technique for heavy metal ions removal.

Table 3: Disadvantages of removal of heavy metal ions procedure

Type of procedure

Disadvantages

Chemical precipitation

problem in terms of disposal of the precipitated wastes
(Argun & Dursun, 2006)

Reverse osmosis

only give good result when dealing with low

concentration of heavy metal (Bakalar et al., 2009).

lon exchange

high cost and partial removal of certain ions (Ahalya et
al., 2003),(Argun & Dursun, 2006).

Ultrafitration

high energy costs, highly susceptible to fouling and are

generally difficult to clean (Juang et al., 2003)

Adsorption

High cost (Idris et al., 2011)




2.3 Characteristics of Functionalized Mesoporous Silica MCM-41

2.3.1 Mesoporous Silica MCM-41

Various studies on the adsorptive application of MCM 41 have been
conducted in various environmental applications. The research conducted for MCM
41 by using both unfunctionalized and functionalized silica. In general, mesoporous
silica MCM-41 is produced by removing the surfactant using calcination or
extraction from the mesostructured silica-micelle composite. The wall of the
adsorbent was made up from amorphous silica network (Yokoi, Kubota, & Tatsumi,
2012).

Due to the large surface area of such structures with nano-size pores,
mesoporous materials are considered as a good choice for catalytic systems supports
for sophisticated materials, etc. Other than that, one interesting property of a
mesoporous material, on the other hand, can be its adsorption capacity, which means
that a large amount of the material touching its surface may remain attached to the
surface until a high-temperature desorption process is applied(Zamani, llla,
Abdollahzadeh-Ghom, Morante, & Rodriguez, 2009).

Figure 1 show the structure for mesoporous silica MCM-41 in scale of 40nm.
Mesoporous materials has nanosize pores whose size in the range 2-50 nm in
structure has been expected for applications of adsorbent, catalyst carrier, separation
membrane, fixing agent for biomolecule and semiconductor cluster, functional
electronics and photonics materials (Nagata, Takimura, Yamasaki, & Nakahira,
2006)

10



Figure 1: TEM image of mesoporous silica MCM-41 [Nagata et al, 2006]

Besides, MCM-41 is promising as catalysis, adsorption, separation and host-
guest compounds. In particular, the uniform, rod-like pore structure of MCM-41 as
pure silica materials is ideal host material for semiconductors due to their degree of
order and the large band gap of SiO,, which serve as barrier material (J. Yang, Tao,
Ma, & Frost, 2006). MCM-41 combines a myriad of attractive properties including
ordered pores systems with tunable pore diameters (in range 2-10 nm),large pore
volumes (1cm3/g), pore sizes (1.5-30 nm), high hydrocarbon sorption capacities,
high Brunauer-Emmett-Teller, BET surface area (700-1200 m2/g), well-ordered

hexagonal structures and high density of surfaces silanol (J. Yang et al., 2006).
2.3.2 Functionalized mesoporous silica MCM-41

For functionalized MCM-41, surface modification of the mesopores can be
achieved using direct co-condensation or post-synthesis grafting methods (Yokoi et
al., 2012). Surface area of mesoporous silica materials can be readily functionalized
with organic group to change their characteristics and purposes (Lee et al., 2011).
Functionalized MCM 41has shows positive result in removing heavy metals in
aqueous solutions. Generally, the physical and chemical properties for functionalized
MCM-41 are slightly the same with pure mesoporous silica MCM-41. However,
functionalized MCM-41 has more improvement in both properties due to additional
functionalized group such as amine group. Figure 2 show the SEM image for

functionalized mesoporous silica MCM-41 in scale of 20 nm and 50 nm.

11



Figure 2: Image of functionalized mesoporous silica nanoparticles (Nandiyanto, Kim,
Iskandar, & Okuyama, 2009).

Table 4 shows the adsorbent and its adsorption capacities. From table 4,
diamine demonstrated the highest adsorption capacity follows by other
functionalized adsorbent. For copper ions adsorption, the maximum adsorption
capacity of functionalized amino-mesoporous (66.67 mg/g) is much higher compare
to pure. The more amino groups in the mesoporous materials, the more copper ions

the materials can adsorb (Yuan et al., 2013).

Table 4: Mesoporous adsorbent and its adsorption capacities for Cu(ll) at 25 °C (W.
Yang et al., 2013)

Adsorption capacities for

Mesoporous adsorbents 0
Cu(ll) at 25 "C (mg/g)

Diamine MCM-41 66.67
Modified SA-SBA-15 mesoporous silica 59
Aminopropyl-MCM-41 30.5
Functionalized mesostructured silica containing 318
magnetite
Mercaptopropyl-functionalized porous silica 13

12




Compare to pure MCM-41, functionalized MCM-41 has a large surface area
with a large number of surface silanol groups, higher average pore size and higher
pore size distribution than commonly prepared MCM-41(Idris et al., 2011). Besides,
amine groups are reported to improve the adsorption efficiency of heavy metal ions

when added to the surface of mesoporous silica MCM-41 (Lee et al., 2011).

Other than that, the pore size of MMC 4L1is large enough to provide a mixture
of large molecules. The high density of silanol groups on the pore wall is valuable to
the functional groups with a large coverage (Yokoi et al., 2012). In fact, a lot of
surface modifications have been conducted to improve and create new functions for
the surfaces. Thus, provide them with a wide range of applications in catalysis,
adsorption, separation, chromatography, etc., for bulky molecules that can’t enter
micro pores of zeolites (Yokoi et al., 2012). So, based on various mesoporous
materials studied, it showed that mesoporous silica has found a great interest due to

its promising physical and chemical properties (Zamani et al., 2009).

2.4 Synthesis MCM-41 using co-condensation method

Co-condensation method of mesoporous silica MCM-41 is based on sodium
hydroxide catalyzed reactions on tetraethoxysilane (TEOS) with various
organoalkoxysilanes in the presence of a low concentration of
cetyltrimethylammonium bromide (CTAB) surfactant (Huh. et al., 2003). This
method differ from post-synthesis grafting method that based on the silylation of
organoalkoxysilane with surface silanol groups on the mesopores of the pre-
fabricated mesoporous silica (Yokoi et al., 2012), that utilizes silanol group of
mesoporous silicates as anchoring sites to graft organic functional groups, metal

complexes and metal oxide centers (Teraoka et al., 2001).

For co-condensation method, the organoalkoxysilanes used can be vary such

as 3-aminopropyltrimethoxysilane (APTMS), N-(2-aminoethyl)-3-
aminopropyltrimethoxysilane (AAPTMS), 3-[2-(2-
aminoethylamino)ethylamino]propyltrimethoxysilane (AEPTMYS),

ureidopropyltrimethoxysilane (UDPTMS), 3-isocyanatopropyltriethoxysilane

13



(ICPTES), 3-cyanopropyltriethoxysilane (CPTES), and allyltrimethoxysilane
(ALTMS) (Huh. et al., 2003). In this project, the synthesize of functionalized

mesoporous silica MCM-41 will using AEPTMS as the organoalkoxysilanes.

Figure 3 shows the general process flow of synthesis of tertiary amine
functionalized mesoporous silica MCM-41. The organoalkoxysilanes used for
process in Figure 3is 3-[2-(2-aminoethylamino)ethylamino]propyltrimethoxysilane
(AEPTMS).

H
N
AEPTNIS {MeO}.Si AN u/\/ S NH,

=

Figure 3: Process flow of synthesize of mesoporous silica MCM-41

The main advantages of of co-condensation method over post-grafting is the
resulting homogeneous distribution of organic groups over the MHTF pore and wall
surfaces. The acid-base behaviour of amine group in MHTF obtain by co-
condensation method depends on the nature of the metal oxide matrix. Fraction of
amine functionalities available for reaction depends strongly on the synthesis route;
~16% of them available in co-condensed films (Calvo, Joselevich, Soler-lllia, &
Williams, 2009)

14



As conclusion, in the present project, tri-amine functionalized MCM-41 will
be synthesized and characterized. It performance on the removal of copper ions will
be tested. Theoretically, by comparing to diamine MCM-41, tri amine MCM -41 is

expected to enhance the removal efficiency of copper ions.

15



CHAPTER 3
METHODOLOGY AND PROJECT ACTIVITY

In the present project, tertiary amine functionalized MCM-41 will be developed by

using co-condensation method.

3.1 Project flow chart

Synthesis of MCM-41 and functionalized MCM 41

Characterization of MCM-41 and functionalized

Removal of copper ions

Adsorption Isotherm study

Adsorption Kinetics study

Results validation and report writing

Figure 4: Project Flow Chart

Figure 4 shows process flow chart of this project. Synthesis of MCM-41 and
functionalized adsorbent will be conducted by using co-condensation method. After
that, characterization study will be conducted to identify the absorbent characteristic
using analytical tools such as BET and FTIR. Later, experiments will be conducted
to test the performance of MCM-41 and functionalized MCM 41 on removal of

copper ions. The results from the experiment will be used for adsorption isothermal
and kinetics analysis.

16



3.2 Experimental procedure for sample synthesize

The method for the synthesis of pure MCM-41 and functionalized AEPTMS MCM-
41 are as follows (Huh. et al., 2003):

3.2.1 Synthesize of pure MCM-41:

1. Mixture of CTAB (2.0 g, 5.49 mmol), 2.0 M of NaOH(aq) (7.0 mL, 14.0
mmol), and H20 (480 g, 26.67 mol) was heated at 80 °C for 30 min to reach
pH 12.3.

2. To this clear solution, TEOS (10.53 g, 50.55 mmol) were added sequentially
and rapidly via injection.

3. A white precipitation was observed after 3 min of stirring at ca. 550 rpm.

4. Temperature of the mixture was maintained at 80 °C for 2 hour.

5. The products were isolated by a hot filtration, washed with copious amount of
water and methanol, and dried under vacuum.

6. An acid extraction was performed in a methanol (100 mL) mixture of
concentrated hydrochloric acid (1.0 mL) and as-made materials (1.0 g) at 60
°C for 6 h.

7. Resulting surfactant-removed solid products were filtered and washed with
water and methanol, and then dried under vacuum.

8. Solid products were label as MCM-41.

3.2.2 Synthesize of functionalized AEPTMS MCM-41.:

1. For synthesis of 10% AEPTMS MCM-41, the method described in section
3.2.1is followed by adding different composition of AEPTMS. For example,
for synthesis of 10% AEPTMS MCM 41, TEOS (9.34 g, 44.8 mmol) and
APTMS (1.03 g, 5.75 mmol) were added sequentially and rapidly via
injection. Label the sample as 10% AEPTMS MCM-41.
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2. For synthesis of 20% AEPTMS MCM-41, the method described in section
3.2.1 is followed by adding different composition of AEPTMS. For example,
for synthesis of 10% AEPTMS MCM 41, TEOS (8.425 g, 40.44 mmol) and
APTMS (2.683 g, 10.11 mmol) were added sequentially and rapidly via
injection. Label the sample as 20% AEPTMS MCM-41.

3.3 Characterization study of sample

Table 5 shows the analytical tools of BET and FTIR with general description.

Table 5: Type of analytical tools

Analytical tools Description

Brunauer-Emmett-Teller, BET To measure the pore characteristics and surface

area of the sample

Fourier transform infrared (FTIR) | To verify the functional group of tertiary amine
functionalized MCM-41

3.4 Adsorption Cu®*" removal study.
3.4.1 Procedure for Adsorption Kinetics Study

1. 50 mg of sample from synthesis of mesoporous silica MCM-41 was stirred
in 50 mL of a copper nitrate solution for 24 hours at room temperature.
The initial concentration of copper nitrate was 10 mg/L.

2. The sample was taken every 7, 15 and 24 hours and the concentration of
copper nitrate was measured by atomic absorption spectroscopy (AAS).

3. Graph of concentration for atomic absorption spectroscopy versus time was

plotted.
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4.

3.4.2

For standard calibration curve, copper nitrate solution of 2 mg/l, 4 mg/l, 6
mg/l and 8 mg/l was prepared and the metal concentration of the solution was

determined by atomic absorption spectroscopy (AAS).

Procedure for Adsorption Isotherms Study

. 50 mg of sample from synthesis of mesoporous silica MCM-41 was stirred

in 50 mL of a copper nitrate solution for 24 hours at room temperature.

The concentration of copper nitrate was 2.5, 5.0, 7.5 and 10 mg/L.

. The sample was taken after 24 hours and the concentration of copper nitrate

was measured by atomic absorption spectroscopy (AAS).

Graph of concentration for atomic absorption spectroscopy versus
concentration of copper nitrate was plotted.

For standard calibration curve, copper nitrate solution of 2 mg/l, 4 mg/l, 6
mg/l and 8 mg/l was prepared and the metal concentration of the solution was

determined by atomic absorption spectroscopy.

The equilibrium adsorption capacity for adsorbent (Yuan et al., 2013):

R% = [(Ci— C¢) x Cj] * 100 (1)
where,
Coand Ce= initial and equilibrium concentrations of the adsorbents (mg/L),

3.5 Adsorption isothermal model

In this project, two isotherm models will be tested.

The saturated adsorption capacity represented by using Langmuir model as

shown as follows (Yuan et al., 2013):

Qe =(KL*Ce) /(1 + [a* Ce]) )
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The Freundlich equation can be applied to non ideal sorption on heterogeneous
surfaces or multi-layer sorption and is expressed as follows (Yuan et al., 2013):

e = (Ki*Ce™) @)
where,

ge = Adsorbate concentration in equilibrium (mg/g).

C. = Adsorbate concentration for aqueous phase at equilibrium (mg/L).

K. (L/g) and a_ (L/mg) = Langmuir isotherm parameters.

Kk (L/g) = Freundlich parameter.

ng = heterogeneity factor.

3.6 Adsorption kinetics models

The initial copper ion concentration was selected as 10 mg/L. The adsorption
capability of adsorbent for time t, gt (mg/g), was calculated by using equation
(4) as follows(Yuan et al., 2013):

0:=[(Co— C) x V]/M 4)
where,

Coand C; (mg/L) = initial adsorbates concentration for time t.

M = mass for adsorbent (Q).

V = volume of adsorbate (L).

Two kinetic models: the pseudo-first-order and pseudo-second-order equations

will be used.

Pseudo-first-order kinetic model is shown as follows(Yuan et al., 2013):
In(Ge— q) = Inge— kat )
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Pseudo-second-order kinetic model is shown in Equation (6) as follows(Yuan et al.,
2013):

t 10e=(1/ko0e’) +t/ Qe (6)
where,

geand g; = adsorbed amounts of metal ions at equilibrium and at time ft,

respectively, mg/g,
k,= rate constant of pseudo-first-order adsorption, min—1
k, = rate constant of second-order adsorption, g mg—1 min—1

t=time
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3.7 The chemicals and apparatus.

3.7.1 Chemicals:

e Cetyltrimethylammonium bromide (CTAB)
e Sodium hydroxide

o Water

e TEOS

e APTMS

e Methanol

e Concentrated hydrochloric acid

e Copper (Cu?")

3.7.2 Apparatus

e Beaker

e Conical flask

o Filter paper

e Filter funnel

e Electronic heater and stirring plate
e Retort stand

e Stopwatch

e Test tube

e Magnet
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3.8 Key milestones

3.8.1 Table 6 shows key milestones of current project for FYP 1

Table 6: Key milestones for FYP 1

Milestone Date
Submission of Extended Proposal Defense Week 7
Proposal Defense Presentation Week 8
Submission of Interim Draft Report Week 13
Submission of Interim Final Report Week 14
3.8.2 Table 7 shows key milestones of current project for FYP 2

Table 7: Key milestones for FYP 2

Milestone Date
Submission of Progress Report Week 8
Pre SEDEX Week 10
Submission of Draft Final Report Week 11
Submission of Dissertation (Soft Bound) Week 12
Submission of Technical Paper Week 12
Viva Week 13
Submission of Project Dissertation (Hard Bound) Week 15
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3.9 Gantt Chart

Table 8 shows the Gantt chart of the current project for FYP |

Table 8: Gantt Chart for FYP 1

NO | DETAIL/WEEK

1 Selection of Project Topic

Problem statement and analysis of project

2 Preliminary Research Work and Preparing Proposal
3 Submission of Extended Proposal Defence
4 Preparation for Oral Proposal Defence

Oral Proposal Defence Presentation

7 Project work continues

Preparation of Interim Report

8 Submission of Interim Draft Report

9 Submission of Interim Final Report

I Process

- Suggested Key Milestones
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Table 9 shows the Gantt chart of the current project for FYP 2

Table 9: Gantt Chart for FYP 2

NO | DETAIL/WEEK

1 Project Work Continues

2 Submission of Progress Report

3 | Project Work Continues

4 | Pre-SEDEX

S | Submission of Draft Final Report

6 Submission of Dissertation (soft bound)

7 Submission of Technical Paper

8 Viva

9 Submission of Project Dissertation (Hard Bound)

- Process

- Suggested Key Milestones
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CHAPTER 4
RESULTS AND DISCUSSION

4.1 Characterization Study of Samples

4.1.1 FTIR Analysis

FTIR

A
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Figure 5:FTIR spectra of (A) pure Mesoporous Silica MCM 41 and modified
Mesoporous Silica MCM 41, (B) 10% additional AEPTMS and (C) 20% additional
AEPTMS.

Figure 5 shows the FTIR spectra of (A) pure Mesoporous Silica MCM 41 and
modified Mesoporous Silica MCM 41, with 10% additional AEPTMS (B) and 20%
additional AEPTMS(C). Peak at 980 cm™is observed for all spectra which represent
the symmetric vibration of typical Si-O-Si. The strong peaks at 1110 cm™ are

attributed to the stretching frequencies for asymmetric stretching vibration of typical
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Si-O-Si (Yuan et al., 2013). These results confirmed that all samples synthesized in
the present work show mesoporous silica structure. Referring to Figure 5, the
absorbance peaks around 800 cm™in all the samples is attributed to the presence of
Si-OH. The absorption peaks at 2840 cm* and 2950 cm ™ for all spectra are assigned
to the anchored ethyl group; C-H group in the samples. The absorption peaks at 1620
cm*, indicates the adsorbed water, H-O-H stretch band. The present of amino groups
by N-H can be confirmed at absorption peaks at1490 cm ™. Amino groups started to
appear at spectra (B) and (C), with the presence of the stronger N-H peak in spectra
(C) as compared to spectra (A) and (B). These results show AEPTMS was
successfully incorporated into MCM 41 structure and it can be deduce that the pore

surface of MCM 41 has been successfully modified by adding amino groups.

4.1.2 N, Adsorption — Desorption Analysis

—&— Pure MCM 41
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—B— 10% AEPTMS
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Figure 6: Nadsorption—desorption isotherms for (A) Pure MCM 41 (B) 10%
AEPTMS — MCM 41 and (C) 20% AEPTMS — MCM 41

Figure 6 shows the N, adsorption—desorption isotherms for (A) Pure MCM
41 (B) 10% AEPTMS — MCM 41 and (C) 20% AEPTMS — MCM 41. The isotherms
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of the samples are approximately similar and in trend with increasing volume
adsorbed. Thus, it can be concluded that the shape of the hexagonal arrays of
mesopores in MCM-41 was not much affected. For isotherm of pure MCM, it can be
observed that two adsorption—desorption hysteresis loops exist. For the first
hysteresis loop, in the P/Py range around 0.28 to 0.34 caused by the mesopores in
Silica layer after template removal. While for the second hysteresis loop, range in
P/Po more than 0.9 should be representing the mesopores of MCM 41 itself (Villa et
al., 2009). As for isotherms of modified MCM, the first hysteresis loop that range in
P/Py around 0.28 to 0.34 has disappeared, leaving only the second loop, range in P/P,
more than 0.9. This is because AEPTMS had successfully modified the mesoporous

silica layer, thus caused the pore blocking of the mesopores structure.

Table 10: Pore properties of the samples.

S BET Vtotal d average Reference
Samples ) 3
(m“/g) (cm”g) (nm)
Pure MCM 41 870.29 0.60 2.75 This work
10% AEPTMS — MCM This work
415.69 0.32 3.10
41
20% AEPTMS — MCM This work
227.97 0.20 3.43
41
Magnetic- (Zhao, W.R. et
nanocomposemseoporous 283.00 0.35 3.80 al., 2005)
silica
Fe;0,@Si0,Mesoporous (Deng, Y.H.
- 365.00 0.29 2.30
Silica etal., 2008)
Hematite-Nanoparticles (Guo, X.H. et
. 445.00 0.29 2.10
Mesoporous Silica al., 2009)

Table 10 compares the BET surface area, average pore diameter and total
pore volume of pure MCM 41 and modified MCM 41 samples. From the tabulated

data of the three samples, the values of the pore properties for pure MCM 41 are
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higher than that of the values of the pore properties of modified MCM 41. This is
caused by the amino group, which is correspondence with the results obtained. As
shown in table 10, the surface area, pore diameter and pore volume of 10% AEPTMS
— MCM 41lare 415.69 m?/g, 3.10 nm and 0.32 cm®/g, whereas for 20% AEPTMS —
MCM 41, values of 227.97 m?/g, 3.43 nm and 0.20 cm*/g are obtained. For modified
MCM 41, 10% AEPTMS — MCM 41 exhibited higher surface area and pore volume
whereas 20% AEPTMS — MCM 41 demonstrated lower surface area and pore
volume compared with other synthesized mesoporous samples reported in the
literature based on table 10. It can be concluded that 10% AEPTMS — MCM 41 has
larger surface area and pores volume compares to other modified MCM 41 on table
10. These make the adsorbent can absorb enough AEPTMS and contain larger pore
size that will increases the loading of amino groups (Yuan, Q. et al., 2013). These
results further verify that the AEPTMS are located not only on the outer surfaces but
also on the inside of the mesopores.

4.2 Overall Copper Removal of Samples

Table 11: Copper Removal

Samples Cu %" removal (%) Reference
Pure MCM 41 38.3 This work
10% AEPTMS — MCM 41 57.4 This work
20% AEPTMS — MCM 41 52.2 This work
. . ) (Wang, J. et al.,
Amino-functionalized Fe;0,@SiO, 30.8
20011)
Amine-functionalized mesoporous 49.0 (Xin, X.D. et al.,
Fe;04 nanoparticles ' 2012)
] (Yang, W.et al.,
Aminopropyl-MCM-41 30.5
2013)

Table 11 show the percentage of copper removal from this work and other
literatures. Based on table 11, 10% AEPTMS - MCM 41 show the highest

percentage removal;, 57.4% compare with other adsorbent, followed by 20%
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AEPTMS — MCM 41;52.2%. For pure MCM 41, the percentage of carbon removal
was only at 38.3 %. From this table, amino groups have high effect on removal of

copper ion compare to other adsorbent.

4.3 Adsorption Isotherms Study

Adsorption isotherm is essential in determining the adsorption performance
for an adsorbent. For adsorption isotherms, the adsorbent was used to calculate its

adsorption capacity on copper ions.
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Figure 7: Adsorption Isotherms for different type of MCM 41 on copper ions

Figure 7 shows the adsorption isotherm for pure MCM 41, 10% AEPTMS —
MCM 41 and 20% AEPTMS — MCM 41 on copper ions. This figure shows that
adsorption capacity at equilibrium, g increased with increasing in equilibrium
concentration, Ce. Based on Figure 7, the modified MCM-41demonstrated higher
adsorption capacity compared to pure MCM 41. The higher the amino groups added
in the modified MCM 41, the higher the adsorption of copper ion for the materials.
When the equilibrium concentration is more than 4 mg/L, 10% AEPTMS — MCM 41
shows the highest adsorption capacity compare with pure MCM 41 and 20%
AEPTMS — MCM 41. This is probably due to increase in surface area, pore volume
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and pore size of 10% AEPTMS — MCM 41 that improve the adsorption capacity of

copper ions.

The adsorption isotherms can be explained by using Langmuir models and
Freundlich models. Langmuir model was expressed in Eq(2), whereas Freundlich

model-was expressed in Eq(3).

4
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3 Linear (Pure MCM 41)
2.5 - Linear (10% AEPTMS)
o |
S 2 - Linear (20% AEPTMS)
— 4
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. y =0.1063x + 0.2141
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Figure 8: Langmuir plots of copper adsorption on pure MCM 41, 10% AEPTMS —
MCM 41 and 20% AEPTMS — MCM 41

The Langmuir model can predict the amount of adsorption occur at specific
homogeneous site in the adsorbent along with monolayer sorption (Yuan, Q. et al.,
2013). Figure 8 shows the Langmuir plots for all the adsorbents used for copper
adsorption in the present work. Referring to Figure 8, Langmuir isotherm equation
was used to form straight line by plotting 1/qe versus 1/C.. From this plot, the K_and
a, values were calculated from the slopes 1/K and intercepts a,/ K. The parameters
were tabulate in Table 12. The isotherm data for all sample show high linearity,
around R? = 0.92 until R? = 0.95. The Langmuir parameters value of K. and a_ of
modified MCM 41, with additional of AEPTMS is higher compared to pure MCM
41. The Langmuir parameters for pure MCM 41, 10% AEPTMS — MCM 41 and
20% AEPTMS — MCM 41 is K, (L/g) = 0.10987, 0.7452, 9.433 and a,(L/mg) = -
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0.0866, - 0.04002, 2.019. In general, the modified MCM 41 shows higher Langmuir

parameters compare to pure MCM 41.
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Figure 9: Freundlich plots ofcopper adsorption on pure MCM 41, 10% AEPTMS —
MCM 41 and 20% AEPTMS — MCM 41

The Freundlich model can be applied to non ideal adsorption on
heterogeneous surfaces and multi layer adsorption (Yuan, Q. et al., 2013). Figure 9,
shows the Freundlich plots for the adsorbents on copper adsorption. The straight
lines were formed by plotting log g versus C.. For n value equalor more than
lindicate as a normal Freundlich isotherm whereas for n value lower or less than 1, it
can be indicated as cooperative adsorption (Vimonses et al, 2009).Table 12 shows
the parameters comparison between two different adsorption isotherm models.
Referring to Table 12, the n values for pure MCM 41 and 10% AEPTMS — MCM 41
are below 1, thus indicating cooperative adsorption whereas for 20% AEPTMS —
MCM 41, it indicates normal Freundlich adsorption. From the Figure9, the
Freundlich plots shows positive slope due to positive correlation of the parameters of
Freundlich isotherm (log ge and log Ce). Other than that, the Freundlich plots did not
show linearity. The correlation coefficient for pure MCM 41, 10% AEPTMS — MCM
41, 20% AEPTMS — MCM 41 was R? = 0.687, 0.818, 0.896.Based on the correlation
coefficient value, R?, it can be concluded that Langmuir model fits better compared

to Freundlich model for copper adsorption. These results proved that the adsorption
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of copper ion into modified MCM 41 by amino group is generally can be considered
as monolayer adsorption process (Seliem, K. et al., 2013).

Table 12: Adsorption isotherm parameters for Pure MCM 41, 10% AEPTMS —
MCM 41, 20% AEPTMS — MCM 41 on copper adsorption.

Langmuir Isotherm Freundlich Isotherm
Sample
K_(L/g) |a/(L/mmol) | R? Ks (L/g) n R
Pure 0.10987 -0.0866 0.94 0.0696 0.56625 | 0.687
10% 0.7452 -0.0402 0.948 | 0.7551 0.87413 | 0.818
20% 9.433 2.019 0.923 2.8054 3.17460 | 0.896

4.4 Adsorption Kinetics Study
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Figure 10: Adsorption kinetic of copper ions on pure MCM 41, 10% AEPTMS —
MCM 41 and 20% AEPTMS — MCM 41.

Figure 10 shows the adsorption kinetic of copper ion on pure MCM 41, 10%
AEPTMS — MCM 41 and 20% AEPTMS — MCM 41 at room temperature. From the
figure, the kinetic behavior of the sample can be divided into two stages; first stage is

rapid adsorption that occurs for the first 7 hours and continues for the second stage
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that is slower adsorption, which is much lower compare to the initial stage. Besides,
pure MCM 41 reached adsorption equilibrium more faster compare to modified
MCM 41. The first stage adsorption demonstrated high adsorption kinetic behavior
due to higher number of vacant mesopores available in the samples to adsorb copper
ions. For the second stage adsorption, the process is slowing down due to the
decrease in the number of vacant mesopores, thus create lower changes for the
adsorption of copper ions to occur. Pure MCM 41 requires 7 hours to reach
adsorption equilibrium, whereas for 10% AEPTMS — MCM 41 and 20% AEPTMS —
MCM 41, more than24 hours is required for the process to reach equilibrium.
Referring to Figure 10, modified MCM-41 samples show higher adsorption
capability as compared to pure MCM-41 sample , while 10% AEPTMS — MCM 41
exhibits higher adsorption ability compared20% AEPTMS — MCM 41. It can be
concluded that 10% AEPTMS — MCM 41 has the optimum mesopores — amino sites
that available for adsorption of copper ions.
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Figure 11: Weber and Morris intra particle diffusion for pure MCM 41, 10%
AEPTMS — MCM 41 and 20% AEPTMS — MCM 41.
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Table 13: Weber and Morris intra particle diffusion for pure MCM 41, 10%
AEPTMS — MCM 41 and 20% AEPTMS — MCM 41

Intra Particle Diffusion Model
Adsorbent 5
Ko (mg / g hour) C (mg/g) R
Pure MCM 41 0.818 0.546 0.81
10% AEPTMS - MCM
1.2 0.274 0.972
41
20% AEPTMS - MCM
" 1.056 0.059 0.997

Figure 11 shows the Weber and Morris intra particle diffusion of pure MCM
41, 10% AEPTMS — MCM 41 and 20% AEPTMS — MCM 41. For more details,
intra - particle diffusion/transport process were calculated from the adsorption kinetic
data by using Weber and Morris equation (Demiral et al., 2010):

g = kp'[ll2 +C (1)

where K is the rate constant of the intra particle diffusion and C is the film thickness.
All the data calculated and corresponding coefficient were given in Table 13. For this
model, if the plot is straight line and passes throughout the origin, it indicates that
this process is controlled by intra particle diffusion only. If variation exists, it shows
that more than two steps affect the adsorption process (Demiral et al., 2010). From
figure 11, the intercept (C value) of pure MCM 41, 10% AEPTMS — MCM 41, 20%
AEPTMS — MCM 41 is 0.546, 0.274 and 0.059, respectively. This shows that the
plot is linear but does not pass throughout the origin, thus it indicates that the
adsorption requires a two-step process and not only depends on intra particle
diffusion.
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Figure 12: Pseudo-first-order model for copper ions adsorption by pure MCM 41,
10% AEPTMS — MCM 41 and 20% AEPTMS — MCM 41.
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Figure 13: Pseudo-second-order model for copper ions adsorption by pure MCM 41,
10% AEPTMS — MCM 41 and 20% AEPTMS — MCM 41.
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Table 14: Pseudo-first-order model and pseudo-second-order model parameters for
copper ions adsorption by pure MCM 41, 10% AEPTMS —MCM 41 and 20%
AEPTMS — MCM 41

Pseudo-First-Order Model

Pseudo-Second-Order Model

Adsorbent Ki(1/ Qe1 R? Ky (1/ Qe2 R?
hour) (mg/g) hour) (mg/g)
Pure MCM 41 0.068 2.433 | 0.549 6.1014 3.86 0.999
10% AEPTMS
0.075 3.804 | 0.676 0.1095 5.88 0.978
- MCM 41
20% AEPTMS
0.068 4.2 0.891 0.0695 5.35 0.932
- MCM 41

The data was further analyzed with its kinetic behavior using pseudo-first-

order (Eq. 5) and pseudo-second-order equations (Eqg. 6). Figures 12 and 13 show the

pseudo-first-order and pseudo-second-order model fitting for copper ions adsorption
by MCM 41, 10% AEPTMS — MCM 41 and 20% AEPTMS — MCM 41. The

parameters involve in pseudo-first-order and pseudo-second-order are tabulated in

table 14. From table 14, the correlation coefficient, R? of pseudo-second-order model

is more closed to 1 compared with R? obtained from pseudo-first-order model. Thus,

the adsorption process can be presented by pseudo-second-order model. To

summarizes, based on pseudo-second-order model, the copper ions adsorption onto
pure MCM 41, 10% AEPTMS — MCM 41 and 20% AEPTMS — MCM 41 possibly
will occur by a reaction related to valences forces by sharing or exchange of
electrons (Ho et al., 2003).
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CHAPTER 5
CONCLUSION AND RECOMENDATION

The present project focuses on the development of functionalized mesoporous
silica  MCM-41 adsorbents by tertiary amine-functional group, 3-[2-(2-
aminoethylamino) ethylamino] propyltrimethoxysilane, AEPTMS. These adsorbents
have been synthesized using co-condensation method and characterized using
different analytical tools. The resultant adsorbents were tested for its efficiency in

Cu®* removal.

In summary, modified amino group mesoporous silica adsorbent was
successfully synthesized. Form FTIR, the present of NH group shows that the
AEPTMS was successfully incorporated into MCM 41 structure and the pore surface
of MCM 41 has been successfully modified by additional of amino groups. The
modified mesoporous silica has higher BET surface compare with pure MCM
41.0Other than that, the adsorption process on modified MCM 41 can be described by
Langmuir Model, which was generally considered as monolayer adsorption process.
Furthermore, the adsorption process closely related to pseudo-second-order model,
which possibly can occur by a chemical reaction of valences forces by sharing or

exchange of electrons.

For copper removal study, the percentage of removal results for copper ions
on pure MCM 41, 10% AEPTMS — MCM 41 and 20% AEPTMS — MCM 41 was
38.3%, 57.4% and 52.2%. 10% AEPTMS — MCM 41 have the highest percentage
removal of copper ions. Based on the present work, 10% AEPTMS — MCM 41 have
the optimum amount of amino group needed for modification and give more positive
results for copper adsorption compare with pure MCM 41 and 20% AEPTMS -
MCM 41. Therefore, 10% AEPTMS — MCM 41 was an excellent adsorbent for

copper ions removal.
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For future recommendation, the adsorbent need to be test further with other
metal ion so that varies data and measurement can be taken into account. The
successful development of functionalized mesoporous silica MCM-41adsorbent by
tertiary amine functional group can beneficial to environment especially in reducing

heavy metal pollutants.
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Appendix 4—Kinetics and Isotherms Study
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