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Polysaccharides such as starch and cellulose play important role in
the polymer research because they are from natural resources and
biodegradable. Their use in non-food applications depends on
unique special properties they provide, often at costs below those of
synthetic polymer. Chemically modified starches with improved
properties are gaining increasing importance in industry not only
because they are low in cost, but mainly because the polysaccharide
portion of the product is biodegradable. In this study, carboxymethyl
sago starch (CMSS) was grafted with acrylic acid monomer by
radical polymerization technique, using electron beam irradiation.
Effect of monomer absorption, degree of substitution (OS) of CMSS,
radiation condition and irradiation dose during irradiation grafting
process were investigated. Percentage of grafting was determined by
thermogravimetry method using thermal gravimetic analysis (TGA).
Thermogram of the combustion shows 3 steps of decomposition.
Study showed that optimum grafting was 121.7% was achieved for
CMSS with OS 1.0, 15 kGy irradiation doses. The grafted CMSS was
characterized using TGA, Fourier transformed infrared spectroscopy
(FTIR) and scanning electron micrography (SEM). The swelling of
grafted CMSS is up to 7927% for grafted CMSS OS 1.0 and 4869%
for grafted CMSS OS 1.2. Grafted CMSS was then applied for
removal of Cr(lll), and Cd(lI) ions from aqueous solution by using
adsorption method. Analysis of the metal adsorption was quantified
using inductively coupled plasma optical emission spectroscopy
(ICP-OES). The influences of various parameters such as degree of
substitution of CMSS, pH and adsorption temperature were
investigated. Cadmium was the highest adsorbed metal on grafted
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CMSS with maximum percentage of adsorption 97% while for
chromium, the maximum percentage of adsorption was 48% using
grafted CMSS OS 1.0. Results showed that grafted CMSS OS 1.0
gave higher adsorption of metal ion compare to grafted CMSS OS
1.2

The results showed that carboxymethyl sago starch grafted acrylic
acid could be an effective and economical adsorbent for removal of
heavy metals ions from industrial wastewater.
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Abstrak thesis yang dikemukakan kepada Senat Universiti Putra
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Sains

PENYEDIAAN DAN PENCIRIAN ASID AKRILlK-CANGKUKKAN-
KARBOKSIMETIL KANJI SAGU UNTUK PENYINGKIRAN

KADMIUM(IJ) DAN KROMIUM(III) DARIPADA LARUTAN AKUES

Oleh
SABARIAH BINTI KAMARUDIN

Pengerusi : Profesor Mansor B. Ahmad, Ph. D.

Faculti : Sains

Polisakarida seperti kanji dan selulosa memainkan peranan penting
dalam penyelidikan polimer kerana ia terhasil daripada sumber
semula jadi dan mesra alam. Kegunaan polisakarida dalam aplikasi
bukan makanan bergantung kepada ciri-ciri khas unik yang terdapat
padanya, ditambah pula dengan kos penghasilan yang lebih rendah
berbanding polimer sintetik. Struktur kimia kanji yang diubahsuai
dengan ciri-ciri yang lebih baik semakin penting dalam industri bukan
sahaja kerana pembuatannya hanya memerlukan kos yang rendah,
tetapi yang lebih utama kerana bahagian polisakarida di dalam
produk adalah mesra alam. Oalam kajian ini, karboksimetil kanji sagu
(CMSS) telah dicangkuk dengan monomer asid akrilik dengan teknik
pempolimeran radikal, menggunakan sinaran alur elektron. Kesan
penyerapan monomer, darjah penukargantian (OS) CMSS, keadaan
sinaran dan dos radiasi ketika proses mencangkuk telah dikaji.
Peratusan cangkukan ditentukan oleh kaedah termogravimetri
menggunakan anal isis termal gravimetri (TGA). Kajian iru
menunjukkan bahawa cangkukan optimum sebanyak 121.7% telah
dicapai untuk CMSS dengan OS 1.0, menggunakan dos radiasi
sebanyak 15 kGy. Pencirian dilakukan dengan menggunakan TGA,
spektroskopi inframerah transformasi Fourier (FTIR) dan anal isis
permukaan menggunakan mikroskopi pengimbasan elektron (SEM).
Pengembangan CMSS tercangkuk didalam air adalah sebanyak
7927% untuk CMSS tercangkuk OS 1.0 dan 4869% untuk CMSS
tercangkuk OS 1.2. CMSS tercangkuk itu kemudiannya digunakan
untuk penyerapan ion Cr(lll) dan ion Cd(ll) daripada larutan ion
tersebut dengan menggunakan kaedah penjerapan. Analisis
penjerapan logam telah diukur menggunakan Spektrometri
pemancaran optik plasma berganding aruh (ICP-OES). Pengaruh
pelbagai parameter seperti darjah penukargantian CMSS, pH dan
suhu penjerapan telah dikaji. Kadmium merupakan logam yang
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paling tinggi terjerap pada CMSS tercangkuk dengan peratusan
maksimum penyerapan sebanyak 97% sementara penjerapan
maksimum bagi kromium adalah sebanyak 48% menggunakan
CMSS tercangkuk OS 1.0. Keputusan menunjukkan CMSS
tercangkuk OS 1.0 memberikan peratusan penjerapan yang lebih
tinggi untuk menjerap ion logam berbanding CMSS tercangkuk OS
1.2.

Hasil kajian menunjukkan bahawa karboksimetil kanji sagu
dicangkuk dengan asid akrilik boleh menjadi penjerap berkesan dan
ekonomi untuk aplikasi penyingkiran logam dari air sisa industri.
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 1 

CHAPTER 1 
 
 

INTRODUCTION 
 

 
1.1 Background of The Study 
 
Polymer modifications are one of the most interesting segments in 
polymer technology. Natural polymer or synthetic polymer are 
modified to improve some properties such as biocompatibility, 
absorbing efficiency, fire retardancy or to provide specific functional 
group for ion exchange or other application. There are several 
techniques polymer can be modified such as grafting, cross linking, 
oxidation and end-capping (Joel, 2003).  
 
Polysaccharides such as starch and cellulose play important role in 
the polymer research because they are from natural renewable 
resource and biodegradable. Both of these natural products deserve 
a special position among the industrially used as raw materials. 
Polysaccharides are used in the food industry because they are 
widely available, usually at low cost and non toxic. Their use in non-
food applications depends on unique special properties they provide, 
often at costs below those of synthetic polymer (Bruice, 2004).  
 
Chemically modified starches with improved properties are gaining 
an importance in industry not only because some of them are low in 
cost, but mostly because of the polysaccharide structure of the 
modified starch is biodegradable. Because of these properties, the 
modified starch become prominent polymer materials in the fields of 
metal adsorption, dehydration, water preservation and water 
absorption (Cao et al., 2002). 
 
Superabsorbent is a hydrophilic polymers that can adsorb and retain 
aqueous fluids in large quantities and with the absorb water are 
hardly removed even under pressure. Most of the super absorbent 
based on synthetic polymer are poor in degradability property. 
Extensive studies have been done to graft or crosslink monomers 
and polymers onto natural polymer to form superabsorbent natural 
polymer. Natural polymers like polysaccharides are fairly shear 
resistant, biodegradable and cause flocculation. However their shelf 
life was short due to the severe drawback of biodegradation. 
Synthetic polymers on the other hand are easily tailorable but have 
poor shear resistant properties. To combine natural and synthetic 
polymer properties various efforts have been taken (Singh, 1995).  
 
Sago (Metroxylon sagu) is obtained from sago palm trees which are 
abundant in some region with swampy area in Malaysia, Indonesia 
and Papua New Guinea. In Malaysia, Sarawak is the only producer 
of sago starch. Sago palm contain of dry basis around 36-59% of 
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 2 

starch and remaining of non starch component such as fibers, 
hemicelluloses, other cell structural materials, soluble solids and also 
unidentified traces of other substances. (Sun, et al., 1999 and Manan 
et al., 2001).  
 
Carboxymethyl sago starch (CMSS) is a water soluble derivative of 
sago starch. It is produced through etherification process. This 
process was carried out by substitution of monochloroacetic acid with 
hydroxyl group of starch in the presence of strong alkali such as 
sodium hydroxide. This process is eco friendly and using cost 
effective materials. 
 
There are various methods in surface modification of polymer. 
Radiation-induced graft polymerization is one of the methods, 
leading to materials with new properties (Kabanov & Kudryavtsev, 
2003). Grafting has proven to be an effective technique for modifying 
several properties of synthetic as well as polymers of natural origin. 
Modifications of several natural polymers like guar gum (GG), starch, 
cellulose and its derivatives by conventional redox grafting method 
were reported. Grafting using high-energy radiation offers several 
advantages over conventional redox grafting method. Grafting via 
ionization radiation by gamma and electron beam irradiation through 
the formation of radicals is more environmentally friendly than 
chemical process. It has been extensively used for grafting of various 
monomers on different type of polymers. The yield is higher and 
easier to manipulate than chemical process (Biswal et al., 2007). 
 
Heavy metals are very toxic elements and are not biologically 
degraded like many organic pollutants. Industrial uses of metal or 
other domestic waste, which is come in many forms such as 
wastewater, sludge, solid waste, chemical waste and many others 
have introduced amounts of toxic heavy metal into environment. The 
most common hazardous metals found in wastewater are copper, 
lead, nickel, chromium and zinc (Harrison, 1999). Various methods of 
removal heavy metal from wastewater such as chemical oxidation, 
precipitation, coagulation, ion exchange, reverse osmosis, reduction, 
flocculation, membrane separation, filtration, solvent extraction, 
evaporation and adsorption have been used to remove toxic from 
industrial effluents. Natural renewable polysaccharides have been 
reported to be efficient metal ion sorption. CMSS, as an example has 
proved to give large amount of water swelling (Norhazlin, 2003). 
Modification of this polymer via simple derivation, grafting or network 
formation improves these properties. 
 
 
1.2 Problem Statement  
 
Many researches have been reported on producing grafting polymer 
using natural material such as chitosan, cellulose and other material. 
But none has so far been conducted in producing grafting polymer 
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 3 

using modification of carboxymethyl sago starch. Sago itself has very 
unique properties towards water as is known, the sago growth in 
fresh water swamp. Naturally, sago has a strong resistance to water 
absorption and desorption. This specialty is very appropriate that it 
would be used in the treatment of water. However, sago starch has 
to be heated to gel form to increase its absorption capability. 
Modifications of sago starch by carboxymethylation process will 
improve its properties from insoluble to water soluble (Norhazlin, 
2003). By the addition of other functional groups into carboxymethyl 
sago starch, it will enhance its properties which will enable 
carboxymethyl sago starch predominantly used in any environment 
conditions. Since acrylic acid is a simple monomer which compatible 
with water, so in theory, it is very suitable for carboxymethyl sago 
starch to be grafted with acrylic acid to produce a greater absorbent 
with excellent properties. 
 
 
 
1.3 Objectives of The Study 
 

1. To prepare carboxymethyl sago starch with two different 
DS values for use in the grafting irradiation. 

2. To optimize the grafting condition as a function of 
monomer ratio, irradiation dose, DS of CMSSS and 
vacuum condition for acrylic acid grafted carboxymethyl 
sago starch using electron beam irradiation. 

3. To characterize the grafted CMSS carried out by Fourier 
transform infrared spectroscopy (FTIR), thermogravimetric 
analysis (TGA), scanning electron microscopy (SEM) and 
swelling behavior. 

4. To determine capability of the grafted CMSS to adsorb 
chromium Cr(III) and cadmium Cd(II) ions.  
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