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STARCH/CHITOSAN HYDROGELS 

 

 

By 

 

SRI NORLEHA BINTI BASRI 

September 2015 

 

Chair  : Norhazlin binti Zainuddin, PhD 

Faculty  : Science 

 

Modified polysaccharides such as starch and cellulose play important role in the 

polymer research because they are from natural resources and biodegradable. The 
main objective of this study was to prepare the hydrogels from modified sago 

starch and chitosan which were then applied as metal scavenger for lead (Pb), 

copper (Cu) and cadmium (Cd). In this study, carboxymethyl sago starch (CMSS) 

and chitosan were dissolved in L (+)-lactic acid (LA) and cross-linked by using 

electron beam (EB) irradiation. The highest gel content of hydrogel was obtained 

from 60% (w/v) of CMSS in 0.6 M of LA at 20 kGy EB irradiation. Similar 

composition as CMSS hydrogel has been used for CMSS/chitosan (CMSS/Chi) 

hydrogel with the addition of 4% (w/v) of chitosan which showed high metal 

uptake. Then, both CMSS and CMSS/Chi hydrogels were structurally and 

morphologically characterized by Fourier Transform Infrared (FT-IR) and 

Scanning Electron Microscopy (SEM). The hydrogels (<300 µm) were dispersed in 
aqueous solution of divalent metal ions (Pb, Cu and Cd, 100 ppm) and the 

hydrogels-metal complex was filtered and examined using Inductively Coupled 

Plasma-Optical Emission Spectrometer (ICP-OES). The study on removal metal 

ions was carried out under non-competitive and competitive condition, either one 

metal ion stand in a solution or mixed up together. Under non-competitive 

condition, the removal of heavy metal was about 93.54%, 88.42% and 85.45% of 

Pb, Cu and Cd ions respectively by CMSS hydrogel. While in CMSS/Chi about 

92.80%, 62.00% and 70.20% of Pb, Cu and Cd ions, respectively were removed 

from the aqueous solution. The amount of metal removed by CMSS/Chi hydrogel 

was lower compared to CMSS hydrogel due to the fewer amounts of active sites 

available to bind with metal ions. The interaction between CMSS and chitosan in 

CMSS/Chi hydrogel can be seen from FTIR spectrum at wavenumber of 1727 cm-1 
and 1604 cm-1 is due to hydrogen and ionic bonding, thus reduce the amount of 
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metal uptake. Meanwhile, the Pb ions uptake by both CMSS and CMSS/Chi 

hydrogels are quite similar due to high molecular weight and radius which caused 

less attraction towards nucleus and easily be bonded to active binding site of 

hydrogels. All the metal uptake achieved equilibrium within 1 hour reaction time 

and showed the pseudo second order reaction in kinetic study. Except the reaction 

between CMSS hydrogel and Pb ion, the isotherm study showed the reaction was 
followed the Freundlich isotherm model. In addition, under competitive condition, 

CMSS/Chi hydrogel showed high selectivity towards Pb ion compared to Cu and 

Cd ions. This probably due to small pore size of CMSS/Chi hydrogel as shown by 

SEM micrograph which have the ability to entrap the large Pb ions and hindered 

the active site from in contact with Cu and Cd ions. In conclusion, these results 

supported the role of both CMSS and CMSS/Chi hydrogels as metal scavenger for 

Pb, Cu and Cd ions.  
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September 2015 

 

Pengerusi : Norhazlin binti Zainuddin, PhD 

Fakulti  : Sains 

 

Pengubahsuaian polisakarida seperti kanji dan selulosa memainkan peranan 

penting dalam penyelidikan polimer kerana mereka berasal dari sumber alam dan 

terlupus secara semula jadi. Objektif utama kajian ini adalah untuk menyediakan 

hidrogel dari kanji sagu terubahsuai dan kitosan dan kemudiannya digunakan 
sebagai perangkap logam untuk plumbum (Pb), kuprum (Cu) dan kadmium (Cd). 

Dalam kajian ini, karboksimetil kanji sagu (CMSS) dan kitosan telah dilarutkan 

dalam L (+) - asid laktik (LA) dan di sambung silang dengan menggunakan  

sinaran alur elektron (EB). Kandungan gel tertinggi bagi hidrogel CMSS telah 

diperolehi daripada 60% (w/v) CMSS dalam 0.6 M LA pada 20 kGy sinaran EB. 

Komposisi yang sama seperti hidrogel CMSS telah digunakan untuk hidrogel 

CMSS/kitosan (CMSS/Chi) dengan tambahan 4% (w/v) kitosan yang telah 

menunjukkan pengambilan logam yang tinggi. Kemudian, kedua-dua hidrogel 

CMSS dan CMSS/Chi telah dicirikan secara struktur dan morfologi oleh Fourier 

Transform Infrared (FT-IR) dan Pengimbas Mikroskopi Elektron (SEM). Hidrogel 

(<300 μm) telah disebarkan dalam larutan akueus ion logam dwi-valens (Pb, Cu 
dan Cd, 100 ppm) dan kompleks hidrogel-logam telah ditapis dan dikaji 

menggunakan Pasangan Induktif Plasma-Optik Pelepasan Spektrometer (ICP-

OES). Kajian ke atas penyingkiran ion logam ini dijalankan di bawah keadaan 

tidak kompetitif dan kompetitif, iaitu sama ada satu logam ion dalam suatu larutan 

atau bercampur bersama-sama. Dalam keadaan tidak kompetitif, hidrogel CMSS 

menyingkirkan logam berat kira-kira 93.54%, 88.42% dan 85.45% daripada Pb, Cu 

dan Cd ion masing-masing. Manakala CMSS/Chi kira-kira 92.80%, 62.00% dan 

70.20% daripada Pb, Cu dan Cd ion masing-masing telah disingkirkan daripada 

larutan akues. Jumlah logam disingkirkan oleh hidrogel CMSS/Chi adalah lebih 
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rendah berbanding dengan hidrogel CMSS kerana jumlah tapak aktif tersedia yang 

lebih sedikit bagi mengikat ion logam. Interaksi di antara CMSS dan kitosan dalam 

hidrogel CMSS/Chi boleh dilihat daripada FTIR spectrum pada nombor gelombang 

1727 cm
-1

 dan 1604 cm
-1

 disebabkan ikatan hydrogen dan ion, dengan itu 

mengurangkan jumlah pengambilan ion logam. Sementara itu, pengambilan ion Pb 

oleh kedua-dua hidrogel CMSS dan CMSS/Chi adalah sama kerana berat molekul 
dan saiz jejari yang tinggi menyebabkan kurang daya tarikan ke arah nukleus dan 

mudah terikat ke tapak pengikat aktif hidrogel. Semua pengambilan logam itu 

mencapai keseimbangan dalam masa 1 jam tindak balas dan menunjukkan tindak 

balas tertib kedua dalam kajian kinetik. Kajian isoterma menunjukkan tindak balas 

mengikuti model isoterma Freundlich bagi semua hidrogel kecuali hidrogel CMSS 

dengan ion Pb. Di samping itu, dalam keadaan yang kompetitif, hidrogel 

CMSS/Chi menunjukkan pemilihan yang tinggi terhadap Pb ion berbanding Cu 

dan Cd ion. Ini mungkin disebabkan oleh saiz liang kecil hidrogel CMSS/Chi 

seperti yang ditunjukkan oleh SEM mikrograf mampu untuk memerangkap ion Pb 

yang besar dan menghalang tapak aktif ini dari berinteraksi dengan Cu dan Cd ion. 

Kesimpulannya, keputusan kajian ini menyokong peranan kedua-dua hidrogel 
CMSS dan CMSS/Chi sebagai perangkap logam untuk Pb, Cu dan Cd ion. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background of the Study 

Natural polymers such as cellulose, starch and chitosan have interesting 
characteristics which are biodegradable, low cost and non-toxic. Thus, they receive 

a lot of attention from the researchers in reducing amount of synthetic petroleum-

based polymer and chemical waste. Starch and cellulose are produced in most 

green plant as an energy store and a main component in cell wall, while chitosan is 

produced after deacetylation of chitin originated from crustacean shell such as crab 

and shrimp. In polymer technology, modification and derivatization of these 

natural polymers are important to improve some properties such as 

biocompatibility, absorbing efficiency, and to provide specific functional group for 

specific application.  

 

Since late 90s, Malaysian researchers have started studying on the utilization of 
sago palm (Metroxylon sago) products such as starch, cellulose and sago pulp 

waste. It is because of the abundant amount of sago production in peat swamp area 

in Sarawak and limited application in industries, other than food industry. The 

palm continually produce sucker, which turn grow into adult palm and no necessity 

for replanting after harvest. Sago starch is extracted from the spongy trunk or pith 

of the palm tree. The physicochemical properties of the sago starch are quite 

similar to other common starch like potato and tapioca, it has unique characteristics 

such as the granules range from 10 to 50 µm, have smooth surface and being 

gelatinized when dissolving the starch at 69.05 to 70.2 °C (Karim et al., 2008). 

 

During gelatinization process, the starch will undergo retrogradation when the 

amylose and amylopectin start to realign themselves and causing transformation of 
liquid to gel. Therefore, some modification on the sago starch will make it worth 

by reducing the gelatinization temperature and form a permanent gel. There are 

several techniques can be used to modify the natural polymers such as grafting, 

crosslinking, oxidation and end-capping, as well as derivatization such as 

etherification or esterification. The etherification of natural polymer is one of 

popular and cheapest technique. Usually, etherification process involves the 

substitution of carboxymethyl group from sodium monochloroacetic acid in alkali 

organic solution (Pushpamalar et al., 2006; Zainuddin, 2003).  

 

In order to reduce the additional chemical waste, the CMSS hydrogel was produced 

using radiation-crosslinking method. There is no need to put in the crosslinker to 
start the crosslinking process. Therefore, radiation method is important in 

producing a clean, free additives and environmentally safe product. Compared to 

other modification technique, ionizing radiation provides the combination of 

sterilization and synthesis of polymer in a single step. The CMSS forms an anionic 

polymer in water and acid solution under irradiation. Besides that, blending is an 

effective method in improving the performance of polymer material. Thus, in this 
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research, chitosan has been added to CMSS hydrogel as cationic segment to 

improve selectivity on metal uptake.  

 

1.2 Problem Statement 

Water pollution has been a major concern faces by many countries in response to 

aggressive economic development. Industries like electroplating, mining, energy 
and fuel contribute a lot in heavy metal pollution. These heavy metals are very 

toxic elements and not biodegradable like organic pollutant. In Malaysia, the heavy 

metal pollution is not only found in water resources (Shazili et al., 2006; Tajam 

and Kamal, 2013), but also at landfill and sediment (Agamuthu and Fauziah, 2010; 

Ripin et al., 2014). Some of toxic heavy metals that particularly involved in 

treatment of industrial wastewater are lead, copper, cadmium, zinc, mercury, 

chromium and nickel. There are various methods to remove the metal ions from 

water such as chemical precipitation ion exchange, adsorption, reverse osmosis, 

floatation, sedimentation and filtration (Barakat, 2011; Fu and Wang, 2011). Most 

of techniques that have been listed above is not fully effective and generates 

secondary effluent, consume a huge capital investment, and face with lacks of 
sources. As a result, intensive research and development effort has been done upon 

low cost adsorbents and natural sources for remediation of toxic metal ions.  

 

1.3 Significance of the Study 

In this study, our native starch from sago (Metroxylon sago) has been chosen for 

removal of heavy metal ions from aqueous solution. Sago palm is easily found in 

swampy area; either it is cultivated or wild stand in tropical climate of Asia 

(Singhal et al., 2008). In Malaysia, sago palm can be found mainly in the state of 
Sarawak. Sago starch is commonly used as animal food, stabilizer and thickener in 

food industry as well as adhesive in textile, plywood and paper industries. 

Derivatization and modification normally done to improve the properties of native 

sago starch (Zainal et al., 2005). Etherification of starch is one of derivatization 

technique where the carboxymethyl group from monochloroacetic acid substituting 

the hydroxyl group of starch backbone (Zainuddin, 2003). Thus, the presence of 

new functional group in the modified starch makes it more stable and easily soluble 

in water at ambient temperature. Furthermore, crosslinking by irradiation has an 

advantage over other crosslinking techniques such as physical and chemical. The 

modification and sterilization can be achieved in a single step, as well as no 

crosslinking agent is needed in irradiation technique. In this experiment, the 
etherified sago starch was dissolved in acid solution and irradiated by using 

electron beam irradiation. As a result, a strong hydrogel is formed in a simple 

technique and short reaction time. Then, the prepared hydrogel were used to 

remove Pb, Cu and Cd ions from its aqueous solution. The presence of chitosan in 

the hydrogel networks was to improve the efficiency of the hydrogel to sorb the 

metal ions. 
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1.4 Objectives of the Study 

In this study, the main objectives were: 

1. To prepare and characterize carboxymethyl starch from sago palm 

2. To prepare and characterize hydrogels from carboxymethyl sago starch 

(CMSS) and carboxymethyl sago starch/chitosan (CMSS/Chi) in lactic 

acid using electron beam irradiation  

3. To evaluate the removal of Pb, Cd and Cu ions from its aqueous solution 

by hydrogels 

 

 



© C
OPYRIG

HT U
PM

 

60 

 

REFERENCES 

Abd-Aziz, S. (2002). Sago Starch and Its Utilisation. Journal of Bioscience and 

Bioengineering, 94(6), 526–9. 

Agamuthu, P., and Fauziah, S. H. Heavy Metal Pollution in Landfill Environment 

(2010). 

Ahmad, F. B., Williams, P. A., Doublier, J.-L., Durand, S., and Buleon, A. (1999). 

Physico-Chemical Characterisation of Sago Starch. Carbohydrate Polymers, 

38(4), 361–370. 

Akar, E., Altınısik, A., and Seki, Y. (2012). Preparation of pH- and Ionic-Strength 

Responsive Biodegradable Fumaric Acid Crosslinked Carboxymethyl 

Cellulose. Carbohydrate Polymers, 90(4), 1634–1641. 

Al-qudah, Y. H. F., Mahmoud, G. A., and Khalek, M. A. A. (2014). Radiation 

Crosslinked Poly ( Vinyl Alcohol )/ Acrylic Acid Copolymer for Removal of 

Heavy Metal Ions from Aqueous Solutions. Journal of Radiation Research 

and Applied Sciences, 7(2), 135–145. 

Apiratikul, R., and Pavasant, P. (2008). Batch and Column Studies of Biosorption 

of Heavy Metals by Caulerpa Lentillifera. Bioresource Technology, 99(8), 

2766–77. 

Argun, M. E., Dursun, S., Ozdemir, C., and Karatas, M. (2007). Heavy Metal 

Adsorption by Modified Oak Sawdust: Thermodynamics and Kinetics. 

Journal of Hazardous Materials, 141(1), 77–85. 

Ashogbon, A. O., and Akintayo, E. T. (2014). Recent Trend in the Physical and 

Chemical Modification of Starches from Different Botanical Sources: A 

Review. Starch/Stärke, 66, 41–57. 

Assaad, E., Wang, Y. J., Zhu, X. X., and Mateescu, M. A. (2011). Polyelectrolyte 

Complex of Carboxymethyl Starch and Chitosan as Drug Carrier for Oral 

Administration. Carbohydrate Polymers, 84(4), 1399–1407. 

ASTM D1439-03. (2008). Standard Test Method for Sodium 

Carboxymethylcellulose. In Standard Test Methods for Sodium 

Carboxymethylcellulose (Vol. 06.02). West Conshohocken,PA, United State: 

ASTM International. 

Barakat, M. A. (2011). New Trends in Removing Heavy Metals from Industrial 

Wastewater. Arabian Journal of Chemistry, 4(4), 361–377. 



© C
OPYRIG

HT U
PM

 

61 

 

Bayramoglu, G., Altintas, B., and Arica, M. Y. (2009). Adsorption Kinetics and 

Thermodynamic Parameters of Cationic Dyes from Aqueous Solutions by 

Using a New Strong Cation-Exchange Resin. Chemical Engineering Journal, 

152, 339–346. 

Binh, D., Hong, P. T. T., Duy, N. N., Duoc, N. T., and Dieu, N. N. (2012). A Study 

on Size Effect of Carboxymethyl Starch Nanogel Crosslinked by Electron 

Beam Radiation. Radiation Physics and Chemistry, 81(7), 906–912. 

Crini, G. (2005). Recent Developments in Polysaccharide-Based Materials Used as 

Adsorbents in Wastewater Treatment. Progress in Polymer Science, 30(1), 

38–70. 

Dialynas, E., and Diamadopoulos, E. (2009). Integration of a Membrane Bioreactor 

Coupled with Reverse Osmosis for Advanced Treatment of Municipal 

Wastewater. Desalination, 238, 302–311. 

El Salmawi, K. M., and Ibrahim, S. M. (2011). Characterization of Superabsorbent 

Carboxymethylcellulose/clay Hydrogel Prepared by Electron Beam 

Irradiation. Macromolecular Research, 19(10), 1029–1034. 

El-din, H. M. N., Abou, M. F., and El-naggar, A. W. M. (2008). Metal Sorption 

and Swelling Characters of Acrylic Acid and Sodium Alginate Based 

Hydrogels Synthesized by Gamma Irradiation. Nuclear Instruments and 

Methods in Physics Research Section B: Beam Interactions with Materials 

and Atoms, 266, 2607–2613. 

Ershov, B. G. (1998). Radiation-Chemical Degradation of Cellulose and Other 

Polysaccharides. Russian Chemical Reviews, 315(4), 315–334. 

Flach, M. (1997). Sago palm. Metroxylon sagu Rottb. Promoting the conservation 

and use of underutilized and neglected crops. 13. Rome, Italy: International 

Plant Genetic Resources Institute. 

Fu, F., and Wang, Q. (2011). Removal of Heavy Metal Ions from Wastewaters: A 

Review. Journal of Environmental Management, 92(3), 407–18. 

Gode, F., and Pehlivan, E. (2006). Removal of chromium(III) from Aqueous 
Solutions Using Lewatit S 100: The Effect of pH, Time, Metal Concentration 

and Temperature. Journal of Hazardous Materials, 136(2), 330–7. 

Gulrez, S. K. H., Al-assaf, S., and Phillips, G. O. (2003). Hydrogels : Methods of 
Preparation , Characterisation and Applications. Wrexham United 

Kingdom. 



© C
OPYRIG

HT U
PM

 

62 

 

Heinze, T., Liebert, T., Heinze, U., and Schwikal, K. (2004). Starch Derivatives of 

High Degree of Functionalization 9 : Carboxymethyl Starches. Cellulose, 11, 

239–245. 

Hiroki, A., Tran, H. T., Nagasawa, N., Yagi, T., and Tamada, M. (2009). Metal 

Adsorption of Carboxymethyl Cellulose/carboxymethyl Chitosan Blend 

Hydrogels Prepared by Gamma Irradiation. Radiation Physics and 

Chemistry, 78(12), 1076–1080. 

Honarkar, H., and Barikani, M. (2009). Applications of Biopolymers I: Chitosan. 

Monatshefte Für Chemie - Chemical Monthly, 140(12), 1403–1420. 

Kabdaşli, I., Arslan, T., Olmez-Hanci, T., Arslan-Alaton, I., and Tünay, O. (2009). 

Complexing Agent and Heavy Metal Removals from Metal Plating Effluent 

by Electrocoagulation with Stainless Steel Electrodes. Journal of Hazardous 

Materials, 165(1-3), 838–45. 

Kamarudin, S. (2013). Synthesis and Characterization of Acrylic Acid Grafted 

Carboxymethyl Sago Starch as a Metal Ions Absorbent. MSc 

Thesis,Universiti Putra Malaysia. 

Karim, A. A., Tie, A. P., Manan, D. M. A., and Zaidul, I. S. M. (2008). Starch from 

the Sago ( Metroxylon Sagu ) Palm Tree — Properties , Prospects , and 

Challenges as a New Industrial Source for Food and Other Uses. 

Comprehensive Reviews in Food Science and Food Safety, 7(1977). 

Kaşgöz, H., Kaşgöz, A., Şahin, Ü., Temelli, T. Y., and Bayat, C. (2006). Hydrogels 

with Acid Groups for Removal of Copper(II) and Lead(II) Ions. Polymer-

Plastics Technology and Engineering, 45(1), 117–124. 

Kavitha, D., and Namasivayam, C. (2007). Experimental and Kinetic Studies on 

Methylene Blue Adsorption by Coir Pith Carbon. Bioresource Technology, 

98(1), 14–21. 

Khalil, M. I., Hashem, A., and Hebeish, A. (1990). Carboxymethylation of Maize 

Starch. Starch - Stärke, 42(2), 60–63. 

Kim, B., and Lim, S. (1999). Removal of Heavy Metal Ions from Water by Cross-

Linked Carboxymethyl Corn Starch. Carbohydrate Polymers, 39, 217–223. 

Kołodyńska, D. (2011). Chitosan as an Effective Low-Cost Sorbent of Heavy 

Metal Complexes with the Polyaspartic Acid. Chemical Engineering 

Journal, 173(2), 520–529. 



© C
OPYRIG

HT U
PM

 

63 

 

Kooijmana, L. M., Ganzeveld, K. J., Manurungb, R. M., and Heeresa, H. J. (2003). 

Experimental Studies on the Carboxymethylation of Arrowroot Starch in 

Isopropanol-Water Media. Starch/Stärke, 55, 495–503. 

Kumar, S. V, Sasmal, D., and Pal, S. C. (2008). Rheological Characterization and 

Drug Release Studies of Gum Exudates of Terminalia Catappa Linn. 

American Association of Pharmaceutical Scientists, 9(3), 885–90. 

Landaburu-Aguirre, J., García, V., Pongrácz, E., and Keiski, R. L. (2009). The 

Removal of Zinc from Synthetic Wastewaters by Micellar-Enhanced 

Ultrafiltration: Statistical Design of Experiments. Desalination, 240(1-3), 

262–269. 

Li, S. F., Mujyambere, J. M. V., and Liu, M. (2011). Synthesis of Carboxymethyl 

Starch with High Degree of Substitution by a Modified Dry Process. 

Advanced Materials Research, 233-235, 306–310. 

Liu, J., Ming, J., Li, W., and Zhao, G. (2012). Synthesis, Characterisation and in 

Vitro Digestibility of Carboxymethyl Potato Starch Rapidly Prepared with 

Microwave-Assistance. Food Chemistry, 133(4), 1196–1205. 

Lugao, A. B., and Malmonge, S. M. (2001). Use of Radiation in the Production of 

Hydrogels. Nuclear Instruments and Methods in Physics Research Section B: 

Beam Interactions with Materials and Atoms, 185, 37–42. 

Maiti, S., Ranjit, S., and Sa, B. (2010). Polysaccharide-Based Graft Copolymers in 

Controlled Drug Delivery. International Journal of PharmTech Research, 

2(2), 1350–1358. 

Mourya, V. ., Inamdar, N. N., and Tiwari, A. (2010). Carboxymethyl Chitosan and 

Its Applications. Advanced Materials Letters, 1(1), 11–33. 

Nagasawa, N., Yagi, T., Kume, T., and Yoshii, F. (2004). Radiation Crosslinking 

of Carboxymethyl Starch. Carbohydrate Polymers, 58(2), 109–113. 

Okieimen, F. E., Sogbaike, C. E., and Ebhoaye, J. E. (2005). Removal of Cadmium 

and Copper Ions from Aqueous Solution with Cellulose Graft Copolymers. 

Separation and Purification Technology, 44(1), 85–89. 

Pandey, A., Bera, D., Shukla, A., and Ray, L. (2007). Studies on Cr ( VI ), Pb ( II ) 

and Cu ( II ) Adsorption – Desorption Using Calcium Alginate as 

Biopolymer. Chemical Speciation and Bioavailability, 19(1), 37–41. 

Pant, B. R., Jeon, H. J., Park, C. L., Lee, B. C., Park, J. H., and Song, H. H. (2010). 

Radiation-Modified Carboxymethyl Starch Derivative as Metal Scavenger in 

Aqueous Solutions. Starch /Stärke, 62, 11–17. 



© C
OPYRIG

HT U
PM

 

64 

 

Pietrzyk, S., Juszczak, L., Fortuna, T., and Ciemniewska, A. (2014). Effect of the 

Oxidation Level of Corn Starch on Its Acetylation and Physicochemical and 

Rheological Properties. Journal of Food Engineering, 120, 50–56. 

Prashanth, K. V. H., Kittur, F. S., and Tharanathan, R. N. (2002). Solid State 

Structure of Chitosan Prepared under Different N-Deacetylating Conditions. 

Carbohydrate Polymers, 50, 27–33. 

Pushpamalar, V., Langford, S. J., Ahmad, M., and Lim, Y. Y. (2006). Optimization 

of Reaction Conditions for Preparing Carboxymethyl Cellulose from Sago 

Waste. Carbohydrate Polymers, 64(2), 312–318. 

Rachtanapun, P., Simasatitkul, P., Chaiwan, W., and Watthanaworasakun, Y. 

(2012). Effect of Sodium Hydroxide Concentration on Properties of 

Carboxymethyl Rice Starch. International Food Research  Journal ,   19(3), 

923–931. 

Rahchamani, J., Mousavi, H. Z., and Behzad, M. (2011). Adsorption of Methyl 

Violet from Aqueous Solution by Polyacrylamide as an Adsorbent: Isotherm 

and Kinetic Studies. Desalination, 267, 256–260. 

Rezić, I. (2013). Cellulosic Fibers — Biosorptive Materials and Indicators of 

Heavy Metals Pollution. Microchemical Journal, 107, 63–69. 

Ripin, S. N. M., Hasan, S., and Kamal, M. L. (2014). Assessment of Heavy Article 

Title Article Title Article Metal Pollution in Malaysia ’ S Title Article Title 

Article Title Smallest State : Perlis Article Title Article Title. Environmental 

Laboratory, (November), 3–4. 

Shazili, N. A. M., Yunus, K., Ahmad, A. S., Abdullah, N., Kamil, M., and Rashid, 

A. (2006). Heavy Metal Pollution Status in the Malaysian Aquatic 

Environment. Aquatic Ecosystem Health and Management Society, 9(2), 

137–145. 

Singanan, M., and Peters, E. (2013). Removal of Toxic Heavy Metals from 

Synthetic Wastewater Using a Novel Biocarbon Technology. Journal of 

Environmental Chemical Engineering, 1, 884–890. 

Singhal, R. S., Kennedy, J. F., Gopalakrishnan, S. M., Kaczmarek, A., Knill, C. J., 

and Akmar, P. F. (2008). Industrial Production, Processing, and Utilization 

of Sago Palm-Derived Products. Carbohydrate Polymers, 72(1), 1–20. 

Soom, R. M., Hassan, W. H. W., Top, A. G. M., and Kamarudin Hassan. (2006). 

Thermal Properties of Oil Palm Fibre, Cellulose and Its Derivatives. Journal 

of Oil Palm Research, 18, 272–277. 



© C
OPYRIG

HT U
PM

 

65 

 

Tajam, J., and Kamal, M. L. (2013). Marine Environmental Risk Assessment of 

Sungai Kilim , Langkawi , Malaysia : Heavy Metal Enrichment Factors in 

Sediments as Assessment Indexes. International Journal of Oceanography, 

2013. 

Takigami, M., Nagasawa, N., Hiroki, A., Taguchi, M., and Takigami, S. (2012). 

Preparation of Stable CMC-ACID Gel. Gums and Stabilisers for the Food 

Industry 16, 175–182. 

Teotia, A., Ikram, S., and Gupta, B. (2012). Structural Characterization of Chitosan 

and Oxidized Carboxymethyl Cellulose Based Freeze-Dried Films. Polymer 

Bulletin, 69, 175–188. 

Tijsen, C. J., Kolk, H. J., Stamhuis, E. J., and Beenackers, A. A. C. M. (2001). An 

Experimental Study on the Carboxymethylation of Granular Potato Starch in 

Non-Aqueous Media. Carbohydrate Polymers, 45, 219–226. 

Wach, R. A., Mitomo, H., Nagasawa, N., and Yoshii, F. (2003). Radiation 

Crosslinking of Carboxymethylcellulose of Various Degree of Substitution at 

High Concentration in Aqueous Solutions of Natural pH. Radiation Physics 

and Chemistry, 68(5), 771–779. 

Wang, L.-F., Pan, S.-Y., Hu, H., Miao, W.-H., and Xiao-Yun Xu. (2010). Synthesis 

and Properties of Carboxymethyl Kudzu Root Starch. Carbohydrate 

Polymers, 80(1), 174–179. 

Wang, W. J., Powelf, A. D., and Oates, C. G. (1995). Pattern of Enzyme 

Hydrolysis in Raw Sago Starch : Effects of Processing History. 

Carbohydrate Polymers, (94), 91–97. 

Wu, D.-Q., Wu, J., and Chu, C.-C. (2013). A Novel Family of Biodegradable 

Hybrid Hydrogels from Arginine-Based Poly(ester Amide) and Hyaluronic 

Acid Precursors. Soft Matter, 9, 3965–3975. 

Xiquan, L., Tingzhu, Q., and Shaoqui, Q. (1990). Kinetics of the 

Carboxymethylation of Cellulose in the Isopropyl Alcohol System. Acta 

Polymerica, 41(4), 220–222. 

Xu, S.-M., Feng, S., Peng, G., Wang, J.-D., and Yushan, A. (2005). Removal of Pb 

(II) by Crosslinked Amphoteric Starch Containing the Carboxymethyl 

Group. Carbohydrate Polymers, 60, 301–305. 

Yanli, W., Wenyuan, G., and Xia, L. (2009). Carboxymethyl Chinese Yam Starch: 

Synthesis, Characterization, and Influence of Reaction Parameters. 

Carbohydrate Research, 344(13), 1764–9. 



© C
OPYRIG

HT U
PM

 

66 

 

Yen Nhi, T. T., Mohd Shazili, N. A., and Shaharom-Harrison, F. (2013). Use of 

Cestodes as Indicator of Heavy-Metal Pollution. Experimental Parasitology, 

133, 75–79. 

Yuan, X. Z., Meng, Y. T., Zeng, G. M., Fang, Y. Y., and Shi, J. G. (2008). 

Evaluation of Tea-Derived Biosurfactant on Removing Heavy Metal Ions 

from Dilute Wastewater by Ion Flotation. Colloids and Surfaces A: 

Physicochemical and Engineering Aspects, 317, 256–261. 

Zainal,A. N. F., A.Karim, A., and Teng, T. T. (2005). Physicochemical Properties 

of Carboxy- Methylated Sago ( Metroxylon Sagu ) Starch. Food Chemistry 

and Toxicology, 70(9) C560-C567. 

Zainuddin, N. (2003). Carboxymethylation of Sago Starch and Sago Waste and 

The Formation of Carboxymethyl Starch-Hydrogel via Irradiation 

Technique. MSc Thesis, Universiti Putra Malaysia. 

Zhang, B., Gong, H., Lü, S., Ni, B., Liu, M., Gao, C., Huang, Y., Han, F. (2012b). 

Synthesis and Characterization of Carboxymethyl Potato Starch and Its 

Application in Reactive Dye Printing. International Journal of Biological 

Macromolecules, 51, 668–74. 

Zhang, Y.-R., Wang, X.-L., Zhao, G.-M., and Wang, Y.-Z. (2012a). Preparation 

and Properties of Oxidized Starch with High Degree of Oxidation. 

Carbohydrate Polymers, 87(4), 2554–2562. 

Zhao, L., Mitomo, H., and Yosh, F. (2008). Synthesis of pH-Sensitive and 

Biodegradable CM-Cellulose/Chitosan Polyampholytic Hydrogels with 

Electron Beam Irradiation. Journal of Bioactive and Compatible Polymers, 

23(4), 319–333. 

Zheng, Y., Huang, D., and Wang, A. (2011). Chitosan-G-Poly(acrylic Acid) 

Hydrogel with Crosslinked Polymeric Networks for Ni2+ Recovery. 

Analytica Chimica Acta, 687(2), 193–200. 

Zheng, Y., and Wang, A. (2015). Superadsorbent with Three-Dimensional 

Networks: From Bulk Hydrogel to Granular Hydrogel. European Polymer 

Journal. http://dx.doi.org/10.1016/j.eurpolymj.2015.02.031 

Zhou, W., Wang, Y., Jian, J., and Song, S. (2013). Self-Aggregated Nanoparticles 

Based on Amphiphilic Poly ( Lactic Acid ) -Grafted-Chitosan Copolymer for 

Ocular Delivery of Amphotericin B. International Journal of Nanomedicine, 

8, 3715–3728. 

Zkahraman, B. O., Acar, I., and Emik, S. (2011). Removal of Cu2+ and Pb2+ Ions 

Using CMC Based Thermoresponsive Nanocomposite Hydrogel. Clean – 

Soil, Air, Water, 39(7), 658–664. 



© C
OPYRIG

HT U
PM

 

67 

 

Zvinowanda, C. M., Okonkwo, J. O., Shabalala, P. N., and Agyei, N. M. (2009). A 

Novel Adsorbent for Heavy Metal Remediation in Aqueous Environments. 

International Journal Environmental Science Technology, 6(3), 425–434. 

 


	REMOVAL OF Pb2+, Cu2+ AND Cd2+ IONS FROM AQUEOUS SOLUTIONBY CARBOXYMETHYL SAGO STARCH AND CARBOXYMETHYLSAGO STARCH/CHITOSAN HYDROGELS
	ABSTRACT
	TABLE OF CONTENTS
	CHAPTERS
	REFERENCES



