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ABSTRACT: This investigation reports the synthesis and characterization of a graft copolymer 

of methyl methacrylate (MMA) and styrene (Sty) onto starch.  The copolymers of MMA with Styrene, 

P(MMA-co-Sty) and the graft copolymer, Starch-g-P(MMA-co-Sty) were prepared via emulsion 

polymerization using the thermal initiator potassium persulfate (KPS). Sodium Dodecyl Sulfate (SDS) 

was used as a surfactant in both cases. The polymerizations were carried out at 70ºC for 30 minutes 

for P(MMA-co-Sty) and 3 hours for Starch-g-P(MMA-co-Sty). Attempts had also been made to 

prepare copolymers with different monomer compositions. The progress of the polymerizations with 

time was monitored by measuring the conversion of monomers gravimetrically. The grafted Starches 

were characterized by Nuclear Magnetic Resonance (1H-NMR) and Fourier Transform InfraRed (FT-IR) 

spectroscopy analyses. The FT-IR and 1H NMR analysis of the purified copolymers revealed 

successful grafting of MMA and Styrene copolymerization onto Starch. The surface morphology  

was studied by SEM and the thermal study of the graft copolymer was studied by TGA. 
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INTRODUCTION 

Starch is an abundant and cheap biopolymer found  

in nature [1]. It consists of anhydroglucose units linked via  

α (1–4) and α (1–6) glycosidic bonds and is a mixture of amylose 

and amylopectin [2,3]. It is biocompatible, non-toxic, and 

hydrophilic which makes it a great raw material for 

different applications. However, its poor physical and 
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mechanical properties restrict its applications. However, 

chemical or physical modification process, blending may 

help to improve its properties [2-5]. Different chemical 

modifications like oxidization, desertification, etherification, 

graft copolymerization, and cross-linking through 

hydroxyl groups, are in use for the synthesis of starch graft 
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copolymer to synthesize new cost-effective polymers [6-8]. 

Among them, graft copolymerization has proved to be  

an efficient one, allowing the modification of starch [7-11]. 

This modification alters the various properties of starch  

such as ion exchange capabilities, absorbency, thermal 

resistance, elasticity, and resistance towards microbiological 

attack, and also induces biodegradable character  

in the modified polymer [4, 12-14]. Moreover, starch  

may be modified with many vinyl monomers via graft 

copolymerization [15, 16]. 

In this work, graft copolymerization of Styrene and 

Methyl methacrylate (MMA) onto Starch by free radical 

emulsion polymerization is reported. Emulsion 

polymerization is a type of heterogeneous reaction 

producing numerous polymeric products which are 

generally referred to as latexes [2, 17, 18]. It provides 

several advantages over conventional polymerization, like, 

the yielding of high molecular weight polymer with low 

polydispersity and other distinct properties [19, 20]. 

Moreover, the polymerization is carried out in water 

eliminating the use of volatile organic solvents [1]. 

The monomer MMA, is one of the most commercially 

used monomers and its homopolymer has excellent 

properties such as good processing ability, transparency, 

and weather ability [10, 20-23]. On the other hand, 

polystyrene has high abrasion resistance, greater tensile 

strength, and load-bearing capacity [24, 25, 13]. Thus,  

the copolymer of styrene and methyl methacrylate grafting 

onto starch may lead to a significant material. This material 

may find important applications in paper coating, etc. There 

have been reports on the preparation of Starch-g-

poly(meth) methacrylate, Starch-g-Poly(styrene) 

copolymers, which are commonly used in different 

applications such as films, adhesives, etc. [10, 11, 26]. 

Qudsieh et al. reported the synthesis of Starch-g-PMMA 

using a redox initiator in emulsion [27]. Li et al. also reported 

the synthesis of Starch-g-PMMA using Ceric Ammonium 

Nitrate (CAN) as an initiator [28]. Sangramsingh et al. 

reported the graft copolymerization of MMA onto starch 

using Ce (IV)-glucose initiating system [12]. Pimpan et al. 

reported the preparation of Starch-g-PMMA by free radical 

polymerization in an aqueous medium using benzoyl 

peroxide (BPO) as an initiator [14]. Cho et al. reported the synthesis 

of Starch-g-PSty copolymer using potassium persulfate as an 

initiator in emulsion [9]. Kaewtatip et al, reported the graft 

copolymerization of polystyrene onto cassava Starch 

(Starch-g-PSty) via free-radical polymerization in 

suspension [29, 30]. However, the preparation of Starch-g-

P(MMA-co-Sty) has not been extensively studied 

compared to the individual monomer grafted onto starch 

that is Starch-g-PMMA and Starch-g-PSty. 

In this investigation, the synthesis of a graft copolymer 

of Starch with MMA and Styrene, Starch-g-P(MMA-co-

Sty) by emulsion polymerization and their subsequent 

characterizations via FT-IR, NMR, TGA, and SEM 

analyses is reported.  

 

EXPERIMENTAL SECTION 

Materials 

Monomers methyl methacrylate (MMA) (99%, 

Aldrich, USA) and styrene (98%, Avra, India) were used 

as received. Initiator potassium persulfate (KPS) (98%, 

Avra, India) was also used as received. Surfactant, Sodium 

Lauryl Sulfate (SDS) (99%, SRL, India), and Starch 

(Starch soluble, Rankem, AR, India) were used as 

acquired. Distilled water was used for the emulsion 

polymerization reaction. Other chemicals like Acetone, 

THF, and glacial Acetic Acid were used as received. 

 

Synthesis of P(MMA-co-Sty) via emulsion polymerization 

In a typical emulsion polymerization reaction, distilled 

water (10 g) and the surfactant SDS (0.1 g, 0.35 mmol) 

were taken in a dry Schlenk tube equipped with a stirrer, a 

magnetic bar and a rubber septum. The mixture was stirred 

for 15 minutes, and then MMA (1 g, 9.98 mmol) and 

Styrene (1 g, 9.60 mmol) were added to the solution. After 

1 hour of stirring, KPS (0.02 g, 0.80 mmol) was added to 

the system.  The Schlenk tube was then sealed and nitrogen 

gas was passed through the mixture for 15 minutes to 

remove the dissolved oxygen present in these materials. 

The polymerization was started by placing the Schlenk 

tube in a preheated oil bath at 70 ºC. The polymerization 

was carried out for 30 minutes. The aliquot was taken out 

at the end of the polymerization time to determine the 

monomer conversion gravimetrically. The same procedure 

was adopted to carry out emulsion polymerization for 

different compositions. The nomenclature of the prepared 

copolymers along with conversion and co-monomer 

composition are summarized in Table 1.  

The synthesis of Starch-g-P(MMA-co-Sty) copolymer 

was prepared with different weight percentages of Starch (1, 

2, 3, 4, and 5 wt%). The starch was dispersed for homogeneous  
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Table 1: Co-polymerization of MMA with Styrene at 70 ºC 

using KPS as an initiator, copolymerization time = 30 minutes. 

Sl. No. Sample 
Monomer feed ratio (in wt %) 

Styrene : MMA 

Monomer Conversion 

(%) 

1 EM-1 1 : 1 98 

2 EM-2 1.5 : 0.5 88 

3 EM-3 0.5 : 1.5 97 

 

distribution in the solution of MMA (1 g, 9.98 mmol), Styrene 

(1 g, 9.60 mmol), distilled water (10 g), surfactant SDS (0.1 

g, 0.35 mmol) and KPS (0.02 g, 0.80 mmol). 

 

Synthesis of Starch-g-P(MMA-co-Sty) via emulsion 

polymerization 

In a typical emulsion polymerization reaction, distilled 

water (10 g) and Starch (1% by weight) were taken in a dry 

Schlenk tube equipped with a stirrer, a magnetic bar, and  

a rubber septum. The surfactant SDS (0.1 g, 0.35 mmol)  

was then added to the mixture after 20 minutes. Then MMA 

(1 g, 9.98 mmol) and Styrene (1 g, 9.60 mmol) were added 

to the solution. After 1 hour of stirring, KPS (0.02 g,  

0.80 mmol) was added to the system.  The Schlenk tube  

was then sealed and nitrogen gas was passed through the 

mixture for 15 minutes to remove the dissolved oxygen 

present in the system. The graft copolymerization was started 

by placing the Schlenk tube in a preheated oil bath at 70 ºC. 

The polymerization was carried out for 30 minutes. Aliquots 

were taken out at the end of the polymerization to determine 

the conversion of monomer gravimetrically.  

The latex thus obtained was coagulated by acetic acid, 

washed thoroughly with distilled water, and filtered. Then 

it was dried in an oven at 70 ºC to remove the unreacted 

monomers MMA and Styrene. The pure Starch-g-

P(MMA-co-Sty) was obtained by removing the ungrafted 

homo- and co-polymers [PSty, PMMA, or P(MMA-co-Sty)] 

by selective solubilization technique. The nomenclature  

of the prepared graft copolymers along with conversion 

and Starch amount are given in Table 2.  

 

Characterization  

FT-IR analysis of the thin film of polymer KBr plate 

was carried out in Perkin Elmer FT-IR spectrometer for the 

scanning range from 400 to 4000 cm-1. 1H NMR spectra 

were recorded on 400 MHz Bruker NMR spectrometer 

using CDCl3 as solvent and TMS as standard. Thermal 

study of the polymers was done by TGA (STA 6000 

model). In Thermogravimetric analysis, 2 mg (approx.)  

Table 2: Graft co-polymerization of MMA and Styrene (EM-1) 

onto Starch at 70 ºC using KPS as initiator, copolymerization 

time = 3 hours. 

Sl. No. Sample Starch (in wt. %) Conversion (%) 

1 EM-S1 1 95 

2 EM-S2 2 90 

3 EM-S3 3 91 

4 EM-S4 4 98 

5 EM-S5 5 86 

 

of the polymer was heated from 30ºC to 800ºC at 10°C/min 

heating rate under a nitrogen atmosphere. The surface 

study of the polymer was performed using ZEISS ULTRA 

PLUS Scanning electron microscopy (SEM). A dry solid 

sample of polymer was put on silicon water and then it  

was coated with gold before analysis.  

 

RESULTS AND DISCUSSION 

The emulsion polymerizations were carried out at 

70ºC for 30 minutes for the preparation of P(MMA-co-

Sty) and for 3 hours for the preparation of Starch-g-

P(MMA-co-Sty). Starch-g-P(MMA-co-Sty) copolymer 

was prepared using different weight percentages of 

starch (1, 2, 3, 4, and 5 wt%). The polymerization results 

are shown in Table 1 and Table 2. 

 

Structural Characterization 

In the infrared spectrum of P(MMA-co-Sty), (Fig. 1), 

the absorption peaks at 1602, 1494, 760, and 700 cm-1 

obtained for an aromatic ring of styrene and a 

characteristics C=O stretching band at 1730 cm-1 obtained 

for MMA confirm the copolymerization of MMA with 

styrene. The infrared spectrum of native Starch (Fig. 1), 

was characterized as follows: absorption peaks at 1074 and 

1144 cm-1 for C-O stretching; a broad absorption peak at 

3286 cm-1 for O-H stretching. Similar characteristic peak 

for Starch part of Starch-g-P(MMA-co-Sty) was observed 

at 3449 cm-1. Other peaks for Starch-g-P(MMA-co-Sty) 

were as follows: peaks at 602, 760 and 700 cm-1 for styrene 

part and peaks at 1730 cm-1 for MMA part of the Starch-g-

P(MMA-co-Sty). This indicated the successful grafting of 

P(MMA-co-Sty) onto Starch. 

The 1H NMR spectra of P(MMA-co-Sty) and Starch-g-

P(MMA-co-Sty) are shown in Fig. 2. In Fig. 2(a), the 

chemical shift from δ=6.36–7.10 ppm corresponded to 

different aromatic protons, the resonance at δ=1.62 ppm was 

attributed to methylene protons (-CH2) and the resonance 
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Fig. 1: FT-IR spectra of (a) Starch (b) Starch-g-P(MMA-co-Sty) 

and (c) P(MMA-co-Sty) 

 

at δ=2.75 ppm was assigned to the methine proton of styrene. 

While the chemical shift at δ=1.85 ppm was assigned to 

methylene protons (-CH2), δ=1.29 ppm was assigned to methyl 

protons (-CH3), and δ=3.66 ppm was assigned to methoxy 

protons (-OCH3) of MMA in copolymer. In Fig. 2(b) the 

signals between 3.72–6.15 ppm were assigned to the protons 

of the anhydroglucose units of starch. When comparing the 

spectra, P(MMA-co-Sty) Fig. 2(a) and Starch-g-P(MMA-

co-Sty) Fig. 2(b) shows the appearance of the individual 

monomer characteristics peak, confirming the successful 

grafting of MMA and Sty onto starch.  

 

Thermal Property 

The thermal stability of the Starch-g-P(MMA-co-Sty) 

copolymer was evaluated by using ThermoGravimetric 

Analysis (TGA). The TGA and DTG curves for native 

Starch, purified P(MMA-co-Sty), and Starch-g-P(MMA-

co-Sty) with different percentages of Starch (1 to 5 wt%) 

are shown in Fig. 3. All the TGA curves show a single-

stage degradation. From the TGA curves, this is observed 

that the thermal stability of Starch grafted with MMA and 

Sty is higher than the native Starch and the copolymer, 

 

 
Fig. 2: (a) 1H NMR spectrum of P(MMA-co-Sty), (b): 1H NMR 

spectrum of Starch-g-P(MMA-co-Sty). 

 

 
Fig. 3: TGA and DTG curves of native Starch, P(MMA-co-Sty) 

and Starch-g-P(MMA-co-Sty) 

 

P(MMA-co-Sty). Chen et.al. also reported a similar kind 

of result that the thermal stability of oxidized Starch-g-

P(St-co-BA) is higher than that of P(St-co-BA).[20] This 

also confirms the grafting of MMA and Styrene onto 

starch. Further, the effect of different amounts of Starch (1 

to 5wt%) on the thermal stability of the grafted polymer 

was also studied. It was obtained that with an increase  

(a) 

(b) 



Iran. J. Chem. Chem. Eng. Dhar, Anjana et al. Vol. 42, No. 4, 2023 

 

1318                                                                                                                                                                    Research Article 

Table 3: Thermal properties of Starch, P(MMA-co-Sty) and Starch-g-

P(MMA-co-Sty) (1-5wt%) 

Sl. No. Sample Tonset (in ºC) Tmax (in ºC) 

1 Starch 261 305 

2 P(MMA-co-Sty) 333 372 

3 Starch(1%)-g-P(MMA-co-Sty) 366 405 

4 Starch(2%)-g-P(MMA-co-Sty) 377 405 

5 Starch(3%)-g-P(MMA-co-Sty) 377 405 

6 Starch(4%)-g-P(MMA-co-Sty) 372 405 

7 Starch(5%)-g-P(MMA-co-Sty) 372 411 

 

in the amount of Starch in the graft copolymer, the stability 

initially remained the same from 1% to 4% but increased  

by 6 ºC for 5% Starch in the graft copolymer. Table 3 

shows the decomposition temperatures of native Starch, 

purified P(MMA-co-Sty), and Starch-g-P(MMA-co-Sty) 

with different amounts of Starch (1 to 5 wt%). It is also 

observed that the Tonset (calculated from the 5% weight loss 

in the TGA curves) and the Tmaxfor Starch-g-P(MMA-co-Sty) 

are much higher than P(MMA-co-Sty) and native Starch. 

 

CONCLUSIONS 

Synthesis of copolymer of styrene (Sty) with methyl 

methacrylate (MMA) and the graft copolymer of styrene 

(Sty) and methyl methacrylate (MMA) onto starch were 

prepared successfully using free radical emulsion 

polymerization. FT-IR and 1H NMR spectra of 

copolymer and graft copolymer indicated that MMA and 

Styrene had been successfully grafted onto starch. The 

effect of MMA and Styrene grafting upon the surface 

morphology of Starch was investigated by SEM.  

The SEM photos of pure Starch and Starch-g-P(MMA-

co-Sty) (1- 5% Starch by mass) are shown in Fig. S1.  

The photos explained that the granular structure of starch 

was not maintained after graft copolymerization. Finally, 

the thermal stability of native starch was found to 

increase after being grafted with MMA and Sty. 

 

Acknowledgments 

The Financial support from the Science and Engineering 

Research Board (DST-SERB) (Grant no ECR/2015/000075), 

Govt. of India is greatly appreciated. 

 

 

 

Received: May 16, 2022  ;  Accepted: Jul. 25, 2022 

References  

[1] Razi A.F., Qudsieh I.Y.M., Yunus W.M.Z.W., Ahmad M.B., 

Rahman M.Z.A., Graft Copolymerization of Methyl 

Methacrylate onto Sago Starch using Ceric 

Ammonium Nitrate and Potassium Persulfate as 

Redox Initiator Systems, Journal of Applied Polymer 

Science, 82: 1375-1381 (2001). 

[2] Rodriguesa L.D.A., Hurtadob C.R., Macedob E.F.,  

Tadab D.B., Guerrinia L.M.  Oliveira M.P., Colloidal 

Properties and Cytotoxicity of Enzymatically Hydrolyzed 

Cationic Starch-Graft-Poly(Butyl Acrylate-Co-Methyl 

Methacrylate) Latex by Surfactant-Free Emulsion 

Polymerization for Paper Coating Application, Prog. 

Org. Coat., 145: 105693-105703 (2020). 

[3] Bansal A., Kumar A., Latha P.P., Ray S.S., Chatterjee 

A.K., Expanded Corn Starch as a Versatile Material 

in Atom Transfer Radical Polymerization (ATRP) of 

Styrene and Methyl Methacrylate, Carbohydrate 

Polymers, 130: 290-298 (2015). 

[4] Rouba, N., Sadoun, T., Boutagrabet, N., Kerrouche, D., 

Zadi, S., Mimi, N., Thermo-Oxidation and 

Biodegradation Study of Low-Density 

Polyethylene/Starch Films by IR Spectroscopy, Iran. 

J. Chem. Chem. Eng. (IJCCE), 34(4): 69-78 (2015). 

[5] Mary C.S., Sasikumar S., Sodium Alginate/Starch 

Blends Loaded with Ciprofloxacin Hydrochloride as a 

Floating Drug Delivery System - In Vitro Evaluation, 

Iran. J. Chem. Chem. Eng. (IJCCE), 34(2): 25-31 (2015). 

[6] Kumar D., Gihar S., Shrivash M.K., Kumar P., Kundu P.P., 

A Review on the Synthesis of Graft Copolymers of 

Chitosan and Their Potential Applications, 

International Journal of Biological Macromolecules, 

163: 2097-2112 (2020).   

[7] Ačkar D., Babić J., Jozinović A., Miličević B., Jokić S., 

Miličević R., Rajič M. Šubarić D.,  Starch Modification 

by Organic Acids and Their Derivatives: A Review, 

Molecules, 20: 19554-19570 (2015). 

[8] Lele V.V., Kumari S., Niju H., Syntheses, 

Characterization and Applications of Graft 

Copolymers of Sago Starch – A Review, 

Starch/Stärke, 70: 1700133 (2018). 

[9] Taghizadeh M.T., Khosravy M., Kinetics and Mechanism 

of Graft Copolymerization of Vinyl Monomers 

(Acrylamide, Acrylic Acid, and Methacrylate) onto 

Starch by Potassium Dichromate as Redox Initiator, 

Iranian Polymer Journal, 12: 497-505 (2003). 

https://onlinelibrary.wiley.com/doi/full/10.1002/app.1974
https://onlinelibrary.wiley.com/doi/full/10.1002/app.1974
https://onlinelibrary.wiley.com/doi/full/10.1002/app.1974
https://onlinelibrary.wiley.com/doi/full/10.1002/app.1974
https://www.sciencedirect.com/science/article/pii/S0300944019317084
https://www.sciencedirect.com/science/article/pii/S0300944019317084
https://www.sciencedirect.com/science/article/pii/S0300944019317084
https://www.sciencedirect.com/science/article/pii/S0300944019317084
https://www.sciencedirect.com/science/article/pii/S0300944019317084
https://www.sciencedirect.com/science/article/pii/S0144861715004075
https://www.sciencedirect.com/science/article/pii/S0144861715004075
https://www.sciencedirect.com/science/article/pii/S0144861715004075
https://www.ijcce.ac.ir/article_15458.html
https://www.ijcce.ac.ir/article_15458.html
https://www.ijcce.ac.ir/article_15458.html
https://www.ijcce.ac.ir/article_14089.html
https://www.ijcce.ac.ir/article_14089.html
https://www.ijcce.ac.ir/article_14089.html
https://www.sciencedirect.com/science/article/abs/pii/S0141813020344202
https://www.sciencedirect.com/science/article/abs/pii/S0141813020344202
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6331858/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6331858/
https://onlinelibrary.wiley.com/doi/full/10.1002/star.201700133
https://onlinelibrary.wiley.com/doi/full/10.1002/star.201700133
https://onlinelibrary.wiley.com/doi/full/10.1002/star.201700133
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.1028.6810&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.1028.6810&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.1028.6810&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.1028.6810&rep=rep1&type=pdf


Iran. J. Chem. Chem. Eng. Synthesis and Characterization of Starch-g-poly ... Vol. 42, No. 4, 2023 

 

Research Article                                                                                                                                                                  1319 

[10] Wang L., Shen J., Men Y., Wu Y., Peng Q., Wang X., 

Yang R., Mahmood K. Liu Z., Corn Starch-based Graft 

Copolymers Prepared via ATRP at the Molecular Level, 

Polymer Chemistry, 6: 3480-3488 (2015). 

[11] Meimoun, J., Wiatz V., Saint-Loup R., Parcq J., Favrelle 

A., Bonnet F., Zinck P., Modification of Starch by Graft 

Copolymerization, Starch/Starke, 70: 1-23 (2018).   

[12] Sangramsingh N.M., Patra B.N., Singh B.C., Patra C.M., 

Graft Copolymerization of Methyl Methacrylate onto 

Starch Using a Ce(IV)–Glucose Initiator System, 

Journal of Applied Polymer Science, 91: 981-990 

(2004). 

[13] Cazotti J.C., Fritz A.T., Valdez O.G., Smeets N.M.B., 

Dube M.A., Cunningham M.F., Graft Modification of 

Starch Nanoparticles Using Nitroxide Mediated 

Polymerization and the “Grafting to” Approach,  

Biomacromolecules, 21: 4492−4501 (2020)  

[14] Chang G.C., Lee K., Preparation of Starch-g-

Polystyrene Copolymer by Emulsion Polymerization, 

Carbohydrate Polymer, 48: 125-130 (2002). 

[15] Roy M., Bhattacharjee M., Dhar A., Baishya B.,  

Haloi D.J., Synthesis and Compositional Analysis of 

co- and ter-Polymers of Butyl Acrylate with Vinyl 

Acetate and Acrylic Acid Prepared via Emulsion 

Polymerization, Indian Journal of Chemical 

Technology, 27: 509-514 (2020). 

[16] Ulu A., Koytepe S., Ates B., Design of Starch 

Functionalized Biodegradable P(MAA-co-MMA)  

as Carrier Matrix for l-asparaginase Immobilization, 

Carbohydrate Polymer, 153: 559-572 (2016). 

[17] Chern C.H., Emulsion Polymerization Mechanisms 

and Kinetics, Progress in Polymer Science, 31: 443-

486 (2006). 

[18] Lovell P.A., Schork F.J., Fundamentals of Emulsion 

Polymerization, Biomacromolecules, 21: 4396−4441 

(2020). 

[19] Fowler C.I., Muchemu C.M., Miller R.E., Phan L., 

Neill C.O., Jessop P.G. Cunningham M.F., Emulsion 

Polymerization of Styrene and Methyl Methacrylate 

using Cationic Switchable Surfactants, 

Macromolecules, 44: 2501-2509 (2011). 

[20] Kisku S.K., Swain S.K., Study of Oxygen 

Permeability and Flame Retardancy Properties of 

Biodegradable Polymethylmethacrylate/Starch 

Composites, Polymer Composites, 33: 79-84 

(2012). 

[21] Dhar A., Koiry B.P., Haloi D.J., Synthesis of 

Poly(Methyl Methacrylate) via ARGET ATRP and 

Study of the Effect of Solvents and Temperatures on 

its Polymerization Kinetics, International Journal of 

Chemical Kinetics,  50: 1-7 (2018).  

[22] Ali U., Karim K.J.B.A., Buang N.A.A., Review of the 

Properties and Applications of Poly (Methyl 

Methacrylate) (PMMA), Polymer Reviews, 55: 678-

705 (2015). 

[23] Charles A.H., Edward M.P., “Plastics Materials and 

Processes, in Concise Encyclopedia”, John Wiley & 

Sons Inc., 42–44 (2003). 

[24] Kaewtatip K., Tanrattanakul V., Preparation of 

Cassava Starch Grafted with Polystyrene by 

Suspension Polymerization, Carbohydrate Polymer, 

73: 647-655 (2008). 

[25] Morejon L., Mendizabal E., Delgado J.A., Davidenko N., 

Lopez-Dellamary F.,  Manriquez R., Ginebra M. P., 

Gil F.J., Planell J.A., Synthesis and Characterization of 

Poly (Methyl Methacrylate-Styrene) Copolymeric 

Beads for Bone Cements, Latin American Applied 

Research, 35: 175-182 (2005). 

[26] Taghi, Z.M., Mehrdad A., Kinetic Study of Graft 

Polymerization of Acrylic Acid and Ethyl 

Methacrylate onto Starch by Ceric Ammonium 

Nitrate, Iranian Journal of Chemistry and Chemical 

Engineering, 25: 1-12 (2006). 

[27] Qudsieh I.Y.M., Fakhru’l-Razi A., Muyibi S.A., 

Ahmad M.B., Rahman M.Z.A., Yunus W.M.Z.W., 

Preparation and Characterization of Poly(Methyl 

Methacrylate) Grafted Sago Starch using Potassium 

Persulfate as Redox Initiator, Journal of Applied 

Polymer Science, 94: 1891-1897 (2004). 

[28] Li M.C., Lee J.K., Cho U.R., Synthesis, 

Characterization, and Enzymatic Degradation of 

Starch-Grafted Poly(Methyl Methacrylate) 

Copolymer Films, Journal of Applied Polymer 

Science, 125: 405-414 (2012). 

[29] Pimpan V., Thothong P., Synthesis of Cassava Starch-

g-Poly(Methyl Methacrylate) Copolymers with 

Benzoyl Peroxide as an Initiator, Journal of Applied 

Polymer Science, 101: 4083-4089 (2006). 

[30] Cheng S., Xu J., Wu Y.J., Preparation and 

Characterization of Oxidized Starch-Graft-

Poly(Styrene-Butyl Acrylate) Latex via Emulsion 

Polymerization, J. Pol. Eng., 34: 611-616 (2014). 

https://pubs.rsc.org/en/content/articlelanding/2015/py/c5py00184f#:~:text=Starch%2Dbased%20copolymers%20(Starch%2D,graft%20ratio%20were%20significantly%20improved.
https://pubs.rsc.org/en/content/articlelanding/2015/py/c5py00184f#:~:text=Starch%2Dbased%20copolymers%20(Starch%2D,graft%20ratio%20were%20significantly%20improved.
https://onlinelibrary.wiley.com/doi/full/10.1002/star.201600351
https://onlinelibrary.wiley.com/doi/full/10.1002/star.201600351
https://onlinelibrary.wiley.com/doi/full/10.1002/app.13202
https://onlinelibrary.wiley.com/doi/full/10.1002/app.13202
https://pubs.acs.org/doi/10.1021/acs.biomac.0c00462
https://pubs.acs.org/doi/10.1021/acs.biomac.0c00462
https://pubs.acs.org/doi/10.1021/acs.biomac.0c00462
https://www.sciencedirect.com/science/article/pii/S0144861701002223
https://www.sciencedirect.com/science/article/pii/S0144861701002223
http://op.niscair.res.in/index.php/IJCT/article/view/25968
http://op.niscair.res.in/index.php/IJCT/article/view/25968
http://op.niscair.res.in/index.php/IJCT/article/view/25968
http://op.niscair.res.in/index.php/IJCT/article/view/25968
https://pubmed.ncbi.nlm.nih.gov/27561529/
https://pubmed.ncbi.nlm.nih.gov/27561529/
https://pubmed.ncbi.nlm.nih.gov/27561529/
https://www.sciencedirect.com/science/article/pii/S007967000600030X#:~:text=Emulsion%20polymerization%20involves%20the%20propagation,physical%20properties%20of%20latex%20products.
https://www.sciencedirect.com/science/article/pii/S007967000600030X#:~:text=Emulsion%20polymerization%20involves%20the%20propagation,physical%20properties%20of%20latex%20products.
https://pubs.acs.org/doi/10.1021/acs.biomac.0c00769
https://pubs.acs.org/doi/10.1021/acs.biomac.0c00769
https://pubs.acs.org/doi/10.1021/ma102936a
https://pubs.acs.org/doi/10.1021/ma102936a
https://pubs.acs.org/doi/10.1021/ma102936a
https://onlinelibrary.wiley.com/doi/full/10.1002/pc.21240
https://onlinelibrary.wiley.com/doi/full/10.1002/pc.21240
https://onlinelibrary.wiley.com/doi/full/10.1002/pc.21240
https://onlinelibrary.wiley.com/doi/full/10.1002/pc.21240
https://onlinelibrary.wiley.com/doi/full/10.1002/kin.21210
https://onlinelibrary.wiley.com/doi/full/10.1002/kin.21210
https://onlinelibrary.wiley.com/doi/full/10.1002/kin.21210
https://onlinelibrary.wiley.com/doi/full/10.1002/kin.21210
https://www.tandfonline.com/doi/full/10.1080/15583724.2015.1031377#:~:text=PMMA%20is%20an%20optically%20clear,and%20exhibits%20favorable%20processing%20conditions.&text=Outstanding%20properties%20include%20weather%20resistance%20and%20scratch%20resistance.
https://www.tandfonline.com/doi/full/10.1080/15583724.2015.1031377#:~:text=PMMA%20is%20an%20optically%20clear,and%20exhibits%20favorable%20processing%20conditions.&text=Outstanding%20properties%20include%20weather%20resistance%20and%20scratch%20resistance.
https://www.tandfonline.com/doi/full/10.1080/15583724.2015.1031377#:~:text=PMMA%20is%20an%20optically%20clear,and%20exhibits%20favorable%20processing%20conditions.&text=Outstanding%20properties%20include%20weather%20resistance%20and%20scratch%20resistance.
https://onlinelibrary.wiley.com/doi/book/10.1002/0471459216
https://onlinelibrary.wiley.com/doi/book/10.1002/0471459216
https://www.sciencedirect.com/science/article/pii/S0144861708000350
https://www.sciencedirect.com/science/article/pii/S0144861708000350
https://www.sciencedirect.com/science/article/pii/S0144861708000350
http://www.scielo.org.ar/scielo.php?script=sci_arttext&pid=S0327-07932005000300002&lang=en
http://www.scielo.org.ar/scielo.php?script=sci_arttext&pid=S0327-07932005000300002&lang=en
http://www.scielo.org.ar/scielo.php?script=sci_arttext&pid=S0327-07932005000300002&lang=en
https://www.ijcce.ac.ir/article_7792.html
https://www.ijcce.ac.ir/article_7792.html
https://www.ijcce.ac.ir/article_7792.html
https://www.ijcce.ac.ir/article_7792.html
https://onlinelibrary.wiley.com/doi/full/10.1002/app.20883
https://onlinelibrary.wiley.com/doi/full/10.1002/app.20883
https://onlinelibrary.wiley.com/doi/full/10.1002/app.20883
https://onlinelibrary.wiley.com/doi/full/10.1002/app.35620
https://onlinelibrary.wiley.com/doi/full/10.1002/app.35620
https://onlinelibrary.wiley.com/doi/full/10.1002/app.35620
https://onlinelibrary.wiley.com/doi/full/10.1002/app.35620
https://onlinelibrary.wiley.com/doi/full/10.1002/app.23352
https://onlinelibrary.wiley.com/doi/full/10.1002/app.23352
https://onlinelibrary.wiley.com/doi/full/10.1002/app.23352
https://www.degruyter.com/document/doi/10.1515/polyeng-2014-0047/html?lang=en
https://www.degruyter.com/document/doi/10.1515/polyeng-2014-0047/html?lang=en
https://www.degruyter.com/document/doi/10.1515/polyeng-2014-0047/html?lang=en
https://www.degruyter.com/document/doi/10.1515/polyeng-2014-0047/html?lang=en

