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Commercially, the cell-casting process of poly(methyl methacrylate) 
(PMMA) sheets is carried out by using either a water bath or a hot-air heating 
oven as the source of heat. For a system that uses a water bath, temperature 
change is inflexible. In order to overcome this problem, replacement of the 
water bath with a new self-designed heating oven was considered. With the 
heating oven, the temperature profiling is adjustable. In this work, the casting 
of the PMMA sheet was carried out by using the self-designed heating oven. 
The extension of reaction was observed by determination of MMA 
conversion. Some of the mechanical properties of the final product were 
determined. Molecular weight average and molecular weight distribution 
(MWD) were determined using gel permeable chromatography (GPC). Then, 
all of the observed properties were compared to the commercial PMMA casted 
sheet, which is produced by using water bath. By using the non-isothermal 
temperature profile, the monomer conversion was increased to nearly 100 
percent. The mechanical properties were shown to be near the values of 
commercial PMMA sheets. Determined molecular weight average values 
were very high and MWD were very broad because of the uncontrolled batch 
reaction in the cell casting process.



V

A C K N O W L E D G E M E N T S

I would like to give my appreciation to the PAN ASIA Industrial Co., 
Ltd. for full support of raw materials, equipment and very helpful knowledge.

Dr. Rathanawan Magaraphan, my advisor, who gave me many helpful 
suggestions and much inspiration.

Dr. Pitt Supaphol, my co-advisor, who gave me many supportive 
suggestions and a lot of motivation. He always enthusiastically came up with 
very practical ideas.

The PPC staffs whom without their unselfish support, this project 
would never have borne fruit.

My family, who supported and patiently stood by me throughout this 
long process of research and analysis.

My friends and colleagues, who gave me much needed support and 
mutual encouragement.



T A B L E  O F  C O N T E N T S

P A G E
Title Page i
Abstract (in English) iii
Abstract (in Thai) iv
Acknowledgements V

Table of Contents vi
List of Tables ix
List of Figures xi

C H A P T E R
I IN T R O D U C T IO N  1

II L IT E R A T U R E  S U R V E Y  3

III E X P E R IM E N T A L  10
3.1 Materials 10
3.2 Equipment 11

3.2.1 Heating-Air Reactor 11
3.2.2 Zwick Pendulum Impact Tester 11
3.2.3 Hardness Measurement 12
3.2.4 Gel Permeation Chromatography (GPC) 12

3.3 Methodology 12
3.3.1 Preparation of Poly(methyl methacrylate )

Syrup Solution 12
3.3.2 Preparation of Glass Mold 12
3.3.3 Preparation of Poly(methyl methyacrylate)

Casted Sheet 13



v ii

3.4 PMMA Casted Sheet Characterization 13
3.4.1 PMMA Yield Measurement 13
3.4.2 Mechanical Characterization 14
3.4.3 Molecular Weight and Molecular Weight

Distribution Determination 15

CHAPTER PAGE

IV  R E S U L T S  A N D  D IS C U S S IO N
4.1 Isothermal Methyl Methacrylate Polymerization

in Casting Process 16
4.1.1 Monomer Conversion 16
4.1.2 Mechanical Properties of

Poly(methyl methyacrylate) Casted Sheet 24
4.1.3 Molecular Weight Average and Molecular

Weight Distribution of PMMA Sheets 30
4.2 Non-Isothermal Methyl Methyacrylate

Polymerization in Casting Process 34
4.2.1 Monomer Conversion 35
4.2.2 Mechanical Properties of

Poly(methyl methacrylate) Casted Sheet 39
4.2.3 Molecular Weight Average and Molecular

Weight Distribution of PMMA Sheets 45
4.3 Observed Product Defects 47

4.3.1 Uneven Surface 47
4.3.2 Voids Occurring in PMMA Sheet 48



vin

C H A P T E R  P A G E

V  C O N C L U S IO N  A N D  R E C O M M E N D A T IO N S  50

R E F E R E N C E S  51

A P P E N D I C E S  53
A p p e n d ix  A  Monomer conversion of casting PMMA

sheets by various conditions 53
A p p e n d ix  B  Mechanical properties of PMMA sheet

produced by various conditions 57

C U R R IC U L U M  V IT A E  59



L IS T  O F  T A B L E S

3.1 Physical and chemical conditions used for preparing PMMA
sheets 14

4.1 Final monomer conversion of PMMA sheet in various
isothermal casting conditions 23

4.2 Molecular weight average and molecular weight distribution of 
PMMA sheets produced by isothermal casting using 0.038 wt%
of ADVN with varying reaction temperatures 31

4.3 Molecular weight average and molecular weight distribution of
PMMA sheets produced by isothermal casting using reaction 
temperature at 60°c by varying initiator concentrations 33

4.4 Molecular weight average and molecular weight distribution of 
PMMA sheets produced by non-isothermal casting using 
reaction temperature at 60°c for 2.5 hr and 120°c for 1.5 hr 46

4.5 Molecular weight average and molecular weight distribution of 
PMMA sheets produced by non-isothermal casting using 
reaction temperature at 62°c for 2.5 hr and 120°c for 1.5 hr 46

4.6 Molecular weight average and molecular weight distribution of 
PMMA sheets produced by non-isothermal casting temperature
at 4 hr and of blank sample 47

A 1 Monomer conversion of PMMA sheets produced by using
0.038 wt% ADVN at various isothermal temperatures 53

A2 Monomer conversion of PMMA sheets produced at 60°c by
varying ADVN concentrations 54

A3 Monomer conversion of PMMA sheets produced by using
0.038 wt% ADVN with non-isothermal temperature profiles 55

TABLE PAGE



X

T A B L E  P A G E

A4 Monomer conversion of PMMA sheets produced by different
process conditions 56

B 1 Mechanical properties of PMMA sheet produced by using
0.038 wt% ADVN at various isothermal casting temperatures 57

B2 Mechanical properties of PMMA sheet produced at 60°c by
varying ADVN concentrations 57

B3 Mechanical properties of PMMA sheets produced by
0.038 wt% ADVN with non-isothermal temperature profile 57

B4 Monomer conversion of PMMA sheets produced by different
process conditions 58



X I

L IS T  O F  F IG U R E S

1.1 Methyl Methacrylate polymerization mechanism 1
3.1 A diagram of hot-air reactor 11
4.1 Monomer conversion as a function of casting time by

varying casting temperatures (50, 60, and 70°C) 18
4.2 Monomer conversion as a function of casting time by varying

casting temperature and conditions (58, 60, and 62°C) 19
4.3 Monomer conversion as a function of casting time of different

casting processes 19
4.4 Monomer conversion as a function of casting time by varying

ADVN concentrations 20
4.5 Fractional conversion as a function of time for methylacrylate

polymerization depicting different phase of reaction 22
4.6 Conversion dependence of molecular weight average for methyl

methacrylate polymerization 23
4.7 Impact resistance of PMMA casted sheet as a function of

reaction temperature in isothermal casting process 25
4.8 Impact resistance of PMMA casted sheet at various isothermal

casting condition 26
4.9 Impact resistance of PMMA cated sheet as a function of

initiator concentration 27
4.10 Surface hardness as a function of reaction temperature of

PMMA casted sheet produced by isothermal casting process 28
4.11 Surface hardness as a function of initiator concentration of

PMMA casted sheet produced by isothermal casting process 29
4.12 Surface hardness of PMMA casted sheet produced by different

isothermal casting conditions 30

FIGURE PAGE



FIGURE PAGE

4.13 Weight average molecular weight (Mw) of isothermal PMMA 
casted sheet produced by using isothermal temperature profde
as a function of reaction temperature 32

4.14 Weight average molecular weight ( Mw) of isothermal PMMA 
casted sheet produced by using isothermal temperature profile
as a function of initiator concentration 33

4.15 Curing profiles for an 8 hr cycle of MMA polymerization with
three initiator loading 34

4.16 Non-isothermal casting temperature profiles 36
4.17 Monomer conversion as a function of reaction time of PMMA

casted sheet produced by different non-isothermal condition 37
4.18 Monomer conversion as a function of reaction time of PMMA

casted sheet produced by isothermal condition at 60°c and 
non-isothermal condition A 38

4.19 Monomer conversion as a function of reaction time of PMMA
casted sheet produced by isothermal condition at 60°c and 
non-isothermal condition B 39

4.20 Impact resistance of PMMA casted sheet produced by using non- 
isothermal casting condition A as a function of reaction time 40

4.21 Impact resistance of PMMA casted sheet produced by using non-
isothermal casting condition B as a function of reaction time 41

4.22 Impact resistance of PMMA casted sheet produced by various
non-isothermal casting condition 42

4.23 Surface hardness of PMMA casted sheet produced by using non- 
isothermal casting condition A as a function of reaction time 43

4.24 Surface hardness of PMMA casted sheet produced by using non-
isothermal casting condition B as a function of reaction time 44



X l l l

F IG U R E  P A G E

4.25 Surface hardness of PMMA casted sheet produced by various
non-isothermal casting conditions 45

4.26 Schematic drawing of surface defect of PMMA sheets
observed during experiment 48

4.27 The degradation of 2,2’-Azobis-(2,4-dimethyl Valeronitrile)
(ADVN) 49


	Cover (English)

	Accepted

	Abstract (Thai)

	Abstract (English)

	Acknowledgements

	Contents


