oo

142

REFERENCE

D.A.Babbington, and J.H.Enos. "Catalysis Alternatives
for Vinyl Ester SMC" Plastics Compounding
(Mar/Apr 1989). 38-48.

K.E.Atkins, R.C.Gandy, and G.C.Rex. "Advances in low-
profile additives." Plastic Compounding (July
1988): 35-45,

T.J.Mao. "Sheet Molding Compounds." Encyclopedia of
Polymer Science and Engineering 15 (1987):
167-177.

L.R.Ernesto. "The Effect of Free Radical Initiators
and Fillers on the Cure of Unsaturated
Polyester Resins." Polymer Engineering and
Science 31 (1991): 1022-1023.

B.Charoon. "Relationship Between Compositions  and
Mechanical Properties of Polyester SMC."
Master’s thesi ,Graduate School,Chulalongkorn
University, 1990,

M.Joseph. "Polyester, Unsaturated." Encyclopedia of
Polymer Science and Engineering 18 (1987):
591-593.

.Katherine. "Compounding of Sheet Molding Compound."
Polymer-Plastic Technology and Engineering
23 (1984). 1-36.

. .Chester, and V.Kamath. "Initiators." Encyclopedia
of Polymer Science and Engineering 13 (1987):
355-371.



10.

11,

12,

13,

14,

15,

16,

17,

18,

19,

143

PENNWALT. "Organic ~ Peroxides as  Polymerization
Initiators." Technical data sheet. Gunzhurg,
(Oct 1986).

J.J. Me Cluskey, and W.F. Doherty. "Sheet Molding
Compounds." Engineering Material Handbook:
Composites. pp.157-160, ASM International,
Ohio, 1987.

J. Makhlouf."Polyester, Unsaturated. "Encyclopedia of
Polymer Science and Engineering 18(1987): 581,

F.Jyh-Dar, and L.L.James. "Cure Analysis of Sheet
Molding Compound in Molds With Substructure.”
Polymer Engineering and Science 29 (1989):
740-744.

Y.Yeong-show, and . Laurent. “Curing of Unsaturated
Polyester 'Resin  Viscosity  Studies  and
Simulations  in  Pre-Gel state." Polymer
Engineering and Science 31 (1991): 321-331.

Katherine. "Compounding of Sheet Molding Compound."

Polymer-Plastic Technology and Engineering

23 (1984). 35, -quoted in "Chemicals and

Additives." Ibid., 27 (July 1981).

.n  "Reinforced Plastics Report.," Plastic

Technology 28 (March 1982).

An "Polyester Initiators: Novel Technologies

Arrive." Plastic Technology 28 (July 1982).

Technology News : RP/Composite. "SMC Process Control
and Simulation." Plastics Technology (1992):
35-39.

Hoechst Thai. "The data sheet of ALPOLITE UP 746."
Vipal Handbook Specification. Hoechst Thai
Ltd.

Silathip Saraburi. Specification of Silaflex 3 CG.
pp.1-4, Silathip Saraburi Co.Ltd., 1989,



144

. American Society for Testing and Material (ASTM).
"Standard  Test  Methods for Flexural
Properties of Unreinforced and Reinforced
Plastics and Electrical Insulating Materials
(Metric): ASTM D790M-86." pp. 290-297, ASTM,
New York, 1986.

. American Society for Testing and Material (ASTM).
"Standard Test Method for Gel Time and
Peak Exothermic  Temperature of Reacting
Thermosetting Resins: ASTM D2471-79." pp.288-
289, ASTM, New York, 1979,

. Japanese Industrial standard (JIS). "Testing Methods
for Liquid Unsaturated Polyester Resins : JIS
K6901." PP.1-14, JIS, Japan, 1968

. F. Danusso, G. Tieghi, and A Lestingi. "Polyester
Molding Compounds : Partial  Systems  and
Related Particulate Composites.” J.of applied
Polymer Science 33 (1987): 2137-2139.

. J.Didier, F.Alain, and M.Ernest. "Mechanism of the
Thickening Reaction of Polyester  Resins:
Study on Models." J. of Polymer Science
Polymer Chemistry Addition 22(1984):3309-3318.
. A Szilagyi, V. lzvekov, and I. Vaneso-Szmeresanyi.
"Coordination ~ Polymers : IR Spectroscopic
Studies on the Mechanism of the Reaction
between Polyesters and Zinc Oxide" J1 of
Polymer Science : Polymer Chemistry Addition
18 (1980): 2803.

. K.s. Gandhi, and R. Burns. "lonomeric Interpretation
of Thickening of polyesters by Alkaline Earth
Metal Oxides." J. of Polymer Science: Polymer
Chemistry Addition 14 (1976). 793.



21.

28.

29.

30.

31,

145

. Seymour, and G.H.Sidney. Plastics Materials and

EA.

M.J.

J.G.

SBP

Process. PP. 296, Van Nostrand Reinhold
Company, New York, 1982.

i1liams."Curing of Thermosets in Heated Molds."
Polymer-Plastics Technology and Engineering
(1985): 260-261.

Owen, V. Middleton, C.D. Rudd, and I.D. Revill.
"Fiber Wet-out in High Volume Resin Transfer
Molding (RTM)."Proceedings of the Institution
of Mechanical Engineers  Fiber Reinforced
Composites 1986. pp.208-211, London, 1986.

Koening, and Kausch. "Fracture and Fatigue."
"Encyclopedia  of  Polymer  Science  and
Engineering 7(1987). 431-432.

Board of Consultants & Engineering, Technology
of Fiber Reinforced Plastics Products. SBP
Chemical Engineering Series No.66, pp. 65-68,
Small Business Publications, New Delhi, 1st.
ed., 1984,



Organic Peroxides

Appendix A

as Polymerization Initiators

146

Trade name
Chemical
denomination

Form

Pero-
xide
con-
tent
%

Aclive
oxygen|
con-
tent

%

Diluent

HaltHife

temperature (°C)

in benzene
(0,2 moiar) for

wh[ lhl

1 min

Storage

temperature

rec. l max.

Applications

Polymerisation of

Ethylene

Acrylics
SAN/
ABS

Styrene
Viny!

Acelate
Vinyl

Chloride

Peroxyesters

LUPEROX 10

LUPEROX 10-EN-30
t-Butyl
perneodecanoate

Liquid

Liquid

75

4,86

1,94

Hydro-
carbon

Water

46 65

46 65

105

105

<-10

<-10

LUPEROX 546
t-Amyl
perneodecanoate

Liquid

75

4,60

Hydro-
carbon

ca. ™

(46 in|
OMS)

<-12

-7

LUPEROX 188
@ -Cumyl-
perneodecanoate

Liquid

63-71

257-367]

Hydro-
carbon

38° | 58*

-
D-610
4-Hydroxy-2-methyl4
pentylperoxy-neo-
decanoate

Liquid

2,77

Hydro-
carbon

36" | -

Peroxyketals

LUPEROX 233-50

LUPEROX 233MS0
Ethyl 3,3-bis
(t-butylperoxy)-
butyrate

Liquid

Liquid

Ditutyl
Phthalate
Hydro-
carbon

.

113 | 130

113 | 130

167

167

<30

<30

35

35

“D-533-M-65
Ethyl-3,3-bis (t-amyl-
peroxy)-butyrate

Liquid

85

6,49

Hydro-
carbon

cafi3| -

<30

35

LUPEROX 220-50

LUPEROX 220-M-50
2.2-Bis(t-butyl-
peroxy)-butane

Liquid

Liquid

6,83

6,83

Dibutyl

Phthalate

Hydro-
carbon

100 | 121

100 | 121

161

161

<30

<30

LUPEROX 331-50

LUPEROX 331MS0
1,1-Bis (t-butyl-
peroxy)<cyclo-
hexane

Liquid

Liquid

Dibutyl
Phthalate
Hydro-
carbon

93 113

a3 113

153

153

<30

<30

35

35

LUPEROX 231-50
1,1-Bis(t-butyl-
peroxy)-3,3,5-
timethyl
cyclohexane

Liquid

5,28

Dibutyl
Phthalate

92 112

155

<30

3s

Dialkyl Peroxides

LUPEROX 130
2,5-Dimethyl-2,5-
bis(t-butylperoxy)-
hexyne~(3)

Liquid

10,05

128 | 149

192

<30

38

LUPEROX Di
Di-t-butyl Peroxide

Liquid

98

10,60

126 | 149

199

<30

LUPEROX 101
2,5-Dimethyl-2,5-
bis(t-butyiperoxy)-
hexane

Liquid

9,92

119 | 138

177

<30

LUPERCO 500-RC
Dicumyl Peroxide

Crystals

9

5,86

115 | 135

177

<30

LUPERCO 802
a a'-Bis(t-butyl-
peroxy)-p-diiso-

propylbenzoyl

Solid

96

9,08

120 | 142

185

<30

*in Trichlorethylene

o Development product
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APPENDIX B

1. Effect of the TBPB Catalyst on Mechanical Properties of the SMC.

Type of  Concentrations Storage 1 min cure time 2 min cure time 3 min cure time
catalyst  of catalyst time Flexural strength  Flexural strength  Flexural strength
(phr) (days)  XFS (MPa) std.dev. XIS (MPa) Std.dev. XF (MPa) Std.dev.
TBPB 2 3 186.34  8.41 208.79 11.78
TBPB 2 17 202.16  19.60 233.05 573 227.10 5.58
TBPB 2 30 21532 10.00 25047 3.23 23723 14.43
TBPB 2 45 196.37  16.28 210.60  9.11 22032 12.41
BPO 0.5 3 17588  1.71 183.47  8.54 180.35 2359

Note: xrs stands for an average value of flexural strength for 4 measurements.
(P.T.0)

671



(continued).

Type of
catalyst

TBPB
TBPB
TBPB
TBPB

BRO

Note: XM stands for an average value of flexural modulus for 4 measurements.

Concentrations
of catalyst

(phr)

PO PO DO PO

0.5

Storage
time
(days)

17
30
45

1 min cure time

Flexural modulus
XA (MPa) std.dev.

7107.24
8927.23
8956.74
7569.88

6364.39

464.97
573.78
499.21

21.33

1.16

2 min cure time
Flexural modulus

1774.46
9416.91
§919.91
8613.33

1267.47

XAV (MPa) Std.dev.

472.85
748.50

52.74
650.57

64.87

3 min cure time
Flexural modulus
XAV (MPa)  Std.dev.

8687.27
9558.06
9542.06

6217.32

309.39
607.97
490.35

926.96

(P.T.0))

0GT



(continued).

Concentrations of
TBPB

(phr)

0.5
0.5
0.5

1.0
1.0
1.0

2.0
2.0
2.0

3.0
3.0
3.0

Storage
time
(days)

3
17
30

3
17
30

3
17
30

3
17
30

1 min cure time
Flexural strength
x?% (MPa) std.dev.

175.45
182.71
152.51

193.87
208.17
168.71

186.34
202.16
215.32

184.37
207.83
229.68

16.11
19.14
10.52

13.52
20.21
17.50

8.41
19.60
10.00

8.11
10.54
1.60

151

2 min cure time
Flexural strength
XFS (MPa) Std.dev.

207.10
216.96
196.02

222.30
224.14
202.14

208.79
233.05
250.47

215.28
233.49
241.26

13.27
6.62
1.38

20.69
3.25
1.41

11.78
5.13
3.23

16.82
10.11
21.15

Note: xps stands for an average value of flexural strength for 4

measurements.

(P.T.0))



(continued).

Concentrations of Storage

TBMB
(phr)

0.5
0.5
0.5

1.0
1.0
1.0

2.0
2.0
2.0

3.0
3.0
3.0

time
(days)

3
17
30

3
17
30

3
17
30

3
17
30

1 min cure time

Flexural modulus

X™ (MPa) std.dev.

6869.28
6860.29
6299.23

1947.07
1515.51
71036.20

1107.24
8927.23
8956.74

8005.52
8815.63
8643.96

1158.40
284.81
302.30

541.53
569.23
386.20

464.97
573.78
499.21

1088.95
253.43
337.92

152

2 min cure time

Flexural modulus
Xm (MPa) Std.dev.

8039.86
9073.87
1339.69

8585.53
877451
1693.14

1774.46
9416.91
9819.91

8160.71
8920.39
9603.98

665.65
967.43
892.76

967.71
385.71
1226.57

472.85
748.50
52.74

496.48
551.82
408.00

Note: Xpll stands for an average value of flexural modulus for 4

measurements.

(P.T.0)
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2. Effect of the DIBC Catalyst on Mechanical Properties of the SVC

Concentrations of
DIBC

(phr)

0.5
0.5
0.5

1.0
1.0
1.0

2.0
2.0
2.0

3.0
3.0
3.0

Storage
time
(days)

3
17
30

3
17
30

3
17
30

3
17
30

1 min cure time

Flexural strength
XS (MPa) std.dev.

178.69
175.63
182.62

206.91
189.03
178.24

183.07
181.27
179.47

175.36
197.94
185.93

19.42
13.56
8.04

24.79
20.12
14.97

13.59
1.34
4.89

1.71
5.76
1.79

2 min cure time
Flexural strength
XS (MPa) Std.dev.

179.55
200.71
205.85

212.78
214.18
192.04

205.33
204.23
200.53

204.13
225.88
218.50

19.18
10.56
16.10

12.12
12.12
3.80

9.36
16.43
22.29

23.44
6.50
17.49

Note: XS stands for an average value of flexural strength for 4

measurements.

(P.T.0)



(continued).

Concentrations of
DIBC

(phr)

0.5
0.5
0.5

1.0
1.0
1.0

2.0
2.0
2.0

3.0
3.0
3.0

Storage
time
(days)

3
17
30

3
17
30

3
17
30

3
17
30

1 min cure time

Flexural modulus
xm (MPa) std.dev.

6925.25
1061.07
7031.91

7192213
1382.65
7097.19

6614.72
1404.39
1316.42

6071.87
7503.02
1318.79

510.36
896.19
470.87

1002.73
637.19
451 47

1880.51
410.36
442.20

165.31
592.48
639.03

154

2 min cure time
Flexural modulus

6900.00
1238.64
8220.85

1456.57
71991.94
144319

71002.47
8137.66
1799.64

7197.88
9021.37
1814.07

XA (MPa) Std.dev.

791.53
593.34
399.07

300.81
492.38
80.03

879.91
133.19
238.17

1451.28
570.18
414.44

Note: Xofl stands for an average value of flexural modulus for 4

measurements.

(P.T.0))
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3. Effect of the BPO Catalyst on Mechanical Properties of the SMC

Concentrations of ~ Storage 1 min cure time 2 min cure time

BP0 time  Flexural strength  Flexural strength
(phr) (days) XS (MPa) std.dev. X&S (MPa) Std.dev.
0.1 3 127.69 3.36 168.92 6.70
0.5 3 175.88 1.71 183.47 8.54
0.75 3 184.60  18.22 195.71 8.51
1.0 3 198.74  15.26 206.79 12,61

Concentrations of ~ Storage 1 min cure time 2 min cure time

BP0 time Flexural modulus  Flexural modulus
(phr) (days) xm (MPa) Std.dev. XM (MPa) Std.dev.
0.1 3 428303 52030 612817 206.83
0.5 3 6364.39 116 726747  64.87
0.75 3 637502 37175  7389.00 561.81
1.0 3 743527 93951 766437 638.98

Note: XS and XMstand for an average value of flexural strength and
modulus for 4 measurements, respectively.
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