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Abstract : In order to improve the mechanical properties of unsaturated polyester/alumina composite,
polymer composites were fabricated using different matrix resins. In the case of surface treated alu-
mina/unsaturated polyester composite, maximum flexural properties were observed in the composite
prepared from the alumina treated with silane coupling agents of 0.50 wt%, irrespective of the types
of matrix resins. Isophthalic polyester composite show the highest tensile properties and bisphenol
A polyester composites have the lowest tensile properties among the unsaturated polyester composi-
tes studied.

In addition, the relationship between the mechanical properties of silane treated alumina/unsatura-
ted polyester composites and interfacial modification were also discussed.
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Table 1. Physical Properties of Various Unsaturated
Polyester Resins

Ortho Iso BPA
Tensile strength
(MPa) 55.0 825 45.1
Tensile modulus
(GPa) 3.45 7.86 6.92
Flexurul strength
(MPa) 85.2 128.5 90.3
Flexural modulus
(GPaL 3.84 5.90 4.99
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Table 2. Chemical Formula of Silane Coupling Agents
Used in This Study

Silane Chemical formula
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Fig. 1. Specimen for three-point flexural test.
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Eg : modulus of elasticity bending(kg/mm?)

L ' support span(mm)

m . slope of the tangent of the initial straight
line portion of the load deflection curve
(kg/mm)

b : width of specimen tested(mm)

. depth of specimen tested(mm)
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Table 3. Mechanical Properties of Unsaturated Poly-
ester/Untreated Alumina Composites

Matrix type

Mechanical properties Ortho Iso BPA
Flexural strength

(MPa) 104.2 113.7 110.5
Flexural modulus

(GPa) 3.87 4.26 4.68
Tensile strength

(MPa) 90.1 104.7 69.9
Tensile modulus

(GPa) 3.90 7.30 6.81
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Table 4. Flexural Properties of Orthophthalic Polyester/Silane Ireated Alumina Composites

Flexural strength(MPa)

Flexural modulus(GPa)

Concentration —
Y-MPS Allyl Styryl Y-MPS Allyl Styryl
Untreated 104.2 104.2 104.2 3.87 3.87 3.87
0.25 wt % 108.2 106.9 112.3 5.10 4.65 5.72
050 wt% 135.1 121.6 140.6 6.12 5.34 6.47
0.75 wt% 126.3 118.2 131.7 5.78 5.21 6.15
1.00 wt % 1194 1134 1224 5.39 5.07 594
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Table 5. Flexural Properties of Isophthalic Polyester/Silane Treated Alumina

Flexural strength(MPa)

Flexural modulus{GPa)

Concentration

Y-MPS Allyl Styryl Y-MPS Allyl Styryl
Untreated 113.7 113.7 1139 4.26 4.26 4.26
0.25 wt % 1185 1164 125.1 5.25 4.84 5.96
0.50 wt % 1487 139.5 152.3 6.26 548 6.78
0.75 wt % 1416 1321 145.8 5.79 5.27 6.45
1.00 wt % 132.1 1284 138.7 5.52 5.13 6.23

Table 6. Flexural Properties of Bisphenol A Polyester/Silane Treated Alumina Composites

Flexural strength(MPa)

Flexural modulus(GPa)

Concentration Y-MPS Allyl Styryl Y-MPS Allyl Styryl
Untreated 1105 1105 1105 468 468 468
0.25 wt % 1127 1175 1187 5.82 5.08 6.12
0.50 wt% 140.4 132.7 1488 6.83 5.94 762
0.75 wt % 135.4 127.9 1428 6.52 5.63 7.10
100 wt% 1276 120.4 134.1 6.04 5.36 6.48
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Table 7. Tensile Properties of Orthphthalic Polyester/Silane Treated Alumina Composites

Tensile strength(MPa)

Tensile modulus{GPa)

Concentration - — -
¥-MPS Allyl Vinyl Y-MPS Allyl Vinyl
Untreated 90.1 90.1 90.1 3.90 3.90 3.90
025 wt% 114.2 108.3 129.9 4.71 441 5.02
0.50 wt % 130.5 120.7 157.6 523 494 6.17
0.75 wt% 1214 1175 140.5 5.04 4.86 5.65
1.00 wt% 117.3 1125 134.1 492 4.75 5.34
Table 8. Flexural Properties of Isophthalic Polyester/Silane Treated Alumina Composities
. Tensile strength(MPa) Tensile modulus(GPa)
Concentration - ;
Y-MPS Allyl Vinyl Y-MPS Allyl Vinyl
Untreated 104.7 104.7 104.7 7.30 7.30 7.30
0.25 wt% 128.8 1204 139.6 9.02 8.83 9.85
0.50 wt % 148.6 131.1 168.8 10.64 10.15 11.51
0.75 wt % 136.8 127.3 151.2 9.71 9.42 10.67
1.00 wt % 130.6 124.2 144.5 9.35 9.16 10.32
Table 9. Tensile Properties of Bisphenol A Polyester/Silane Treated Alumina Composities
Concentration Tensile strength(MPa) Tensile modulus(GPa)
Y-MPS Allyl Vinyl ¥-MPS Allyl Vinyl
Untreated 69.9 69.9 69.9 6.81 6.81 6.81
025 wt% 89.9 85.1 99.5 8.72 8.45 9.50
0.50 wt % 109.3 97.6 118.5 10.24 9.82 10.83
0.75 wt% 101.7 93.1 109.1 9.46 9.13 10.21
1.00 wt% 95.2 912 104.6 9.15 8.87 10.05

Z2|0] A18¥ AT 19943 19

91



Py

oy BEAg A BAL isophthalicﬁlgl A
72419] 97} AZEA 0] /14 8l en, bis-
phenol AAle] BX3) Zgjolxvla X7} 7pa o
2 AFEAS YRR

4 &

2E3) Eejolanz/d7o} Bt g el EL
2 2Ae) E50) B2 AN 4L 45 viwst
Row, g dFuy FAL 3 HHa 2
Age 71AH 84E FA3Y, gy 2 492
Qg & Udd,

1. %3 Zgd2H2 529 A% isophthalic
A FAY 2% ZE7t 74 $5siden, 2% g
’d&& bisphenol AA =47} 7} EA Uit

2. IsophthalicAl 4=2)/¢#ujy} B3tz I+
E74 0] orthophthalic &3t ol v]3) $-53}% <.
H, AWFEHAZ G¢FuY ZHUS AA AW
H&E e goz Qs 235 B4l AA st
th

3. Bisphenol AA FA/gFujv} BAge] 7
%, styryl silane?] FX7} 0.50 wt% & o
T 70.0%9 =718 Ho F9om,
& 59.0% 9] F7+& et ich

4. BX3) Eelolzdz/dwu)d Betdae o
4 £/4& isophthalic 29| 97} 718 9431
o, bisphenol AA7} 714 wighot,

s

2
@4

o o

t‘)_];d

F oz 4

L. C. D. Dudgeon, “Unsaturated Polyesters”, Engi-
neering Materials Handbook, Vol. 2, Engineering
Plastics, ASM International, pp. 246-251, 1988.

2. C. D. Dudgeon, “Unsaturated Polyesters”, Engi-
neering Materials Handbook, Vol. 1 Composites,
ASM International, pp. 91-96, 1987.

3. P. L. Smith and L. R. Comstock, “Polyester Com-
positions”, US Patent 3,549,586 (1970).

4. L. R. Comstock and P. L. Smith, “Unsaturated Po-
lyester US Patent 3,718,714
(1973).

5. L. R. Comstock and P. L. Smith, “Unsaturated Po-

Compositions”, US Patent 4,284,736

Compositions”,

lyester

92

A

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.
24.

. D. H. Anderson and G. A. Lancsettle,

. D. S. Knoebel,

(1981).
. S. S. Hupp, “Engineering Aspects of the SMC
Process”, Proceedings of the 42th Annual Confe-

rence, Composites Institute, The Society of the
Plastics Industry, Inc. 11-E, 1987.

“Witchcraft
and Wizardry in Composite Molding”, Advanced
Composites Conference Proceedings, pp. 139-145,
1985.

“Mechanical Property and Perfor-
mance Characterization of Marine Laminates and
the Effect of Matrix Resins”, Proceedings of the
40th Annual Conference, Composites Institute.
The Society of the Plastics Industry, Inc. 12-C,
1985.

. C. D. Dudgeon, “Overview of Unsaturated Polyes-

ter Resins”, Proceedings of the 34th International
SAMPE Symposium, pp. 2333-2345, 1989.

W. Mutch, Plastics World, 45, 31 (1987).

K. Shirayama, Mater. Struct, 19, 249 (1986).

D. Powell, in “Encyclopedia of Polymer Science
and Engineering”, pp. 146-147, Vol. 4, 2nd. Ed,,
John Wiley and Sons, Inc., New York, 1986.

D. Feldman, “Polymeric Building Materials™, El-
sevier Applied Science, London, 1989.

C. C. Dudgeon, Proceeding of 34th International
SAMPE Symposium, 2333 (1989).

I. H. Updegraff, in “Handbook of Composites”, G.
Lubin Ed., Van Nostrand Reinhold, Inc., New
York, 1982.

L. L. Thomas, “SPI Plastic Engineering Hand-
book™, Van Nostrand Reinhold, Inc, New York,
1990.

H. NG and 1. Manas- Zloczower, Polym. Eng. and
Sci., 29, 1097 (1989).

Y. S. Yang and L. ]. Lee, J. of Appl. Polym. Sci., 37,
313 (1983).

Z. Jelcic and F. Ranogajec, Polymer Composites, 12,
384 (1991).

D. Lee and C. D. Han, J Appl. Polym. Sci, 34,
1235 (1987).

S. V. Muzumdar and L. ]. Lee, Polym. Eng. and
Sci, 31, 1547 (1991).

N. Dharmarajan and C. Vipulanandan, /. Appl. Po-
lym. Sce, 42, 601 (1991).

Y. S. Yang and L. J. Lee, Polymer, 29, 1793 (1988).
C. D. Hand and D. Lee, J Appl. Polym. Sci, 33,
2859 (1987).

Polymer (Korea) Vol. 18, No. 1, January 1994



