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Properties of Randomly Oriented Chopped E-glass Reinforced Unsaturated
Polyester Based Resin Composite
-Effect of Length/Content of E-Glass Fiber and Number of Stacking-

Jin-Myung Park, Young-Gwang Park, Young-Hee Lee, Dae-Kyung Seo’, Jang-Hun Lee"
and Han-Do Kim'

Department of Organic Material Science and Engineering, Pusan National University, Busan, Korea
'Korea Dyeing and Finishing Technology Institute, Daegu, Korea

(Received: July 27, 2015 / Revised: September 10, 2015 / Accepted: September 22, 2015)

Abstract: To develop automobile parts, the unsaturated polyester based matrix resin(PR)/reinforcement(randomly oriented
chopped E-glass fiber, GF) composites were prepared using sheet molding compound(SMC) compression molding. The effects
of GF length(0.5, 1.0 1.5 and 2.0inch)/content (15, 20, 25, 30wt%) and number of ply(3, 4 and 5) on the specific gravity
and mechanical properties of PR/GF composites were investigated in this study. The optimum length of GF was found to be
about 1.0inch for achieving improved mechanical properties(tensile strength and initial modulus). The tensile strength and
initial modulus of composites increased with increasing GF content up to 30wt%, which is favorable content range for SMC.
The specific gravity, tensile strength/initial modulus, compressive strength/modulus, flexural strength/modulus and shear
strength increased with increasing the number of ply up to 5, which is the maximum number of ply range for SMC. The
effectiveness of ply number increased in the flexural strength > shear strength > compressive strength > tensile strength.

Keywords. unsaturated polyester based resin composite, randomly oriented chopped E-glass fiber, sheet molding
compound(SMC) compression molding, automobile parts, fiber reinforced plastic
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Table 1. Materials for preparation of sheet molding compound

Materials Content(wt%o) Product Manufacturer
Resin (Unsaturated Polyester) 17.69 VUP-1510 CCP composite korea
. OMYA
Filler (CaCOs) 64.34 carb5 Omya korea
Low shrinking agent :
(Polystyrene) 14.48 PS Sewon chemical co. Itd.
Releasing agent (Zinc stearate) 1.61 Dz-974 Boyoung chemical
Diluent (Styrene monomer) 0.97 Styrene Sewon chemical co. Itd.
Hardener (TBPB) 0.48 TBPB Chinasun specialty  products co. Itd.
Wetting & Dispersion agent 0.32 BYK9010 BYK(Deuch)
Polymerization inhibitor 0.11 PBQ(ST-S) Sewon chemical co. Itd.
Glass fiber 15~30 RG66A Owens corning Korea

TBPB: tertiary butyl peroxybenzoate
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Figure 1. Schematic of a typical SMC apparatus.
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Where, R: Rate of crosshead motion(mm/min)
L: support span(mm)
d: depth of beam(mm)
Z: rate of straining of outer fiber(mm/mm/
min), Z shall be equal to 0.01
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(¢) PR/GF-1.5-20-1 (d) PR/GF-2.0-20-1

Figure 2. SEM micrographs of fracture surfaces of PR/GF composite sheet samples with various E-glass fiber
length(x1000).

Table 2. Sample designation, composition and specific gravity of unsaturated polyester based resin(PR)/glass
fiber(GF) composite sheets

Composition N
dei?é?mg'lc?on Matrix E-Glass _fiber Number of Sgr?g\i'l{;:
content(wi%o) Length(inch) Content(wi%o) plies

PR 100 - - - 1.67
PR/GF-0.5-20-1 0.5 1.84
PR/GF-1.0-20-1 1.0 1.84
PR/GF-1.5-20-1 80 15 20 ! 1.83
PR/GF-2.0-20-1 2.0 1.82
PR/GF-1.0-15-1 85 15 1.80
PR/GF-1.0-20-1 80 10 20 1 1.84
PR/GF-1.0-25-1 75 ' 25 1.88
PR/GF-1.0-30-1 70 30 1.92
PR/GF-1.0-30-3 3 2.01
PR/GF-1.0-30-4 70 1.0 30 4 2.07
PR/GF-1.0-30-5 5 212

Textile Coloration and Finishing, Vol. 27, No. 3
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Table 3. Tensile properties of PR/GF composite sheets

ol

MRRIT - B - 0|5 - MY - OIS - Yt

I

Sample Tensile properties
designation Tensile strength(MPa) Young’s modulus(GPa)  Elongation at break(%6)

PR 7.2 3.1 0.66
PR/GF-0.5-20-1 8.9 3.9 0.57
PR/GF-1.0-20-1 22.7 6.4 0.49
PR/GF-1.5-20-1 20.2 4.7 0.52
PR/GF-2.0-20-1 13.9 4.5 0.49
PR/GF-1.0-15-1 15.7 55 0.55
PR/GF-1.0-20-1 22.7 6.4 0.49
PR/GF-1.0-25-1 26.3 7.6 0.45
PR/GF-1.0-30-1 334 94 0.37
PR/GF-1.0-30-3 39.1 10.7 0.34
PR/GF-1.0-30-4 43.3 11.9 0.32
PR/GF-1.0-30-5 457 135 0.30

of thet A2 EAMHE HlFol dFS vE A
o2 oEdr. E-fg T Tl 20wtz
13" A AFY doj7k 0.5 ¥ 1,0inch®] ZH$
o= HFol A FYA FUIekAR, Ao 4
o|7F 1.5, 2.0inchE ZF7}8l= ZHfol= 0.5 ¥
1.0inch®] ZHt} H]Fo] o7t Hadt= A
ettt A| Zel7t 0.5 ¥ 1.0inch$l %90
Htp 2 HFE el AL 71XRA e IRt
w+45HA & A7 fEeE AZE

Figure 32 E-f2l B4R B45t4 9o ¥

PRAGF-1.0-20-1

20 PRIGFA.520-1

FPRIGF-20-20-1

PRIGF-0.5-20-1
PR

Stress (MPa)

:| - L T T
an 02 04 s 08
Strain (%)

Figure 3. Stress-strain curves of PR/GF composite
sheet(lply) samples with various E-glass fiber
length(0.5, 1.0, 1.5, 2.0inch) at a fixed E-glass fiber
content(20wt%).
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Figure 4. Effect of fiber length on the tensile
strength/modulus of PR/GF composite sheet(1ply)
samples at a fixed E-glass fiber content(20wt%).
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Figure5. Stress-strain curves of PR/GF composite she
-et(1ply) samples with various E-glass fiber content(15,
20, 25, 30wt%) at a fixed E-glass fiber length(1.0inch).
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Figure 6. Effect of E-glass fiber content(wt%) on the
tensile strength/modulus of PR/GF composite sheet(1p
-ly) samples at a fixed E-glass fiber length(1.0inch).
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G
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Figure 7. Stress-strain curves of PR/GF composite
sheet samples with various number of stacking(3, 4,
5ply) at fixed E-glass fiber length and content(1.0inch,
30wt%).
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Figure 9. Effect of ply on the compressive
strength/modulus of PR/GF composite sheet samples
at fixed E-glass fiber length and content(1.0inch,
30wt%).
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Figure 8. Effect of ply on the tensile strength/modulu
-s of PR/GF composite sheet samples at fixed E-glass
fiber length and content(1.0inch, 30wt%).
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Figure 10. Effect of ply on the flexural
strength/modulus of PR/GF composite sheet samples
at fixed E-glass fiber length and content(1.0inch,

30wt%).
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Table 4. Compressive strength/modulus, flexural strength/modulus and short-beam strength of PR/GF composite

sheets
Sample Compressive Compressive Flexural Flexural Short—beam
desi ngti on strength modulus strength modulus Strength
g (MPa) (GPa) (MPa) (GPa) (MPa)
PR/GF-1.0-30-3 49.6 6.6 40.2 4.5 6.94
PR/GF-1.0-30-4 58.8 7.9 57.1 51 8.85
PR/GF-1.0-30-5 73.8 8.4 88.0 5.8 12.25
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Figure 11. Effect of ply on the short-beam strength of
PR/GF composite sheet samples at fixed E-glass fiber
length(1.0inch) and content(30wt%).
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