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A Study on the Optimization of Composition and Characteristics of

Solventless Towpreg

Kyung-Ju Min*, Ho-Sung Lee”

ABSTRACT

As a material for a dry filament winding structures, carbon fiber/epoxy resin towpreg was
developed with effort of optimization of compositions and improvement of physical properties of
the solventless polymer matrix. DGEBA type epoxy resin was selected as a major matrix, and
curable diluent, DELAD type epoxy resin was used to control viscosity and physical properties of
the DGEBA resin. Acid anhydride and imidazole were mixed with the epoxy resins as a curing
agent and a curing reaction accelerator, respectively. Basic and promising matrix formulations
were established with various mixing weight ratios considering initial viscosity and gel time of the
resin systems. Physical properties of the cured matrixs having different formulations were
measured and compared one another so that the matrix formulations candidated for the towpreg
were chosen. Carbon towpregs with 25 wt.% of resin contents were prepared by impregnation of
the candidated matrixs and then, the final matrix formulation were determined comparing physical
and mechnical properties of the laminates prepared with the towpregs.

Also, the optimum cure condition of the towpreg was studied by controlling cure temperature
and time to obtain the highest T,.
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Bisphenol A)39] =3t} AFA YD-128, 844
2+ DELAD(Diglycidyl Ester of Linoloic Acid
Dimen)2#, 53138 A FA YD-171B, AHR-+E 7
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Table 1. Characteristics of the Matrix System Used
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Table 2. Viscosity and Gel Time of the Premixed Epoxy Systems

Equivalent | Viscosit P It
Materials | Trade Name| Manufacture quivalent | Yiscosity roperty No.l | No.2 | No.3 | No.4 | No.5
wt(g/eg) {cps) System
DGEBA | YD-171B | Kukdo Chemical 186 12,000 Initial Viscosity
1,800 | 1,680 | 3,290 | 1,550 | 1,150
DELAD | YD-171B | Kukdo Chemical 400 650 at 25C(cps) ?
NMA HY-906 Ciba Geigy 178 225 Gel Time
34 4.0 3.1 4.1 50
Imidazole | EMI-24 Fike 55 - (min, at 149C)

Table 3. Physical Properties of the Cured Epoxy Systems

Table 4. Physical Properties of the Cured Laminates

Propert Syst
TOPTY | Nout | No2 | No3 | No.4 | Nos VS | N0.1(25%) | No.1(35%) | No.2(25%)
System Property
Specific Gravity | 1177 | 1183 | 1174 | 1160 | 1162 ResinContent(Wt%) | 25+2 | 35+2 | 25+2
Tg(T) 150 | 142 | 101 | 13 ] & Specific Gravity 1.53 148 154
Tensile . Tensile
7 | 136 | 616 | 560 | 303 18 1972
Strength (MPa) Strength (MPa) % 1,600 ?
Tensile Tensile
2490 | 2917 | 25545 | 1800 | 1538 142 155
Modulus(MPa) Modulus (GPa) 18
Elongation(%) | 644 | 588 | 570 | 575 | 567 .
gation(%) Flexura 745 1,069 869
Flexural 138 | 151 | 16 | 1 | 64 Strength (MPa)
Strength(MPa) Flexural 100 13 137
Flexaral
exura 2834 | 3207 | 2752 | 2660 | 1,648 Modulus (GP2)
Modulus(MPa) Void Content(%) 2.67 1.86 1.95
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Fig. 1. DMA curves showing Tg of trial No.1 to No.8 specimens prepared at various curing conditions in Table 5
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Table 5. Variation of Tg depending on Cure Cycle of No.2(25%)

Trial No. Curing Cycle T: (C)
1 Initial Condition (IC)' 102.5
2 (IC) + (160C X3 hr) 122.8
3 (10 + (160 x4.5h) 123.0
4 d0) + (160 x5.5 hr) 122.9
5 170C X2 hr 120.8
6 170 C X3 hr 125.1
7 170C XS hr 137.3
8 170C X8 hr 132.6

a: (80T x2hn + (120 %2 hr) + (150 %2 hr)
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