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1) ortho-phthalic polyester resin (ortho-UP)

? ° v ° 2 0| CHs
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CHj CH3

2) iso-phthalic polyester resin (iso-UP)
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CHs
3 ) bisphenol A type polyester resin (bis-A-UP)
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H,C- C- C OCHZCH CH, O <)o CH,-CH- CH2 0- C- G+ CH,
CHy
4') vynil ester resin (VE)
2)

Fig.1 Chemical structures of used polyester resins’.
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Table 1 Composition of the tested materials.

resin* initiator catalyst reinforcement filler

ortho-phthalic polyester
(ortho-UP)

iso-phthalic polyester MEKPO cobalt e alumina filler
. glass fiber mat
(iso-UP) 1 ohr naphtenate
. ph :
blsphenol.A type polyester (methyl ethyl 450 g/m? X 2 0, 21%,050}; 75,
(bis-A-UP) ketlone peroxide) 0.5 phr phr
. vynil ester
(VE)

*; included styrene monomer

2.2 T 2PE o FF

M EAME DRI . ThBORBEARAUSAAE (B 2230 T 42 TM-9200) % V>, # 2 mm JE &
AR L 22 BOR 0B (WHIEAR, FLF 75 C ABIIEAR, FRPIR, 37795 T AFPRIK)
25 4X12X2 mm YD) L 22 RIR & v Tl HRIR 160 kgf, /NI TE 40 kef. JE
W% 0.1 MHz O IR EIC & 5 TRk %E . FIREE 5 C/min THilD 5250C
BEETITo/e F—F 1 02s @I Y 7Y v Uizo BBt EE o R %
Fig 2 \Z/R 3o SUBRERIE. 20 BEME 10 mm O BB STREER T (8 2 72 3R 1o il
TANVEEDITANVITHES LIATE - BRI D IEsko =gl 5 2 2, %
EDORT, WAL (74 72y TV FNETLAD-00E) EMFE - MR
ZBNZIR. BRE DL WHIES S 2L L1,
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Fig.2 Schematic diagram of the TMA (thermal mechanical analysis) .
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800

L (a) iso-UP

_— 100 phr

-

neat resin

200
0 '} 'l '} [’} A N
75 100 125 150 175 200 225

temperature (°C)

Fig.3 (a) Dynamic mechanical properties (storage modulus) of

alumina particulate filled iso-UP resin.
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temperature (C)
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75 100 125 150 - 175

temperature (°C)

Fig.3 (b) Dynamic mechanical properties (tan  ; loss tangent) of

alumina particulate filled iso-UP resin.
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Fig.4 Filler effect on HDT & Tg of iso-UP resin.
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100 phr iso-UP

FRP + filler . .
_—resin + filler

[0 phr
FRP

neat resi

75 100 125 150 175 200 225

temperature (°C)

Fig.5 Glass fiber effect on Dynamic mechanical properties (storage modulus)

of 1s0-UP matrix FRP.
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—
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=
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Fig.6 Dynamic mechanical properties (storage modulus) of FRP.

(a) without alumina filler, and (b) with 100phr alumina filler.
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Fig.7 HDT of alumina filled polyester resins mesured by JIS method.
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A Study on Improvement of Heat Resistance of FRP

for Salt Water Environment.

Ken Tsuda and Masatoshi Kubouchi
Department of Chemical Engineering, Tokyo Institute of Technology
Kazuyoshi Arai

Department of Mechanical Engineering, Hosei University

Summary

Stainless steel is used for salt manufacturing apparatus, then cheaper
substitute material is desired. Fiber reinforced plastic which has good corrosion
resistance is considered as the substitute, but FRP has low heat resistance. Then,
improvement of heat resistance of FRP was examined by filling of inorganic
particulate. Effect of alumina filler on heat resistance of §()me polyester and FRP
was evaluated and discussed. Four polyester resins, ortho-UP, iso-UP, bis-A-
UP and VE were used.

The heat resistance was evaluated by TMA with sine curve loading of 3-

point bending. The glass transition temperature Tg, one of heat resistance index
was obtained by tan & peak temperature and another index, the deflection

temperature under load HDT was also determined by modulus E*. HDT increased
with particulate content by increasing modulus, on the other hand, Tg was the
same as neat resin. This tendency, that was improvement of HDT, was also
recognized in FRP with four types of polyester matrix resins.

The evaluation method of HDT of FRP was also discussed. HDT measured
by TMA was compared with that obtained by JIS method. Almost the same
tendency was recognized in both methods, and to avoid the influence of oil
diffusion into the specimen TMA method was recommended as the evaluation
method.

The temperature dependence in E* of matrix resins was greatly affect on
HDT. Ortho-UP and bis-A-UP showed little improvement, because these E*
changed in limited temperature range. Qn the other hand, HDT of iso-UP
elevated by 40°C with 100 phr filling, whose E* gradually decreased. The iso-
UP used in this study showed very good performance for high temperature use,

compared with VE resin which is generally considered to be a heat resistant resin.
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