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Recent Research and Development of Reinforced Polymeric

Composites in America
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DBy Kkl = ARl Bk & E
ERNA Wik g A 7t Ak, ole e
ERell fEstaAt Hs 24 A2 o] 1960F %
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g B A= gstA ] pHEE 9 HESW
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F Loz 19704 DURTE mbEtadd
8 symposium & =3 ek #EHA &
3B AFEH 19794 SPI ] RP/Composite & 5
R B \Es kA fRe #BHES
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Table 1. W3 W& EfFst W&
=5 ks = B! & A5
SMC/BMC 1 Section 2(2A-2G) 7
SMC/BMC 1 " 7(7A-7D) 4
Resin 47] ” 6(6A-6E) 5
A gl 224 1 7 14(14A-14G) 7
PR | » 19(19A-19F) | 6
H7A 1 » 16(16A-16F) | 6
” I n  24(24A-24E) 3
X WA AR 1 »  3(3A-3F) 6
4 A Caxe Az
AF A I n 17Q7A-17F) | 6
g ” I 7 22(22A-22G) | 7
v n 23(23A-23G) | 7
7} A " 1(1A-1F) | 7
A 3| Pultrusion 43 ” 9(9A-9C) | 3
7+ F A2 n  10(10A-10F) | 6
F57171—1 » 11(11A-11F) | 6
WA ZA—1 " 8(8A-8G) | 7
” H 7 13(13A-13E) | 5
A e Y 4(4A-4G) | 7
2 8 mALEIANE-I| » 15(05A-15F) | 6
" I n  20(20A-20F) | 6
Zao7—1 n 18(18A-18G) | 7
” il 7 21(21A-21F) | 6
2 ict A Azt ” 5(5A-5B) 2
.‘%}_ E AR 7 12(12A-12E) 5
FEEE FF 139




TableY. FE:=89 Wy U= PR (BaR i, ek A28 8, T 8h 54
— Fom vpro} Wl Table 18 e, 4r4gk,
=Ry a S BHRMLY RES AHE WE26.6%) 9 ik
R kT B SMC (sheet moulding compound) & {343}
A% A 2.(SMC/BMC)| 7 R BGR(25.9%)7F Al ol g o) ¥ =
T ] 5| 36 [25.9%  slgdc),
AR o g 4 13
A A 11 3. By AR @M
Pultrusion 2§ § 3 % section Fl2 AA} HAS Fiste Aol
AEASHA 2 4 9 6 14 |10.1% vhEbE sl Gl BIE R @oFA e okt w
S H
7 E A W 5 7]i ey
T % 7 A 19
FE7 | 85 AER 12 | 37 [26.6% 3-1. SMC, BMC #iFq
= Al 3 od 2 1 gz -
7‘“ E(SMC) 4 3 1 1 ﬁﬂﬁa IE — A
P R 8 18 lz.9% 1. -Celanese(.?—A)jlﬂ:‘t carbon _ﬁber prepreg
- ¢ polyester fiffigoll Biated #arstm 9lvt. Car-
AhstA | A ki T T 5% bon fiber o my epoxy iz} A& of
d T !7%% AT 20 | 20 [14.49% Azl ot Bkl Az B HE8 A
AFzAL A F = A 2 2 | 1.4% Mol LS %, FHERMERR g w
M |4+ T A 5 5 | 3.6% ot2RA] polyester #ilFE H A3t Aol LRI
— =S ek, —##93] polyester/styrene G sys-
HET = oL
S 2119|2008 ool 1014 BETARE, dckh, Bending
Table [l. Comparative Mechanical Properties of Celion® 6000 Composites (22°C)!
Styrene Vinyl Dap “250° F”
Polyester Ester Polyester Epoxy
Strength, Ksi  (MPa) | 229  (1579) |208  (1434)% (220 (1517) | 201 (1524)
Tensile? {Modulus. Msi (Gpa) 20.1  (139) 18.2 (125) 20.2  (139) 20.0 (138)
Elongation 1.1 1.1 1.1 1.1
Flex? [Strength Ksi (Mpa) 303 (2089) | 224 (1544)4 | 272 (1875) | 287 (1979)
Modulus. Msi  GP(a) 20.8 (143) | 169 (17) | 17.7 (122) | 19.3 (133)
fnterlaminar Shear Strength. | by | 10.30071.4) | 817066.3) | 13.40002.4) | 14,000(96.5)

49.69% fiber volume
53.89% fiber volume

Ll

o FAAE ¢tz Qlowz Diallyl phthalate
(PAP) ZRfgHll k3 M= polyester system
o #fste] [@itS] 6000 carbon fiber & {f s}
prepreg #1HHe]  MfES  FWFG o} (Table ).

6

Compression mold cured at 177°C. 500 Psi (3.5 Mpa) for fifteen minutes
Tensile and flex properties normalized to 62.3 fiber volume for all systems except vinyl ester

Table I. o 2]3}4 polyester/styrene, vinylester,
expoxy Mt B[, EEEE A< =
7t §lot B shear strength 7} epoxy 9} [j4
o] BREEE A5 gtk
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Table IV. Electrical Property Advantages of ITP™ Resin in 30% Glass/ 40% ATH Filler/ 30% Resin SMC
A B C
Composition Commercial ASTM
Resin XPL-1050 ISO. Polyester* | lso Polyester Test
Thickener Urethane MgO MgO Method
Su}l;face Resistivity Initial 7.66X1015 2.29x106 1.45% 1015 D-257
(ohm/square) 2Weeks 1.41x10M 2.10 X104 1.55 X102
4Weeks 1.90x 10 1.39Xx 10" 6.77 X101
8Weeks 1.05X104 1.83x 104 1.64X101
Volume Resistivity Initial 1.05X10% 1.10X10%5 1.32X10% D-257
(0. m-cm) 2Weeks 1.55X 104 2,00 10 7.98X 1012
4Weeks 2.30x 1014 1.16 X101 5.26X 102
8Weeks 1.58 X101 5.87x10% 1.13X10%
Arc Resistance - Initial 181 182 181 D-495
(sec) 2Weeks 168 167 139
4Weeks 181 161 138
8Weeks 162 154 135
All data are based on 1/8 thick plaques
* Same polyester used in the XPL~1050 resin system
Table V. Mechanical and Physical Property Advantages of ITP ™ Resin
in 309% Glass/40% ATH Filler /40% Resin SMC
A B C
ASTM
Test
Composition Isophthalic Commercial Methods
Resin XPL-1050 Polyester* Isophthalic
Thickener Urethane MgO MgO
Toughness
Gardner Impact. Joules. (in/lb) 0.47(4.2) 0.31(2.7) 0.09(0.8) NA**
Tensile Elongation Crazing Test NA
Before 0.5% Strain No Cracks No Cracks No Cracks
After .59% Strain Few Cracks Many Cracks Many Cracks
Tensile Modulus GPa (psix10%) 14.5(2.11) 14.8(2.15) 13.0(1. 88) D-638
Shear Strength
Short Beam Shear. Mpa(Psi) 24.97(3620) 20. 14 (2920) 14.70(2131) D-2344
Water Absorption(Methoda, %) D-570
24 Hours, 23°C 8.09 0.15 0.21
2 Weeks 0.33 0.57 0.79
8 Weeks 0.56 1.00 1.55
13 Weeks 0.64 1.13 1.84
*Same resin used in the XPL-1050 resin system
**Not available
All data are based on 1/8thick plaques
Ze| A 47 A1E 19808 19 7



2. ICI Americans Inc., (2E, G) &= #55E SMC
H g 24 isophthal 2% polyester % vinylester
% BigS B#Eslx, B stage #lE A= polyester
RS KAl carboxyl 2 (—COOH)e| {EH
st MgO & FlHste & hydroxyl %
(—OH)el A8l urethane & B-stage #lE-
FAe 2717 HRE Adstz g4 e
W,

3l isophthal #% polyester base 9] SMC
R ik, WE B, mKEEel $EE
Ho|s o] & Table N, Vol vrehigiet. g

1.

o

vinylester base 2] SMC = fif#h, FiHfE% typed]
2 UL BREANSE Bla, A type
PegEfRFFZo] 93°C ol A= 75~90%, 150°C o
A 509% LhEelvl, % type-> /@M shear
strength & ®43F g7 3, WEAM =%
2R g o, o] &S 4Hkg Table Vo vieb
W,

3. Dow Chemical (11E)jit+= vinylester base
9 7% SMC 9 £ M data & FE XStz
Atk

HEj#o] o] SMC BRS  34EFIETE glass

Table V. Physical Properties-Plaques Molded from 65% Glass/35% Resin SMC

XPL-1054 XPL-1056
) Conventional XPL-1050 Conventional | High Temp. | High lmpact
Resin Isophthalic Isophthalic Vinyl Ester | Vinyl Ester Vinyl Ester
Thickener MgO ITP MgO ITP ITP
psi 52, 000 55, 000 60, 000 61, 000 64, 000 /.-
Flexural Strength {iPa 359 (42)® ’ 379 (43) 414 (60) 421 (80) i1 (65)
i 6 2. 2. 1.
Flexural Modulus B2 2965 G 12 460) 12280 )
: i , 5 , 000 3, 000 34, 500 38,000, -
Tensile Strength §ih, 52.500) | 3002 | 3> 00aa0) Soo0) 30005
. i X108 2. . 2. 2.5 2.3,
Tensile Modulus 25510 260 | FZeo | R | ZRen | 3dce
Elongation at Break, % 2.0 2.1 1.8 | 1.8 2.2
. Ft-Lb/in 20 36 25 31 30
Izod impact Notched e 10.7 19.2 13.6 16.8 16.0
si 3, 300 3, 600 4,000, 3,950 6, 000 -
Short Beam Shear K/Ipa 22.8(40) 4. 8(50) 7. 6(10) 57, 2(85) 1. 4(00)
Interlaminar Tensile® psi 500 | 530 590 >1500 | >1500
Strength at 150°C MPa | s | 3.66 4.07 >10 | > w0

© Numbers in parentheses show percent retention of property when measured at 93°C (200°F)

@ ASTM C297

content 35% LATFS] @H<S SMC=Y-F 50~
60%< 7= SMC & A7) 5 7tzglct, Dow
ite A XE vinyl ester SMC & BAESIa ¢}
ol = FifezAE
1. Epoxy resin base o] = 2 Fij %1%, il
o] Fr,
2. K vinyl ol 2]%le] radical K] 7
RESHCY,
3. Carboxyl J el w2t MgO ke HHfif e

8

2

T

& HEg

Ak,

4. filler 24 CaCO; 9] ffifge] WaEske] Hik
o7 cost oA = HF
E3 gtk CaCO; 9] #hEFIE Fig. 1] v}
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Figure 1. Effect of glass level and temperature

derakane 790.
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#EREo] A=ul 4%k Izod, Sharpy 59| Test
2 MEdi e @ e et mME
% test (rheometrics high rate impact test)~}
Fohx 45k 1.6~16km/hr 9 Fxo] A9
test H55R 0l A energy BB e] =713+ glass content
o tfskt o] 8l glass content o] A = 8~11
km/hrell A #mAE veble]  HEBRER
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Figure 2. High rate impact study derakane 790.
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9. PPG(ID)f2FE = XMC 9 % type 7
o s et Az otk XMC-1
L Bwge pEEsolA Ao E roving & HRATE
Aolw XMC-2% strand 238 BEF S H

7 type 8] XMC-33+= #EE glass & XMC-2 9}
FA—sht = Slo} chopped glass & ZE#e A
o|th, L #5pkS H#E glass 50wt¥%, chopped
glass 25wt% 9] 7% ke XMCol vlste] #
HHHBEE 20~25% BAsht @it HAS
9] MBEEE 4~5f5= Bingkch, XMC-3¢ 3l
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o] Al % glass 519 chopped glass & Jh#3} 7=
9| BfthE TableWl o, BLifiHEE Fig.50] 1t

Ehi s,

Table VI. XMC® Composites~Physical Properties

10

X | Jemie | Pl | Bl | Shog Beam | RS | ST | ol

Chopped ; g reng . : Strength Strength Modulus
{ psi psi psiX10 psi psi Dei i 10

0% 100, 009 173, 600 6.83 9609 3582 5197 1.64

5% 97,152 168, 215 6.71 9352 3715 9284 1.52

10% 95, 257 164, 831 6.58 9106 3996 13, 090 1.43
15% 94, 012 152,935 6.49 8519 4423 13,631 1.05
20% 89, 961 150, 270 6.39 8428 5778 16, 670 0.99
25% 87,871 146, 773 6.27 7910 7436 19, 895 1.09
30% 83,033 141, 958 6.01 7887 8651 22, 365 1.07
35% 79, 289 131, 977 5.84 7646 10, 229 22, 428 1.08
40% 78, 724 123, 014 5.34 7478 11, 566 26, 569 1.25
45% 74, 307 119, 111 5.23 7397 11, 843 26, 957 1.29
50% 72,492 117, 654 5.13 7307 13,963 29,155 1.38
55% 66, 184 107, 025 5.10 7152 16, 286 33,027 1.63
60% 59, 166 98, 875 5.08 6968 18, 163 37,475 1.92
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Figure 5. PPG XMC composite manufacturing equipment.
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3-1-3. FE{LH - FmEE F2ER

1. Lucidol(14F, 16B)iit= polyester o] BE{L
o] sate] Bt QEvl 4 M diperox-
vketal 3 = %E Jike® AZOF BAtEES
RBapd @eted #wEste v 2 WE
o diperoxyketal TBPB(t-butyl perbenzoate) ]
u)gte] Efbrb whael pot lifew ZoAAE 4
#o) Qe=d e prAESE F—3HA clay St 7
o EAFEMS fHA B =lAH,
pot life & o} A =t} TBPBS TBPO %
pERsHE HEE ot Eiksh weAslE 3t

Table V. Polyester Curing Activity
and Pot-life Data
SPI Exotherm 32°C

. .. Data at 121°C Pot
NO 1phr Initiator Gel [ Cure | Peak | Life

(min. ){(min.)| (°C) |(days)
1 |{t-Butyl Perbenzoate 4.20l 5.60 217 40
2 |t BPO/tBPB® 2.30] 3.13 209 12
3 [LUPERSOL 331-80B | 2.71 3.71] 209 81

4 i %IA%%UP):IZ‘I%E)SOB‘” 2.20, 3. 071 204 40
-70

5 331__80B(c) 1. 85 2- 79 199 56
(a) 17 Wt. % t-Butyl Peroctoate.

(b) 10Wt. % t-Butyl Peroctoate.

(c) 10Wt. % LUAZO-70

A=t pot-life 7} grol=lch, =HebA AZO %9 B
w2 el ostd o E% HBRT F AR
o b 2 IS TableVl ol #iRstsich
9. Armco Inc., (16D)jit= clay #ifn SMC el
9le} Al wetting agent &} Zhfel ssted Hk
a3 itk Clay & Rkl Fov, %R Eo]
wiom EEEST EobA kel ZolAlE
mio} 9lt}, Clay 9] EE& BUKHoZ 3t &
E 14ENS IEREET GR7t ,\17‘:‘
ol ete] HEtstATh
Titanate Coupling Agents; KR-55, KR-46B
Silane Coupling agents; A~174, A-187
Proprietary Wetting Agents; LP-139, LP-133
A7) oz A= FPHEETE 15~35%%
R ot kel st AE BEY BHR
= A gk ok 247 boiling #9

FaH A47 A1% 1980 14

RFER I E2 Silane Coupling Agents J7h+ X
S ETaEE ol BEEN e KL}
g7l = Fol et A zbsln,
3-2. BoRHEE B
HE#E o2 3 RIBHBHRS 1978458
FS #2658 ton BEER 2% £ 18H tono]
polyester ¥if5 S F>o 2 3 FRPo|H, o] 93k
o] WizHsH FRP PAZEo] LT & €<
ol fei 1985 HBHES REARZ e
FBHE] Bopt L = Eol T

Table K. Feffa 2R HH

8 4 49 ‘1978 198 | 1981 | 1985

FA A km/l 7.7 8.5 9.4 11.7

w3al FRP & Bl st fiEs =
o o]y 9% MBEAS T BEE ERE
g8 Hiewm It WS ERMEE we
sho] tHE, ¥BLH, compound B 2.9 B,
azm&m e A st e {Fgel  #frH
ojrle, = HALE BT W FAHE
s 1—_77401 o DT & @meme gwisted 2l

.

1. 8{t RIM(Reaction Injection Moulding)

Urethane elastomer— F1BIE T3Sl Hiibet
urethane elastomer & RIM process & 19754~
AL oz AR H 19794 228 fE 5208
el wikel @AE AT BigE L bumper
cover, air spoiler, air dam fender .9 pEE
Ffol et

Ehel e @B 8= W BELRMECNT
o sEbzel @Al MRl Slglent 1975%F
o GM, OCF, UCC 3ite] i#hel o 1/16
inch ® milled fiber & 20% ®A3A iR
BEE 122 BOAA EBlEERS 2462 =
g = wapstact. o Bk RIM & RRIM &
KRl WA B TWikel BUEAEESH Wi
o} Eaze o Re #Lot A9 glod,
w3 Ak EH
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2. RRIM—EBET%S 2|8 & Process
Ford itp3e] RRIM ®49) BERERZS 2EdshAl
Bk st

BTl SHES2 0.5~5kg/seco|t} 5~10
kg/sec 7} % = 2Z3le] short size 2t% 1~25kg
2 BESh i milled glass 9 M
7b ES] gl B ok mEy Mkl 3
st HEHHA class o A%, <o) odt
B, WEERE, BEEMRE BES EA, B
BHIEMEZ, B8t Tol dlete] etz .
BPHE A = Jefelebn bkt
epoxy, vinylester 1} 3a{tff 24} chopped fiber

FlAste =
diam 224 RRIM & E{H)HiA] class A 4i-&

Y AL panel o] b AR HFE uhs
el %12."? MR . Z A PYi R, e
204°C ofl A 9] #h4esEdk:, chopped fiber 9| FEfEM:

S 2+ slurry & 918F mixing head, bulky 3t

v o
& T

=

=

polyester,

44444

b=)

ERA I oA E
press 3t Hik

polyester 52| (Lt BilES &
#9] glass fiber 2 Ffile]l &=
o},

ERM #fe] [LELS SMC 9] 1.8~1.9¢] v]3}

o 0.9~1.301} KES] glass BE-S 60~T70%
o sEete 2 fEEMel Helddh g Eo

AT EES mHEEe R 54kg )
36kg o] A }t. Press B

247 trailer 9 A
7 o] ERM process o] A =

J1& 3.5~7. 0kg/em? 0.7 W] Yomm (U
el fE L Ele] MRS FIBLe) Slth,
4. FRTHML| BAEEEHGS &

HEIHE ATAMER NS polyester 451150
kol PRFEEI ] LEEFE-Fol oF.

o] process (Fig. 6)+= BEREH T H] 3t
FeEel AR E F
Zek,

A,

ol =g

2
PR ]’ WT

class A 9] 38 EFEe) Qo] ATk

=
B. Rib, boss 9] #7Z0] 9l #4Ewio] sanding
MAES] MRS 9 & system PAEES ] 1H(11-B). . ' T
c o] Fingistet,
3. Elastic Reservoir Molding Process C. Eolch(IL®E 1.6),
(ERM) D. 4 st 2o
*o] W9l g sha WMEEEY A4 BE . BRIEVE My—-sl),
process 24 5ol W H 0 2 open cell 9] # F. Rib% #Msl=z oA WEwaestch
H urethane foam 2] @file] epoxy, vinylester, Zolr},
S
e
[vﬁ ) :':nvl‘\wr il::.!lf.*;‘%s‘l'(_)r
Polyester Resin, L l";"’;(“
Catalyst and Pigment Gilass A ;
Loading Choper . l
7 ARG .
\/\ 7y r’.:.\) ):ﬁ "VYJ}
Resin Crecis 7700 o
amn{’;’;s == %{,7 o L(E,:?; i
an-Way of P
i B vverton s
Cha?;rsr;g {cr‘ A::Dq::_-m\ y_:f‘ Ritbon
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Metering . ‘____]
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Figure 6. Schematic of Bailey’s “total system” for mixing and molding polyester.
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= TEmEANAY A
Bl cycleo] 20~25%
i, BAYH
7 o o},

4t Ford jit-2] Mustang €] grill opening panel
o H] E3be] g HMS MM E (=T Q)
=< B3 o 308-C).

o ghell @2 #e] slovt MHERRE 2~3
o EATS FI1Este] ¥ section 21-A o
18 &4 wheel BfR S & wheel 3} section 21-
Bel FREM EEEE plastic bumper 9F 21-C9)
HEEM SMC 8L HER cover 5] 9t}

Bl v 3
gmgEsitte A

Z2THES ABLE = lohs

3-3. WMEIM

MR BERE it Y, RARS,
il Ry, RRatEcHee] BAste) ) stelzl £l 2~3
I i iNe

1. Uranium $#§FT320i2| FRP 3B

uran THOZHE vellow cake &= E| 9=
B BpE Y yellow cake 2 Y-E] &8 uran
< A= HRHKES 2Bk ®gke] sledl, FRP
B MBS Rl RS 2 glvh, Uran 8
A9 BEHES B A% Hikes Fig. 74
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Figure 7. Flow sheet for solvent extraction process
showing very extensive use of fiberglass
reinforced plastic (FRP) equipment (units
and lines and lines are shaded).

2 A4 A 1% 19804 1Y

verdle] THid FRP & HFAste oS 14
ghoh,

Table X-& bisphenol 5 polyster 5 (Atrac
382)¢] ASTM C-581¢] 9|3 REHEE WK
Bihe was HEAA HaiRs T A8

A= O O
T 9eg gy

Table X. Results of Atrac 382 by ASTM C-581

Test |% Ret.|% Ret. Appe-
Temp. |Flex. | Mod. Bazcol aralzlece

Ambient | 110| 101 36-42 Good

Invironment

Dietyl hexyl-
phosph ate/20%
in Kerosene

25% NazC03
0.05M diethyl-
hexyl phosphoric
acid and 0.125M
trioctyl phospine
oxide in Kerosene

150°F | 85  104] 39-420 Good
Ambient 99 101| 40-42| Fajr

20% NH,NOs | 200°F | 73| 93! 32-35| Good
Sat. FeSOq/ 1759F 89l 98 33-37 Good
10 % H,SO4

0.5M dioctyl
phenyl phosphoric
acid in Kerosene

Ambient 107 102| 38-42 Fair

209% NagCOs/15% | 175°F | 95 98| 32-38 Good
NaHCO4

15%Ca(OH), 150°F 92 96| 37-39, Fair
95% Molybdic acid | 150°F 88 96 33-36/ Good
5% NaOH 175°F 53 83 23-31] Fair
25 9% HzS04 175°F 90 100 30-38 Good
15% HCI 200°F 7 87} 34-38 Good

2. fitghctR Type #5001 28 XX

A} #8 brominated novolac base vinyl ester
il BAstel &% uranium Tk (B, 4
Vg o) B, AR A 6EA
&9t data & Vel =, FRP B%2Ad, 4
3 ko] 1&g W ch = 160°C LIk R
ol A Ky BB S =) JmihaREE, TR
BFEE e o glok(Table XD. (8-B)

= premix Al FdEtE vinyl ester #ifigS] BMC
= FERrEol 51 20% NaOH, 165°F <4 6714
7he] EEASRAT glold S whEl ek

4 H  ft
U St B DAl = SR BT
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Table X, Heat Aging Continuous Exposure Flexural Modulus Retention Flexural Modulus PSI X 10-5

Original Mon%hs Mon?hs Monszhs MO})%})S
400°F
Derakane* 470 12.7 11.4 10.0 8.3 —
Derakane 510N 11.4 F F — —
Derakane 510A 11.9 F F — —
Chlorendic Acid Polyester 10.4 F F — _
380°F
Derakane 470 10.9 12.3 12.7 12.5
Derakane 510N 9.2 3.7 — —
Derakane 510A 3.6 — — —
Chlorendic Acid Polyester — — — _
360°F
Derakane 470 10.6 11.5 11.6 11.5
Derakane 510N 13.1 11.9 13.1 F
Derakane 510A 10.7 1.4 — —
Chlorendic Acid Polyester 8.6 F — —
320°F
Derakane 470 13.2 12.0 11.7 11.0
Derakane 510N 12.7 13.0 12.6 12.6
Derakane 510A 11.0 12.7 13.2 12.1
*Trademark of The Dow Chemical

Table XI. 2B FRP 9} AR R (SPI o] 93 %5
1977 & & 1978 # & 1979 % &

i ? Ty (Fron) | TheCFeom | ZRLTHE | fhecon | RIS
# = - 5 E 21 ( 9.5) 22 ( 10.0) 4.8 23 ( 10.4) 4.5
B Om k B 112 ( 50.9) 123 ( 55.8) 9.8 130 ( 59.0) 6
B & 286 (129.8) 323 (146.6) 12.9 342 (155.3) 6
B 2 * 107 ( 48.6) 116 ( 52.7) 8.4 125 ( 56.8) 8
it =3 192 ( 87.2) 216 ( 98.1) 12.5 233 (105.8) 8
% = 147 ( 66.7) 170 ( 77.2) 15.6 180 ( 81.7) 6
o - A 400 (181.6) 430 (195.2) 7.5 451 (204.7) 5
B Ok B B 475 (215.7) 532 (241.5) 10.1 580 (263.3) 9

fi 70 ( 31.8) 74 ( 33.6) 5.7 77 ( 35.0) 1
st | 1,813 (823.1) | 2,006 (910.7) [ 10.6 | 2141 (972.0) 5.7

() B EvEsiR, AOTEMEBE, HEY,

Mgt (e 2 FRTPeE #stz Aeh9
Sk 2 ikl B HETE ot fifE] H
st o BREE A2 "olglth ol #RUE
Fit7} HERES 3 EE Rikcte 3

14

filler & x g

$7F %] el etz AAE o)
LT 2%#2 ¥£B ¥4 Europe ®] FRP 9} FRTP

9] HTFRS ks TableX, M5+ 7t}
Table XI¢] SPI 9| #t7E-& 197849 *#E FRP
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Table Yi. Europe %] FRP i

Table Yy. “REf1 Polyester, Epoxy #}i5<]
i (MPT 9] H#£51H)

1977 | 1978 [EIRLRLL
} :F ton ':F ton {ﬁﬁ(%)@ 1977 1978
- 7
FRP | 4 #4-7% # | 83 | & | 4.8 BB | oo [ = oo 5=
B OE-R B 114 120 5.3 — R (%)
BB M 47 49 4.2 olyester _(RP J8) 370 412 11.4
T ¥ & m % o7 | 3.8 FRP — # (310) | (340 —
pipe 7 = 80 85 6.3 Epoxy (RP ) 20 23.7 18.5
B L& g | 72| | 69 TEEERA (9 (02 |~
s s 0 F W H (8 | (9.5 —
B il (3 (0 —
z | a2 | a7 | s —
() feEs, filler = Rx G
FRTP 3 | & 8 | 49
Table X¥. FRTP o 8 (SPI9) d£5¢] o)
1977 197 8 # % 1978 % W
MIL MIL . B I MIL . ¥ O M
Lbs (T tom) Lbs (T ton) s Lbs (T tom) l A (%)
187 (84.8) 214 (97.1) 14.5 242 (10.48) ] 13.1
Table Jil. FRTP $] fiz Table Y. 1978 7E7ES] FRP wi
1977 1978 “F ton 7 (%)
- HRIELL wORem R 7 4
Tton | T ton s (5) s @ o7 16
Nylon 17 16 11.8 I - SR 11.6 7
PBT, PET 16 22 37.5 T AT F 42 25
PP 30 34 13.3 T % % ® 18.7 11
PS, AS, ABS, SAN 13 14 7.6 pipe - % = 22 13
3 i 9 11 22.2 [ TR R 27.2 16
2t 85 100 | 176 bl f 14.5 8
it 170 100
i 907,000ton o] Edte] ol iiEe ({8, FRTP 42 “Fton & E3F)
823, 000ton o] ¥3ted 10.6%) HES Holx
e B Rl Bt o FA® B

Modern plastcis internotional o 9)38l= #&
R AR &S Table W 2ok, &
TREAHMES KEsS B 2
Zolv} BFTMMEIIE T BEH R 9l
19784¢] &= &= FRP 907, 000 ton 5 10. 7% 3
13 97,000 ton ©] FRTP 2 RijEl: 14.5% 9
WE#E 2olx vk, FRTP 9 i3 b ki

o

Z2)H A44 A 1% 1980 19

rEpel S BRI 9ol BEEMS #1319 ma-
terial performance 7} 58 #Ftz L&ty
AElAT LS el
TableXvel XMol FRTP o] Zslaks} pffigpl Hity
g e

3}3] Europed] 9lo14 TableXI¢] modern
plastic o] #iit= Rf=A S gkt (TR
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¥ 5%9 RZE)E stgev 1979 DiEE #EAEEARAAY B dAE #ire S
o] MEZE A FEo} WET Aol Bl data®] AAT HEd HES Fi e Tl
H3 9tk Zo & Tableflol A %9 FRP it Q1A #eh, opebA SSRGS 918 RIS,

e MR heh v creep $-9] data 7} HEHA JFES o1 =7 S
Wigkor e FHEHES HArol 1B ol
LE B Bifee] WS} Fol oAl @ATR MO

o Adel A e s £kl Y B
P ks}h 7bo] B a5, & E5r2EAY #HE TRt siolok e EEolw it #/ME
Foptel BAEE BHLE S S ol EHEES 40 o Hfeny, 2R Data E = 5t
oA AAZ HA=E 2 o 29 PREE  sle] Fu Aol A=l St AAgE
T SEEHA o] FolA 3 Sith. #53] o)A 74A & 23 & onld A £ fot YrlE
2REIMEAS] Mgl A MG ARE ERS AR
3 3ol HrEMEhY A 22 process RrhE it

h

I o)

— &2l 7|& w2 —

BRE A Ec2 2 H

Bife BT A$E dE EEe e 1088 2t el 28 FueeA Ag
Hx 9¥ AL PVC, ofz#olut dgfetad z ghE o]

PVC & #bf, gl B, ol 2, RAES KRES 57%d 8=z gom ofzdo
vetolZ & o] &3 HE L PVC Bl 7ol vjaAat o] &5 5 gl

el e el oladdo| B HME o BAEHY) BEsEx ¢ F
HES FEANE ERRE FRE AREsd mRbE, B 58 BES 98 .

489 BEULEEFZER) A= BE FilAC] sHedtttm AAHE 20959 ZE|wpkE ol &3l
i T, WERYE, iRk, WEEEMel Sela B 2 mTHEdEe] folste = etolvtE AL
o e ml, BEFAEL FTES o n WoEd B, Tfozd & mv &% 5
Fabrha GEAG T

o] Fiktell Thol}E Flfrabd fiEEo] 120°CeolA 140°C & Ek&Hehs felek 22 @S /A
%Mo o Kol Zhuelvh m WA, WAL Frdted] BRETE FUS A o] £ &
et '

v JEifgAbel o] Frio]l EEl B Aol Bt #8S B RS Bl dBEME pEE s
ol = Hmidlel DA SE o FHHEE, BESH AEstd gAfMe] Ax FRE g
Aot ‘

= HuRste) H] MR AMEE A F o MBS ik et 2ok

N
T

/Y

gIHES 400kg/cm?

S 10%

Notch i #i#RE 20°C o] 1 40 kg-om?
Bika Fi#ps 60~80°C

T4ACCT, MACC, No. 9, 1978)
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