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Abstract . The effect of curing accelerators on the mechanical properties of epoxy matrix and aramid
fiber reinforced epoxy composites was investigated. The epoxy, diglycidylether of bisphenol A
(DGEBA) was cured with methylene dianiline(MDA) with or without accelerators. Two kinds of ac-
celerators were tested for the study ; tris(dimethylaminomethyl) phenol (DMP-30) and 3-(3,4-dich-
lorophenyl)-1,1-dimethyl urea (DIURON). DMP-30 is more effective accelerator than DIURON which
showed higher T, faster gel time and good mechanical strength. In the aramid-fiber reinforced epoxy-
amine composites, it was also found that the composite accelereted by DMP-30 exhibits higher me-
chanical strength than that accelerated by DIURON.

* To whom all correspondence should be addressed.
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Table 1. Materials and Their Characteristics

characteristics

Materials Type Structure State MW  Maker Note
Resin Sheli- DGEBA iy Liquid 368  Shell sp.gr.: 117
828 cit-cti-0ie [ 0-Q) ¢ ©) - e~ EEW : 184
0
CH3C Ha
Acu—cuz] ) 0—©}c O) - CHa —CH—CHy
OH CHy “o”
Hardener Amine Cyclo- CHy Semi- 169 Anchor
(Ancamine- aliphatic ¢ @<“"2 Solid
|
1482) CHy “Hs
Accelerator Tertiary  Aromatic- R ou — Liquid 265 Rohm &
amine tertiary tsC @ ? Haas
(DMP-30)  amine CHy
H3C A CH3
Aromatic  Chlori- a o Powder 233 Jfp- mep:
. i CHy . o
amine nated- c1—©—NH—C—N< ; Biochem 158.5(C)
CHy
(DIURON) amine

AZA £z, AsA R 304 £

(1) DMP-30 &%

NEA X} AEAE HA 1.1 T2 EF
& 5 DMP-30S o) Z1) 7|08 5~20% SFo
2 et EFEoh XA DMP-30&
Amine 559 A5A4 71AE B ol &3
& d= YuidelA FegEtdch

(2) DIURON &%

ANEA £ 9} AAE AA 1.1 FF0N 2 &
% 5] DIURONS o %A] 7]E02 5~20% TF2
2 Hrbsled EFsith. £l F24 DIU-
RON& #ite] 127 HEg gt Hlo|7 &
2 IS 5 BE2E o] &lA Ao dUEF
9t o] AlgE FA] -18C9] WEAd B#sty
A3t 528 HAZ & F F AT SHo] &
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7}z 10 2 20wt % e FAAE (D 2 (2)
3} o] B3I ofpui= HAARE 0.05, 0.5, 1.
0, 3.0wt% 338t ¢ EZd o]H (autoclave) &
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Table 2. Maximum Attainable T,(C) of Accelerated
Epoxy/Amine Systems(Epoxy/Amine : 1/1)

Accelerator

Contents(wt%) DMP-30 DIURON
0 153 153
5 154 154
10 159 156
20 164 159
At

AsE2A 8 7B F3A Y FF Skl W
7betel ZAsE aRE EYS #FE 4 dich
DMP-30#% DIURON 7<-& u]astd DMP-30-&
AHEEIRE Wyt "R 2 T8 RS ¢+ dx
ol ¥ 7IAA 24T E dA TG

A A7

Figure 12 DGEBA(828)/MDAA 9] ZA3}A| ko
v} 2j5= DMP-303 DIURON #3¢] g3g B A
o]t}, DMP-30% DIURON 3% &o] Z7}gel uhe}
DGEBA(828)/MDAA| &} 7A3tA17He 2347} 0.5

18\

14}

Gel time (min)

1
5 10 15 20
DMP-30 and DIURON (wt%)
Fig. 1. Variation of gel time vs wt% of DMP-30 or
DIURON with different equivalent ratio of epoxy/
amine for DGEBA(828)/MDA/DMP-30 and DIURON
systems (DMP-30, key . @ 1:05 A 1:075, B 1:
1, @ 1:125), (DIURON, key : O 1:05, A 1:0.75,
01:1, O 1 1.25).
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«Table 3. Properties of DGEBA(828)/MDA and DGEBA(828)/MDA/DMP-30(DIURON) Systems

Sample Composition Properties(kg/mm?*)
DGEBA MDA DMP-30 DIURON Tensile  Tensile flexural
(828) (by wt%)*  (by wt%)* strength  modulusXx10® strength
1 1 0.5 - - 3.65 0.29 119
2 1 1 — - 3.50 0.23 9.18
3 1 1.25 - - 3.97 0.33 10.9
4 1 1 10 - 8.85 0.68 11.8
5 1 1 20 - 6.96 0.59 12.2
6 1 1 — 10 5.58 0.50 10.1
7 1 1 - 20 4.59 0.46 115

* hased on the 1: 1 equivalent ratio of epoxy/amine

* Curing conditions ; 150C X4 hrs
* Testing method ; JIS-K 6911
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Fig. 2. Mechanical properties of short aramid fiber reinforced epoxy composites as a function of aramid fiber
contents(wt%) (A) Tensile strength(kg/mm?), (B) Flexural strength(kg/mm?) (O epoxy/amine(1/1), A
epoxy/amine(1/1)/DMP-30(10 wt% ), [] epoxy/amine(1/1)/DIURON(10 wt% ).

o} okt AT ol Al SRR FU)
stk EAEY Fry g Eo] MEE X9 gt
o|3lg HolA & d42 &3] A HHE B
3= A Uy, 34 77 (dilution effect) 2 ¢
HA o, o] Ade AREEe] A, Af-vAA
WE2 7t A-g HFo] fAHE B, WE
g2 dalo] AfAR HES JFANoEHN
A7t EZ 2 HEE Alojshx] Rt e Wy
oA miEe Aoz olsfea Yokl

W R4 ofgu= Gl fre] kel Ut
g2 Zrtstguh(Fig. 2-B). QAFEe} 234 %
5 o= fre e FUtd & X9
22 77t W RAe ol =d R A FAIZ
o] AW Aol A R EJAR Az 24T
717} FE3 AASHA B A 7IAe FHelat A
Zheth, AAZ s5wt% o) ol =R {8 &
fate ERAEE AL o ANEA%
olgfu] =k {7k EFo] oY EFANEE Ax
g+ U

Zz|H A16A A2E 1992 3Y

Fig. 38 o ZA/o}! 1:14] tjs] DMP-303}
DIURON®] 20wt% &f-9 sAAE dEg22 3
olghme tHdf e BE GFA BgAzY 74
A E4¢ Jehd Aotk 23 A9 HE 23 |
o) 7| (error bar) 2 UERRATh Fig. 29} vlarix|
2 M ate) o3 olztu|= Bidfe| kel 0.05
wt% d of, WEZ2 A=} ok 7HAE)
A7t ol AL FHESFE FUHekE o (Fig.
3-A) FFREE olgv= B R ek Z71E
F5 F7 st vk(Fig. 3-B).

A ZA/otRl 1114 tis] DMP-303} DIRONo)
10 % 20wt% &R5F FAAE EH2 S 3o 3
wt% 9] ofgtv|= @AHfE HH o FEA BiAF
9] 71AH E4& ¥ng & Table 49 JeERAY
th 2 o) ojginie HERE BAE A$ <
ARwst 2I33E, JFERAED FFANE F
733571 A) 2 DMP-302 A18-319< w7} DIURON
S AHREAS o B 21, 0|59 3] F4F
Z 71AH B=g B
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Fig. 3. Mechanical properties of short aramid fiber reinforced epoxy composites as a function of aramid fiber
contents(wt%) (A) Tensile strength(kg/mm?), (B) Flexural strength(kg/mm?) (O epoxy/amine(1/1), A
epoxy/amine(1/1)/DMP-30(20 wt % ), [J epoxy/amine(1/1)/DIURON(20 wt % ).

Table 4. Mechanical Properties of Short Aramid Fiber Reinforced Epoxy Composites

Properties Tensile Flexural
Strength Modulus Strength Modulus

System (kg/mm?) (X10%kg/mm?) (kg/mm?) (X 10*kg/mm?)
Epoxy/amine(1/1)/  Contents(wt%)
DMP-30(3.0 wt%)* 10 159 0.82 21.2 0.77

20 17.8 0.98 22.5 0.81
Epoxy/amine(1/1)/ 10 12.0 0.78 18.6 0.69
DIURON(3.0 wt % )* 20 134 0.83 194 0.72

* The contents of short aramid fibers are 3 wt% based on the epoxy matrix.

age, ol EARE 9
HeldEolgo s saxy
Aze] B$E olFu=AaE
7ol ul3] o 5-7ie] F=E 74K Table
o)2A] olgn| =M fol oF o EA] WEG2e P
T A5 ol =S AA o] B E} Bk opy
g sjEY 29} ol = 4zte] AW Aol of
o3 298 AF BAlgtn B, 18
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Table 5. Mechanical Properties of Aramid Fiber Reinforced Epoxy Composites Prepared by Filament Win-

ding Technique*

Properties Tensile Flexural
Strength Modulus Strength Modulus

System (kg/mm?) (X10%kg/mm?) (kg/mm?) (X 10%kg/mm?)
Epoxy/amine(1/1) 35 0.23 9.18 0.17
Epoxy/amine(1/1)/  Contents(wt%)
DMP-30 10 75.1 41 394 3.3

20 88.8 43 39.8 36
Epoxy/amine(1/1)/ 10 59.1 40 387 3.2
DIURON 20 66.0 4.1 414 3.7

* The contents of aramid filaments are 40 wt% based on the wt. of cured epoxy resin.

olzHM, WEL2zA oA/l Y Hshx
A& olul=dfE BAE A% BEgn 24
A= 2 AL vAE AL HAF F AAh

Table 59 ole}o] =44 BehalEsilg oz Az

f oA RAR JAY 2HS Felstgnh
BeplEstld BPYRANE A F1A9) e
o) EAEEE 7|AH BAo] FAE R, Be HA
3tk 749 DMP-30 757} DIURON< v)3] H&
AR =S Bole A BT 4 Ak 2
T BAYA G AEA 549 AR Feg v}
Ehd Table 39} dlolelg Hlwald, olgv|= A&
Biog 3 AFZE As 108, 2 Be
3u) 7A7to] FHE AS & 5 o

2 drolMe A e s BARE Az
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7 £
DGEBA #<1 Shell-828 ol ZA] 29} o}2lAIQ]
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E2|H A16d A|235 19929 34

A s dFstgnk. FHFA 9T nFs))
N3] WA WEE 4FAF o}R1Q) DMP-303% @47t
F7td WEkE olvicl DIURONE A}8-3ted DSC&
A T o AN 2 ol A2 E AT 2
7} 4 Fa3 A2 o B

1) DGEBA(828)/MDAA ol 22 gtaFe] XA &
AH88tS 7 DMP-308 AH8&E9s AUt
DIURON<| H}&j =& T, & Jehidch

2) As}A7HE =AM A3 DMP-30 7 -$-7} DIU-
RON¢] Z9-Bot A BFA7= &37 2
Ao2 vebgrh

3) epoxy/amine "l E¥ 2 3 olglv|= H{E H
TE AEFA BT F1AH E4 DMP-30%
XA Z AHE-E 7F DIURONS XA 2 AL
& WEg 5SS & AU

4) FA gF] F7lel vt @Az 71AA
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