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ABSTRACT

In order to improve the fracture toughness of epoxy resin system, liquid chloroprene rubber
(LCR) and liquid butadiene rubber (LBR) which have hydroxy group were used in the brittle
epoxy system.

Mechanical and toughness characterization of the modified epoxy resins were investigated as
a function of liquid rubbers content.

Epoxy resins modified with both of the liquid rubbers showed complete phase-separation mi-
crostructure : In all of the LCR content, it was observed that the domain size of LLCR dispersed
in the epoxy matrix ranging from 2.m to 5um.

It was found that fracture toughness, K., of the modified LLCR system was enhanced continu-
ously as increasing LLCR content. However around 10phr of LBR system showed maximum frac-
ture toughness.

Specifically, when BPA add to the modified LCR system, thermal and mechanical properties
mcreased than neat epoxy. At the same time, fracture toughness was enhanced.
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Scheme 1. The structure of reactive liquid rubbers. [a) LCR(FH-050), B) LBR(R-45HT)]
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Table 1. Typical properties of reactive liquid rubbers

Viscosity
(10* CPg, 25C)
LCR (FH-050) 4-8
LBR (R-45HT) 0.5

Rubber Mole'cular Functional
weight
1500-2500

2800

group
-OH
-OH
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27 Fxd gE A3 ﬂlif‘] T4 AZ
%5 Table 20 Jehligic}. a)= LCRY wg
£ vehd Aoy b)E LBRY "H?ﬂ’ﬁ% vepd
o}

AFA| FAd I 2 FE EF] T0CE 44
== water bathel| 4] ok 2037F wutelo o EA] &
A8 oxirane rings A TF FA7)Y wrLAL
F9c}. CP-59] 7% ¢4} 1771 &34 4
A7) 94 BPAZ Astelch. LBRY A% o=
Al A9t E3}Ao] F4 fot BE wujg] BPA
£ 718t AsiAE BPAZL 9443 445l 3o
Wit 10871 abstsick. 494 molde 4%

2.1 A%
9
w

K

>~_\.LF

Table 2. a) Recipe for LCR-modified epoxy resins

¥ wo HzZE €9 ¥ Shin-Etsu Chemical
Co.9] ©]3A(KFI6SP)E Hzjgt 3 €| <% moldel
fEA] IS Bo] 100CE $AF AZF ovendl
Y1 7128 A8 ARk 712E AAR ¥
150CAA 1A7E, 175°CollA 1A17E, 200CelA 2
A7t 5 A3E A 488 A9 270 190
x 150X 6mm Z.7|2 diamond wheel o]4sle] A
& 7HaHsdct

22 HEH

Differential scanning calorimetry(DSC)E ¢]&
o] A E4714 TeE SAs}c) A& 100mg
& 420)F pand] 92 £ £% 10C/minE A
LollAHE 300C7AA FAstgch AHE DSCe
DuPont 910 differential scanning calorimetero]c}.

2.3 Morphology

Scanning electron microscopy(SEM) & o]-4-3}d
Al H9| morphology g ZARith. AlHE AAAA
2 5A(-196C)% F gujsle] s ionsput-
ter 2 gold-coatingdt 3 20kVE SEME #A&3}o
t}. A48k SEM-& PhilipsA}2] Model XL-30¢]c}.

Amount of Amount of Amount of Designation TL(C)
Epoxy (phr) Piperidine (phr) LCR (phr) BPA (phr)
100 5 0 - E-0 80.50
100 5 5 - C-5 77.20
100 5 10 - C-10 72.74
100 5 15 - C-15 63.58
100 5 20 - C-20 58.34
100 5 5 5 CP-5 83.74
b) Recipe for LCR-modified epoxy resins
Amount of - Arflo.unt of Amount of Designation T(C)
Epoxy (phr) Piperidine (phr) LCR (phr)  BPA (phr)
100 5 5 5 B-5 78.70
100 5 10 10 B-10 57.00
100 5 15 15 B-15 85.13
100 5 20 20 B-20 82.68
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@745 UnitedAt9] Universal Testing Ma-
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& ASTM D638e 9JAste} 7133 F Agstant.
cross head speed®= 2mm/min¥. }gr}.
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chine(Model SFM-20)& o|g43lo] 2As}glc). A
#& T=6mm, W=10mm, L=80mm¢} 3|2 7}
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25mmzA LA 2mm/ming) WYL A3
sict.

2.5 Fracture toughness

Fracture toughness(Kic)& compact-tension
specimens(75 X 72 X 6mm)-& AH3le] 20C oA &
Ak (Fig. 1. Af7ie dAAZNA A A
3 YT Aor AEYT Imm/min® cross
head speed® #5& FSlth. Fracture toughness
(Kic) ohe Aol J3lo) AAbsbsict.
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X

Fig. 1. Compact tension specimen used for deter-
mining the fracture toughness(K;,)
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Kf#ﬂa/W)

P.=load at crack initiation

B=thickness of specimen

w=width of specimen, as defined in Figure 1

a=crack length

Y =geometrical correction factor

Y(a/W)=[29.6(a/ )"~ 1855(a/w)"*+655.7
(a/w)*"*~1017(a/w) " +638.9(a/w)""]
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Temperature (°C)
Fig. 2. DSC thermograms for E-0(a), C-5(b), C-
10(c), C-15(d), C-20(e), CP-5(f), heating
rate . 10°C/min

%f//

Temperature (C)

Fig. 3. DSC thermograms for E-0(a), B-5(b), B-
10(c), B-15(d), B-20(e), heating rate :
10°C/min
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Fig. 4. Fracture surfaces of unmodified epoxy resin and LCR-modified epoxy resins. (a) E, (b) C-5, (c¢) C-

10, (d) C-15, (e) C-20, (f) CP-5.
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Fig. 5. Fracture surfaces of the LBR-modified epoxy resins. (a) B-5, (b) B-10, (¢) B-15, (d) B-20.
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Fig. 6. Tensile strength asa function of rubber
content for LCR(0 ) LBR( o), BPA(A)
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. 7. Tensile modulus as a function of rubber
content for LCR(0) LBR( D), BPA(A)
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Fig. 8. Flexural strength as a function of rubber
content for LCR(©0 ) LBR(©), BPA(A)

E-09} u]%:3 B4& BolE bl LBRE 10%0]4
o)A 257} ¢ o)Al matrixe) 48 57 &3 BPA
9] Z7}s} g4 LBRY A ol £24¢] LBRY
S5} Z7RIYEE 23 B ES Wb gle Ao
2t A7

dheA AT T Bqle A9 7FelAE A

£ 330E, 32 BAESY 4 1%
AT AlTle 9275 7ALE o] dutAe]
A%k LCRo| BPA 5%% #7138 CP-5& u|/jAd
epoxy$} H]%E 2T B8-S Jeln w3 237
B o woAE 238 BYS $9g £ A

).

[s)

|
o

4, Fracture Toughness

Fig. 1084 o4 2% LCR3} LBRE 27 2
7kt 718 epoxy A9 fracture toghnesszhs I
Brre 4T wAs

I & 4 gzl AR ¢ 1FE 10%
A7 e v]% fracture toughnessgtd Holu}
a2 o) AHzheEHEA -rEi“ LBRY| A+ 10%7HA&
Frhshe} 2 OB esldl Aashe AR 8
k. 28y LCR-J 4% fracture toughnessz}e]

20

Rubber contant (%)

Fig. 9. Flexural modulus as a function of rubber
content for LCR( 0 ) LBR( o), BPA(A)
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Fig. 10. Fracture toughness as function of rubber
content for LCR(©) LBR( 0 ), BPA(A)
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