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ABSTRACT: Unmodified DGEBA type epoxy resin has substantially limited mechanical prop-
erties such as impact strength and elongation due to rigid chemical structure. Reactive liquid
rubber, CTBN is introduced in DGEBA epoxy resin to improve mechanical properties. Typi-
cal properties of CTBN modified epoxy resin and film properties of CTBN modified epoxy

film were investigated.
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Table 1. General Properties of CTBN Copolymer
by B. F. Goodrich

properties CTBN (1300X8-002) CTBN (1300X13-0013)
carboxyl acid # 28 32
molecular 3550 3150
weight (M,)
viscosity 135000 500000
(mPa-Sat 27 C)
specific gravity 175 255
(25'/25°C)
T, (T) -52 -39
sodium (ppm) <20 100
U. V. absorption® - 0.030
%10 mm cell, 40/60-CTBN/xylene at 840 mm.
O
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P-C-O-H + HZC\" -/CH-RfQO' sz
(0]
0
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= P-C-0~CH,CH-R-CH- - CH,
O-H 0
0 O
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R P-C-O‘CHZ—(IZH“R—?H*CHZ—O‘C—P

O-H O—H

Figure 1. Schematic representation of epoxy resin-
CTBN reaction mechanism.
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Table 2. Typical Recipe of CTBN Modified
DGEBA Epoxy Resin

composition parts for weight
DGEBA epoxy resin 100
CTBN liquid rubber 10
amine catalyst 5

= 34E AL FA& YA "ok

%3] prereact’§oll A= Zujje} g4 CTBN 1
3 7 8~103%e] o|FAE AMg-sh=t Table 2
of Al wiFv & YeR)a Ut
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Hed & A obl Zuje} carboxyl7| 7} wHg-3ted
carboxylated-& &4 gt} o)lo] o ZA|7|9} F
23] ¥hg-3led epoxy-terminated rubber& FA%H
o} o] FA B YHEL of 55%9 CTBNE §
o, HdE AFEYT CTBN 48 ¢7) 93
o FF FL olF9 AEANZA M "} F
FHEES AT BPL AEA £ FHA o
2t oj$- gebdA €k CTBN nEale E34s
BsAAEE sl ddspl "o duges
DGEBA typee] d|EAle} CTBNe| g3
acrylonitrile®] ol F71g5E Fright}, 3o
toughening &3+ E4 acrylonitrile] ko) 12%
olx 18% o] WM Yehhe Aoz Buy

K- A=

£ =7 39 SA: 433 d3sith B a7
A= prereact®ol| ol T WA Al EA] FAE A
z8le A A B4 F3E wuke] EAL @
ZaA ot

4 #

Al & dEFA] A= 2= 318 YD-214C grade
E AHgstdlon ol EA] FaF 875-975 g/eq, A3MH
95~105 C, 883 = 4000~9000 cps (150 °C), &
& % Hd 0.05wt%e] S54& s Uk
Carboxyl-terminated acrylonitrile butadiene lig-
uid coploymer (CTBN)*= B. F. Goodrich Speci-
ality Chemicals Ale] Hycar 13000x8 CTBN
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gradeE AMg-3lgod titanium dioxide (TiO,) =
]2 DuPontA}e] R-960 gradeZ® AlL3lglom
TiO, ¥=Fo] 89%, v)= 3.9, pH 7.5, F53 18%
A EAE 7T Jdom WAdrz AMGEHUG.
Carbon black& £ Degussa®] furnace black$l
printex GE AR 2RAQ silicas=
Sibelco (W7]of )Ale] 500 gradeZA] Si0, 3#ado]
99% BT YA=7]|7F deHH o2 5 um, ¥lF 2.65,
mohs A% 7, pH 7.5, F%4% 235%2 E4¢ 7}
A3 At} Fabkge BaSO, #ae] 99%, pH 9,
H1E 44, FHF 18, FT 4 27] 3 B4
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gradeg ARS-3tATh Ao} 24 292
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=3
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E. A FA] BA=8 7]EAHQ e Table 33
23 R EF AFA FAE o7 Jhx) 249
CTBNe.Z2 7/HAE qFA 2§ Aoz 25
Zgo| EAS ¥3E 2ABIAT.

Table 394 Yepd vz 314 E3y|dA &
E Y488 @78 L3 E3 H twin screw
extruderd] AA3A FYIFBAN 7t2LEE 100~
110 CoA €8 FARXFIt} Squeeze rollerz 4§
E3E wdoE THEL cooling belt YolA ALo
2 #9342 H chip=7]7F 10mmeoly %47}
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Table 3. The Formula of Rubber Toughened
Epoxy Resin for Powder Coating
ingredients weight (g)
TiO, 187.5
carbon 1.0
S10, 21.2
BaSO, 68.2
epoxy resin 1500
DICY 65
2-MIDZ 8
RESIFLOW 22

A Hg&L E AFsg o dE Seiko DSC 220
CTE T,& ZA8IAY. 3 Z3d o FA BA=
gto] T8 £4, ASTM DI1044A1@ el wat
Taber abrasion Al@7|2 WnirAd Alg, ASTM
D523 w}g& =Y BykAle] Micro-Tri-gloss& o}
4% =2tgde] 3¢ 3, ASTM D638 Al g
o m& A2 Tinius OslenAte] UTM 10008 o]
£33 AL &4 ASTM D256-84 Al g ubdd|
wa} 42 ToyoAle] lzod %7 AYP7|& ALl
FAAMNY, A& AdventestAle] X3 %F7|E Alg
3t =ute] BAA S S

g ¥ oF

CTBN WMo o ol FA| £=X|of FApis}
Prereactfel] 93] FFHE ollFA Fxo B4 9
& 1@ oy F3lete] o EA] 422] YD214C
(EEW;875-975)9) CTBN ZZgAE 1% A
10% 744 FFHAE W o EA I w3Es
Fig. 2¢] =A)3lQ4rt. Fig. 29] g} o] B3
o] YD214Cxt} A4 &, CTBNo| 3344 o, 1
o] Z7}ol] wtztr] CTBN ¥4 o ZAje] Bxjak g
Fo] Frbshe A& vepa U
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e A¢e Holu Qrh
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Figure 2. Plot of the equivalent weight in different
CTBN content for CTBN toughened epoxy resin.
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Figure 3. Plot of the viscosity change in different
CTBN content for CTBN toughened epoxy resin at
175 °C(viscosity of YD214 resin=2775).
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Figure 4. Plot of the acid value in different rubber
content for CTBN toughened epoxy resin.
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Figure 5. Plot of the softening point in different
CTBN content for CTBN toughened epoxy resin.
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Figure 6. Plot of the glass transition temperature
(Ty) in variation of different CTBN content for tough-
ened epoxy resin powder.
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Figure 7. Plot of the gel time in variation of different
CTBN content at 180 C.

o Tl o3 4oz wudr. Fig 7€ BsiA
AEA] BAERY gel timeo] ¥W3lE BH CTBN
o] F7Vege wEtA] gel timeo] ®isirt Al givke=
A& & F71 vk o)A CTBNo| ¢Js] chain
extention®] ¥oju}A] toughening® o) EA] 3=%] e}
BA%E S7HIAT toughening 7] o)A 9] of Z 4
FA ot TLA F Lol glycidylZ| & 72 1744

1037



105

CTBN COPOLYMER

Te('C)
b4
T

85 L -
0 2 4 6 8 10

CTBN Content (Wt%)

Figure 8. Plot of the glass transition temperature
(T) of cured powder in variation of different CTBN
content.
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Figure 9. Plot of the gloss at 60° in variation of dif-
ferent CTBN content.
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Figure 10. Plot of the weight loss during abrasion
test in different CTBN content for cured CTBN tough-
ened epoxy resin.
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Figure 11. Plot of the tensile strength in cured CTBN
toughened epoxy resin powder.
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Figure 12. Plot of the elongation at break in different
CTBN content for CTBN toughened epoxy resin.
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Figure 13. Plot of the tensile modulus in different
CTBN content for CTBN toughened Epoxy resin.
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Table 4. The Fracture Energies in Izod Impact
Test for Rubber Toughened Epoxy Resin

Table 6. Chemical Resistance Test for Rubber
Toughened Epoxy Resin Film

sample fracture energy (J/m?)
CTBN-copolymer 10% 475.8
YD-214C epoxy resin 261.9

Table 5. Surface Electric Resistance of Rubber
Toughened Epoxy Resin in Variation of Rubber
Content

rubber content (wt%) electric resistance (£2)

YD214C 1.37x 10"
1 6.1x 101
3 4.07 x 105
5 1.9% 10
7 3.52x 10
10 2.87x10'%

Figure 14. SEM photograph (cross-section) of film
for CTBN 10wt% toughened epoxy resin powder
coating by prereact method.

BE FAZEE brittled BFLFE 24 o
23 Edd CTBN#} 2¢& toughening agent& &=
Y3 FAREE EY 7hF 4o Table 4
o] CTBNLO.2 toughening3dl o] ZEA] $3x)¢o] A7}
EE Jellidedl, o] ZA2=RE brittledt o FA]
ALdddl 10% Aol CTBNo| EAgtozs
toughness7t 433] =] 48 A FA] F2)1
t} 181%9 WZA4e Z718 veple A& ¢ +
Uttt BYK?| FAANEL FA=Foz 27} 28
® APEHe F29] ballg dEAA xute] Y
AL &3 FozA oo dF Adge dH=
+210kg-cmz Ae] Wiz}r} gl
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samle 5% CH,COOH 5% NaOH
e (1000 hrs) (1000 hrs)
YD214C epoxy resin good good
CTBN-copolymer 1% good good
CTBN-copolymer 3% good good
CTBN-copolymer 5% good good
CTBN-copolymer 7% good good
CTBN-copolymer 10% good good
30
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28 -
3
g 2}
15 =
]o L d 1 ]
[ 2 4 6 8 10
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Figure 15. Plot of anti-corrosive test in different
CTBN content for CTBN toughened epoxy resin dur-
ing 120 hrs.

CTBN2.2 tougheningAll olZA] EAEF9
=2t dig W71y B8E Alds) gl A"
Tute] ¥¥ A& FF s
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ZAle] A ArIHGY0] R ST AL ¢ F
dom FHA7F BAXFT A& CTBN gate] 41
of ofzte] BAIZ} e RAeg Algd®rl. SEMoz
A CTBN& 10% ##E ol ZA] #4=2e] mor-
phology & #astg+dl Fig. 1494 B5%0] CTBN
o] JFA}e] bimodaldo 2 o FA] ALAld] Baly]
o e RE B & AUtk

CTBNE =939 toughening® o] ZEA] Z=x]2]
Wezteld 2 Habdel qi@ ZE Table 60 4
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