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Abstract . Fracture toughness of brittle polymers has been increased by incorporating an elastomer
as a particulate second phase without sacrificing the other mechanical properties. In this study, unsa-
turated polyester resin has been toughened by incorporating various elastomers such as carboxylic
acid terminated butadiene-acrylonitrile (CTBN), vinyl terminated butadiene-acrylonitrile (VTBN), and
polyurethane rubber. Commercial butadiene-acrylonitrile rubber shows too poor compatibility with
unsaturated polyester resin to get a fine particulate (1~ 2 m) incorporation. In order to improve the
compatibility between the elastomer and unsaturated polyester resin, it has been tried to synthesize
the novel polyurethane rubber. The fracture toughness of unsaturated polyester resin was increased
by two times incorporating the novel polyurethane rubber made from poly(tetramethylene ether) gly-
col and toluene 2,4-diisocyanate.
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Table 1. Properties of HYCAR CTBN

CTBN 1300Xx8 CTBN 1300x13

Viscosity(mPa-s at 27C) 12500 625000
Percent Carboxyl 2.37 240
Molecular Weight 3500 3500
Functionality 1.85 1.85
Acrylonitrile Content(%) 17 27
Solubility Parameter 8.77 914
Heat Loss, 2 Hours at 130C <20 <20
Specific Gravity 0.948 0.960

Table 2. Properties of HYCAR VTBN

VTBN 1300X% 22

Viscosity(mPa-s at 27C) 200000
Percent Acrylic-Vinyl 3.0
Acrylonitrile Content(%) 16.5
Specific Gravity at 25C 0.961
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PU 285 A7l 93t  diisocyanate 24
toluene 2,4-diisocyanate (TDI), polyolZ4 poly
(tetramethylene ether) glycol (PTMG) 3%} polypro-
pylene glycol (PPG), chain extender2A4] 1, 4-bu-
tanediol (BD)7} Ab&Elo HigZuj &= dibut-
yltin dilaurate7} 2o % th. PTMG 2 PPGe] &=+
#Fe 47 13003 72509 o|EL FFAol A3tn
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Fig. 12 PTMG/TDI/BD& % PU gAdwkg-o] 7k
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1 HO-R-OH + 2 (OCN-Ra-NCO
PTMG TDI
——  (CN-R1-NHCO-0-R-0-CONH-R.-NCO

Prepolymer (PP)
M.W. = 1650

2 OCN-PP-NCO  +
PP

1 HO-Ra-OH
BD

OCN-PP-NHCO-0-R 2-0-CONH-PP-NCO
PU

M.W. = 3500
Fig. 1. Synthesis of PU rubber made from PTMG/
TDI1/BD.
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Fig. 2. Double cantilever beam specimen :
4PZ 3A7 1
BnB (W T H
A=crack length, H=beam height, Bn=crack width.

K= ) ', where Pc=applied load,

Applied load

Displacement

Fig. 3. Load-displacement curve (slip-stick mode).
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Table 3. Fracture Toughness of Rubber Modified
UPE Resin

Rubber Acrylo- Mean Fracture
Rubber Content nitrile  Particle Toughness
(%) Content Size Kic
(%) (m) MNm*?
Control 0.58
CTBN 1300x8 5 17 7.5 0.78
CTBN 130013 5 27 6.6 0.81
CTBN 130013 10 27 — 0.92
VTBN 1300X22 5 16.5 5.3 0.85
CTBN 1300%x22 10 16,5 - 0.93
269



a}

0|

o

Ny

& a9 vy
ot}

Table 32) Autiz 2 W 7]Z9] CTBNo|L} VIBN
UPE 5:49] 99148 16w o4 %
7FN 71 %) B iRk 271 5~ mz A 40
wt% 7} ¥l el 7t A w s & UPE 4249 &
B Q2par]2 aEE 1~2mug 2 gholth, 1

2 Atolol #rago] 427]

s

s

_L.-[— % A‘]

deg 71Ee) Red-cladzurd agrg
Feol $astel Bt nrYAY 27% PaA
2 % i UPE £219 A%fe] 7h5d wso) 9}

;:(l.

o

= X

= LF7F AARlE A2
E2| & 1T 2
Table 4+ PU 11%-9
o] sl ut b
t}, Table 4ofA] B3
PULRFE ZR1gA &2

[e]
A&

H%—&loi"ﬁ g},

3}
o3

UO
AT A

184471 UPE 4%
27]% e g
o] PTMG/TDI/BD& &4 €
Abg-3te] UPE 4719] s3]
20f 74 Z7HA7AT oA 71Ee) HEfTial
AEHS el Hghl
Z7hel gholch,
- DCB A% szjgbeie] SEM Abzlo)a

~0
=

UF’

—olzad =R
L6uRETt o <
Fig. 4+

aly

Fig. 4. SEM micrograph of DCB fracture surface of PU rubber modified UPE resin :

(@) PTMG/TDI/BD one

step, (h) PTMG/TDI/BD two step, (¢) PPG/TDI/BD one step, (d) PPG/TDI/BD twao step.
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Table 4. Fracture Toughness of PU Rubber Toughe-
ned UPE Resin

. Mean Fracture
Rul:b]er i{;ﬁiﬁm Particle ~ Toughness
Size(um)  Ki(MNm™2)
CONTROL 0.58
PTMG/TDI/BD One step 5.0 0.90
PTMG/TDI/BD Two step 3.8 1.1
PPG/TDI/BD One step 1.1 0.88
PPG/TDI/BD Two step 2.1 0.92
Rubber Content : 10%
80 (@ PTMG/TDI/BD One step
64t
8
£ 48t
8
® 32}
o
2
16}

0
0.5 2.5 4.5 6.5 8.510.512,5 14.5
Particle size (m)

(b) PTMG/TDI/BD Two step

No . of particles

0.5 2.5 4.5 6.5 8.5 10.512.5 14,5
Particle size (vm)

Fig. 5. Particle size distribution of PU rubber modi-

fied UPE resin.
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