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Abstract
Siloxne(-OCH3)containing polyurethane(PU) prepolymers were synthesized with equivalent ratios
oftoluene  diisocyanate(TDI)/  poly(oxypropylene) glycol (PPG) /(1,4-butane diol (1,4-BD)
+3-aminopropyltrimethoxysilane(APrTMOS) = 2/1/1by using pre-polymers process. Then 2~10 phr PU
polymer purethane was blend with epoxy resin. The PU prepolymers are used as both toughening agent and
cross-linking agent for epoxy resin. It can be reacted with the epoxy group in epoxy resin and curing. After
reacting, the epoxy-polymer demonstrated enhanced impact strength compared to the neat epoxy. However,
the glass transition temperature (Tg) was decreased with the PU content and increases with the APrTMOS
content.
Keywords: polyurethane -~ silica ~ hybrids ~ epoxy ~ blends
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# 1. B % fq " TGA 2 DMA #cd;71 %

TGA DMA
# 5
Ta (C) Storage Modulus (MPa)

PU 245.98 1510
PU-0.2Apr 248.52 1723
PU-0.5Apr 250.22 2512
PU-0.8Apr 250.97 2923
PU-1.0Apr 251.66 3064
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Sample Name C.T.E. (ppm/C)

PU 142.50

PU -0.2APr 88.90
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PU -0.8APr 83.87

PU -1.0APr 92.38
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Sample Name  Tensile strength  Elongation at break (%)

(MPa)

PU 1.52 274.00
PU-02APr 1.43 83.33
PU-05APr 235 29.53
PU-08APr 3.23 26.13
PU-10APr 3.93 13.33

—=— pure epoxy
—e— 10Apr-2phr
—4— 10Apr-Sphr
—=—10Apr-8phr
on)
N o —o— 10Apr-10phr
=" 60
-
=
.EP 96
g wl
300 320 340 360 \
20 f K
1 1 1 .w
100 200 300 400 500 600 700

Temperature (°C)

47



2013 % ¢ §43£1 28 b * 4 £ (GTEA) PEAR A A REBEpRLS
VEAR-FR-EI - te g % % GT1-011

2500
100 —=— pure epoxy —8— pure epoxy
—e—8Apr-2phr = 2000 —e— 10Apr-2phr
00 —a— 8Apr-5phr =2 —a— 10Apr-5phr
80 |- E
—=— 8Apr-8phr <) —=— 10Apr-8phr
= -
Q\e o —o— 8Apr-10phr r; 1500 —O— 10Apr-10phr
~ 60} E
= =
EP 9 § 1000 -
§ w0l \ 5
300 320 340 360 on
£ sl
w0} S
7]
L L L L ol— . OOy
100 200 300 400 500 600 700 30 35 4 45 50 55 60
(V]
Temperature (°C) Temperature (°C)
2500
100 ferrverrorreorroery " = pure epoxy —8— pure epoxy
—e— 5Apr-2phr = 2000 —e— 8Apr-2phr
o —a— SApr-5phr 2 —a&— 8Apr-5phr
or Z —=— 8Apr-8phr
—a— SApr-8phr < 8Ap l('; |
— s —— r- r
$ o —o—5Apr-10phr E 1500 pr-10p
=60 |- =
= =
= S
20 % = 1000
g Wl °
)
300 320 E s
20} e
[72]
L 0
00 30 35 40 45 50 55 60
Temperature (°C)
2500
100 —8— pure epoxy
Soeq ] —=— pure epoxy
—e— 2Apr-2phr = 2000 —e— S5Apr-2phr
[=” —A— SApr-S5phr
0o —a—2Apr-Sphr
80 | > —=— 5Apr-8phr
—=—2Apr-8phr ~
~ @ 1500 [ —O— 5Apr-10phr
X o —o— 2Apr-10phr Ei
=~ 60f =
= =
ED " 1 § 1000
z %
300 320 3 E o0
S
20} =
L 0 o X
100 30 35 40 45 50 55 60
Temperature (°C)
2500
—8— pure epoxy
100 Sseee, —=— pure epoxy
e 0Apr-2phr = 2000 —— 2Apr-2phr
o o —A— 2Apr-5phr
00 { —a— 0Apr-5phr
80 \ = —=—2Apr-8phr
—=— 0Apr-8phr =2
~ @ 1500 —O—2Apr-10phr
X o —o— 0Apr-10phr Ei
<~ 60 f =
= 2
o) " = 1000
; wl ' Y
on
300 320 340 E o0
)
20} =
L L 0 'S
100 200 30 35 40 45 50 55 0

Temperature (°C) Temperature (°C)

Bl 7. PU/Silica £ Epoxy 4% & 2. TGA B

48



2013 % ¢ FA 1 4282 o ¥ 734 ¢ (GTEA) PELR 48 LY REpEpEH

PEAR-FF-&£T - Legp = hE GT1-011
- TGA DMA
) &
—#— pure epoxy Ta (C) Storage Modulus (MPa)
= 200 —e— 0Apr-2phr
o —a— 0Apr-5phr
= —&— 0Apr-8phr Pure epoxy 353.94 2259.81
: 1500 - —O— 0Apr-10phr
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=
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>
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#® &
.. ., o Tq (C) Storage Modulus (MPa
% 4. PU/Silica £2 Epoxy 2. % & TGA 2 DMA : £ (1Pa)
ﬁiiﬁz Pure epoxy 353.94 2259.81
2Apr-2phr 344.29 1431. 36
TGA DMA
¥ 2AprSphr 34426 1365.02
Ta (C) Storage Modulus (MPa)
2Apr-8phr 343.40 1327.00
P 353.94 2259.81
ure epoxy 2Apr-10phr  341.95 1290.08
10Apr2phr  350.55 2068.63
10Apr-Sphr 350.47 1922.22
10Apr-Sphr  350.21 1896.51 TGA DMA
10Apr-10ph 349.32 1892.45 Lalad
pr-1Uphr . . Ta (C) Storage Modulus (MPa)
Pure epoxy 353.94 2259.81
TGA DMA
0Apr-2phr 341.48 1217.90
& peep
Ta(C)  Storage Modulus (MPa) 0Apr-5phr  340.25 968.22
Pure epoxy 353.94 2259.81 0Apr-8phr 339.23 688.69
8Apr-2phr 348.74 1825.46 0Apr-10phr 358.07 569.35
8Apr-Sphr 348.57 1815.50
SApr-8phr  347.64 1699.43
8Apr-10phr 345.72 1617.35
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