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& ¢ : Aminopropyl-terminated dimethyl siloxane homooligomer % dimethyl-dipheny! siloxane coo-
ligomers}, oxiranylmethoxypropyl-terminated dimethyl siloxane homooligomer 3 dimethyl-diphenyl
cooligomer®. ¥+$-A17) 73 o £ 2] %7 ¢] morphology 2 71718 4 o) Bated HESHAT S3)
siloxane oligomers] #7414 & chemical blending ¥ ¥ mechanical blendinge] 7712 o s &
s}t o} A3 chemical blending ol 2|3 733l o ZAA|7} mechanical blending® Xt 3%
A% 2 flexural modulusE © ZAAZE £ UL, wF7HAZ aminopropyl-terminated siloxane
oligomer2] A}4-o] oxiranylmethoxypropyl-terminated siloxane oligomer®} Ap-& .t} A FA - 2D
flexural modulusE o 7+4A12 4 A}k, L8] T siloxane oligomere] diphenyl?) 5 %7} 57}l
w}a} siloxane oligomer?] Tee Z7F3lE 3 domain®] A7l A4S & & AN

Abstract | Morphology and mechanical properties of cured epoxy systems chemically modified with
aminopropyl-terminated dimethyl siloxane homooligomer and dimethyl-diphenyl siloxane cooligomer,
oxiranylmethoxypropyl-terminated dimethyl siloxane homooligomer and dimethyl-diphenyl siloxane
cooligomer were investigated. Especially, blending method of siloxane oligomer was performed by two
kinds of method, which are chemical blending method and mechanical blending method. Cured epoxy
system in chemical blending method could reduce the thermal expansion coefficient and flexural mo-
dulus more effectively than those in mechanical blending method. Also, cured epoxy system of amino-
propyl-terminated siloxane oligomer could increase the mechanical properties more effectively than
those of oxiranylmethoxypropyl-terminated siloxane oligomer. Increasing the percentage of diphenyl
units of siloxane oligomer raised T, of siloxane oligomer and decreased the domain size.
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Fig. 1. Molecular structures of EOCN and PN.

nated dimethyl-diphenyl siloxane cooligomer(di-
phenyl content : 20, 40, 60% )¢} oxiranylmethox-

ypropyl-terminated dimethyl siloxane homooligo-

m

=

mer oxiranylmethoxypropyl-terminated dime-

thyl-diphenyl siloxane cooligomer(diphenyl con-
tent 1 20, 40, 60%)8 242 AMgdley 1 &
+ Fig. 2 ¥ Fig. 3% 2t}

G g g
HyN~(CHy)y —Si =0 —(8i-O)s, =$i ~(CHy)y ~NH,
CH3 CHgy CHy

Aminopropyl-terminated dimethyl siloxane homooligomer(DMS)

g P g
HoN-(CHy)s —8i =0 —(8i-0)ps —(8i-0)3 —~Si —(CHy); —NHy
CH; CH, CH,
(dipheny!=20%)
CH, CH, @ CH,
HyN~(CHyly ~Si ~0—(Si-Oly —(8{:0); —$i —(CHz)y ~NH,
CH, CH, é CH,
I (diphenyl=40%)
CH3 CHa ; (IJH3

H,N-(CH,), -Sx-O -—(Sl Oy —(§i-0)g —Si —(CHy); —NH,
CH, Lt u,

V(diphenyl=60% )
Aminopropyl-terminated dimethyl-dipheny] siloxane cooligomer
(ADPS)
Fig. 2. Molecular structure of aminopropyl-terminated
siloxane oligomer(ATSO).

Polymer (Korea) Vol. 17, No. 1, January 1993



Siloxane-Modified ol %Al $=X]2] Morphology ¥ 71H1 & A doll &3 A+ (D)

AN\ ST S A A\
CHy~CH ~CH; —0 —~(CHyly —81-0 ~~(5i0)y —Si ~(CHy)y —0 —CH; —CH—CH,

CHy CHy, CH,

Oxiranylmethoxypropyl-terminated dimethyl siloxane homooligo-
mer(OMS)

o CHy  CH, CH, o,
CHy~CH —CHz ~0 —~(CHy); —Si —0 —(§§-Olps —(Si-0)y =i —(CHy); ~0—CH, —CH—CH,
CH, CH, CH,

VI(diphenyl=20%)

H o
A (s GHs fHa 20N
CHy=CH —CHy —0—(CHyly —Si —0 —(5} Olpg —(5i-0)3—Si —CHyly —0—CH, —CH—CH,
CH, CH, CH,

VI (diphenyl=40% )

0 H, CH. H, 0,

\ L fHa AN

CHy~CH —~CH, —0—(CHyj; ~8i =0 —~(8i-0)y3 —(5i-0)y —Si —(CHy), ~0 ~CH; —~CH~CH,
CH,3 CHjy CH,

VI (diphenyl=60% )
Oxiranylmethoxyproyl-terminated ~ dimethyl-diphenyl  siloxane

cooligomer(ODPS)

Fig. 3. Molecular structure of oxiranylmethoxypropyl-
terminated siloxane oligomer(OTSO).

Siloxane-Modified 4%]2] ¥4

Siloxane-modified 4=%]¢] 342 melting state
(110~140T, 4~8hrs)ollA ¥ ZHFZ B3}’
1% 3} aminopropyl-terminated siloxane oli-
gomer(ATSO) 9} exess EOCNS 4WH3-A]ZI silo-
xane-modified o FA] £X& AY1, & o 3}
+ oxiranylmethoxypropyl-terminated siloxane oli-
gomer(OTSO) ¢} exess PN& wHE-AlA siloxane-
modified HEFAE AAG.

WY L 7 4

Mgl We B4usE selsud oo
714 whE-g ol g3l on EOCNZ PN2 )|
Z dreA I 22142 fused silicar= 70wt% &,
DBU+= 1wt% & 247+ ARS8t

Chemical Blending®] : o] ¥H-& pre-reaction A
# Q- siloxane-modified ol &A] +2|(4FF) 9 U
w2 g USE WFge A, AR silo-
xane-modified F &+ (4Z€7) 9 o1& 482 Wit

Za|o A17d A1% 1993 14

3} 72 Brabender @ Roll Mixerdl 4] melt E§HA]
¥ A gE Agsan

Mechanical Blending® . o] W& pre-reaction
A7) A 9k-& aminopropyl-terminated siloxane oli-
gomer(l, I, I, IV) &} t}2 U] 95 & Zt7} dry
blending A]Z] & Brabender ¥ Roll Mixero] A
melt E3HAZ] F A|ER AMESIRe 1 2dL
olef ¢} .,

AR Mg} rhirbA 2 B4EA
resin system# EMCe] ¥ &5 A9
Z neat resin system¢] 7-$ 2
FA Al 2}2+e} pre-reactionA] 7] siloxane# 1%
%] 92 siloxane oligomerE 3 7}3}e] BrabenderA}
9] Plasti-Corder$] PL-1508 ©]&3}d 100To)| A
108-7Y, 60 rpmojA] &3l SEM 2 dynamic
mechanical properties®] A|H A28 A g2 ALE8}
Aok, EMC A5 A AC 24 2 7]el F71A
=& Roll Mixerol| 4] melt blending A7 & F&A
22 7AA A T& dolry] 3 AEE AHE
A=

o]& Q9oFst #o] Fig. 4%} Fig. 50]th

A|H Az

HellA Aozl A|5E Al HZRE SlEte 5Y
Laufferr}e] VSKO-12Z2 o] &3} 160~ 180T, 600

23} neat
A Zsh o

A7HA e

Ut ao wlo

Siloxane-modified 4-%]

Neat resin systems(Brabepder)

EOCN £& PN

DBU = Molding
Silica EMC(Rol1 Mixer}

Z1Er A 7ha

Fig. 4. Chemical Blending Process.

Amino-terminated

Neat resin system{Brabender)

siloxane oligomer

EOCN = Molding
PN EMC(Roll Mixer)

DBU

Silica

71et B7HA

Fig. 5. Mechanical Blending Process.

41



psi®ll A} 5&-%5-<F molding% 4 3H(180T, 4 hrs) # &)
ato] Zbg BA AlHoz Algshych.

Scanning Electron Microscopy(SEM)

Neat resin system AJHo] SEM &#& or
Jeolx}o] JSM-840AE o] 83} liquid nitrogenol] A}
1083 A A3te] vgt ¥ gold coating 2 &t &
HE sk

Dynamic Mechanical Properties

Neat resin system A]¥¢] dynamic mechanical
properties %742 Rheometrics A}2] RDSlo}] 2]3}
o] —150~220C7}#] heating rate 5C/min, freque-
ncy 1Hz, geometry+ torsion rectangular, strain
0.1% =2 Z4akch.

Thermal Properties

EMC Al#9) T, % thermal expansion coefficient
(a;):= Du PontA}2] 943 TMAE o]-83}o heating
rate 5C/min, load weight 3 g, micro-expansion
probe & N, gasélo| A Z43stgct,

(A) X 4,000

(D) X 4,000

(B) X 4,000

. lﬁ"r—:x

i

Mechanical Properties
EMCAJ#H 9] flexural modulus ¥ strengthi= Ins-

tronAte] 1125& o] &3la) =4abgc},
Az 9 33

Morphology
AFAl FAo) WFAA 2 ASHS A7
7] #&ted o ZA] matrixe] CTBN $9
77N AE olu] Qe HRE A 9
L} o]E elastomer?] A% B¥ 3} 227430 2
& A B A YA Fol HojAng HstEo)
-] °

fln
20

=7 =2
5

TR

i

H
a

f
29,

3|

o

==

4

W O ok

BAsE dojid Qe e HitolE g <
B4 2 ks kg4 Fol 5% siloxane oligo-
merE AHE-3te] A &A] £22) 59 toughenessE &

713z o] s an i,

Fig. 6(A) 2¥-E} (E)i= chemical blending} o 2
A z¥ ATSO7} 74l cured neat resin system)

(E) X 4,000

Fig. 6. SEMs of cured neat resin systems for the substituent content of aminopropyl-terminated siloxane oligo-
mer in chemical blending method ; A, unmodified epoxy resin : B, DMS(I) : C, ADPS(diphenyl=20%)(Il) ; D,
ADPS(diphenyl=40%)(I) ; E, ADPS(diphenyl=60% ) (IV).
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Fig. 8. SEMs of cured neat resin systems for the substituent content of oxiranylmethoxypropyl-terminated silo-
xane oligomer in chemical blending method ;: A, OMS(V) ; B, ODPS(diphenyl=20%)(VI) ; C, ODPS(diphe-

nyl=40%)(VIl) ; D, ODPS(diphenyl=60% ) (VIII).
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Fig. 9. Dynamic mechanical properties of cured neat
resin systems for the substituent content of aminop-
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ding method ; A, DMS(D) : B, ADPS(diphenyl=20
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Table 1. Dynamic Mechanical Properties of cured Neat Resin System

Dynamic mechanical properties

Items
Epoxy Epoxy Siloxane
T,(C) TBR(C) T.(C)
Unmodified 172.3 —69.3 -
Chemical blending 0 179.3 —-716 — 1254
method(diphenyl 20 175.8 —73.2 —105.6
content : %) 40 1784 —-72.7 - 729
ATSO e e 651 a4
Mechanical blending 0 173.8 —69.3 —127.8
meihod(diphenyl 20 176.3 -713 —106.1
content : %) 40 172.7 —~74.2 -~ 742
60 172.1 —63.1 - 46.2
Chemical blending 0 165.6 —69.1 —120.2
0TSO method(diphenyl 20 168.1 —69.2 -106.2
content | %) 40 167.5 —75.2 — 751
60 168.6 —68.2 ~ 49.0
Table 2. Mechanical Properties of EMC
X T, Flexural Flexural
Items 10 3/ ) modu]u;‘. strength
(kg/mm?) (kg/cm®)
Unmodified 240 154.7 1.332 1.290
Chemical biending 0 1.85 1574 1,107 1,240
method(diphenyl 20 1.91 150.4 1,142 1,280
content . %) 40 1.90 150.2 1,180 1,200
. 60 2.02 149.4 1,201 1,240
ATSO T T .
Mechanical blending 0 2.19 152.2 1,102 970
method (diphenyl 20 2.10 150.3 1,087 890
content : %) 40 2.22 151.7 1,005 920
60 2.12 158.6 1,098 820
Che mical blending 0 2.08 153.2 1,245 1,090
OTSO method (diphenyl 20 2.19 147.6 1,253 1,100
content © %) 40 2.19 150.9 1,233 1,060
60 227 150.0 1,262 1,170
AAE BE4AA domainTtRE 7HAA oz Table 204 H.ofxz ulelzro] siloxane oligomerE
T,o wslgle] 948 9 ERFAFE ¥Fe AS H7ekA % EMC Rohi= siloxane oligomers A}
g3} wo] Al HAor gA Urh 43 EMC9] o), T, ¥ flexural modulus7} 2%

Table 2% chemical blending® 2 mechanical
blending®ol] ¢]8}] siloxane oligomerz 7 41%
EMC¢ mechanical propertiesE UeERd ZHojt),
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