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Abstract

Epoxy resins with high refractive indices could be used as optical
adhesives for optoelectronics and electro-optical equipment assemblies.

This research deals with epoxy resins by way of molecular designs, with
different associations of Epoxy I » I .~ Tl and commercially available

epoxy 830LVP. Experimental results indicated that sulfur and aromatic
ring contents both played=- positive-roles to the reflective indices of

materials.

The refractive indices of these epoxy resins were measured at 589
nm and the transmittance at visible region. The relationship of sulfur
content and refractive index, was found to follow
R.1.=1.54619+0.002985+6.95003E°S%. While that of aromatic rings and
refractive index obeys R.1.=1.49609+0.00207B+1.59918E°B2. Optical
property ,as well as thermal properties studied by TGA, DSC and
TMA indicate that these materials are permissible to be applied as
optical adhesives for optoelectronic and electro-optical equipment

assemblies.
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Figure. 1-1 Gillham’s TTT(Tlme-T éf;ii?ure-Transformation) diagram.
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Figure. 1-2 Reaction-mechanismof anhydride cured epoxy resin.
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Ml kg > 5 €& oz AHEF 5 A 47id (optical dispersion) ~ 7
#% 1+ (transmission) % 7%+ (refractiveindex ) > @ ¥ £ 5 3 3755
i Ak Bt {3 HEFRHE -

Table 1-1 Z| ™ w2 G 5 82 BB HE ik Bhant g e
SHE T TR G B AT S S E s Ap R A g AL 7
ERAL B T RS B E SR B T 0 T 183

A B RE G S R B HEL T - BEE

B4 i TR R TR A SR
ik N IR G AT 4 R
Table. 1-1:Comparision of Optical Material.
Materials Advantages Disadvantages
high RI high density(2.2-3)
Inorganic high Abbe number brittle
good thermal property | expensive
low density low RI
Organic touhh low Abbe number
easy to fabricate relatively thermally unstable
low cost

KA LAF AT LR Y o U] i LR E R
A3 Tt (n=1.3-1.7) 7> Table. 1-2 7] - & 4 3 43

S i C IR



Table 1-2 Comparisons of Refractive Indices of Inorganic and

Organic Materials.®

. Refractive
Type Materials index
Inorganic Quartz .55
materials Optical glass 1.6-1.7
Silicon 3.49
Poly (pentafluoropropyl acrylate) 1.358
Organic Poly (methyl methacrylate) 1.489
Poly (2-hydroxyethyl methacrylate) 1.512
polymers Poly (a-naphthyl methacrylate) 1.641
Poly (pentabromophenyl methacrylate) 1.710
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3. ¥4 LED T#;“ Er MBS p
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=

1-3-2 sk & # ¥ &|(Optical Adhesive)
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PPosde 1 B 5 BEAEREE D DRFHITE R LG AT &AL
T AFD R L GAERE AR Y - B LR A
(adhesives ) °

kg AP e AR A (assembly) ¥ AR N S AEE F

F_L

(optical component )s%m4% > 1 A A>T 7 ¥ & 05 £ § i€ * soldering
2 laser bondingen = ;% ke g F iE > wd Wa L HFEE L
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sections ) » iF ik b % A chig * Bk G100

pi
ol
%
F_L

%?ii_ﬁﬁhﬁ_r_}:—‘;,ﬂm)@?f ;};,5—%@.:_7@_%%?

W 2 kil w3 (light-passing area) > ¥ — AR E o d 3+ =

12



v o HRERFHFLOTRTES LR NI HE RELFFRS
EEH IR DE LRI BEFRREIFEML A LT FREHOREF
Al'g TERFRAZMASLN S YR T RIBFRAL DT
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2. BdERS (e B LR T g iR)
3. BEAESE

#¥ A (adhesive) Ldpa fid AP HRpFF 26 Fo+ B
314~ g4~ (VB4 2 2 R4 3 4 (mechanical interback ) » %

?f%@?%—@ AAB A R @ EAEE D deni 0

MARF A L R BT 4

Table. 1-3 Merits of Adhesives for Optical Application.

Advantages Disadvantages

> oA A > AEFHBET b L R
R TN AR ¥ Yy
I AR ¥ PR TERURGERERE ~

EEnT fede &

R AT T PR E  E RS RN SF R TR LT
ITEHF CEREFF LFIREE S 2 PR E C LEABT - MO0
¥ JEUESREEIE L YIRS Y S XN EAR R F ey
ALF A3 11T A ¢ acrylate ~ epoxy ~ epoxy acrylate ~ cyanoacrylate
% PUacrylatec sz 3 F M H @ * & Ak a HE BT 7 bk
R HATEF PR LR Y PFOdEE R G o do

dofle ® Bk ok B A2 g £ P T F 3k B T8 et Bt

5 146 F AR R DA SHR £ o P RST SR F AT SR 4
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e ¥ o Re BT I FERAAH TR R AR T - 3
(1.55) > #rr1 i dd i b e TAAFRATH IR - bldog

IRF AP hs S TREED & RS el kKR s
F (N ERFBAG RGO BALRF LG E RS F cratomic
refraction » 2 d >t p 3 L S < o FH[R,]/VE ™ %] » 37805 "%

M) AF AT ERENT RO BN B PR ud g sy

IEEEEE

1-3-3 k&40
B bRFEY LRl TE e BIET fdp 8 PFF 3T S D
GLP AR MR G T KEE g AR At REAEAY 3
FRF R R R WA L] Lk e o
Table. 1-4 3 * 7 Fo 3754 5 ek 497, L g s o S 45 0 i
$EREFREETEHFOM God 17 Lioim ik F X5 B T 5

{JQM%F&%"

Table. 1-4 The relationships between the refractive index of resins and the
edge thickness and mass of spherical lenses.!”

Refractive index Edge thickness/nm Lense mass/g
1.50 3.7 6.0
1.55 3.4 5.6
1.60 3.2 53
1.66 3.0 5.0
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142 B FE IR RFIRF R A FITHF

MITSUI CHEM INC 2> 7 » 1989 & 1% #4epoxy# episulphideit i
F &2 S polysulfidest?s » #7855 £ 1.66 1+ » T B 5 L FFE T o
%2000 & 17 4F 4 episulfide4e » & § hi% B f2epoxy® » £ F -NCO
fr-NCSehig 4 > i 17 R § epoxy =475 ~ Abbed &2 st Brdf 124 +¢ >
U AN kS A 2P 22001 £97 -2 4 -S-CH,-CH=CH,
Fi 1t epoxy (4rallyl(2,3-epithiopropyl) ) *r » 3| 3 # P 2epoxy® >
BEP R THROERT R F R HAE TS

NIPPON KAYAKU 2 # 21993 £ @Y, 40 x 3584 % 1,621 thepoxy
oligomer® R # siepoxyfffa® » = 2 M A ffPg & Sudr st oo ¥ -

BT H{ e m R T OR

1-4-3 #& % 4F & #2 2

TS LG BT R B e A - KR A K e
A E AL e — di * 3 W AR (sol-gel process) #-& 548 ~ 48
AR 0 F MR Ar R B e 4T S A F 2 1.8

T AR 3T R

\\\?{.r

Jy o
9
1991 #B. WANG > G. L. WILKES®% # i * ;3 9% #l 42 ( sol-gel

process ) » M A f b B - titanium tetraisopropoxide % R

triethoxysilane-capped organic oligomers being ether poly(arylene ether
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ketone) (PEK ) or poly(arylene ether sulfone) ( PSF ) » ip] ¥ 2_refractive

index 5 1.6-1.76 > T B] = wt % of TiO, ¥ refractive index i [ o
vt 2TICX)-PSF
sTi(X)-PEK
1.78
nD P
1.70f R
.- 2
"wﬁ’-lneo:nmsuaummmlm

Wtz of TiG,

Figure. 1-3 Refractive index of Ti-PSF and Ti-PEK systems with
different titanium oxide content where it has been assumed that the
titanium tetraisopropoxide-is converted to TiO,.

1995 # Davis, R. M.+ ; Nagpal{ V. 1% 4 » @& # 3 @94
( sol-gel process ) - =#&- titantum- tetracthoxide ( TEOT ) £

Hydroxypropylcellulose ( HPC') 4%:® "> 4| * titanium oxide particles
¥ ¢ B HPCZ refractive index1.483 # = I 1.665 -

Bt MR BB AR S SRR 0 f ek
MRS T RFITES o A N e s g e
Bl A3 1.7-3.9 -

1994 # Tasoula Kyprianidou-Leodidou » Ulrich W. Suter®**>% 4 »
#-lead sulfide particles (PbS ) iron sulfide particles (FeS) % » 7 #
#5 t1poly(ethyl lene oxide)PEO » H 3754 5 & ] /i »+ 1.7-3.9 o

14-4 d 3 A+ FS
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s+ d W 25 & &% 4 (highly conjugated ) ~ = 4 %
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1985 & H. G. Roger, R. A. Gaudiana' *? % % > & & - % 7|
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Figure. 1-4

1994 # Chen-Jen Yang and Samson A. Jenekhe®"% 4 & & - % 7|
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2_ % R = #polyimides4cFigure. 1-5 0 2 #4341 2_ 3784 5 4 3 1.62-1.88 o

R,= R,= H (PPD)
R, = CH,, R, = H (PMP])

R, = H, R, = OCH, (PMOPD)

R, = H,R,=OH (PHOP))

R, = OCH,,R, = H(MO-PP])

R, = R, = OCH, (P3MOP)

R, = OCH,, R, = OH (MO-PHOPY)

NehesARE

N O NI N

9. PBPI

Figure, 1-5

1995 +# Michael A. Olshavsky and Harry R. Allcock®?D & & — 4

71| 2_polyphosphazense4cFigure. {A-6 >4 545 4 >+ 1.618-1.755 -
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.
-
H,C"A"o
v __..-"' x

Figure. 1-6
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A (rigid rod) % # biphenol group - naphthalene group {-azomethine
linkage » &2 pa f+rl 1t (S #1342 376+ 5 41 2+ 1.570-1.617 -

2004 & &5 E TR M L 4AE 0 B F A R DGHE 4TS
Fd D 16880 ¥ - pIEIRF M RS X UF T A R
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2-1 R &
2-1-1 & ¥ A% 4 5
%3 B

1. Epoxy 1
Diglycidyl ether of 4,4’°-thiodiphenol

iee s BWeg oW

¥ % £:190

2. Epoxy II
Diglycidyl thioether of 4,4-thiodibenzenethiol

Wegs . ) spebe

¥y £:220

3. Epoxy I

24



Diglycidyl ether of 2,2°-dihydroxy-1,1’-dinaphthalene

At

(2
(L ﬁ*ﬁ
99

b

Ik

- 205

4. B ¥ B H & ¢ 830LVP
(@] O
o 17T DR OWY:
A o/\K\ho o LA
OH

%3y £ :160~180

F7 : NANYA

ALY A

1. CAT : 4-Methyl-1,2-cyclohexanedicarboxylic anhydride

O
@)

O

A+ & 1 168.19
R F ¢ Aldrich

2. CAT : 5,6-Dihydro-1,4-dithiine-2,3-dicarboxylic anhydride
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A+ & 1 188.22
R F ¢ Aldrich ~ TCI

3. CA I : 1,1’-Bi-2-naphthol

PR RGEA

Tetra-n-butylammonium bromide

(CH,)3CH3
H3C(H2C)3—N+—(CH2)3CH3 Br

(CH2)3CH3
A3 E 132237

R F - Lancaster

2-1-2 B AN ES
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1.4,4’-Thiodiphenol ( C;,H;00,S )

B f - TCI

2.4.4’-Thiobisbenzenethiol (C;,H;,S3)
R 7 - Aldrich

3.Heptane (C;H;s)

B : TEDIA

4. Epichlorohydrin ( C3HsClO )

B F - JANSSEN CHIMICA

5. Dichloromethane ( CH,ClY)

B : TEDIA

6. Benzyltriethylammonium.chloride (BTEAC) (C;3H,CIN)
B F - Merck

7. Sodium hydroxide (NaOH )

B SHOWA

8. Pyridine (C4HsN)

B : TEDIA

9. Hydrochloric acid (HCI)

B
10.Ethyl acetate
K F - TEDIA
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11.Hexane

B © TEDIA
12.Magnesium sulfate anhydrous (MgSO;,)
7 : SHOWA

12.H,0 2 a3 -k

2-2 FHREEKG

R F - Varian

2] 8%, 1 Unity 300 MHz NMR

Blerix it CDClLz i3 ® e t ZE =B E =5 6ppm
2.1 4 e o b Ak ik (FReIR)

B F * Nicolet Co.

3]%5 ¢ Avatar 360 FT-IR.

BIZE % £ @ Resolution=4 cm™ Bl #F 45 = B s 32 = v b2 oyl e
& Bl 5 400~4000 cm™ -

2.4 & &~ 47 % (Thermogavimetric Analyze > TGA )
R F * DuPont

315 1 TA2950

BIFFIEE 13 F § BT (100 mL/ min) > 2 10°C/ min 72 8 i & >
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K 30°C I 800°CiplzEz o

A% (TMA)

R F - DuPont

A5 ¢ TA2940

BIRRIEE 130§ F kB T (100 mL/ min)> 12 10°C/ min é2 8 i# & >
K 30°CE 250°CiplzE2 »

4 pc X Frpr &+ 3+ (Differential Scanning Calorimeter » DSC)

R F - Seiko Instruments Inc.

A5 ¢ DSC200

BleRIE R 120§ F R T2 (S0 mL/ min ) 34 10°C/ min 72 8 & & o
K 30°C I 250°CiplzE2 »

5.4 %k & ® (Ultraviolet / Visible Spectrophotometer )

A 5L ¢ HP-8453

RIFEIEE D & & F 5 300 nm~800 nm -

6.37%+ % % (Refractometer)

B F - ATAGO

3152 : DR-M4

PIZRGE R 13220 3 22°C 0 2 589 nm jplzE2 o

7.%% BRI 1S
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B F - mel-temp
8.5 ## %k (Mass Spectroscopy )
7 MICROMASS

A 5% ¢ TRIO-2000
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Diglycidyl thioether of 4,4-thiodibenzenethiol

S
LT vm Ay —
HO OH
ISR SN o
0 o
AN B o%o o >
OH

B-it & ¥ 4,4’-Thiodiphenol (21.8 g> 0.10 mol) > Epichlorohydrin
(160 mL>2.00 mol )’ ¥ 4p ##& #5 f§ 4~ BTEAC( Benzyltricthylammonium
chloride > 0.22 g 1 wt% ) B3 BEFFL? o 4 3 100 Ciw jmgd 1
P IR D 65°C 0 #30%NAOH i i (105 g/24 mL) 2 4e
FRMF » 0 F 6] PRk BB A Tk g NaCl i - %
e iR v B R 55 484097 W &0 Epichlorohydrin - £ 1
Dichloromethane 200 mL 73 f&5% F 4= > & 1R 5 Pofie=t o 5 & 1 &
’kﬁfﬁ?ﬁi%“,f ko FEER RRFRBRESE B BHFW A

F 1939% > % EL 1 35~37C o

'H-NMR (CDCl; > ppm) 6 :2.74 (m>2H)>2.89 (m>2H) - 3.33
(m>2H)>3.90 (m>2H)>4.21 (m>2H)>6.85 (d>4H)> 7.26 (d >
4H) -

PC-NMR (CDCl; > ppm) & :44.650.068.8>115.3127.95132.7 >
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157.8 »

Epoxy Il :

Diglycidyl thioether of 4,4-thiodibenzenethiol

s
HS SH
ISASUESAS!
0 o
VA SN s%s VAN
OH

B~ it & ¥ 4,4-Thiobisbenzenethiol (25.0 g » 0.100 mol ) >
Epichlorohydrin  ( 160 mL > 2 mol ) » £ 4p # # i ¥ BTEAC
( Benzyltriethylammonium:¢chloride > 0.250 g> 1 wt % )> % >t gFgpig® -
degh D 100°C i jn e 19 P b "5 5 65°C 0 #30% NaOH -ki3 %
(10.5g/24mL) 4 g RBFEANF KO- F BB L 3
v Ak e NaCl i g 4 ° #-0 Jpir 7R R R S8 2 ‘T g
Epichlorohydrin » # 12 Dichloromethane 200 mL ;% f##% & # » ¥ 117k
Bt o WA A ’}iﬁﬁ»’rii%“%f koF R EIR RiRERIESES

TEER IR AF 191 %

'H-NMR (CDCl; > ppm) & :2.52 (m>2H)>2.78 (m - 2H) > 2.97
(m>2H)>3.13 (m>4H)> 721 (d>4H)> 730 (d>4H) -

PC-NMR (CDCl; > ppm) & :36.3>47.1550.8>130.5>131.3 5 133.7 >
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134.6 -

EpoxylIll :
Diglycidyl ether of 2,2°-dihydroxy-1,1’-dinaphthalene

HO“
i'l! OH T 20 LN

At

P®
O :/‘ﬁ
Zd

B-it & ¥ 1,1°-Bi-2naphthol (28:6'¢ > 0.100 mol ) > Epichlorohydrin
(160 mL>2.00 mol )’ ¥ 4p ##& #% f§ 4~ BTEAC( Benzyltricthylammonium
chloride » 0.286 g 1 wt% ) » % " EEFFL? o & 100 Chefiw jnigs
1/} P> "3 65 C > #30%NaOH -ki3 % (10.5g/24mL) 144
FEBBF o F RS e B R Ptk NaCl i g #- o
He gt it v Rk 5748 2 % 8 £ 0 Epichlorohydrin > £ 1
Dichloromethane 200 mL /3 f&2% F 4= > & 1R X Pofie=t o 5 & 11 &
’Kﬁﬁ»’éii%",‘f ko FELER RFRERESFL >V ER SR RHE

EBA MR RS > TEG F B A AX 186% 5B 95~98°C o
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'H-NMR (CDCl; > ppm) & :230 (m>2H)>2.54 (m>2H) >»2.95
(m>2H)>4.02 (m>2H)> 415 (m>2H)> 7.13 (d>2H) > 7.23
(t»2H) >735(t>2H) »>744 (d>2H) >785(d>2H) >
7.93 (d>2H) -

PC-NMR (CDCl; > ppm) & :44.2>50.2>70.4115.9116.1 > 120.5 >

123.8 » 125.3 > 126.3 » 127.8 » 129.5 > 133.9 > 153.8 -

2-4 ¥ FEF T

AE BT E T B e TR FE o #33mL kR
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fate » vbeg gz &Y o el 2 0.2 N 200 mL enB pe-vt o3 i 0 B F B
aF b4t r TERAAY o e 0.1 N iR 377 (7 KHP #2877
A E ) F TURERAT 1S o
## #=Epoxy I (diglycidyl ether of 4,4’-thiodiphenol ) > Epoxy I
(diglycidyl thioether of 4,4-thiodibenzenethiol ) » Epoxy I ( diglycidyl
ether of 2,2°-dihydroxy-1,1’-dinaphthalene )> % 0.50 g 4 %] % ** 3 1 100
mL HF]AFT > 4o~ 25 mLO2 N enBpe-vbegid it » FEHE 2 20313
f6 0 BN 115-120 Cemne i KB ¢ » i 30 245> 44T 2645

> 25mL ¥ fB% s B _‘?/}%i"

FER Vo BB %o @ Heyh o 1 Ta b 28 E T @Rk EE
(EEW) -

W x1000

EEW =
N x (Vb _VS)

Wkl (g )
N:f#E#g5it4p2kR (eq/L)

Vb: %o §% 3£ E ( mL )
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Vs i 2@ %<2 ( mL)

AMEF Y chTk 3 Ay 0 Epoxy I ¢ EEW=190
Epoxy Il : EEW=220
EpoxylIll : EEW=205

7 5 830LVP : EEW=160

2-5 & &Y & nFR_

2-5-1 'H-NMR¥ & £ = % 2§
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#eir bz iV E LR 7 0.5 wt % TMS 2 d-chloroform # > 12
TMS 6 =0 ppm iz} & pRFEFRF, 7> P FEHE 25
ppme RFFH P s L H &% singlet> d %% = £ doublet s t *

% = £ % triplet > m & % % &% multiplet -

2-5-2 PC-NMR¥: B 4 47 % 3
#eir bz &4 A 0.5 wt % TMSz2 d-chloroform® > 12

CDCl3 % 6 =77 ppmehiz ¥ % p LB & (7L F L 47 o

2-5-3 b EH A5
$r & 3p| el 520 KBS & B sds B 2 > 1 resolution=4 cm™' i {7

B A -

2-6 BT E AT

2-6-1 A i F e
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System 1 : #-7 54475 830LVP £ %k ¥ 4%, Epoxy I &2/ i & 1 > &
B EEL1/0/1~075/025/1~05/05/1~0/1/1>
LGt X2 beordpE TR B 15 phr 2
Tetra-n-butylammonium bromide § it | > i& {7 L B~ g o

System 2 @ H#-7 4475 830LVP £ %k ¥ 4%, Epoxy I &2 4/ i &) 1 > &
B EEY1/0/1~075/025/1~05/05/1~0/1/1>
ML 508 0 T2 b 2 4pE TR E Py 1.5 phr 2
Tetra-n-butylammonium bromide § it & » &7 L B~ Jg o

System 3 : #-7k ¥ #17; EpoxyIl &2 /F i@ [ 22/ “ &I » & B 1§ &
' 1/0.1/09 2 19025/0:75~1/05/05 R &333 i >
I 4e x AR F IR IR 1.5 phr 2. Tetra-n-butylammonium
bromide % fLit & 5 B {7 L IF g o

System 4 : H#-7 4475 830LVP ¥ 3k ¥ 4%, Epoxyll &4 i & 1 > &
B EE1/0/1~075/025/1~05/05/1~0/1/1>
LMyt X2 beordn g TR BY 15 phr 2
Tetra-n-butylammonium bromide & &% #| » &£ {7 L B F i o

System 5 © #-3k ¥ #17; EpoxyIl &2/ i“ & [ &2/ * &I » & B2 F &
' 1/0.1/09~1/02/08~1/025/0.75>R&333 s >

I8 e o~ A 3N TR ¥ A5 1.5 phr 2 Tetra-n-butylammonium
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bromide § i & > B TFRLIHE

2-6-2 # jx DSC £ 47

Lmmes R L3051 i B S (4-8 mg) %4 DSC i
BAEHYE § 7 > 10 °C / min en2 JF & Fd 30 C4ei® 2 300 C >
OB TRF B /A RIR £ Ak i
VUE T ROBHIE R o — AR B A E
A7 4o A1
DSC ¢

TR R 0

e E 4 %
BFERIEF RREFIA N
E o BERFBES LR LT @IRI > ¥ LA E
R AR R

» I e PF Y
R2EG R RBESER NI T
=S O [ e

2-6-3 2B A2 FT-IR & 4%

E NP TR E: W e

T B A R L B E35 3 AR A
Dichloromethane’ % i 2KBrzg & F > 2 FaH = 238 64 * FT-IR
resolution=4 cm i 32 BUAEITERE PEFFTE
Fad7 o BLBRHERE L AGER 2R o
2-7 R 41T

2-7-1 UV/VIS Transmission | & & & 4
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2-7-1-1 & & g3 A g i
L% 5% shyp B Rxe R R 30 ~ 4 - % F-kivix

22 o5
RoE °

3. 71 5%NaOH "kiaikizie » &5 A R 30 #4808 - * 5-kitixig
EoBIokBRE M Rie o meERY ORFIART 1044
4. MAREE > RFA B 60 L4 MRS f o B OB

2-7-1-2 UV/VIS Transmission 3% % % iF

—\\

Wgr R R tnTh O fo0BR i 0 GIR L3015 R

ﬁ
l_

- 2 5mm x Smm x | mm3I ¢ s @I 4 — 1 mm silica rubber >

2.

PN s g LG S A

—'\\
-hw
e
—\

b, 1
=\
L

(v

—n\
\
>

e

T,

o

2-7-2 38+ F pl B 3# 5 1%

Wer F T § R e BA R L B £ 405 15 5]~ A
FRCE N (AR MR BB A A LSRR A o Y T o 4
25 mmx 5Smmx Ilmm> #BFESYG2EPekis > A4 E 589nm &

7RI#

2-7-3 #: AL 57

Begr B stk F A o BRI R e 0 BIR £ 355 15 i8]~ T A
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R E RS E MRS RSV IEEEFH T c TMA E 5P a0
R 5 Smm x Smm x 2mm; TGA sk %& 5 5 2 25mg; DSC

Ik HE 332 8mge

2-8 2 B M E R

2-8-1 # ¥ A5 % (TGA) 44
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Bs 3 epe A xR R 0 B T A Bk AR
525mg 28 £ &SEY 3 g F BT (100mL/min)- 12 10 °C
/min = FE B 0 £ 30 'CI 800 Cipligz

BIE P e g ek ‘L’f#—x’iﬁ)ﬁﬁ'*m_)i BEAAAT

2-8-2 # IR hliceripiE (TMA)

Bai 2R A 2290 > £ 258 5mm x 5 mm x 2
mm % o) o N EEE LS R (TMA) 2FR3E > 210 °C / min 7
AR R > 830 CX 250 Ciplzgz °

BIRE R e Ak R 2 B IR R B (CTE ) fra g # v 8 & (Tg) -

2-8-3 M A #4F % + 3+ (DSC)
Hom s d P pes A R Ry BT A P B Rk M
5-10mg 2> 48% ¢ > 3§ # BT (50mL/1min) 2 10 'C /mim

A R E R 0 8 30 CI 250 Ciplzgz -

2-8-4 5% A % (Gel fraction) |z
¥ W E F (thimber) ™[ fRiRie - % "1 8 T ? %2
EErfdz  BABEOREEIPABR2IILENEFY D

F2 0 %8 %0 SOXHLET ¥ 5 %9 » UAMaFFm3 3 e



2-8-5 47 8f % B3
#ZA B o Pk 12 Refractometer Bl & & Bfe ™ g B Ak £

% 589 nm =T B 5 o

2-8-6 # P BRI (UV/VIS Transmission)
¥k oW AT R B oE R P 0 4 % Ultraviolet/Visible

Sepectrophotometernm B2 2 ® fe > % 300 nm ~ 800 nm =k 7 if

2-8-7 % R iPIFE
B e PR 2 (50 pl £ A Heptane w0 16 chE & 1L 0 )

vipd I XWHHME > PEgddm A
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3-1-1 Epoxy I
Diglycidyl ether of 4,4’-thiodiphenol
3-1-1-1 & =iz

S
+ 20 A —
HO OH

(1) 'H-NMR (CDCl; » ppm)+8 = Ha :7.26 » Hb : 6.85 » Hc ~ Hd :
3.90~4.21 > He:3.33 > Hf ~ Hg : 2.74 ~ 2.89 ° 3 % R Figure. 3-1 o

(2)PC-NMR (CDCly > ppm) 6 : C1:127.9>C2:132.7>C3:115.3 >
C4:157.8>C5:68.8°C6:50.0 C7:44.6 ° 3 % R Figure. 3-2 -

(3) %=k & &3 A 45 1 aromatic C-H stretching : 3059 cm™ » CH, C-H
stretching : 2875-2999 ¢m™ » aromatic C=C ring stretch : 1591 -
1489 cm™ » C-O-C stretch : 1237 ~ 1030 cm™ » epoxy : 912 cm™ -
# %P Figure. 3-3 -

(4) Fam47 0330 5 HHA 3+ £ o 35 Figure. 34 -
F



(5) EEW : o #pc-1tegf %52 01 2 EEW=190 > n=0.182 -
3-1-1-3 &% g

'H-NMR (CDCl; > ppm) & : 2.74(m > 2H) > 2.89(m > 2H) > 3.33(m >
2H) > 3.90(m > 2H) > 4.21(m > 2H) > 6.85(d » 4H) » 7.26(d > 4H) -
PC-NMR (CDCl; > ppm) & :44.650.068.8>115.3127.95132.7 >
157.8 -

FT-IR : 3059 cm™ (aromatic C-H) > 2875-2999 cm™ (CH,) > 1591 ~ 1489
cm’' (aromatic C=C) » 1237 ~ 1030 cm™'(C-O-C) » 912cm™ (epoxy) °

Mass : 330 -
3-1-2 Epoxy II

Diglycidyl thioether of 4,4-thiedibenzenethiol
3-1-2-1 & 4z

S
+ 20 , —
HS SH
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Ha Hb

Hc Hd
C3_C2 O

AN\ e /T

C7_C6 S_C4 Cl—S S

—/ He Hg

(1) '"H-NMR (CDCl; > ppm) & :Ha: 7.30 » Hb : 7.21 » Hc ~ Hd :

Hf

3.13~3.15>He:2.78 » Hf ~ Hg : 2.52 ~2.97 - 3 %-Fe Figure. 3-5 o
(2)PC-NMR (CDCl; > ppm) 6 :C1:133.7>C2:131.3>C3:130.5 >
C4:134.6°C5:36.3>C6:50.8C7:47.1- 3 %FFigure. 3-6
(3) %= ¢k & &3 A 45 1 aromatic C-H stretching : 3051 cm™ » CH, C-H
stretching : 2918-2992 ¢cm™ > aromatic C=C ring stretch : 1574
1474 cm™ > epoxy : 921 em™ ¢ W2~ Figure. 3-7 -
(4) FaAdr 0362 - HA 238 o 5% Figure. 3-8 ¢
(5) EEW : d @pak-rt exjf 2030 2 EEW=220 > n=0.255 -
3-1-2-3 % FR
'H-NMR (CDCl; > ppm) & :2.52(m > 2H) > 2.78(m > 2H) > 2.97(m >
2H) » 3.13(m » 4H) > 7.21(d » 4H) > 7.30(d > 4H) -
PC-NMR (CDCl; > ppm) & :36.3>47.1>50.8>130.5>131.35133.7 >
134.6 -
FT-IR : 3051 cm™ (aromatic C-H) > 2918-2992 cm™ (CH,) > 1574 ~ 1474
cm’'(aromatic C=C) > 921 cm' (epoxy)

Mass : 362 -
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3-1-3 EpoxyIIl
Diglycidyl ether of 2,2’-dihydroxy-1,1’-dinaphthalene
3-1-3-1 & =iz

HO “
el

He Hd
Hf Hc
Hh H
H
@) Hb
Hk Ha o
/ \
C4C3~ Gy OL C5Cy5
2

T | | | 10 11
CexnCr:nCo
6 8

(1) '"H-NMR (CDCl; > ppm) & :Ha:7.85>Hb: 735> Hc: 7.23 >

Hd:793>He:7.44>Hf:7.13>-Hg~Hh:4.02~4.15-Hi:295 >

Hj ~ Hk @ 2.30 ~ 2.54 - 3 %P Figure. 3-9 -
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(2)PC-NMR (CDCly > ppm) 6 : C1:116.1>C2:129.5>C3:125.3 >
C4:1238>C5:120.5>C6:1263>C7:133.9>C8: 127.8
C9:115.9>C10:153.8> Cl1:70.4>C12:502>Cl13:44.2 -
% B Figure. 3-10

(3) %= ¢k & &3 A 45 1 aromatic C-H stretching : 3051 cm™ » CH, C-H
stretching : 2869-2997 cm™ » aromatic C=C ring stretch : 1619 -
1588 cm™ » C-O-C stretch : 1267 ~ 1060 cm™ » epoxy : 900 cm™
W %P Figure. 3-11 o

(4) F¥A47 1398 5 H4A S & - 55 BR Figure. 3-12 -

(5) EEW : d #ps-1b exgpedss Bl @8 EEW=205 > n=0.035 -

3-1-3-3 L% g

'H-NMR (CDCI3 > ppm) & :2.30(m > 2H) > 2.54(m > 2H) > 2.95(m >
2H) > 4.02(m > 2H) > 4.15(m > 2H) » 7.13(d > 2H) > 7.23(t> 2H) > 7.35(t
2H) - 7.44(d > 2H) - 7.85(d > 2H) > 7.93(d > 2H) -

PC-NMR (CDCI3 > ppm) & :44.2>50.2>70.4> 1159 116.1 > 120.5 >

123.8 > 125.3 » 126.3 > 127.8 > 129.5 » 133.9 > 153.8 -

FT-IR : 3051 cm' (aromatic C-H) > 2869-2997 cm™ (CH,) > 1619 ~ 1588
cm” (aromatic C=C) » 1267 ~ 1060 cm™'(C-O-C) > 900 cm ™' (epoxy) °

Mass : 398 -
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3-2 B APg e BT S
3-2-1 A i+ ge
System 1 :
% ¥ &5 ¢ 1. 830LVP

2. Epoxy I : Diglycidyl ether of 4,4’-thiodiphenol
A i A L CAT - 4-Methyl-1,2-cyclohexanedicarboxylic anhydride
System 2 :
% 3 &5 ¢ 1. 830LVP

2. Epoxy Il : Diglyeidyl thigether of 4,4-thiodibenzenethiol
A LA L CAT - 4-Methyl=1;2-cyclohexanedicarboxylic anhydride
System 3 :
% % #4475 ' 1. Epoxy I : Diglycidyl thioether of 4,4-thiodibenzenethiol
A i A& L 1.CAT : 4-Methyl-1,2-cyclohexanedicarboxylic anhydride

2. CATIl : 5,6-Dihydro-1,4-dithiine-2,3-dicarboxylic anhydride

System 4
% ¥ &5 ¢ 1. 830LVP

2. Epoxylll : Diglycidyl ether of 2,2°-dihydroxy-
1,1°-dinaphthalene
A i L CAT - 4-Methyl-1,2-cyclohexanedicarboxylic anhydride
System 5 :
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% ¥ A7 ¢ 1. EpoxyIll : Diglycidyl ether of 2,2’-dihydroxy-
1,1°-dinaphthalene
A it A L 1. CAT : 4-Methyl-1,2-cyclohexanedicarboxylic anhydride

2.CA 1I - 1,1’-Bi-2-naphthol

#-% % System © Tr ¥ APn L2 AL 1 A2 % et 6] 7> Table. 3-1 »

T

T 7

ERAY SRR TS E TR

Table. 3-1 Components of Epoxy Systems.

Epoxy System Ratio \S;éof}:; Aro$;t(;z )rlng
1/0/1 0 23.45
System 1 0.75/0.25/1 1.36 23.66
830LVP/Epoxy I /CA I 0.5/0.5/1 2.67 23.87
0.25/0:75/1 3.91 24.07
0/1/1 5.11 24.26
1/0/1 0 23.45
System 2 0.75/0.25/1 4.22 23.49
830LVP/Epoxy I /CA I 0.5/0.5/1 8.09 23.53
0.25/0.75/1 11.64 23.57
0/1/1 14.92 23.61
System 3 1/0.1/0.9 16.46 23.48
Epoxy I /CA T /CA T 1/0.25/0.75 18.77 23.31
1/0.5/0.5 22.53 23.01
1/0/1 0 23.45
System 4 0.75/0.25/1 0 26.49
830LVP/EpoxyIll/CA 1 0.5/0.5/1 0 29.34
0.25/0.75/1 0 32.01
0/1/1 0 34.52
System 5 1/0.1/0.9 0 38.13
Epoxy/CAII/CA T 1/0.2/0.8 0 41.78
1/0.25/0.75 0 43.63
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3-2-2 A i iE 4

mPREL T A RTRE MRS A VR R BRSSP~ 4-8 mg B T4E
BEEpN 20§ #%BET 2 8E A 10C/ mins & 30CHE 3 250
CrBEBRLAMF BRArcfUR BY R * WE TR L iER o §
MAHE R A 2 - R RER LA THVER A RBER

Pl ~ g RIFLHTR

o Figure. 3-13~3-31 & 77 & e fe ™ b

DSC ’éilélb'lé FE] y );? m_ﬁ‘ —g;:%ﬁ‘.lé ’éb 1:9 (VI %—ﬂ f‘gg‘& Table. 3-2 -

Table. 3-2 The Maxium Exothermic Temp. of Epoxy Systems.

Epoxy System Ratio Max. exothermic temp.(C)
1/04 162.3
System 1 0.75/0.25/1 153.1
830LVP/Epoxy I /CA 1 b 2 1541
0.25/0.75/1 150.2
0/1/1 148.6
1/0/1 162.3
System 2 0.75/0.25/1 149.2
830LVP/Epoxy Il /CA 1 0.5/0.5/1 144.5
0.25/0.75/1 140.8
0/1/1 139.1
System 3 1/0.1/0.9 133.0
Epoxy I /CA I /CA I 1/0.25/0.75 136.6
1/0.5/0.5 132.7
1/0/1 162.3
System 4 0.75/0.25/1 166.4
830LVP/EpoxyIll/CA 1 0.5/0.5/1 167.2
0.25/0.75/1 166.5
0/1/1 164.6
System 5 1/0.1/0.9 162.8
Epoxy IIL/CATI/CA I 1/0.2/0.8 166.5
1/0.25/0.75 163.7
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Flpt B Systems 124 B 120C 175 4~ 4o/ B B > 160°C iF

SH YR o & System3 ¢ > F] 5 A A CAIL 5 F%E - s /f #- fx
BAETEM KR CATIBfZ MEd M LRz b3 §iedd o

% System 5 ¢ o F1E A A CAIIE_FR > © 325 220C » e #Ad

“BRHES > K@M i = > Table. 3-3 2 & ks iV E RIIPF

¥ o

Table. 3-3 Curing Conditions of Epoxy Systems.

Epoxy System Ratio Curing conditions(C /hr)
1/0/1 120/1+160/6
System 1 0.75/0:25/1 120/1+160/6
830LVP/Epoxy I /CA I 0.5/0.5/1 120/1+160/6
0.25/0.75/1 120/1+160/6
0/1/1 120/1+160/6
1/0/1 120/1+160/6
System 2 0.75/0.25/1 120/1+160/6
830LVP/Epoxy I /CA 1 0.5/0.5/1 120/1+160/6
0.25/0.75/1 120/1+160/6
0/1/1 120/1+160/6
System 3 1/0.1/0.9 80/2+130/1+160/6
+ +
Epoxy I /CA I /CA T 1/0.25/0.75 80/2+130/1+160/6
1/0.5/0.5 80/2+130/1+160/6
1/0/1 120/1+160/6
System 4 0.75/0.25/1 120/1+160/6
830LVP/EpoxyTI/CA 0.5/0.5/1 120/1+160/6
0.25/0.75/1 120/1+160/6
0/1/1 120/1+160/6
System 5 1/0.1/0.9 130/2+170/4+190/2
Epoxy Il /CATI/CA I 1/0.2/0.8 130/2+170/4+190/2
1/0.25/0.75 130/2+170/4+190/2
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3-2-3 izt MK A

Figure. 3-32~3-37 % & % SLen IR E B - J *0 2 F sy 4
oo Tt 8 System 1 * Epoxy [/ CAT1=1/1 i 5 4% -

T ¥ Tk v C=C 1591 cm™ % X Jc 283 7% Epoxy I #2CA [ i&
{7 2 ¥ > 903 cm’ (epoxy ring) %2 1786 ~ 1857 cm™ (anhydride C=0)h

PEGRE AR A ERHE S ST R T i ¥ A 1737 cm ' i

K
f
(i
E
%
|
)
A
i<
=
1?‘;
2
¥
\T‘
4
N
NV
9
—H
_m w
e
AN
Z'g
"
Ry
-l
=
&
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3-2-4 FRL F AT

L T Tk § 47 Epoxy T ~ T1 ~ TT&2 A 4 CAT ~ I ~ IN %
FOURE A RIS AR AR M o IR F A Epoxy I ~ I
M a3 CAT ~ I1 ~ MR85 » HEMAaFEF397% > &k

REFABARPLF AT EEF R X2 XHMERE > AT E

AR v AR A o a4 H P 2 5 5] 4 3% Table. 3-4 o

Table. 3-4 Results of Gel Fraction of Epoxy System:s.

Epoxy System Ratio Gel fraction(%)
1/0/1 98.93
System 1 0.75/0.25/1 99.05
830LVP/Epoxy I /CA 1 e 08.36
0:25/0:75/1 97.17
0/1/1 96.28
1/0/1 98.93
System 2 0.75/0.25/1 98.50
830LVP/Epoxy Il /CA 1 {2 el 98.55
0.25/0.75/1 98.80
0/1/1 98.54
System 3 1/0.1/0.9 98.26
Epoxy I /CA I /CA 1 1/0.25/0.75 98.59
1/0.5/0.5 98.66
1/0/1 98.93
System 4 0.75/0.25/1 98.32
830LVP/EpoxyIll/CA 1 0.5/0.511 08.46
0.25/0.75/1 99.52
0/1/1 98.93
System 5 1/0.1/0.9 98.33
EpoxyTI/CATI/CA 1 1/0.2/0.8 98.57
1/0.25/0.75 98.21
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3-2-5 BR A

% Systems 1 2 2 ¢ > %% # % Epoxy I ~ I #7F & 830LVP
ZECERARY G P2 A% FlH Epoxy P 7 F ARG s H £t
830LVP % 1% » F]p 4% & Epoxy I ~ T &t 5 i & € 4§ 4c o & System

3¢ o BEd A HT ~ Mant &) F= ﬁﬁ%’}##ﬁ%‘fﬁﬁfu v A A

i System4 # - F] Epoxylll 5 % ¥ 4 %k ihigfp > qc - £

SEd i i B R ¥ Epoxylll 3 4e @ 3 4r o & System 5 # » %

5 F TR IR e R g e KM iy BEIZ T Table. 3-5 o
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Table. 3-5 Densities of Epoxy Systems.

Epoxy System Ratio Density(gw/cm’)
1/0/1 1.2178
System 1 0.75/0.25/1 1.2267
830LVP/Epoxy I /CA 1 0.5/0.5/1 1.2350
0.25/0.75/1 1.2452
0/1/1 1.2548
1/0/1 1.2178
System 2 0.75/0.25/1 1.2339
830LVP/Epoxy Il /CA 1 0.5/0.5/1 1.2464
0.25/0.75/1 1.2657
0/1/1 1.2776
System 3 1/0.1/0.9 1.2853
Epoxy I /CA I /CA 1 1/0.25/0.75 1.3287
1/0.5/0.5 1.3567
1/0/1 1.2178
System 4 0.75/0:25/1 1.2042
830LVP/EpoxyIll/CA 1 R 1.2130
0.25/0.75/1 1.2186
014 1.2216
System 5 1/0.1/0.9 1.2362
EpoxyTI/CATI/CA 1 170.2/0.8 1.2409
1/0.25/0.75 1.2547
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Table. 3-6 Results of UV/VIS Transparency of Epoxy Systems.

: Wavelength(nm) of

Epoxy System Ratio 90% Transmittance
1/0/1 355
System 1 0.75/0.25/1 372
830LVP/Epoxy I /CA 1 0.5/0.5/1 380
0.25/0.75/1 386
0/1/1 396
1/0/1 355
System 2 0.75/0.25/1 413
830LVP/Epoxy Il /CA 1 0.5/0.5/1 422
0.25/0.75/1 441
0/1/1 475
System 3 1/0.1/0.9 516
Epoxy I /CA I /CA 1 1/0.25/0.75 640
1/0.5/0.5 645
17071 355
System 4 0.75/0.25/1 392
830LVP/EpoxyIll/CA 1 2 400
0:25/0.75/1 404
0/1/1 415
System 5 170:1/0.9 420
EpoxyIll/CAIII/CA 1 1/0.2/0.8 435
1/0.25/0.75 441
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Table. 3-7 Results of UV/VIS Transparency of Epoxy Systems.

Transmittance(%) at

Epoxy System Ratio

400nm 700nm

1/0/1 98.09 98.70

System 1 0.75/0.25/1 95.70 99.92
830LVP/Epoxy I /CA I 0.5/0.5/1 94.76 98.83
0.25/0.75/1 93.33 98.06

0/1/1 91.39 97.84

1/0/1 98.09 98.70

System 2 0.75/0.25/1 82.55 97.64
830LVP/Epoxy I /CA I 0.5/0.5/1 72.57 97.75
0.25/0.75/1 56.71 97.37

0/1/1 46.30 96.95

System 3 1/0.1/0.9 0.03 97.61
Epoxy I /CA I /CA 1 1/0.25/0.75 0.01 96.58
1/0.5/0.5 0.03 95.58

L/0/1 98.09 98.70

System 4 0.75/0.25/1 90.70 95.06
830LVP/EpoxyII/CA I 01570:5/1 90.09 96.48
0.25/0.75/1 89.20 97.36

0/1/1 86.00 97.35

System 5 1/0.1/0.9 85.80 97.48
Epoxyll/CATI/CA 1/0.2/0.8 82.86 97.88
1/0.25/0.75 80.34 99.46
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Table. 3-8 Refractive Indices of Epoxy System:s.

) Sulfur Aromatic Refractive
Epoxy System Ratio )
wt(%) ring wt(%) Index
1/0/1 0 23.45 1.5466
0.75/0.25/1 1.36 23.66 1.5481
System | 0.5/0.5/1 2.67 23.87 1.5551
830LVP/Epoxy I /CA 1 — . - :
0.25/0.75/1 3.91 24.07 1.5581
0/1/1 5.11 24.26 1.5642
1/0/1 0 23.45 1.5466
0.75/0.25/1 422 23.49 1.5620
System 2 0.5/0.5/1 8.0 23.53 1.5759
830LVP/Epoxy I /CA 1 S - - ¥
0.25/0.75/1 11.64 23.57 1.5891
0/1/1 14.92 23.61 1.6037
1/0.1/0.9 16.46 23.48 1.6151
System 3
1/0.25/0.75 18.77 23.31 1.6280
EpoxyII/CATI/CA 1
1/0.5/0.5 22.53 23.01 1.6483
1/0/1 0 23.45 1.5466
0.75/0.25/1 0 26.49 1.5591
System 4 0.5/0.5/1 0 2934 1.5725
830LVP/EpoxyIll/CA 1 e - -
0.25/0.7571 0 32.01 1.5775
0/1/1 0 34.52 1.5890
1/0.170.9 0 38.13 1.5960
System > 1/0.2/0.8 0 41.78 1.6165
EpoxyIll/CATI/CA 1 —— - -
1/0.25/0.75 0 43.63 1.6164
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Figure. 3-43 Refractive index versus sulfur content(S), which follows
R.1.=1.54619+0.00298S+6.95003ES".

| R..=1.49609+0.00207B+1 59918E°8° |

R.I.

20 25 30 35 40 45
Aromatic ring wt%

Figure. 3-44 Refractive index versus weight percentage of aromatic
ring(B), which follows R.1.=1.49609+0.00207B+1.59918EB>.
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Table.3-9 Refractive Indices of Epoxy Systems.

B Svstem Ratio Refractive Refractive
POy SySte Index(before) | Index(after)
System 1
830LVP/Epoxy I /CA I 1/0/1 1.5466 1.5461
System 3
Epoxy I /CA [ /CA I 1/0.1/0.9 1.6483 1.6466
System 5
Epoxy IIL/CATI/CA I 1/0.1/0.9 1.6164 1.6158
34 AIAF BT A
3-4-1 B EHER
d DSC #7/d- 2 chpl I3 8 45§ ** Table. 3-10> #& Figure. 3-45

~3.49 % &k B -
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Table. 3-10 Tg of Epoxy Systems.

Epoxy System Ratio \?vl‘i‘i:; Tg(C)
1/0/1 0 137.3
System 1 0.75/0.25/1 1.36 132.5
830LVP/Epoxy I /CA I 0.5/0.5/1 2.67 132.4
0.25/0.75/1 3.91 123.3
0/1/1 5.11 119.1
1/0/1 0 137.3
System 2 0.75/0.25/1 4.22 114.4
830LVP/Epoxy I /CA 0.5/0.5/1 8.09 105.5
0.25/0.75/1 11.64 102.9
0/1/1 14.92 97.1
System 3 1/0.1/0.9 16.46 100.7
Epoxy 1 /CA L /CA I 1/0.25/0.75 18.77 99.6
1/0.5/0.5 22.53 85.8
17071 23.45 137.3
System 4 0:75/0.25/1 26.49 131.9
830LVP/Epoxy T /CA 0.5/0.5/1 29.34 134.1
0.25/0.75/1 32.01 149.7
0/1/1 34.52 153.6
System 5 1/0.1/0.9 38.13 157.8
EpoxyIT/CATI/CA I 1/0.2/0.8 41.78 154.3
1/0.25/0.75 43.63 156.9

A W BLZ Systems 1 ~2~3 0 FOFIRAEF A 7 B oA 4 0 H Tg 5
TR B F L ALY g RS 0 € F # i gsc% o (2 B Systems
1~20 FIE0RE AP i B BEFHRM G 2T Tg £ 2 Bk
14 o e & System 3 ¥ o F] 5 A it A& CAIN 5 7 #rehsl it &R %

G L A e Tg A ET R

’

I

# System4 ¥ > 5 F#{ F Epoxylllsnz & > » &8 F kO3
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Table. 3-11 Thermal Expansion Coefficients.

Epoxy System Ratio CTEa (um/m’C)
1/0/1 65.23
System 1 0.75/0.25/1 82.45
830LVP/Epoxy I /CA 1 0.5/0.5/1 71.83
0.25/0.75/1 71.35
0/1/1 64.29
1/0/1 65.23
System 2 0.75/0.25/1 60.65
830LVP/Epoxy Il /CA 1 0.5/0.5/1 63.63
0.25/0.75/1 69.52
0/1/1 62.67
System 3 1/0.1/0.9 72.51
Epoxy I /CA TL/CA T 1/0.25/0.75 72.40
1/0.5/0.5 85.42
17041 65.23
System 4 0.75/0.25/1 76.73
830LVP/EpoxyIll/CA 1 e 85.77
0:25/0.75/1 74.53
0/1/1 71.60
System 5 170:1/0.9 73.32
EpoxyII/CATI/CA T 1/0.2/0.8 69.89
1/0.25/0.75 82.49

3-4-3TCGA# £ 4 4 47

SR Gl =L X A U N %ﬁ d  Thermogravimetric analyzer

i

(TGA) #32f > d TGA ¥ H#L € BAER R+ = cff 4 {27 8
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Table. 3-12 TGA Results of Epoxy Systems.

5% weight loss
Epoxy System Ratio temp.(°C)

1/0/1 361.23
System 1 0.75/0.25/1 328.79
830LVP/Epoxy I /CA 1 0.5/0.5/1 326.09
0.25/0.75/1 343.72
0/1/1 305.71
1/0/1 361.23
System 2 0.75/0.25/1 318.10
830LVP/Epoxy Il /CA 1 0.5/0.5/1 314.17
0.25/0.75/1 318.46
0/1/1 310.68
System 3 1/0.1/0.9 293.97
Epoxy I /CA I /CA 1 1/0.25/0.75 297.99
1/0.5/0:5 284.73
1/0/1 361.23
System 4 0.75/0.25/1 340.37
830LVP/EpoxyIll/CA 1 4201 346.44
0.25/0.75/1 345.35
0/1/1 354.38
System 5 1/0.1/0.9 356.99
EpoxyTI/CATI/CA 1 1/0.2/0.8 358.32
1/0.25/0.75 342.25

¢ _Table. 3-12 #» » # LR
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