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Abstract

This research is devoted to the epoxy resin with high refractive index by
way of molecule structural design, and study the thermal properties of the
epoxy resin material.

The refractive indices of commercially available epoxy resins are
generally between 1.50~1.56. The goal of this study is to synthenize
2,2’-Dihydroxy-1,1’-dinaphthyl diglycidyl ether containing a large number
of aromatic rings, cured by different curing agents to reach refractive index
higher than 1.688

Thermal properties of these epoxy resins were also studied by TGA,DSC
and TMA . Characterizations of optical properties including refractive index
and ultraviolet/visible spectrum were measured at 589nm wavelength.

Experimental result shows that the epoxy resin structure containing a large



number of aromatic rings indicates good thermal properties and certainly
helps in improving the refractive index. Also, these epoxy resin materials

have good transmission in ultraviolet/visible spectrum.
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Figure 1-1. Gillham’s TTT(Time-Temperature-Transition) diagram.
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Figure 1-2 Reaction mechanism of anhydride cured epoxy resin
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Table 1-1 Comparisons of Optical Materials.

Materials Advantages Disadvantages
ehigh RI ehigh density (2.2~3)
Inorganic ehigh Abbe number ebrittle
egood thermal property ecxpensive
elow density (1.0~1.5) elow RI
Organic etough elow Abbe number
ecasy to fabricate erclatively thermally
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Table 1-2 Comparisons of Refractive Indices of Inorganic and
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Type Materials Refractive index
quartz 1.55
Inorganic  |optical glass 1.6-1.7
materials  |[silicon 3.49
poly (pentafluoropropyl acrylate) 1.358
Organic  |poly (methyl methacrylate) 1.489
polymers  |poly (2-hydroxyethyl methacrylate) 1.512
poly ( a -naphthyl methacrylate) 1.641
poly (pentabfomophenyl methacrylate) |1.710
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- AR RN R e EH IR R R AR e g
il BB FIERMEE AU A SR BT R g

Hgol o XA BATHFEP HEHMT U RRTEL B0 2F S

Sl N R 2 A 4 A i@ s LED B it

3. #+4 LED X2 b EE

LED a1 Ik p 2t UV £~ ko fE > H 9 #

|k

7
~

AHEFAKFHFLED cng B2 T aEL 0 @ 9o b ¢ LED

PARHEMER TR s R R A TR B ER AR R R

B A P BB AT R e T2 2 ndRa 25 A o

iea 4 LED pEfE et 2 64 o
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1-3-2 & & £ ¥4 (Optical Adhesive )

AR A HEE B AR BA £ BHEE G P e P

Eagr » fARR L A AP - Bk i £4% ¥ #l(adhesives)

Bk F it afie 542 B (assembly) ® AL E O f fE R E F i (optical
component) s#rHe » M LA B EE R v £ 0 & * soldering 2 laser
bonding =7 2 ;4 Kk fe g F B o o od a4 B RS
(precisepositioning) 975 # 14 E A ik * AT Gk i i % ¥ (light-passing
sections) » % jbrg F F A g * B iR s AL

BEHALT A RERERSSRET A LA S e L - T 3§
o2 LA EFE (light-passingarea’) > ¥ — AR F o d *M* 2

AR HEFHHLOT R RS FR V0T B2 R E R ORY

BARDE LRI BFRREFEL A P A FRFDRFAG S

'—,\'\5

TRFRAZ A Y RIBFR AL REPF S blhod7 it
o B EMY R F A ITHF A 4p £ (mismatch) ¥ &t i &k AR FE

B cnF b FRMAFS AT RRTE TS kT e &

Ik

4

Wi

W EE e A @i 4 B (optical distortion) b & fiE % 27 H 41 4p

AT T g F R R Mk R S o
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TF A A LRFRR A CH PSRBT
FAEREE ) EE L RERE LR ASR Y WS o

BZ i@ ® anddEH o - 4Lm

3 IR ¥ M edT e S 4 30 1.50-1.56 = +

EAAEEERFARY RFLTE R R L AF TS

AH (do- B LB g« LF P EToF 2016 b Pk E A )

FER T R P o

bk G AT B R RN Bl 5 BB 8 5

B RS TRRAN Pl S RN RIS R

BrkBAUpaT B FAERS AR R LR B LN

BLihE bfa A2 e 2 R M TR ARG RLE o AR
S L - A T B EA N

Lot (ki d2ey)

2. 4N (kg LT oz i)

3. EEMEE o

£ ¥ A (adhesive) A Ap i %ﬁd AEBRIEE A e B A3 R

3 E i 8404 P B T ?ﬁ@«fq—)ﬁl AL B R mEAE

-

¥ B s o (00
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Table 1-3 Merits of Adhesives for Optical Applications

Advantages Disadvantages

FERAT R BRAES S

P
>
A
DM

Bbbo g S EEURARERS 2 b it

SRR A PERFRZIENTRETIFEME Gy D
ITHF B RBFFFF U DLFS 2 PREBR - LERET - KAR
R flie 1 P F AR MRS MBS B o B ¥ bR F ko
sk F W3 T A% acrylate) > époxy. . epoxy acrylate ~ cyanoacrylate
PU acrylate ° i AL F A B8 R ¥ H- L2 fem $HE A 7 b end £
it ang £ 2@ BFafRE e e 1o

ol hk ek 2 andh £ 0 F] T Bk S T i 5

w146 F M-k R nd SRR L 0 RIS T SRR F AT S R 4%

1,46 fAFedm - At IR F TR A A E JHlg G W ade
FAoORAATHIFERPHEFERERZA 2 L F (1.55) > #u

AAF B i AP ERATIE L SR blhod & 8 IR
Broacng 0 AGEREY & Rl R KPR TS (0 R

PR E R 171948 5 A E RS E G v & R 3 F fhatomic
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refraction » e d >t R+ LjEd+ > 4 (Rm] /V BEv% | > 3755 "%
M) A FEF ST ERN AR F AN R R LE G oo

5545 P o

1-3-3 k5 4& 5

Tt Gk F AR YT o AT BIEF fAp F R 4T85 0k Y
PR KPR A S R A A RS AR ERA Y B IS H
Y S P I RCEIE T ¥ PG - E . RCRT

TG RITHF R TR AR ke B8 FHER 2
B RAT oS b (ol ST Rde P R R L F g d st 2 A
P 4 R AR -

Table1-4. 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 34 5.6
1.60 3.2 53
1.66 3.0 5.0
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1-4 B ATH 5 2 % phw E
1-4-17 * 45 & #2330

R RN E R R L R o
HLeif &P o - 45 7 i3 % ELAE (sol-gel process) #-f& #4pi ~

et p o £ ¥ dUHHED AR R A AT A F 18 T

FIBRE 5|3 7

\\\?{r
ol

1991 # B. Wang, G. L. Wilkes"” % 4 & #* ;3 s % #l 42 ( sol-gel
process ) ° A [ v B # titanium  tetraisopropoxide 1% R

triethoxysilane-capped organic*oligomers being either poly(arylene ether

ketone)(PEK) or poly(arylene ether sulfone) (PSF) > iB| ¥ 2_refractive index

% 1.6-1.76 > T B 5 wt% of TiO¥{refractive index i 8]

o 2 TIiCXDI-PSF
«TiC(X)-PEK g
1.76 | HOSR
n e
.70 . (=]
AL O
168} a = o
r-ao::"- 1D 20 0 40 50 80 70 P~ 0 1e o]

Wtz of TiO,

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. J"®% « » i # ;3 529 9 42 (sol-gel

process ) » #-titanium tetraecthoxide(TEOT)¥2 Hydroxypropylcellulose(HPC)
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CH G4
% {s

» J1 * titanium oxide particles¥ & ¥ HPCZ refractive index1.4834%
< 1 1.665

1-4-2 &% - 87 SN > AERPAFE N o

MEHS R BLAHA AR S o G Bk o
& S e AT e S g ] A 20 1.7-3.9 o

1994 & Tasoula Kyprianidou-Leodidou > Ulrich W. Suter*??% « » -

lead sulfide particles (PbS) - iron sulfide particles (FeS) % » 7 # 4k

1 poly(ethylene oxide)PEO 4 H 3784 5 g [f] 4 >+ 1.7-3.9 -

CAgAR pleaY B R Rl 5k R R A

[ % L 2
o ipt K SLink

+BHY ¥ 57 % &% b (highly conjugated ) ~ + % & (aromatic-type )

B4~ @~ Fn ¥ B 3 % atomic refraction e > dTEFF ECF 2.0 0

1985 # H. G. Rogers, R. A. Gaudiana®’ % + » & & - % 7|

all-para-linked substituted-biphenylene and/or -stilbene repeat units % 7 %

A& % §= charomatic polyamides » H +f 4L 2 375+ F 4 3+1.57-2.07
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o -OCHz
e
OCH3
OCHgy
9
+¢
ocnj

1994 & Chen-Jen Yang and Samson A. Jenekhe®” % % & & — & 712

Br
o cl OCH3
G- NH NH ¥
oc H3 cl
0 Br

o 5 CFy
+ E_O—'c':— NH-Q—Q~NH+
CFy
Br

o CHz CF3
+ CW\E_/NH@-Q—NH')—
CHs CF3
o QCH3 o CF3
+¢ E*NH-@—Q NH ¥
OCH3 CFq
0 ND2 0 NOgz
n C-NH NH ¥
tc c-

& % $Epolyimides » H 44412 378+ 5 4 351.62-1.88

R

G-

1. R=R=H®PD

2. R,=CH,,R,=H@MPI

3. R,=H,R,;=0CH,(PMOPD

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

5. R,= OCH,,R,=H(MO-PPD

6. R,=R,=OCH,(P3MOPT)

7. R,=OCH,, R, = OH (MO-PHOPI)
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8. PPI/PMPI
1995 & Michael A. Olshavsky and Harry R. Allcock®?? & =& — % 5|2

Polyphosphazenes > 37 &+ 5 4 3+ 1.618-1.755

X=H, Br, |
2001 & & FHpL e S R sk 30 Ik § g 2 4R L AT R
(rigid rod) % #  biphenol group ~ naphthalene group % azomethine

linkage » ¥ fe pFAT 1t {8 44 2 378+ 5 41 30 1.570-1.617
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-5 F £R/RBITHFEP 2 4 47
MITSUI CHEM INC 2 2 > 1989 ¥ s4epoxy#? episulphideit {7 &

&4 = polysulfidefd?s » 378+ 5 7 £ 1.660 F > 3 B 5 L F L 2 M40 52000
& % 4 episulfide4e » i § hi5 B fepoxy? » & F -NCOFr-NCS
IS HE 0 @ R F epoxy T it~ Abbe (22 e B MM 4 0 I ¥

HEBN A RE A cBFRE G AT A i he ISP
Mg > @7 R ABZP PR TR S F K g 4 > ¥ Abbe number
BEHEP R TR D DS 7 g A2 R % 02001
GO, 42 4 -S-CH2-CH=CH2 3% {* epoxy (rallyl (2,3-epithiopropyl))

e PR P epoxy? U G H RS T OEIRT /B R H D

s

NIPPON KAYAKU 2 7 > 1993 & @D 40 x 3554 2% % 1.621 thepoxy
oligomer X /i #epoxystia ¥ > — > w H Ao kg k AITEF > ¥ - 2w T

;"%'{:‘j n’fﬁ"éﬁ:l}*ﬂ'— ~ Kéz: fl&\:l7j(;ki o
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SEIKO EPSON CORP 2 # » 1997 ©2 #-Al, Ti, Zr, Sn, Sb, Ta, Ce, La,
In, Si and tungsten trioxide % £ 4 % * 4 4c » Organosilicon compound of

formula, R1R2aSi(OR3)3-a (R1 = organic gp. having one of vinyl gp.,
methacryloxy gp., mercapto gp., amino gp. or epoxy gp., or 1-6C

hydrocarbon gp.; R2 = 1-4C hydrocarbon gp.; R3 = 1-5C hydrocarbon gp.,
alkoxyalkyl gp.orH;a=0o0r 1) & A 41475 ¢ » 30 F 375 F R * B 5 o
2000 Vs #-F 1 trithiocarbonate sz it epoxy4e » | B 2 f#q @ 7%%'

Fra il x> RAFEP P aiRT o B e B 358 o
HEWLETT-PACKARD 28 » 1998 & @Y% s | »vv R skt £ 7 7 %

kz 2K Bk R AMDS P AR o A7 A EP R DA

T 4R Tt o 2@ R S LEDY shf G R F SR kT % o
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1-6 7 7 % 4
FE KD VAT EF KRB KR X AM A RS- KB

o X5 LED LED 2% 34 5 &3 ~—‘f§(-§£‘ » & LED e

<!

TEFRBRRZAR TR RKB AP v E & DR WAL o LED £
2 3 onii & £ 5| - o i RS EHEAM T 0 AN
FHATES o ARA S TP IV kS e E 00% M 0 B RS KA
it KA B ) LED £ % ¢ 3RB~ ks ¥ (light extraction efficiency )

W5 30% 0 7L i dtE PR AHLEDR B hE & | o

-ml

€ IB kK A gL TR LR T ER S P P 4
Mok z 475t 3 4p £ 36+ > @ LEDUGRIRS ek 5 4 L € 5 4
RFH @ RRIUE LED fR0 % R S kon g o fRikchki e
VR EBEP HEE T F > RS 2R B B e kg o

AW PHERE] RFRY A AT S LR R B AR
B o HRI AR F o EF A% J5Y RE M B

o B R TR T A M T a5
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2-15 B+
2-1-138 5 #oy i s

T F A

1.  2,2’-Dihydroxy-1,1’-dinaphthyl diglycidyl ether (Epoxyl)

0
X c—o- O‘
HZ
OCH, ==CHCH,0 =) OO
OH

2. Naphthalene epoxy (HP)

XX
505 OCH, —CHCH,0 -) | 0
c—o-( | 2 n o—c—4
H, OH H,

g 1 136-150
2 HP-4032D

%
RS
K7 - Dainippon Chemical Company
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Y5 IR |

1. Methyl tetrahydrophthalic anhydride (MTHPA)

F+ 20 166.17

B AR 1% (TCI)

2. Nadic methyl anhydride (NMA)

A+ 117818

Bf ¢ AR 1= (TCD
3. 5,6-Dihydro-1,4-dithiine-2,3-dicarboxylic anhydride(CA3)

&+ E 1 188.22

B ¢ AR v 2(TCI) ,Aldrich
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4. racemic-2,2’-Diamino-1,1’-binaphthyl(CA4)

7 * STREM CHEMICALS

Rl e

1-methyl Imidazole

2N
N”" “N—CH

\—/ 7

A+ 5 8211

R - Fluka
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2-1-2% F At b B HAE R Y 5

1. H,0,2 &+ -k
2. Epichlorohydrin, (C3HsOCI), 99%

B 7 © JANSSEN CHIMICA

3. Sodium hydroxide, (NaOH), >96%
K F - SHOWA Chemical
4. Pyridine, (C4HsN), >99%
B F - ACROS
5. Hydroxyl chloride, (HCI)
B - oo
6. 1,1’-Bi-2-naphthol(C20H1402)
B otk v (TCI)
7. Ethyl acetate(EA),>99%
K F - TEDIA
8. Hexane
K F - TEDIA
9. Benzyltriethyl ammoniumchlorid(C13H22CIN)

B FE * Merck
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2-2 FHRRFLEA

1. &= Fid sk (FT-IR)

K7 Nicolet Co.

2] 8% ¢ Avatar 360FT-IR.

2R 2 @ Resolution=4 cm™ - Bl #F4 =c #ic 5 32=x » L FH eyl #ick

&4 [F] 5 400~4000cm™

2. B Rk %k (NMR)
7 @ Varian
485 Unity 300MHz NMR

BliRiEE D CDClL & % & 2 VA8 25 Sppm ©

3. £ L 7R (TMA)

B F - Du Pont

A5 ¢ TA2940

BIFRIE D 4o F10°C/min o

RIGRP 0 PIE TR A A A 2 Bk T
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4. #. & & 7% (Thermogravimetric Analyze > TGA )
K%  DuPont
A1 %% © Du Pont TA 2950

BIFEIE 0 A 100ml/min N2 (g T » 4 #iE X 10°C/min o

5. He A 4% £+ 2+ (Differential Scanning Calorimeter » DSC)
7 * Seiko Instruments Inc.
3|55 : DSC200

RIGEE 2 90 AR SR B f, T 7 Nace iR R 5 100ml/min -
6. 4 kk B % (Ultraviolet/ Visible Spectrophotometer)

B 7 © Hewlett Packard

A5 © HP8453

BIRRP 0 R ERF M HUV/VIS REp LRNTER o

BIERIE 0 R JR300nm3E 1000nm

7. %2 & % % #(spin coater)
Fi7 1 SYNREX
A% ¢ SSP-01A

R AL /r.\.#}aiéjg E‘h{i i EZ%’H-—P
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BlEIE L i 1000 rpm

10.37 %4 5 jp| £ B (Refractometer)
B7F  ATAGO

3] 5% : DR-M4

H i1 2Py gt

iE % D R JRS589nm

Rl D et IR TR T M 2 4705
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2-3% =~k 3 BPq

2,2’-Dihydroxy-1,1’-dinaphthyl diglycidyl ether (Epoxyl)s& = & #-%

z
ol
+ 20 LN ¢ — =

B~ it & 4 1,1’-Bi-2-naphthol(14.31g > 0.05mol) > epichlorohydrin
(92.53g > 1mol)¥# Benzyltriethyl ammoniumchlorid(0.43g > 3wt% > phase
transfer agent) > ¥ >+ 250ml BFSE¥L® o F # * 0 R AR 100C4# 2 )
B "R T 65CRF o #3099 NaOH -k i% i (5.25g/12ml) 4 4o 5 i if

»o FRES B TLC PEKHS BE T =2 o F BERE > ¥4

ERU

0 @A (NaCl) 8 g - o M0t g it Ok SFR RS R B E 0
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epichlorohydrin » # ¥ 4 14 Dichloromethane /3 f# » T R 5 Bfick o 5
W R KRR 4E “,’TT ko FEBER RIRFRERET EIRSE S R
kg e AT 1 95%

'H-NMR 7 @] (figure 2-1)

PC-NMR % Bl(figure 2-2)

'H-NMR (CDCl; » ppm)

0: 2.27~2.35(m » 2H) » 2.51~2.58(m » 2H) » 2.94~3.00(m > 2H) > 3.96
~4.04(m > 2H) > 4.11~4.22(m » 2H) > 7.12~7.16(d > 2H) » 7.20~7.25(t >
2H) » 7.31~7.36(t > 2H) » 7.41~7.46(d > 2H) - 7.86~7.88(d > 2H) » 7.94
~7.97(d » 2H)

PC-NMR (CDCl; > ppm)

0:44.2>50.2>70.4>115.9> 116.1 > 120.6 > 123.9 > 125.4> 126.3 > 127.9 >

129.5 > 133.9 » 154.0
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2-3-1% 3% 5 £F ©

A B F B e F 2R R0 #leml Gk B
feor b A Y 0 Fr A 02N B eR R 0 FREF L F I A~
VR A Y o fe 0N e R R (MKHP R ERGF Ta 7)) 0 F TR
fedF {8 o

#% - 0.5g)2,2°-Dihydroxy-1,1’-binaphthyl Diglycidyl ether » ¥ »
250ml A FL P 0 4 2 25ml 0.2N @ Fe -t eg 3 0% 0 38 40°C T 40
Ags o BRI 2B FERS 0 EATLLS120°C kiR T dE30 4 4E
FRBAIE PV A R

F T PFI0IN 1R# 33 (WdhaaraF €2 0 1 PH-meter k 2| ¥7/F 2_
AT ERBEed IV FIF R EEVse £ 1gple 2 2 F-
G A% 4 T EP A B Vbo #F %@ T ehlici o I T g

A2 ¥ ET%RE 3 £(EEW)-

W %1000

EEW=
w iR 5 ()
N: B E § it 42 kR (eq/l)

N %(Vb-Vs)

Vb 79 F &} 4 E (ml)
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Vs @ iF LEF R4 E (m)

NE Y 2 Tk E A5 (DEEW =221
7% % § A5 (HP)EEW=136-150

# & % @ HP-4032D
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2-4L X iYL BoengEnE
2-4-1 'H-NMR P2 £ 47 % 3

#eir &A1 & 3% 90 7 0.5wt%TMS 2. d-chloroform® > 12 TMS
&8=Oppmeniz§ 5 p R FRFS T CF B E = Lppme RFF
ALe i sih & H 4 singlet > d* & = & *# doublet > ti% £ = & 4 triplet > m &

% % £ % multiplet

2-4-1 PC-NMR ¥ + 4= * 3

#eir & o2 18 P B Y 20.5WE%TMS 2. d-chloroform ¢ > 14
d-chloroform #.8=77ppmsHiz § 5 p i Tk F o dr P F=HH =5

ppm °

H0r & Pl el 2 KBr 5 & BA{SR ¥ > riresolution=4 cm-it

Fameh kAt o
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257 5 AT

2-5-1H it F fisfie >

fe™ — 1R-AT 8 22 TR § A (Epoxyl) % A it | Methyl tetrahydrophthalic

anhydride (MTHPA) > § £ :1JR 353 18 > T ¥ 4v » 4p g >
% § #%5 Iphr 2_ 1-methyl Imidazole§ #.i | » & {7 L F & & ©

i~ 5.(Epoxy/MTHPA)

DT & 2 TR 3 AP (Epoxyl)# A it #|Nadic methyl anhydride

(NMA) » & 10 1B 355 Bl v 4o~ 49§ 50Tk § A5 Iphr
Z_ I-methyl Imidazele § .4 & > & 7 < B F J& - & 5L

(Epoxyl/NMA)

D#-nr 8 2 TR F A (Epoxyl)® A it #]5,6-Dihydro-1,4-dithiine-

2,3-dicarboxylic anhydride > § £ 1:1;2 £353 {8 » T ¥ 4e ~ 4§
% "7k ¥ #75 Iphr 2 l-methyl Imidazole§ .1t &> & {7 < B &

& o 5(Epoxyl/CA3)

DT & R 2 TR § B (Bpoxyl) 3 At F|racemic-2,2’-Diamino-

1,1’ -binaphthyl > % £ 1118 £353 > 27 2B F B o R 5L

(Epoxyl/CA4)
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fe > I 0 M-F Y 2Tk § #it7; (HP) 2 & i 4| 5,6-Dihydro-1,4-dithiine-
2,3-dicarboxylic anhydride > % £ 1:1;8 £353 {6 > ¥ ¥ 4 » 4p
% 3Tk ¥ Mg Iphr 2 1-methyl Imidazole§ 81" &) » i& {7 % B &

s o X EL(HP/CA3)

fe™ & D E-E * 27k 3 APq(HP)Z A 1t #racemic-2,2’-Diamino- 1,1’

_binaphthyl> & B 11158 £ 353 »i& 7 A B F Ji o & 3 (HP/CA4)

2-5-2 # i DSC 4 47
Mok e AR £ 30408 s F B B4 5(3-10me) % 34> DSC h
e AR 2B TE & F  5°C/min,10°C/min and 15°C/min
R iE 5 d 30 C A 22500 I LR TR F R /A T RIR & 5 B
AL R T eh R ROTREAS E RO i LK) 2 A 2 - BUTR R
EB LA A VR R L BJRBACERE APEE (FIS B 1 (postcure)

IR A PR 2E L AR ABERER > BN T AT R
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2-5-32 Bilp A2 FT-IR 4 47

B F TR 3 R 2 RBA R W BR &35

ok

iz A
Dichloromethane,# 4 2 KBrz & + > & &3 & =% 2428 & > 1% FT-IR
resolution=4 cm-1 > Ff T B 532 X - F B AFIERE SBFRF2T

AT RBEL AT K AERT PR

2-638 % ¥

2-6-1 UV/ VIS Transmissionp] & & & @ i*

2-6-1-1 % & gL 7 A e e

*YEE 7 BT g3 3 2 (SemX SemX Tmm) i

Lo 5%chgh I iR AR BiRize R RTI0A41 - * Rk
§o & o

2. * EAkEE > RFARTIONE > TAFHFS & o

3. tIS%NaOH-ki3 i iZe » A2 ik BIF30A s » % kit kgt
EIRBREYE Lo EAKY o RFRRTI0N 4 -

4. A EREE AT B0 UARERE f o T N BB o
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2-6-1-2 UV/ VIS Transmission:p| & 3& & @ i

BB T BTy Y 0T L R 5 chi o 12 Spin Coater e %
e Rk g 15 FRK 5 1000rpm ~ 30sec o 2 {8 M-X B Tk ¥ g /A 1
% Iphr F i RGEARfeka3 ~ 4o » THFfe 2 £ £ F A B R 9 5 30%:%
oo dOSTCHE30 ~ &l » L8 HRFNATL L RF A F

HOCfE R R o

2-6-247 b iR £ 3F ¥ W IT

et dopl R (8 -8 B RRIg IR 3 dhepoxy/ curing agents
% lphr A it B:E&] 5] » FFR RPN (S N RRATIAT L L B
At IEEREER o F P i RLGET0mmx8mmX Imm > #3E P o

ek Rl -

2-6-3F L 17 5

B p Rl 1T -5 F & g3 R 3 fhepoxy/ curing agents % 1phr
A CRGER F) ~ FEHRRE N S N RRTAT 2 L B A
EEEEE B-TMA 2 5 0% <1 PlE 5 SmmxSmm>x2mm ; TGA % DSC

E -2 B 5 5-20mg o
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2-7 % B 14 AP R R
2-7-1 #nE€ &~ 7% (TGA)

B s i e 2oy BAMAF R ES K
HALS-10mg ¥ *t e £ WK &SP > 2§ § KB T (100ml/min) 12
10°C/min 7+ 8 ¢ 5 > j30°C 2 800°C plzE 2 o

Bl P e Dl ek ‘L’I‘ﬁ- ’tlb)itl)?*/n_  BEARAAE o

2-7-2 # Rk T3 B3R (TMA)
Boi A e o A 0 B ars o o R A 17 % (TMA) it
(TRl AR K E 2410 Co =R Fld 257C 1300 -

RIFE R e D sk B2 BOU% TR i (CTE)

2-7-3 M i #$ 4 + 3+ (DSC)

PR LA PR R ROt BIBASE R ESRRH
FL5-10mg ¥ >M 4Rk s ¢ 5 30§ F %k T (100ml/min) 2 10°C/min ¢

R F o K30C 2250 Ciplsd o
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2-7-4 @5 A F 2 P33R (Gel fraction )

¥-TWEF (thimber) MAfrEe— % s "8 ad %R EY BIE

EAFE 2 > BATME IR TR R ABR23 LENE Y AL R
H % 5*SOXHLET ¥B%B7¢ » NAMRFEERZ 2 » RAEBNEF AL
mJLTﬂ v _t_#b—p i:[_-é- ‘HJ)‘L )zé' Q,E'_';’f"/}:im/}i .

2-7-5 Fr&F % 2 PR
#m G ek 1 Refractometerip| & HkL 2 3784 5% » E* kKR 2

589nm

2-7-6 UV/ VIS Transmissionz. ;g ;&

BV EHEER G AR YOS kR BRI EHEZ TER K

Rk 7 5 300nm~1000nm:ig 7 p|3& °
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= “ i B ReTA
NIRK= S 2 e B

J— 7 N

31 %3 fPg2 & HHET
3.0.1 & &z

2,2’-Dihydroxy-1,1’-dinaphthyl diglycidyl ether : Epoxyl

O

OCH, —CHCH,0 ~) OO
OH

312 B § i FETE A 47

2,2°-Dihydroxy-1,1’-dinaphthyl diglycidyl ether : Epoxyl
1 o vb &Sk ¥ (figure 3-1) FTIR @ & 47 2 B4 > & R A F 3% 901
cm” (epoxy ring stretching) #1 .3k § & g M w2 fc » C-H stretch e iz
& 2862 2920 > 2994 > 3048cm™ ; aromatic C=C stretch= ¥ 4z & 1505 >

1589cm™ ; C-O stretch x4z #1058 » 1266cm™
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2. XA 47 ('"H.NMR) : 'H-NMR [z (Figure 2-1 )sis &
2.27-4.22 ppm % 77 epoxide #H > 7.12-7.97ppm % 7+ ¥ &+ #H

3. e EA ¥ (PC-NMR) : PC-NMR ) ## (Figure2-2 )eris & -
44.3550.2 > 70.4ppm # 7 epoxide 1C > 115-153ppm % 7+ aromatic ring
e1C

4. BEW : o % pe- egjf %% )1 2 EEW=221

-5k 2 g BT 4o

FT-IR(KBr » cm-1)
901 cm'(epoxy ring) > 2862,2920,2994,3048cm™ (C-H) >
1505,1589cm™ (C=C):> 1058,1266cm™ (C-O)

'H-NMR (CDCl; » ppm)
8:2.27~2.35(m > 2H) » 2.51~2.58(m > 2H) > 2.94~3.00(m > 2H) >
3.96~4.04(m > 2H) > 4.11~4.22(m > 2H) » 7.12~7.16(d > 2H) » 7.20
~7.25(t>2H) > 7.31~7.36(t> 2H) » 7.41 ~7.46(d > 2H) » 7.86~7.88(d >
2H) > 7.94~7.97(d > 2H)

PC-NMR (CDCl; > ppm)
8:44.2550.2>70.4 5 115.9 > 116.1 > 120.6 > 123.9 5 125.4 > 126.3 >

127.9 » 129.5 > 133.9 > 154.0
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32 ThE Mg R T

A i e
(Epoxyl/MTHPA)
% ¥ £1752,2°-Dihydroxy-1,1’-binaphthyl Diglycidyl ether
A it | Methyl tetrahydrophthalic anhydride
(Epoxyl/NMA)
¥ 3 #1752,2°-Dihydroxy-1,1’-binaphthyl Diglycidyl ether
A it A Nadic methyl anhydride
(Epoxy1/CA3)
% ¥ #1752,2°-Dihydroxy-1;1°-bimaphthyl Diglycidyl ether
A i A 5,6-Dihydro-1,4-dithiine-2,3-dicarboxylic anhydride
(Epoxyl/CA4)
% ¥ £1752,2°-Dihydroxy-1,1’-binaphthyl Diglycidyl ether
A i Aracemic-2,2’-Diamino-1,1’-binaphthyl
(HP/CA3)
7% ¥ #175 Naphthalene epoxy
A it #|5,6-Dihydro-1,4-dithiine-2,3-dicarboxylic anhydride
(HP/CA4)
¥ 3 #175Naphthalene epoxy

A i Alracemic-2,2’-Diamino-1,1’-binaphthyl
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3-2-1 i F
APLEFL R U TR MR A 0 A R R GEA G AT F
FARFEATHESFRRAPF BER A §he1 2 52 T A

~— R ;‘ sz
; 7}‘% gy RO

QEP;

FREREBRZANB-PIBEFT e rfHm? 1)
354¢v » Iphrerlmidazole 1% 5 & & iRAEH] o

BE Y B Ay R g BEF RARR B MEE R
B A AR FPF AR e A3 G AR EH R A RE
oo AR R - S R E B HHARL T
B

3 A SRR R T F SRR R R R

’t.',_]

n-'l«

BT F R tRAR ¥ AR AR TR g M A TRk A

fiE TR ARE ] BF E AR R B RS
iz x F8F F oo @ fete » Imidazole 5 F RSB HlFA)T o AT i
A2 & mdefigure 1-2 03 & F B 5 A o

BAF Y TH TR F /R Rk g B 0 ¥ FPRepoxy group:
anhydride group (E:A) =1:1 %3+ % o
BovRAT LR (YR ehTR F ORFTR A AT o TR E AP /R A it B

# # fFamine group: cpoxy group: (AM:E) =1:2 %3+ -
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3-2-2 A i g

1 DSCH # Tk § AP0 82 & FAA 14 B e E s Bl figure(3-2~3-7)
d B¢ ¥ i kE
R EEA BRSO HE Y R A (HP)A T4 3R
P ARE A AR E B k2 0 NMA > CA3 > CA4%HEY #5

IMTHPA 2 Epoxyl ek g DA MER » £ 7 H

’Iﬂ\ “

rigid eh> f kg = g IR 0 ¥ i ik + B & Tlcrosslink 8 4 FF g

M B ehF o ERF RS cni- B MTHPA & = /A4 shift
VUF R L2 2 - Bt BEB S A YRR o |

HBHER  AFFERITSEM Y (post cure) o AT g (L5t H

% 4rTable 3-1 #1717 o = & @ % JMMMTFHPA 5 A i & ek sod 30 F R

BP- ~ %N BB o AR R L NMA L A K R A R B R R

B oM Bk K- ALk U #posticure B A FEE ] i H VR > o

Table 3-1 Cure Schedules of Epoxy Resins.

Epoxy Resin Curing Conditions  (Temp(oC)/Time(hr))
Epoxyl/MTHPA 11572 + 150/6 +180/2
Epoxyl/NMA 135/2 + 160/6 +190/2
Epoxyl/CA3 13572 + 170/6 +190/2
Epoxyl/CA4 1402  + 180/10 +200/1
HP/CA3 1352 + 170/6 +190/2
HP/CA4 1402  + 180/10 +200/1
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3-2-3 A L iE 422 4 b S K H A 5

N SR AL T R ot A VR A B E TR E B TR TR
815 0 figure(3-7~3-10) & &¥ *§F % 21k & (Epoxyl/MTHPA -
Epoxyl/NMA » Epoxyl/CA3 > Epoxyl/CA4) %8 & % v 2 IRE 3 o
d VMR R BRETAAE O LA ERE - &
Epoxyl/MTHPA=¢ % (figure 3-7) o %_% Ik g42C=C 4T 1505 cm™ 5 p
T B E &3 A Epoxyl &2 pafrr it AIMTHPAR (7 < B F e >
901cm ' (epoxy ring) % 1778, 1854chi’(anhydride C=0)s1i= % 4 7L R
Eomojoig BT end g £ B 1732cm (ester C=0)eniz B iR b5 —
T 5 FLEER IR S iy 2 e U

155 F a5 Epoxyl & il it B CA4 A I F o i Bl(figure 3-10).

? T FREHC=C = fct 1505 om” A P HRE O FIRE R LEE
P > 90lcm™ (epoxy ring) i % F WERFRY R £ @ R fTis B T AR
4 3560 cm™(R-OH) chi= % iB;br75 & - BFLRE AR B LMD

SofcitEL o SHARIRAR I F(ACAY)
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3-3 B T A
3-3-1 % P 4 (Transparency)
HREP L 2L F R P ZTENEL o f R FHAR T

WOk R AR hE RTINS R FIRRDT 0 T EIT L R R R F R D

— A o MR EHESDT S F A00% N T AREP > i d F
gk VBT EFEINF Ak R B e hE R TR
J g £ # B (400-700nm ) sk $h4piting %544 o F UV/VIS %3 R 7 5
iy B 32 4t Table 3-2 o

Table 3-2 Results of UV/VIS Transparency of Epoxy Resins Systems.

Wavelength (nm) Transmittance (%) at
Epoxy Resin of 90%
Transmittance 400nm 700nm

Epoxyl/MTHPA 400 90.3 98.5
Epoxyl/NMA 417 87.5 97.8
Epoxyl/CA3 465 70.4 96.9
Epoxy1/CA4 427 49.8 96.5
HP/CA3 428 74.5 98.2
HP/CA4 415 60.4 95.4
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Figure 3-11 » % %k ¥ #1%;Epoxyl £ HP£? & it # MTHPA - NMA -
CA3~CA4 A it {4 AUV/VIS %2 ] - (Figure 3-12)£2 Table 3-24p # & »
B ILTR § A Y B FFSEMTHPA ~ NMAZ A& &AL (S48 > v Bk
£ 400nm T B X T FI85% 1 b 0 A E41Tnm T E P F B X 90
Yrit o ¥ ARG RBFNTER -

% 3 A9 Epoxyl 2 HP L & 2 fi + chpa prrl it B CA3H 1 {2 2 4
AL b F Bl (figure 3-13) > F M H &7 LKL & 400nmainF B 5 K

W 5704~ 7459% 0 @ E P55 500% 0 b4 F R ERE L K465
428nm> BEF BB ¢ FALR S i g Edesjoeht £ o & Douglas A, L.
COogmed » 249 ¢ 2 ek o a & &7 0% £ 400nm /i
1% E KT o

% 3 #75 Epoxyl &2 HP 12 v /i i B CA4A i 18 2 #L » b fi [{]
(figure 3-14) > #F R H 47 & %t £400nmAun7 5 5 > A 5] 4 49.8~ 60.4
0% B F L RAE AT F Ay Al Rt £ T AT LK
A E400nmAL T B FE M o @ E T 5 5909 1 F & el £ 427
415nm o 2R 1L A CA3 >tk £400nmAung B 5 { K> 7 FAr

pRpCEa L 2T FH 59090 L e
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3-3-2 47 b

d Refractometer f /i & 589nm > #7ip| J! cndr b4 5 5 % 32+t Table3-3

Table 3-3 Refractive Indices of Epoxy Systems.

Epoxy Resins Refractive Index Arom;&;o ring S wt%
Epoxyl/MTHPA 1.604 31
Epoxyl/NMA 1.609 30
Epoxy1/CA3 1.660 29.3 15.6
Epoxyl/CA4 1.688 61.6
HP/CA3 1.643 18.1 19.3
HP/CA4 1.668 56.1
IR F g R

Epoxyl¥ HP4 %] 2 MTHPA > NMA » CA3 > CA4# i &|:E(7H i+ >
# #1 3+ 5+ % Epoxyl/MTHPA > HP/MTHPA® > Epoxyl/NMA >
HP/NMA® > Epoxyl/CA3>HP/CA3 > Epoxyl/ CA4>HP/CA4 > Epoxyl
B d ¢ LHP A B4 E S 4 9 30.01-0.020 @ - 42 TR E MR A
31.50-1.562 FF o Bi7 4 B4 T A h 4RGP 4 po

Frotg gk o 19852 H. G Rogers® A » & =- 47 E 5 3R & Hech
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aromatic polyamides > &% 47 ¢ 7 % aromaticiF > ¥ @ 4B 2 378 5
7| Polyphosphazenes % )4 + &

#382207% Michael A.O. & = -

GET R &

7 aromatic.% FH o

TR U R B
% 4

2 Epoxy l/MTHPA £ Epoxyl/NMA it i » & %2 % 4 Jg et

)
= o

3% 2 BRI ST S 4 L

2 Epoxy1/NMA #2 Epoxy 1/CA3 fatt 03 3 > %3 4 TR G 4p 01 ¢ 4

BT cmang B4 F AT RBATEHS 0 AF E R &AL 0 4 AR
T G dh B 47 B0,
2 Epoxy1/NMA 22 Epoxy 1 /CA4 iz tb 3 35 » Epoxy1/CA4 0= 4 T 3

2 £ Epoxyl/NMA#A B2 5 » H4efpy 53 R+ 2254k 2 ¥

3754 5 15 1.609% B 5 1.688 0 12 & AT A kvt o BT A 4 3 4 D)

g o 5 R0 4 g A g et g (L He s o
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34 2 TR A 4

3-4-1. 33 w8 & (Tg)

d DSCii- 7z sk 33 38 4% 8 B EL12 >t Table 3-4 » ¥ 34340 ™ o

Table 3-4 DSC(tg) Results of Epoxy Resin Systems.

Epoxy Resin/ (Tg)C
Curing agent

Epoxy/MTHPA 146 °C
Epoxyl/NMA 158°C
Epoxy1/CA3 172°C
Epoxy1/CA4 156 C
HP/CA3 174 °C
HP/CA4 155°C

3-4-1-1 paprrl 1t &2 vt e

oo B (figure3-15) > ¥tEpoxylik ¥ AP m 3 » MNMA® 5 & i & o
i HEBEBES RN BRUMTHPA 5 A & 5 3
15-20C » $tHP® ¥ #nm 3 > BBEHE RS T RAp b A5
Epoxyl/MTHPA(146°C) < Epoxyl/NMA(158°C) - # i # MTHPA %
NMA o *% e Jhalphatic anhydride > F it A F BIEE 3540 0> s el Y 2
PRI DAL SIBBRES BT TGS SRR A S
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A At s DL R (e RA RO ES R R)E S L R TR
WARAHSHEDEE - SR EINMA i 2 WR RIS RF T F
e g s+ @6 DFEER > SR BEBER RS -

v Bl (figure3-16) » ¥+ Epoxyl ~ HP#% % #+%3m 7 > 11 CA3 (5,6-
Dihydro -1,4-dithiine- 2,3-dicarboxylic anhydride) i% z & it &|2_ A i #
o H g g8 B v B MTHPA S NMA i® 5 & i & chk § A5 3
10-20°C » HP/CA3(174°C)=Epoxyl/CA3(172°C) > Epoxyl/NMA(158°C)

> Epoxyl/MTHPA (146°C) > ¥ st %_7]

LCASBR=RHY ¢ 5 Bt

374 AaE R NI o R A A 4

3-4-1-2 Psegg 7 1L A 2 b gy

i BB (figure 3-17) » ¥t Epoxyl ~ HP % ¥ g5 @ 7 - 11 CA4
(racemic-2,2’ -Diamino-1,1’-binaphthyl) it % & i #|2_ & i 141> H g 33 &
B RAELF ~ > HP/CA4(155C) =Epoxyl/CA4(156°C) - #Epoxyl -
HP#: ¥ fPg s st? & (S RIAPEOT R Y AP WA BEB R R { ~ T

o

3]
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3-4-2 TGA # £ 354 » 47

F) G- Fo B coad o - A {%%Thermogravimetric analyzer (TGA)
kit o d TGA %% HBEEEWEAR L 2 ehif 4 {7 @I HALE
W AEE R R~ HERAT ZFE > MR R R o - AR
Bt 2 BE R A A AT R TLARE R O o T AP Bk
W T ERFAFAZI FAaER 0 D RS00CESRAL E > B

**Table3-5 -

Table 3-5 TGA Results of Epoxy Resin Systems.

E Resi 5% -Weightl-ess Residue Weight
POXY ReSINS Temp(C) (%) at 500°C

Epoxyl/MTHPA 3234 16.3
Epoxyl/NMA 340.8 26.1
Epoxyl/CA3 303.0 23.6
Epoxyl/CA4 337.3 27.6
HP/CA3 300.1 33.1
HP/CA4 363.2 50.1

57



€ 4 &2 F A 2 I o A f3 8 B HP/CA4(363.2C) >
Epoxyl/NMA(340.8°C) > Epoxyl/CA4(337.3°C) > Epoxyl/MTHPA
(323.4°C)>Epoxy1/CA3(303.8°C)>HP/CA4(300.1°C ) » BI(figure3-18)

o B (figure 3-19) 0 12 CA3  (5,6-Dihydro-1,4-dithiine-2,3-
dicarboxylic anhydride) 1% 5 & it &2 A i 444L > H B f2 8 & P Bgeg €30
6 S e Hedh o LA LB ¢ § R B B-FR R R RE
Pur, RUERAANMBRERTE cHJHE e HRER > ¥ B300C 0
fdF et Eu o

v Bl (figure 3-20) » &500°C=A 4 £ € ¢ » MTHPAZ NMAF
SR AL 1A ) RS RN S ELIRE R 2 AR H AR
Hiamd 3 it g 8 o Bpoxylm 5 » UNMA 5 # it & 0% B A
#2 KAMTHPA Z /i #1585 » Bn NMA 47 rigid a3t a i
B B ORE BB 0 T R EH R RE L 3

o Bl (figure 3-21) 0 $FEpoxyl ~ HPIR 3 AFqm 3 > =gl it &)
CA47% 5 /L v A2 AL 1° $ » AR R A % 533735 363.2°C » 2500C

G E R o AW 527.65 5019 0 B B G A 4B eREE R

58



3-4-3 TMA #1844 47
LT 15 7 enEEE T BB R o8 472 (TMA) kiRl > - &
AT AR A EEFRAR LA F A A R AP

HBER - BAYE l"‘ﬁﬁ:g”ﬁ = gt oo

<

t e IR T M
bhel bEFFRE S LG X P ENAEEAR AR RY 2 g
% o T Atable3-65 & HAEIE i > B R 2 B (figure3-22~3-27)

Table 3-6 Thermal Expansion Coefficients

Epoxy Resin/ CTE,0 (pm/mC)
Curing agent
Epoxyl/MTHPA 56.82
Epoxyl/NMA v/.15
Epoxy1/CA3 78.29
Epoxyl/CA4 79.77
HP/CA3 67.1
HP/CA4 °8.15
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3-4-4F YA A 4

A

B itk ¥ A7 (Epoxyl » HP)& 1 % 97 5 AL 1t A 4R ¥ )

o

7
Ak o X EA R B NA P o Tk F 9 Epoxyl ~ HP& £ A (4 ] % 9

sAP  BRMAFY RN Ly A HETRBLF  Haolte
FERBRD O RNBMARRE > AT B F e A AR 2T H R
W & IR 4o
Table 3-71Gel fraction
Epoxy Resin/
Curing agent Gelfraction (% )
Epoxyl/MTHPA 92.3
Epoxyl/NMA 89.4
Epoxyl/CA3 91.2
Epoxyl/CA4 88.9
HP/CA3 90.5
HP/CA4 89.1
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" 2L =)
L - {r\n

*F & = 12 Tk F #75 (Epoxyl) 2,2’-Dihydroxy-1,1°-dinaphthyl
diglycidyl ethere #+ Epoxyl £ 7 % HP ( Naphthalene epoxy) ¥ #f75 £ &
EA S ot 0 Epoxyl vt HP epoxy A 1 {8 At adr it S B o
LY ¢ TR S DT 4k F1 L ¥ 4 Ik electron rich ehiF it > Bk B

e G - TRt o A VR GRERINA > FHITH I F - TR

g

2o 1A it A 5,06-Dihydro-1,4-dithiine-2,3-dicarboxylic anhydride (CA3)
ROAL T o A e R RS fh Zo@iMeE 3R 4T M S 0 LA 1 A
2,2’-Diamino-1,1’-binaphthyl(CA4) 5 #i 4v =4  ch 7 £ » ¥ & F 475
F o UV-VIS %37 » TRAMETT AR E R jup L AL LB
B0 A AT ARRDTERT AG AR BRET 6 0 B TR

TEF AR G UG REI o
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Figure 3-2. DSC dynamic thermograms of Epoxy1 / MTHFPA
with different rise temp rate
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with different rise temp rate

1.000

0.000

i -1.000

{ -2.000

| -3.000

| -4.000

. -5.000

DDSC mW/min



5.000

1.000
4,000
0.000
3.000|
-1.000
2.000| ] _
3 15T /min
: 2 \ -2.000
”U} 1.000! Sy e _
0 10°C /min
= -"-_.- e o . ~ .
=~ . _ Ry B - -3.000
= QOODF . e 5 C—’J.rmm S —
-1.000 | -4.000
-2.000 -5.000
B0O.O 100.0 120.0 140.0 160.0 180.0 200.0
Tim Temp. C

Figure 3-4. DSC dynamic thermograms of Epoxy1 / CA3
with different rise temp rate

DDSC myw/min



L4

| . 1.000

|
3.000| i
i
| 0.000
5 : i
| 15C/min
z.mr:l.- | -1.000
£
. . _ . 3
E | 10_Cfm|n - e
ﬁ 1.000] 0
0 — )
0
. _ | .3.000 O
5C/min
0.000! o Sm— . R —
T — . -4.000
46661 | -5.000
60.0 80.0 100.0 120.0 140.0 160.0 180.0 200.0 220.0 240.0
Tim Temp. C

Figure 3-5. DSC dynamic thermograms of Epoxy1 / CA4
with different rise temp rate



o

6.000;

4,000
2.000
£
E 0.000
c
-2.000
-4 000
-6.000
60.0
Tim

80.0 100.0 120.0 140.0 160.0
Temp. C

180.0 200.0 2200

Figure 3-6. DSC dynamic thermograms of HF / CA3 with
rise temp rate 10°C /min

240.0

1.000

0.500

0.000

{ =0.500

{ =1.000

DDSC myW/Mmin



2.000!
|
|
1.000 |
£ N
0 0.000} -~
m -
(] =
-~ o — T - e
(W]
=-1.000 |
=2.000 [
|
80.0 100.0 120.0 140.0 160.0 180.0 200.0 220.0 240.0
Tim Temp. C

Figure 3-7. DSC dynamic thermograms of HF / CA4
with rise temp rate 10°C/min

400.0

200.0

0.0

! -200.0

280.0

DDSC uW/min



[

Absorbance

0.10 |
0.08 -
0.06 1507 /30mins
0.04 -

0,02
0.00
00241507C/10mins
-u.m:f
0.06-
084 1157 /20mins
0,10

.mz-i N
-0.14 o .
iad 119 C/10mins
018
020
0.22
°*1 . start.
-0.26 LA
-0.28
-0.30

4000 3000 2000
Wavenumbers (cm-1)

Figure3-8(a) Epoxy1/MTHPA 7 IRZE

1000



5/

Absorbance

-0.05

-0.10

-0.30
-0.35

_ﬂlqﬂ _-:l'

0.20
0.1%
010
160°C /30mins

0.05

0.00

1 1357 /20mins

-0.15

-0.20

o2 | 135C/10mins

start

160°C/10mins

4000

3000 2000
Wavenumbers (cm-1)

Figure3-8(b) Epoxy1/NMA 7 IRE[F]

1000




Absorbance

8/

0.60
0.55

0.50

|
1506.80

0.45
os0 | 170°C/30mins i.
t:.35-E '
0.30 ] |
| 170°C/10mins |
ID.25: .
ﬂEU-
0159 1357 /20mins
0.10
0.05
o000 | 135°C:/10mins
-0.05
0.10-{ start

-0.15

-0.20

4000 3000 2000 1000
Wavenumbers (cm-1)

Figure3-9 Epoxy1/CA3 .7 IRE[E]



£

Absorbance

0.4

0.3

0.2

0.1

0.0 -

-0.1

0.2-

0.3

0.4

-0.5

-0.6-

0.7

0.8

-0.9

-1.0

1807 /30mins

180°C:/10mins

140°C /20mins

140°C/10mins

| start

4000

3000 2000
Wavenumbers (cm-1)

Figure3-10 Epoxy1/CA4.7 IREE|

1000



8/

100 —
80 -
) / Epoxy1/MTHPA
< - Epoxy1/NMA
= = / Epoxy1/CA3
Q | r - Epoxy1/CA4
.$=E“ | HP/CA3
& 7 | - HP/CA4
% 4 !
— .l;
20 - :
t
] b
}
o TR,
. I " I . 1 . I " | I , 1 . 1
300 350 400 450 500 550 600 650 700

Wavelength (nm)

Figure3-11 UV-VIS spectrum of Epoxy1 and HF epoxy cured
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Figure 3-22. TMA results of MTHPA cured Epoxy1 epoxy resin.
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Figure 3-23. TMA results of CA3 cured Epoxy1 epoxy resin.
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Figure 3-25. TMA results of CA4 cured Epoxy1 epoxy resin.
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Figure 3-27. TMA results of CA4 cured HP epoxy resin.
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