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A Study on Novel High Performance Epoxy Resins

Designed for Insulating Materials of BGA Semiconductor Packages
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|— Synthetic Resins —|

Thermosetting Resins Thermoplastic Resins
® Epoxy resins ® Poly ethylene resins
® Phenol resins ® Poly propylene resins
® Unsaturated polyester resins ® Poly styrene resins
® Melamine resins ® Poly vinyl chloride resins
® Urearesins ® Poly ester resins
® Diallyl phthalate resins ® Polyethylene terephthalate resins

® Bis-maleimide resins

Figure 1-2 Classification of epoxy resins in synthetic resins category
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Resins Cross-linking mechanism

® Epoxy resin L 2 Ring-opening

(Do oD = 257D

® No degass
Advantage ® Small shrinkage
® Good adhesive

® Phenol resin P Degass
® Unsaturated polyester resin 3 Radical

Figure 1-3 Special cross-linking mechanism of epoxy resins

Table 1-2 Comparison of basic properties between epoxy and other resins

Moldbility resi?::\ce Adhesive
Epoxy resin @ O @
Phenol resin JAN @ yAN
Unsaturated polyester resin JAN JAN JAN
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Coatings
Electronics

Figure 1-4 Typical applications of epoxy resins
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« Semiconductor encapsunts

* Printed circuit boards

» Solder mask (resist ink)

* Dry films

« Adhesive for electronics parts
* Electro-conductive adhesives

* Flame retardant additives
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Figure 1-5 Electronics parts made by epoxy resins in cellular telephone
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Figure 1-6 Typical industrial epoxy resins
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CHgj
® Most basic and conventional epoxy resins
may take hold on more than 90% in all epoxy market
® Providing diversified range of properties

® Used for intermediates of various modified epoxy resins

Figure 1-7 Profile of BPA type epoxy resins
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1st step : Addition reaction

OH
Cat. O/\(l)/H\CI
+ Pxoc —»

Epichlorohydrin Chlorohydrin
(ECH) intermediate

2nd step : Ring-closing reaction

oY "ci o1

+ NaOH —>»

Epoxy
compound

Figure 1-8 Synthesis scheme of epoxy compound
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(SOLVENT)
(SOLVENT)
PHENOL COMPOUND
(SOLVENT)
WATER _\\ |
LJ O
FILTER
WASTE
WATER DISCHARGE
REACTOR FILTERATE || | DISSOLVENT
RECEIVER VESSEL

Figure 1-9 Example of production facilities for epoxy products
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Epoxy resins Hardeners Additives

Ceeorenneee Accelerators

as necessary

Heating ............... IS

b e

* Inorganic fillers

* Pigments

* Release regents

» Coupling reagent

i « Flame retardants et.c

as necessary

v

Cured resins i

Figure 1-10 Basic formulation of epoxy compositions and
manufacturing method of cured resins
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.. HzN_{ :>-CHZ-< }—NHz HZN—< >—:§:—< :}—NHQ
_' Poly-addition type I— 5

cHy o

—! Acid-anhydride | m m m 3

o
o
OH OH OH OH
OH OH
:

L__| Poly phenol

HyC,

Self-polyme”za‘“on | Anion polymerization (CHz)aNH,C. { CH N(CH3)s ]u:!w
Y
] Type CHoN(CHY)2 Cractis
(Latent catalyst) | Cation polymerization | ()], nere

Figure 1-11 Typical hardeners for epoxy resins
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® Phosphine @

Figure 1-12 Typical accelerators for epoxy cross-linking reaction
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Figure 1-13 Examples of special skeleton epoxy resins in previous reports
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Figure 1-30 Mechanism of polymer material burning
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Figure 2-4 Effect of flexible material on improving under-fill crack failures
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Figure 2-5 Heat cycle resistance test result of multi layer board
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Figure 2-6  Effect of dielectric constant and dissipation factor
on transmission loss
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Figure 2-7 PKG crack mechanism, and relation between
properties factors and incidence rate
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Figure 2-12 Comparison of gel time between BPA and Naphthalene type
epoxy resins
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Figure 2-13  Three-dimensional structure model of Naphthalene type
epoxy resin with smaller steric hindrance because of
its plane skeleton
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Figure 2-14 Effect of substituted group in epoxy group on curability
of Naphthalene type epoxy resins
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Figure 2-17  Effect of hydroxyl group content on
curability of BPA type epoxy resins
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Figure 2-18  Effect of a - Glycol content on curability
of BPA type epoxy resins
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Epoxy resin Acid-anhydride * Imidazole **
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?)\/O—i: I:—O <9 142 153

e Hardener : MeTHPA, Stoichiometric ratio
* Acid-anhydride e Accelerator : BDMA 0.8 phr
e Curing schedule : 110°C/3hr+ 165°C/2hr
. e Hardener : 2E4MZ 2.0phr
Imidazole e Curing schedule : 150°C/2hr

Figure 2-19 Comparison of cured resin Tg of between Naphthalene,
BPA and BPF type epoxy resins
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n E.E.W. Tg °C
gleq. Phenol novolac * Imidazole **
0.1 188 145 183
2.2 480 120 130
e Hardener . Stoichiometric ratio

* Phenol novolac

Accelerator : TPP 1.0 phr
Curing schedule : 175°C/5hr

Hardener : 2E4MZ 2.0phr

** Imidazole Curing schedule : 150°C/2hr

Figure 2-20 Comparison of cure resins Tg between two BPA type
epoxy resins with different content of epoxy group
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e Hardener : Phenol novolac resin Stoichiometric ratio
e Accelerator : TPP 1.0 phr
e Curing schedule : 175°C/5 hr

Figure 2-21  Relation between functionalities and cure resin Tg on
cresol novolac type epoxy resins
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Figure 2-22 Chemical structures of various alkyl phenol novolac type
epoxy resins used for evaluations of moisture absorbing
and dielectric properties
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e Hardener : Phenol novolac resins, Stoichiometric ratio

e Accelerator : TPP 1.0 phr

e Curing schedule . 175°C/5hr

e Moisture condition : 85°C/85%RH 300hr

Figure 2-23  Relation between E.E.W. and moisture absorption
of cured resins based on various alkyl phenol novolac
type epoxy resins
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Hydroxyl group content in cured resin wt.%

e Hardener . Phenol novolac resins, Stoichiometric ratio

e Accelerator : TPP 1.0 phr

e Curing schedule : 175°C/5hr

e Moisture condition : 85°C/85%RH 300hr

Figure 2-24 Relation between hydroxyl content in cured resin and moisture
absorption of cured resins based on various alkyl phenol
novolac type epoxy resins
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e Hardener . Phenol novolac resins, Stoichiometric ratio
e Accelerator : TPP 1.0 phr
e Curing schedule 1 175°C/5hr

e Moisture condition : 85°C/85%RH 300hr

Figure 2-25 Effect of strong hydrophilic group on moisture
absorption of cured resin
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Table 2-2 Molar polarization and molar volume of various functional groups

Functional Molar Molar
group polarization volume
% v
- 1.8 10.9
s 5.6 23.9
—CHz" 4.7 15.9
) 25.0 65.5
R 15.0 23.0
Q 10.0 13.4
_c_
—o— 5.2 10.0
—OH 20.0 9.7
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e Hardener : Phenol novolac resins, Stoichiometric ratio
e Accelerator : TPP 1.0 phr
e Curing schedule 1 175°C/5hr

e Dielectric test condition : 100MHz, 25°C

Figure 2-26  Relation between E.E.W. and dielectric constant
of cured resins based on various alkyl phenol novolac
type epoxy resins
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Hydroxyl group content in cured resin wt.%
e Hardener : Phenol novolac resins, Stoichiometric ratio
e Accelerator : TPP 1.0 phr
e Curing schedule . 175°C/5hr

e Dielectric test condition : 100MHz, 25°C

Figure 2-27  Relation between hydroxyl content in cured resin and
dielectric constant of cured resins based on various alkyl
phenol novolac type epoxy resins
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Figure 2-28 Relation between aromatic carbon content in cured resins
and total flaming time of cured resins from combination of
epoxy resins and hardeners with relative better flame retardancy
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Figure 2-29 Molecular structure of DCPD type epoxy resin
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Table 2-4 Characteristics properties of E-DCPD and ECN used for the tests

E-DCPD ECN
-A B -C -D -A -B - -D
E.EW. gleq. 262 278 283 288 205 207 208 209
Softening point °C 61 77 85 88 62 68 72 77
Melt viscosity ~ 150°C,mPas 60 250 420 820 170 300 410 570
ﬁj\;ecrtailgﬁali ty numbersper 25 27 31 33 4.0 4.4 4.7 5.0
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3.3.2 i bdaliR i OIERL 5L

M AR L akER B 2 ERLS 2 FIEA LR ICiR R 5, LR osiEHY %,
WVaFLAT & TRIFEN &2 AW T 175°CT 10 oo 7 L AR L, #ebika Lz
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E LT, R ERROEIRMEIEE N TIX 85°C/85%RH ORI CALEE L
T OBEERMENOHEAE Lz, FEfE GEER, FEER X LLoFHE
Rkt 2 WV C, 25°COIREE, 100MHz O JEH R DSk TRIE L7z,

4. FERLEER

4.1 DCPD % & ECN %I DR b IR e D B

%9 DCPD B = AR 2 T BIE DM RHB 2 EIR 3 5720, (LA FFRE D E-D
CPD % (DCPD-A) & ECN 7 (ECN-A) OREA4¥i: % b U 7=,

ZORERER 2B ICE LD, ZOREREND, E-DCPD Y% ECN B & Hh#z L,
FEFITIR DR =R, BARE (215°C, = AREEI) BMER, BER, FEEEE
LA 5 T&E D 2 L DR ST, BURFMESR DM W RN, ZeE % B
Bz EIZHD Z EIdHANTH D, DF Y E-DCPD B3y 1 & 134 © 2D Y
VAR E VIR U E T 2 ) VSRS LTER LTS, =
N U HRE DY BCN Y & bl LTI 30% 1KV, & I [A—#Rk{ksi o> ECN U & bt
45 L FENNESL, 19FHE0 O EREREES ECN AL LY $5 40%
vy, ZORERE LT, WL OIEEED 60%LL LIRS o7 & Bamft T
bihvd, —7, ZORWNERBEENRK T, Tg 1 ECN B L0 $4) 10°CHK< 722
o7, LU 60%LL EHIRWEEREELZET L&, 10°CRE L) Tg KT
7R 7o To BB T oD THRF SRR CHILBRIE N [41],
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Table 2-5 Characteristics properties of cured resins of E-DCPD and ECN

E-DCPD ECN
-A -B -C -D -A -B -C -D
Epoxy group mmolig 382 360 353 347 488 483 481 478
DCPD content wt.% 30.6 34.2 36.2 37.8
. . numbers per

Average functionality molecule 25 2.7 3.1 33 4.0 4.4 4.7 5.0
peRD content wt.9% 219 249 265 27.8

fr’]'*cﬁ?:ﬁ’;;m Wt.% 507 489 483 478 6.16 614 612 611
S;‘;ii'y“”k‘”g mmo/ml 1.82 204 228 234 486 541 660 839
Tq °c 159 169 175 182 171 172 181 186
Moisture absorption % 1.04 1.04 1.04 1.06 1.72 1.77 1.85 1.89
Dielectric constant 375 369 361 352 414 415 414 411

Dielectric dissipation

factor 0.0190 0.0179 0.0171 0.0164 0.0230 0.0228 0.0228 0.0226

% Z T E-DCPD U723, FEFIARWR OB ESR, FEEHE, BIXOZ Ok
B2 BNE R E —Te OBRE{LWIf T 5 CTE D RNMHAEZ K ~7-, T D
CPD ‘BRSICERN L CWD Z L IXHMNTH D728, LY D DCPD B HEILFE & 3
WIEDBUREZ TR AL ERE B 2> T, HoNT-F— % 2T LT,

4.2 E-DCPD Doy 1-HEi&E & Wik D ESf%

4.2.1 DCDP ‘B &R & Wik DBt

WE L) D DCPD ‘BRI & 5o DO BIMR 2 MFT 572912, DCPD B A& IR &
NET7 5 4 FE¥EO E-DCPD AUl (E-DCPD-A, -B, -C, -D) ZMHE L7z, DCPD
BRRIEE N R D TR BIISIL, 7=/ —/L& DCPD DOJSE/NLHOFEIC
Ko THLNTZ#72 % DCPD BHIEE 2 b oA L FEE E L TER LT,

F 2-5 AR SO = AR UEHRFE OB MR L O Lt % &
ET-, FEAEH TR OKEEIEEE L, TARFVUBENLHALLHEGBMETH
5o SONTRERAZ ML, T DCPD "B IEE B L UKL AR & 4
Wt DBMR & FRET LTz,

4.2.2 DCPD ‘HA# RS & it B oD Btk
# 2-5 LV BN K51, DCPD BRI L TIE, E-DCPD-A 755 E-DCPD-D
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722 ODFEENER I, F—1T E-DCPD BUfE{L¥iL ECN FLDH) 1/ 2 DZEAE

BETH->TH, ECNBFERED Tg NI TDHZ & Thotz, & ITLEEE
D Tg ~DFF5FEN, E-DCPD Mk & ECN BE{b) TCRE S BipH 2 & Th
ST, DEVH 2-30 IZRLIZBEEEEL Tg ORI 7 706005 L0,
E-DCPD UG L#)1% ECN BUDZ 4 & i3 2% &, BREHE & Tg OBREFR DO
INFEFICRE W, RFEZE % 5 &, E-DCPD AURH(LMIC B\ Ti, 28G5 BE)
ENIEBL LIZTET T, Te B REL E/RT 5,

R E ALY D DCPD ‘B A& IREE & Tg OBMRARFT L7z, £ ORER, X 2-31
(232 L7= DCPD ‘B ¥R IRIE & Tg OGRS T 7 b0 5 LB Y, DCPD ‘& &
Tg ORNITFRWAREIBIRR H D Z E R nhoTz, ZORRICE L TRD L H 1z

21T,
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Figure 2-30 Relation between cross-linking density and Tg
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Figure 2-31  Relation between DCPD content and Tg

ECN BUFEALH) TlE, Tg 132G (BT ) D4 F8EEh ) o) DR 4 58
KZTTWDTew, Tg IT4UEHEICRE KFT D [41-43], ZHITK LT,
E-DCPD MUEE(LH) ClX, mVEIENE & K& RS KEE A &> DCPD Bi&1E, ik
BREICBI A “ kot B ETOFEHE I A b3 a T Ty ER AR
ETOHREE O, UK o TGS (BT AR o4 SEEhR s 7120355
<TH (RBEBEETYH), @MW\ Tg DFEBLTEHLEBE L, ZOREBALRE
L= O =i BREE DOF T /L & X 2-32 (23R LT-,

DCPD type ECN type

@ Cross-linking point

Il DCPD skeleton

Figure 2-32 Three dimension network models of cured
of DCPD and ECN type epoxy resins
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4.2.3 DCPD ‘E#& & 3% B Rl D Bt

WIZ DCPD BA& N HER, FEBIEHICEZ HHE L Z0EBHBERERE L
7eo X 2-33 13MEE D DCPD ‘BASIREE LB, HELEOBREER LY
77 ThD, TOT T 71X DCPD BAEIRE DI L2 - T, FHERLFE
E#EME T T 2830 b,

ZOFEKNZMEET H 72010, BT OKBEEEE LFER, FELEHEOM
BREM 2-34 O 7727wy MLz, BEETIZ BN BOTF—2HFRLT T
ZiZ7ey ML, ZOZ T I70RTERY, LY OKEEIERE O TIC
o T, BERLFEBERII L BITIKT L, =R BB LY o O KE
IREELFAESR, FHEERICITMOEBEBRERLRH S Z L1X, RN LI T
5o BERICEHL T, LTI /REILD Clausius—Mossolti D ERGwHZA> 5 5 EH
TE544], ZoBGRNAITLD E, FERIZENDRE L TR BE I N
DT WD,

Clausius-Mossolti® ¥ =t

1+2(S0/5v) o BEE
(1) €=  : Molar polarization (EJLBE)
1- (Zd/Zv) v : Molar volume (EJL{KFE)

ZORAF/RAIE, KRR EOmMEREDOIRENMKS, S OITIRIIBRERR R K
FEEO LD mm WS L BIREICA T 28D, IKFEERMEITH D Z
ExEFRLTND, Tihg E-DCPD By TIXHTE x5 &, E-DCPD A D
s, KBBEEE MRV (AR VEREEMENWTZD) 72D E /L mERENP R,
EHITIEEEV DCPD B Z SiEEICE A L TWATOEAEER KX, #
DFEFNROFER, MOFEERDRBIAFARETHDL EBER LT, FFEEED
IKEEFEYRE L SRFEBI NN B D Z E AR K 5 I 6T Y, E-DCPD AU b4y
DAEKFERIREE DS, KB EERICOANUMEHL TV D D EBE LT,
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Figure 2-34 Relation between OH content in cured resins
and dielectric properties

4.2.4 DCPD ‘F#& & Wit o B LR

E-DCPD TRE(b4) DW= 75, ECN BURE b4 & bbiz LT, FEFITMRN T & 1AT
LN, ZOHBEZROLHIITBLE L,

W R LR L DK EE LIRS0 B FAFE L5 WAEBE Y B 5 Z &0, Tk
b E<HBILTUWS [45], E-DCPD MUEE(b4) R D /KEE IR BE MRV 2 &1, Ak
LBV THLN, SIHICERBEELIEFITUENZ L s, T AFHEBTO
HHAERBIEWEEZEZ NS, LD > T2 ORKEEEEE LK AR O 2
DOOBERNFED FEANHERE LT, RWBRRICHELS L TW\D LB LTZ[46],
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e Hardener . Phenol novolac resins, Stoichiometric ratio
e Accelerator : TPP 1.0 phr
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Figure 2-35 Relation between Tg and moisture absorption
of cured resins based on various alkyl phenol novolac
type epoxy resins

(4] TEAE & 35 BRI

R & WM T B OREER 7, SO F D B b O KER LR EE 25RO
BEZTHUMETH D, LD > THEFHEIIRENE & [F X 5 ISHHEWE & FE
BAfRIC72 %, [X2-36 12 Tg LFEFBORRT 7 7 2R LT, TR H N5
X1, miMEE & ARV SR O M SZITEE L,

l

&

45 r
= A : Phenol
& a0} B : Cresol
0
c .
8 C: PTBP
o 35T D: OSBP
|-
© E: PTOP
2
@ 30F F: PCP
[m]
G: PDP
25 1 1 L ]
0 50 100 150 200
Tg °C
e Hardener . Phenol novolac resins, Stoichiometric ratio
e Accelerator : TPP 1.0 phr
e Curing schedule : 175°C/5hr
e Dielectric test : 100MHz, 25°C
condition

Figure 2-36  Relation between Tg and dielectric constant
of cured resins based on various alkyl phenol novolac
type epoxy resins
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Figure 2-37 Relation between flaming time and Tg of cured resins
based on various epoxy resins with better flame-retardancy
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Figure 3-1 Molecular structure of target epoxy resin
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TERIL, KEEZEVIEL, RZICEBESE ORGSR EET-, BonEay
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EfERR T E T,

Dimeric naphthol Epoxy compound
(E-N4F)

Epoxidation
—

Figure 3-2 GPC charts of 2,7-DHN dimeric naphthols
and the corresponding epoxy resins (E-N4F)
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1) 100%UX=R T 2, 7-DHN O 2 KD HEHDH Z LN TE 1=,
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Figure 3-3 13C-NMR spectrum of 2,7-DHN dimeric naphthols
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B LAE D ThHho T, ZARF IALRICRITMED 2 WEiPH Th -7,
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I% 400mPa-s (150C) Th 7=, Z OEAEITFERERRFTO BAEE (=500mPa-s)
IR L TR, K BEMEORERE MR Lz, Z OREIXS - EMIS
ThHY, ) v—ROESTEMEN ZOEKEICEE L TWALEEX S, F
bR bE < (>90C) - T, HIEMARICHER LIZBA oEn - 1EEME
(AL & EEPE) bHEIRFTE 5,

Table 3-4 Physical properties of E-N4F compared to ECN

Softening Melt
E.E.W. i i .
Epoxy resins Point Viscosity
gleq. °C 150°C, mPa.s
E-N4F 165 90 400
ECN 205 68 400

4. 2.2 ALY Ot EAE EEAR

E-N4F RURE v BRI L, = OififEE 4 BECN U & LTl L7z, = OfE R &
FHICET 5 &2 % LI ISk~ %, E-N4F RIFE(L P DOIEE: 2 Tg HIEIC L - T
P L7, ZTOREREER 3D ICEEDD, A I XY — L (2E4MZ) R TIE 3
25°COMEE Tg Zitdk L=, Z O Tg |IMHRERRFHO BIEME (=300C) % KiIEIC
A DT TR, FTADPMVBELRY ORTOZRF VRBIEH THREmd Tg
Tholz, 2D TgEIZENFL LY ¢ 100°CUL E by, EHETFRTONY
SZALERIRE (260°C) OfMERE ECN B 35 < bE <, BRIME N EN D
ZEERLTWD, EREBEEZET S L, ZOR X URIRE LY DLE
B (22mmol/ml) 1%, ECN Dz (32mmol/ml) XV & 30%FREE LKV,
TOZ X, ZOTRFUMIEIE ECN L0 L, [KRWVEBEETH 285 b,
JEBIMIZE W Tg 2L 5 TE D2 EE2BRL TV D, BIEGEEEOR
Fzffio T HEER 71X, F7 2 LV FHRORIENEE, @WRHFREICER T 558
ATENIARBLEE O BRIMETH D LB LT,
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Table 3-5 Results of dynamic mechanical analysis (DMA) of cured
epoxy resins using imidazole as hardeners

Cured resin’s properties
Epoxy resin Tg Storage-modulus Cross-linking
E’ density
°C 260°C, MPa mmol/ml
E-N4F 328 1360 22
ECN 215 436 32
+ =A
) {f‘u aff

AR DFER, [A]l Xy r—U K0 O R, [DIEXREAGEEEONE, B&
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Figure 3-4 Model structure of target tri-functional epoxy resin
with Naphthalene skeleton
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Figure 3-5 Target Naphthalene skeleton epoxy resins
with 2, 3, 4 functionalities
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Figure 3-6 GPC charts of the dimeric naphthols and the corresponding
epoxy resins
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Table 3-11 Preparation of multi hydroxyl functional dimeric naphtols

Reaction Products
Starting Materials (Raw materials for epoxy resins)

Naphthol component ) o
2-HN 27 FA Functionalities
: e e per Molecule

DHN Code D-2F  D-3F  D-4F

mol ratio (%) mol ratio (%)
70 30 50 DHN-30 48.0 44.1 7.9 2.6
50 50 50 DHN-50 25.4 50.8 23.7 3.0
0 100 50 DHN-100 0 0 100 4.0

2-HN : 2-hydroxy naphthalene

2,7-DHN : 2,7-dihydroxy naphthalene

F.A. : Formaldehyde

D-2F : 1,1-bis (2-hydroxy-1-naphthyl) methane
D-3F : 1,1-(2,7-dihydroxy-1-naphthyl)-1-(2-hydroxy-1-naphthyl) methane
D-4F : 1,1-bis (2,7-dihydroxy-1-naphthyl) methane

Total functionalities in the dimeric naphthols mixture

2.0 2.6 3.0 4.0 numbers
f ? f f per a molecular

100

80

60

40

20

Dimeric naphthol ratio mol %

0 20 40 60 80 100
2,7-DHN/ (2,7-DHN + 2-HN) mol%
Figure 3-7 Relation between content of 2,7-DHN and dimeric
naphthols mol ratio in the products, and total

functionalities in the dimeric naphthols mixture.
A:D-2F, H: D-3F, @: D-4F
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Table 3-12 Physical properties of E-N3Fs and control epoxy resins ;
E-N4F and ECN

Raw Epoxy Physical properties
materials Resins
E.E.W. Softening Melt
Point Viscosity
Code
gleq. °C 150°C, mPa.s
DHN-30 E-N3F(a) 205 72 80
DHN-50 E-N3F(b) 189 79 250
DHN-100 E-N4F 165 90 400
ECN 205 68 400

4.4 TARF RHIREEE L O PR

4.4.1  JtEAVEREAM
BoNTo=AR X VBIEOMEWEZ R Lz, ZTOMEEZERI-1BITELEDD,
LRI TR ThH A A I X —)L (2EAMZ) W=, FOfEH, E-N

128



3F (a) #413226°C, E-N3F (b) #3263 CDTgZx R~ L1z, L7=2 - TlitEWEo A 1=
fEE (Tg=200C) B b CTEMTE DI N0 olz, £ OEH
Hh M ) A X382 R T,

HEEE L REAVE DO BHR 2 XI3-912 27 7 7k LTz, THnn4in5d L 512, E-N3F
WIS L E-NAFRU S, ECNAUSCE-BPAMY & bhig 325 &, ED /3T v ANIEF ITHE
%o AMFFEDORRD BEEL, (ERREEE & @ilEWE 2 & I ML 5 =R S HE
BRIDZLETHT2N, ZOMBIIZTNOEREELTWND,

ZANEHEE 2 LB L CH D &, B-N4F (a) B L E-N3F (b) 13 & & IZECNL K D) ¢
Bnrotz, THUCHBEDLLTTegRNEmWEBEIE, T 7% L B ORMIEM & xR
HomIICH D EEELT,

FEHRMEDNEND Z MO TWD 7 = /) — LT TR (PARE
fE) ZRELANAER L28Ea T, E-NSFARLRIZECNR L 0 & &\ Tea R Lz,
PARBIIG I X GBI i <, BN HRRRE 2 BB T X D kA TH L Z &8
HMOHNTWDER, HEMENMESIIRETH -7z, L LENE DMAEDET
b, HRME TR S O 7= 2 2%, E-N3FHRUAS & MW & & ek oo FH I B
ROMEE R TE D Z EERLTWND (E3-13BR) |

Table 3-13 Results of heat resistance of E-N3Fs cured epoxy resins ;
by dynamic mechanical analysis (DMA)
compared to control epoxy resins ; E-N4F and ECN

Cured resin’s properties
Epoxy resins Tg Storagel-zr?odulus Crods:r;I;ﬂl;ing
°C 260°C, MPa mmol/ml
E-N3F(a) 226 136 10
E-N3F(b) 263 712 16
E-N4F 328 1360 22
ECN 215 436 32
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Figure 3-8 DMA of cured resins of E-N3Fs and controls ; E-N4F and ECN
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Table 3-14 Results of moisture absorption and flame retardant test
of E-N3Fs cured epoxy resins ;
compared to control epoxy resins ; E-N4F and ECN

UL-94V test
Moisture
9 absorption
p Total UL-94
flaming time class
DMA, °C % sec.
E-N3F(a) 164 1.1 35 V-0
E-N3F(b) 179 1.2 70 V-1
E-N4F 202 1.4 150
ECN 162 1.3 Burn out
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Figure 3-10 Chemical structure of tetra-methyl biphenyl type
crystalline-formed epoxy compound (E-TMBP)
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Figure 3-11 Previous crystalline epoxy compounds with too high melting point
and very poor solvent solubility
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Figure 3-12 Three epoxy compounds based on 1,5-DHN,
1,6-DHN and 2,7-DHN used for pilot study
of resonance effect
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Table 3-19 Computed results of vibration dimension and
wave number of three epoxy compounds based
on 1,5-DHN, 1,6-DHN and 2,7-DHN

Vibration dimension Vibration wave

number
X y z cml

1,5-DHN 40 -18 0 1421.4
1,6-DHN 2 1 40 731.9
2,7-DHN 2 0 -36 373.2
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Figure 3-13 Computer calculation results ;
Molecular vibration of three epoxy compounds
based on 1,5-DHN, 1,6-DHN and 2,7-DHN
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Figure 3-14 Three epoxy compounds with different epoxy groups;
derived from [A]:ECH/ECH, [B]:ECH/MECH and
[C]:MECH/MECH based on 1,5-DHN
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Table 3-20 Computed results of vibration dimension and
wave number of three epoxy compounds with different
epoxy groups; derived from [A]:ECH/ECH, [B]: ECH/MECH
and [C]: MECH/MECH based on 1,5-DHN

Vibration dimension Vibration wave

number
X y z cmt
[A] 40 -18 0 1421.4
[B] 33 -13 0 1421.4
[C] 35 -11 0 1416.7
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2.2.5 BHIEHEE L 2 DOERITE

femme LT, AF—LA3-5TRINDITARF U EMEN LR S SFMEDIL, 5-D
INBL TR S ALEWE BIEy TS L L QIRE LT, TNEELT-ODORRT
B LT, =R AH O TRUAE, ®iEEHA WD Z Lo Lz, F72ECH/ME
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3. X B&

3.1 #F

3.1.1 TARF VRS KADOME

HEOFRF = R UBIEOARICIE, 1,5-YE e 72 L
(1, 5-DHN ; [hH b7k 8, T3ESR), =/ uk U (ECH; # A
VRS, TR L B-AF Lt raik RU Y (MECH; ¥4 k&1L
bR Rt B, T M), 49% witk Yy — Z Kk Bk et id, T %
fh), AFNAYTFr by (MIBK ; ¥ = VRS, T¥EN) 22nE
IR L2 C, ZoFFREE LTHEM L,

3. 1.2 FRHgEiih ] o= A 2 St

WEGEHI A O =R U & LT, SIEMHEBTORD 3SFEHEOMREN o=
RV ZRBR L 2NWTZEOFEEFA L, 7 VY — N/ KRT v 7R X
URINE (ECN 5 D I CHRAS+t8Y, pHsh4s : EPICLON N-665-EXP-S, #K{ksi 6
9°C, WSRLKEEE 350mPa-s/150°C, TARF M & 206g/eq.), Y raLr Ry
T R R HE (E-DCPD Y ; D 1 CRRaSHH, pgih4: : EPICLON HP-720
0, ik 60°C, IAFUEGE 60mPa-s/150°C), fEmMTRIIEIETHDLT T
AFNET = /) — VTR R (E-TMBP B ; J E REEASHR, paing
EPIKOTE YX-4000H, fisi 150°C, ¥MEIASEE 20mPa-s/150°C, =¥ I Y& 195g
/eq. ).

3. 1.3 HIIEAH A IR O R

BHEH A OFELIT, BikAIE LT 7=/ — /R T v Z7#E (PN 85 ;
D I CHRX A& 8, pgih4 « PHENOLITE TD-2131, #k{bs5 80°C, /KERE:M & 10
4g/eq.), BALAREEIZIZ N Y 7 ==L 7+ X7 ¢ (TPP ; FEligpk s,
AL, HEREFEAMIITERIRS Y 1 (Rt~ 7 = 8 pgih4 - HALMIC
S-COL, FHIRIFE 10um) Z Mz,

3.2 MHE

3.2.1 HEE M H DEEE
TR RS OREYEMEATIZIE, PC-NMR (H ARE TR S8, paind - TN
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R OFHE) 279 Ba—4# Y7 k& LT, Gaussian94 (Gaussian #h
®l WREN T MEFE ), MolStudio R1(NEC RSt H, IRENNEGEHHEA) 2 H
Y

3.2.3 TR VIR OWERY T AR 0O LS
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3.2.4 IR AR A D2
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MRS, padmg 0 DSC-200) & MW, E7ov U U FRERBEHNY D
TR E 2L, m kAU R (BE Tk, Pty - 7 e —7
A A —CFT-500D) % 7=,

3.2.5  fEALY¥ I RTAm A O 2

WAL ek fr O M EEREAR I, REAPERIELERE DMA 5 LA A R U v 7 #R3C
B, BRI EAEE, PSS RSA RSt &, B HTEEE (T
A A a—EAHRASHRE, pER4 0 TMA-120) & Ve,

3.3.1 TRF RO AL

HEY & Leibdb = R BIEO AR TELZ R~ 5, FE 7 = 2 — v bad
(2 1, 5-DHN Z FHV T, ECH & MECH % =R IALANCH W THEIEIC LN > TH
L7, TARFIALHIE LT, ECH & MECH ZFnZFNHIM THWE-R, BXIO
ECH & MECH OiREW % W= %% L7=, ECH & MECH OREW%Z =% T
X, IRAHER EIRANEMNER X OBSE ORRZ T 5 7912, ECH/MECH=100/
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S BT 1 RS e T e 2 ISR & fE Ik LTk 21T o 72, DO TLRET
Wi ORESLE (AN Z BE8IE L., £oik, mElox=R* 1k
2 2R U U CHBIE 2 15721212, MBS LT 200 E&E% D MIBK Z#s
MUT, MBNERIKZE>To, EOEKRICKT LT 10 HE% D 5 B %Na0H /K
Wik %N T 80°CT 2 RFfIf#R L7z, =Dk, =L, WKk BEZ T-
Teo ZOBEOEME T ORGESLE GHKBENE) 2 BHRBIZE LT, RV TKRIEZ
BOIRLT, ZTRNAPHAL LI, MIBK Z2Z&EEINT 52212k -T, W
DR MG E= 157,

3.4 FHEAS RO VERL

3.4.1 KR OFRETT L

FAE R 3 SHINE OBIEHLR Y ORI 2k~ 5, =R % MG & LA
(PN #if5) Z xR/ KEEi=1/1 (Y& 225X 5 ICEAL T 15
OCC TRl ST, & ITHbAtEE LT TPP ZEEMICKT LT 1 EEWRIL
T, MUK A LRICERCEALT, Rz L7,

F I E MR IC L TOFIETY U h REAE A ER L=, i
ORIEME 2L C, IEREDV I DA RTA4 7 L FLEEIL, £hi
THle— Az £ 5T, 11000 X 545 M, WRRHT 5 2 LIk T, U AR
)T Loy U D FRERR A E 15T,

3.4.2 fEAvakiEg  OERLG YA

M OB LR R A ERLS 5 FIRZ UL NIk~ %, EFRoBIRHEY %,
iya LA & RN 2 VT 175°C T 10 oo 7 VAR L, bk E i L
%I E BT 175°C T 5 M O S TRk S E T,

B ONT ML) E RO A X280 L TENENORMAHRER R & LT,
BRI ORRER A 0L, kEaEME (DMA) JHIE ¢ 3. Omm X 5. Omm X 54. Omm, K
FERR A AT (TMA) = 3. Omm X 5. Omm X 5. Omm, W& =R & ¢ 3. OmmX 25. Omm X 75.
Omm, AT 5REERIE A ;3. Omm X 25. Omm X 75. Omm & L 7=,
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3.5.1 =ARF HEIEOWEMYIE DR L

%@iﬁ%V@%@%ﬁ%ﬁ% ﬁﬁ%%%%%mt:f#v%%@MEk,
IRAEBGEEBEG (FIEEHE 3°C/%y) AW msfE s L - TR L 7=,

é%m%®ﬁ%¢%a~/7v~%ﬂﬁfﬁf®1%c FoUT 2 Ve bk BE I E

WX TEHMli L7, FlmARF BB FEBI O FES %, Litos
W= ax—varrua~v N7 7 4 —%HWT THE EESRICTHIE L CEE
fili L7z,

3.5.2 HARKHAY O WAl ik

IR O LM%, 1T5CITIBALT=% =27 7L — k ET 10g OELAEY
ET 70 UBRTHY, BIEOY v 7R Kbis £ TORRZHIEL, Tz
B A NE LTI L7z, £z 175°CICB T 2Rk 2gh 4, Lo
i B TS 2 O TR L 72,

RIS DVEZEMTME & LT, 20 Tg % P oREREREAET 2 Hu
T, FREE3C/ORMETHE L, v U b RERELGY O FREIE AL &
L, EAbaCkEE 2 FV 2 175°C T OBREIREEE 2 E Uiz,

3.5.3 RS DYy EEAR )T %

MHEAEDFRIE & LT, T AEBIRE (Tg) Lo XU 7 e —iRE (250°C)
TOMTREZRE LT L=, DMA T, —EH o F L AA—EENRE 1Hz,
FIREE 3°C/DRMETHIEL, DMA F%— bk LD tand E— 7 REL Tg &
L7ze 728 sRE X JIS-6911K ([ HEHL L CHIE L 7=,

4. FHEREBE

4.1 TRXVEBHEDA K

BERRIFE R AR 3-22 12F & DD, FTZAFIALAIL LT ECH 35 L TUVMEC
H&2ZNETRHEMCTHW-GRERATZ, 75& 1,5-DIN ORFALEMIL
ECH 35 X OV MIBK (2%t 3~ D IRANRAEME D EE S, BSOS TREFIZHM L < b L TR
Wik Lc, £otritizigh), HEPRR L TR O RSEY (1, 5-DIN D= R
X AbY) OFhIE, ECH HAsR T 172°C, MECH B3R T 174°CTH Y, i
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%Eﬁ&btﬂﬁ EIEEPH (100~130°C) & k& <,

FUZKE L C, ECH/MECH {BA W& =R AbFNH I 5 A& RkiE (BLF, EBC
HMEH@ &)Ti WRANAFEYEDS KIBIZ S B S 7=, 727»T % ECH/MECH=30
/70 (BIVHER) ORAHFRRIZEBWTIE, G TRICBW TR AL
BEIN2hol, TORTEHELNTZZRE LAY (LT E-NC2F A1) o NMR
227 "y (K 3-15 B0R) BT L7458, A —LA 3-5 (20 L7~ Bk
ZHO3EEORA R IUMIETCHD L AER LTz, 72 GPC F¥— |
(¥ 3-16) % E-NC2F N2z 3 FdEOME RSy %, [Al/[B]/[C]=22/50/28 @
HEHERTEALTWDLZ 2R LT, S 6I21F E-NC2F AT HFIRIZI WV TR
pan CdH Y, 2OF ORI EEEFI 2 ER T 5 12TCTH o 7,
:@#&:ENQFWKﬁoT,uﬁwwﬁﬁﬁéimﬁé:&mbko%
3-22 | 15 5N B R LAY DY ER M % 4t oD HE S ETAR A = R 3 o
@%kw@bfik@ko
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Figure 3-15 13C-NMR spectrum of E-NC2F

k:%?%ﬁ@iiﬁ,ENQFmiSEQA%EﬂAﬁ%&ff%$T%&
LT\, ZOHSEHR RN, ZHOENZRARRIEICEE L Wb L&
272, F7= ECH/MECH JR &L= 30/70 (B/VEEER) ORUGNER T, ERSHAR
ARG DALTZ 2 &0, MECH & KBRS DS, ECH D E D)
Y ThHDHI L ERLTWD, MECH OSSEENEWEEHIL, BALEBRA TV
HEONREED =D EEZXDDONRARTH D,
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Figure 3-16  Molecular distribution (GPC spectrum)
of E-CN2F ;
[A]: ECH/ECH, [B]: ECH/MECH, [C]: MECH/MECH

e

Table 3-22 Results of solubility and melting point of epoxy compounds
based on 1,5-DHN synthesized by ECH/MECH mixing reaction method

Epoxydation ECH / MECH mol ratio

process 100/0 70/30  50/50  40/60  30/70  20/80  0/100
Addition X X O O (@) (0] X
Solubility
Ring-close X X X (@] (@) O X
(in MIBK)
Purification X X X X O X X
Melting point f epoxy resin°C 172 - - - 127 - 174
O : soluble, X:insoluble
OH cat. o™~
OH
1st Addition reaction @ + o7 _— @
l OH c OH - O,\<(‘)
2nd Ring-closing reaction _ @
l - HCI
- . ’\<g) Nl OH - o’\<(l)
3rd purification reaction + OH _— @
- HCI
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4.2 TRESMIEO

4.2.1  =Rx R OB ME ORI

# 3-23 [ 3FBDOHIA AR F VBN E B LT, JFonc=R ¥ M5
OYEEE £ L OT, ZOFHMENB 5 LY, E-NC2F BIOKLE X H Al
(=10mPa+s) %EMKT 2 5mPars THo72, bHAAETZ ==L (E-TMBP
B) OFEE (10mPa-s) % HEETHKETH -T2, ZOENTHEMEDOFRELX,
578 (] 350) ITREKT D & ZANRRKRE VD, FA LB ERIZK- T,
S REFMEME T L2 E B FEINTH L AlREEL B D,

Table 3-23 Physical properties of DHN epoxy compound type (E-NC2F)
synthesized by ECH/MECH mixing reaction method
compared to controls

unit E-NC2F E-TMBP E-DCPD ECN
Appearance crystalline crystalline amorphous  amorphous
E.E.W. gleq. 160 190 245 204
Melting point °C 127 105 57 67
Melting viscosity 150°C mPa-s 5 10 40 310

4.2.2 FHRFLERY) O BN

WD CTHEM M (V) B) ZBA LEBIEMERM OmEtt 23 L=, =
DL, AR OBIIEE A 2R &R E ORREZ MG L7z, = OFHEE L, ik
MIZINT LG @, BIFekiEn alie7e kb4 (40, 000mPa-s LAF, 17
5C) I2BITAHL ) HORKFEHEE (=100%—BIEEAER) Z2RDHZETH
ST,

ZOREREK 3-17 1T, ZDOT T 7065005 K 912, E-NC2F B o#tig
EEREKEOEBRIIE 7 o= VM EE%ETh 7o, FioE BB ORESRMAEN
BTV DOFREREREZ DV 7 7 btk b b &, E-NC2F BlDZ ik
HEEfE (90 EE%) KETHo-N, E7 =M 87 HE&E%) % A% 88

B% Tholz, —FH T ECN BOZITHK 80 HE% ThH 7o, FHIEM DT
rn U, FFERIEIR T U 7 EOREMER RIS E S D DT, O HEHME S
o 88 EaE%Ii, MEREIEMICEIT D 90 EEWL LY T 25 LT
x5,

AR X 512V B oEFERE, Kuief, RBEEL, &8ROk
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Figure 3-17 Relation between resin content in silica filled compound
and melt viscosity at 175°C

4. 2.3 FEARRLERS ORI

RS A 2 Bl S U7 WBHIR R O R L 2 584 U 7=, BRIl 5iE1%, 7oL
ZA LHE (175°C) & A AU MEEERIE (1756°C) OMIFIZ K> TEMI L
2o ETHFNIA LOFERTH DAY, E-NC2F AT 40 BERL, B 7 =17
(54 B) X0 HIKBHHRWEELMEZ R Lz, IREITHIEREIOFERTH D 73,
3-18 IT/R L2k, E-NC2F AYJERE (M= AR % SR DRER TH 5 EC
N AL RSO — 7 2R Uiz, T OHPEEZEEN L, Wl OB E 2 <
SIS OBEFRIVENEND Z L AR LTV D,

U, E-NC2F BB\ TCIE, H2EDOE 2HETHOLNIMAND, B F
VD SIARPEE DS LMEIC G 2 2 BB A R I ey, FERRER Tlda < M
AN oTle, T ORERIT, REE/ NS VEEEED T 7 X L o BRICH S
T OEER TRV IEOLED B &M, A FIVIEEBR TR IO X &4
ST Z EITRRET A EBE LT,
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Figure 3-18 Curing behavior of E-CN2F compounds
compared to conventional types

4.2.4 #AbOYE BHAEHEMCR)

E-NC2F B>V T SEFIEME L) OMtEE TR 3-24 [ZF LT, MEWEICEIL
TIE, KRR EZEE (DMA) ZH W= 7 REBIRE (Tg) &, N X U7
7 —iRE (250°C) TOMITREZRAE L TRl L7z, Z OfE%E, E-NC2F #d
Tg X ECN BUZR N CEI<, B 7 == % 15C kA% 162CLE W HfEE /R L,
HIZ Tg fi (=160°C) OEEPHERTE 7o, FoWIBEMR TOMITEEL, [F
K OIZENRZIR W e A R LT,

E-NC2F B X 2 BREBl AR T RiE CH Y, ECN Hl7e EOZEHER & T4
BEENMENZ EIZHNTH D, LLT 7 X L BEOmEmOIEIEMERS, (K28
BEEEZMOT-OIL, ZTOXI7E Tg 2BHENTERLLEELE L, BT
= AVROEAE, BHREOBATE 7 = = VEKOS FRIBLAMER TR Y,
RS T AR LTW5, LLEBHZZN S ORET, MMM 2WE 2
L TWEDOEHEETHD, & ZAHN E-NC2F BOEAIE, THHK OB M %
BRbTICEEE T2l ST D DT, MM EWE DR PE IS i/ NR I
HHNTNWD EEZLND,

4.2.5 oYt (U B FRIEFR)

# 325 IZHTRFUBNEO VY W FRIER O It E £ L DT, U D
FEERIL, % OREN—FE 40,000mPars L7250 X OISR SN, T Ok
R, E-NC2F B IR RLBWNRR A B DR TOHEBIZBWT, B 7 ==L
Z RS MEREE R LT,
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Table 3-24 Physical properties of unfillered cured resins of DHN type

synthesized by ECH/MECH mixing reaction method

compared to conventional types

unit E-NC2F E-TMBP E-DCPD ECN

Tg of compound DSC °C 21 14 25 25
Gel time 175°C  sec. 40 54 47 34
Tg DMA °C 162 147 154 182
Moisture absorption wt.% 1.68 1.32 0.95 1.78

50°C MPa 2800 2500 2700 2700
Elastic modulus

215°C  MPa 25 19 7 70
Cross-linking DMA mmol/ml 2.0 16 0.9 5.7
density
CTE.* <Tg ppm 55 69 60 65
* C.T.E. : Coefficient of thermal expansion measured by TMA
Table 3-25 Physical properties of fillered cured resins of DHN type

synthesized by ECH/MECH mixing reaction method
compared to conventional types
unit E-NC2F E-TMBP E-DCPD ECN

Silica content DSC  wt.% 88 87 85 82
Melt viscosity 175°C  mPa.s 40,000 40,000 40,000 40,000
Tg DMA °C 164 149 155 181
Moisture absorption wt.% 0.28 0.29 0.28 0.38

50°C MPa 14,200 14,100 11,300 12,500
Elastic modulus

215°C  MPa 1,200 1,150 400 1,650
CTE.* <Tg ppm 6 6 9 11
Flexural modulus 250°C Pa 15 12 7 19

* Each filler contents are adjusted to same viscosity ; 40,000mPa.s
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AW ORER, ANy =YKV DOARE, BIVAT A4 —TDORE, [F]
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TRFIALBOSIZEA LTz, ZORRE, THREB Y OflEE T & HIE gD
WENEZHR LT, E-FO R UBIIEZ 3N L2, £ 3-26 IR T
L9102, BETOHEYMHEDER S HER TE 2 [21-23], fERTRF HIET
1%, MKBIHRTH - IARRE & S Db ERTHZ LN TE -,

Z @ ECH/MECH {EA{EIE 1,5-DEHN LIAMZ HEH CTE 5 HIETHY, 5% b 2
DIERFMEZICHT D2 LI2d o T, £X 9 RERITHIL TE L% 2kl
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F3-26 FRIKRFBEOHETLS (BEEELHER)

o%E B 1R aE BiRME T AR AR
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3= fheE (FiE) e
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Figure 3-19 Chemical structure of (9H-)Xanthene
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Figure 3-20 Model structures of target intermediate
compound and epoxy resins containing
Xanthene skeleton
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Figure 3-21 Chemical structure of target Xanthene type
epoxy resin (E-X2F)
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Figure 3-22  Control epoxy resins ; E-PA and E-BN
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Figure 3-23 13C-NMR spectrum of X2F
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Figure 3-24 FT-IR spectrum of X2F
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Figure 3-25 M.S. spectrum of X2F
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Figure 3-26 Molecular distribution (GPC spectrum) of E-X2F

168



4.2  FFMh

E-X2F B Db ® it O RAmRE R4, Hel g Am A AR = R & SRR & bl L
TH 330 [ZF &, WLFIZIZLERRD T =/ — R T v 7 RiE (PN #f
fE) &7 =/ —nTZ%ElE (PAR KR @ 2fE%Z M=, PN #iER%
FEAMRL & U CTALE S, PAR ISR ITHFICHEERILER R & ALE S 77l & L
7=

Table 3-30 Evaluation results of E-X2F compared to conventional epoxy resins

Test items Hardener E-X2F E-BPA ECN
Flame retardant test UL-94 method PAR V-0 Burn-out Burn-out
DMA ,°C PN 196 135 175
Glass transition
temperature
DMA , °C PAR 172 123 162
Cross-linking density ~ mmol/ml PN 1.2 3.7 8.8
Moisture absorption z‘mi‘ggg:ﬁs PN 1.1 1.4 1.6
Dielectric constant 1GHz PN 3.0 3.7 3.7
Dielectric dissipation 1GHz PN 0.012 0.025 0.024

factor

Hardener PN : Phenol novolac resin, Hardener PAR : Phenol aralkyl resin
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Photo 3-1 Foamed surface of burned test piece (UL-94V test)
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Figure 3-27  Relation between aliphatic carbons content in cured resins
and total flaming time of E-X2F compared to other materials
with relatively better flame retardancy
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Figure 3-28 Probable model of fast char forming of burned E-X2F cured resins
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Elastic modulus Pa
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Figure 3-29  DMA charts of E-X2F cured resin compared
to other epoxy resins
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Figure 3-30 Relation between cross-linking density and Tg

of E-X2F cured resin compared to other epoxy resins
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Boarder line

200 of V-0
180 | E-X2F !
x
O 160 i
E e
140 : .................
E . ............. . ‘
120 .. .
»
100
0 50 100 150 -

2 Flaming time sec.

Figure 3-31 Relation between total flaming time on UL-94V test
and Tg of E-HPXD cured resin compared
to other epoxy resins
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F0.5F/N) & 231g (2.5 F/N) O ECHIZIEM L, T DOWIKIRE % 50°CIZRD
BER U235, 49%NaOH /KIEHK 45g (0.55 E/L) Z 3B LT F L7z, T
THRTH%, S BIT 1 RIS Z BT 722 ISR &5 1 U TR BE2 1T - 7o,
Z D%, WmElDO ECH Z7Z&E I L CTHEBIIE 2 G 7-%I2, HBAEICx LT 250g
D MIBK Z @i L CHBHERIK A 1E->To, & DOFHRITxT LT 20g @ 5 %NaOH 7K
A% % C 80°CT 2RI L7z, £ D&, MAKDBEEZITY, KEZMY K
LT, ZRZHMEAL72#%IC, MIBK 28BS 5 Z &I2L-> T, HEER
120g #157-,

F oA, RO TMBP & EREHIAICHEILL C=AR ¥ (b L C,
H 455 i O E-TMBP % 157=,

3.4 FHEATERO/ERL

3.4.1 AR DB 1L

B AR R % SRR OBIIEALA O TIEZ R~ D, F 3 5 Em A 2
I, =ARF UM E PN-L B LA 2 =R % U/ KB EE=1/1 (4&k) 127
HE DA LT 150°C TR =7z, & ZITHE kAl E LT TPP ZBEA I
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KLU TTIEEWRMLT, WMLE BB LERICERIMAL T, BHEHK
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F RS A 21X, LT OFRIETH 7 AMER bR gk 2 ERL L7, —
RE MG & PN-H BURE LA 2 R S /kfei=1/1 (Y48t 125 X)
IZELA LT, ZNEBIBREN 70 EEWIZ/2D X 578D MEK THIR LT,
ZF 2T 2EAMZ ABIEAEH RIS LW T 0.1 BE%IRIML T, BEY =R &2 i
L7, MWTENE 6BICEHERZNT T AMMEICEIR S/ 7-1%12, 150°C T
L CRAI R ST T 7L 7 %2157,

3.4.2 A bdaliR i OIERL 5L

S EFEM A ORBR A 2 F T 5 FIRZ R~ 5, EFLO#EECIER L -8
BHRLA 2, WTRFLAT & BN 2 IV T 175°C T 10 3o F L AREIE L, Fedhs
HIREMLRICI HIC 175 CTH RO TR ST, 5otk
MEIRDY A X2 H L TERENOFMARRA & Lz, &ill o
Fr¥h A 0%, kbaEME (DMA) JIE A ¢ 3. Omm X 5. Omm X 54. Omm, 7 ZEHRFMEHIE A
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A2 3. 0mm X 10. Omm X 100. Omm & L C, ZNENF A YEL NI v X —TYHv H
L7,

PRI REAME FH ORBR X, ERRoOT U L&, 1T0°C X 1R oLt
L ZARE U CEER R O 77 7 A ikkE R b g R 2 1572, 15 b v Etk &
SERME AN LS, 0. 8mm X 127mm X 12. Tmm DA RIZHI 0 H L7=,

3.5 A

3.5.1 =R S RIR QY IR O Al 7 ik

BETRXBIROT AR VIR EEZ, TARF YR ERRIE (JIS K-
7236) ICX-oTHET DI LICE»TER L, EloimBittz, ICT K%
W2 160°CICH U DIRmREEE 2 e (FHREE 3°C/5r) 35 2 LIk - THF
fifi L7z,

3.5.2 mE{b¥ W ETAm T 1%

MM 13 B SR ORGP E R B (DMA) 2 W T, “HEh o F Lo —EE
B Mz, FIREE 3C/ ORI THEL, Fv— hED tand E— 2 HE %S Tg
ELTRO, WiERT EFLoERERIEE N TIE 85°C/85%RH DWIR ;T
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RLBR L 7= % O EEHINFENGFE Le, FERME GFER, FEEH) 1L ki
DI BRERHmES 2 VT, 265°COIRE, 1GHz OJEIRE O CHRIE Lz,
PRVEIE UL-94 BBRFEICHEILL THE (n=10) L, ZOHEREFMOGEH, BX
OV RIRBEIRFTR] > O BEAYE 7 5 2 2l L 7,

4. FBFREEE

4.1.1 RO AR
FERoAKERETE b2 BB2F-1, BB2F-2, BB2F-3 O 3FEMEHOMN Y RN
WEMWT NI AFNLET ) —)VOEERITZ, "C-NR ZH\WTEIeo7T,
ZORER, WING BROSFREEHNAER L TWD Z L 2R TE -, K 3-
34N 3FEHDOMNEL LT, bR PN EMRNE BB2F-3 @ BC-NMR A2
kL &I @A "9 (BB2F-1 & BB2F-2 I35 WE)

(2) CHg-
(1) CH,-

(3) -CH,-

N

! J'.L‘L 1 - s J |

SV WA v
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Figure 3-34 13C-NMR spectrum of BB2F-3
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AR E LT DD A ZALEEROSIZ DWW TIE, 20 PC-NMR ZA~<7 |
JNZBIT DDA ZNOS LT X F VR FZ D &k~ + (16ppm—12ppm)
QDA F L U FEBRRFBICHFKT HE—27 OB (36~41ppm) 775, AELSEBY
A XN LTS Z E DR TE T,

F72X 3-35 |Z/R L= GPC F¥—h & MS F¥— bbld, B O 745 PB-
TMBP |3~ DV DFEG DN R 5 5 FHLL EOIRAE TR SN TWNDH Z &
MHERTE 70, ZORRIT, 3-36 {Z/R L &L DT, AXPLITHEES LIz
NIEDHFFERRBIZEHIZHOR PAVERFEE L TNWAZ EER LTV D,
COBREZZTIE IZEX UMb ERBLT S, [ZEX Uk 139
WICHIRE WG T, T EEHATT4lE2 B2 2 U ViE%E TMBP I2E
T HZENTED, TR0 5 BA ORIGENEREZ TR, BRI
1% TMBP ([ ZHE[R K DR DV A BT X D AREMEDS R STz,

GPC chart Mass spectrum

TMBP-3Bz TMBP-2Bz

3Bz
4Bz

28z | | 5Bz
a 6Bz
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\ /

TMBP-nBz TMBP-1Bz | 782
| [ 8Bz
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%108z

[ N P

n : more than four

Figure 3-35 Chart of GPC and Mass spectrum of BB2F-3

& ZAT TMBP BE~DRy D VHEE AL, BEERFIC N DVVIENER L
TElsy 7 LI AFVHEE (120pm, NU DVEBHAEERE) &, To A F
VL (16ppm) DOFEZHNBEH LT, BZ21EX BB2F-3 TOR U V)LV EEE AT,
(Fg/rfiE@12ppm) / (R0 @ 12ppm+ FE 53 E @ 16ppm) X 100=#9 63mol % T&H
%, ZOFEEIE, TMBP : BA=1:4 (BNt TORSIZEWT, KGEXHE7~ BA
AFNLDHH, FHLTH 2.5 F/L01F IMBP LA L, BV 1.5 LI
TMBP D A Z L Tix7e<, ZERXU VML L TRV UNLVER FORFITHES L2 Z
EZxRrLTWVD,

— )i CARBRSENE, Z ORIV T BA 28 TMBP IZfEAE1, BA Atk
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TEHAETHEIND I EZBRELID, FDMS Fv— hbix, ThOERMII
MR C& 9, FEMITATO BA [T TMBP LD A X ALRFEF T, BLOHEE~NY
VIVER EORERFITHE LT B A BND,

Figure 3-36  Molecular model of multiple-benzylation on BB2F

ZDRER, WEREN N OE XD L EARRRIL, BREICXUIUNVEEE A ZALIC
EAESHEDLZLENTER, ZOBHEO A=A ANTE, KERKIIHT D /3FA01C
AT D7 o=V, ANV ET DA TFNVEOEG/EHICL - T,
FIXAXNLD BA OBETEBKISEZ T DI REICETEEREE -
TWA7DEEZNITHHTE S, £72 TMBP DA X [i~DF &, ZER
UIALROSIEB AN Z 5 E b5, EOMEITEIMNTH A FALA~DK
oD IR &Y, ZORERNS G- T,

4.1.2 TARFIBIEDOERK

FRTHELN 3FHED BB2F ZFIEIC LN > TmARhFfbLle, Boi
e RF R E-BB2F M & K7L T2, BUG LI TIXEHIEEMER K5 DT
L ETEE IR ho T2, ORI VEIROWEY S F 3-34 1
FLOl, HBoNo AR UMIBIIETEADTENLT 7 ZREERTH -T2,
— 5 CAREM TMBP D= R¥ Mk Th D E-TMBP BRIk ThH-7=, L7z
STRUDIALEMNET D Z LIk » T, ToRBEN KD T, FERELE
EERINT, FERTR LB L BRI D OB S E X T, KD
TARF VHEADEEREIL, R UBIROSRE, HDHV T E-TMBP &Y
CRIRECTH o7, Hikioix, XD L) RN AEREENKE VD NLF
— BB, DRI ARISEAET D, L L ZORERIT, A ZADEAE
PR ERY, ZRFIACINCEEEL EX W HEThL Z 2Rt &
25D,
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Table 3-34 Physical properties of three E-BB2Fs compared to E-TMBP

Reaction E.E.W. Melt viscosity
mol ratio of
BA to TMBP gleq. 150°C, dPa.s
290
E-BB2F-1 2 0.7
(267, 109%)
339
E-BB2F-2 3 11
(312, 109%)
410
E-BB2F-3 4 1.2
(357, 115%)
195
E-TMBP * 0 0.2

(177 , 110%)

() : Theoretical E.E.W. and rate of deviation of observed E.E.W value

to theoretical it

4.2 FELY It o BT

E-BB2F U DOREAL e A FERRETAT 45 Fl o AN 26 S Ml & PRl L 72, 454
OYMHEHEBICEAL T, ZO/MREER 3-35 ITE LD, HRIZEHLTELELZUT

k5%,
Table 3-35  Physical properties of cured resins of three E-BB2Fs
compared to E-TMBP and E-BPA
E-BB2F E-BB2F E-BB2F
E-TMBP E-BPA
-1 -3

Dielectric 1GHz 3.1 3.0 2.9 3.6 37
constant
Dielectric
dissipation factor 1GHz 0.013 0.010 0.008 0.020 0.025
Moisture absorption 0.92 0.81 0.76 1.45 1.60
Elastic modulus 250°C 31 21 15 40 36

MPa
Glass transition DMA
temperature oc 137 131 116 145 135
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4.2.1 ek R

F 3-35 ([ZF LXK DT, E-BB2F BT 3FIEL LKW BERLEBELELY
A~LTc, bRV E-BB2F-3 (%, #FEHRET 3.0 2815 2.9 &, FEEHETDH
0.010 Z81% 0.008 EWHMEAERL, it BAMEOZEMIZHKEN LTz, BA 25
A E-TMBP & H#k4 5 &, BA ZMeRo#ine L 1, FER, HETEHEOMW
BB SN, BRD X IR UMBIEDSE T, —XB97RBELH & Dl
HEDHET 0.01 LFOFEEHEEL ST LOII/MATHS, ZOKEDFHEIE
BT, B ROKEBRES D TREWE S, & EEER A~ AN
(=N

TRFIBIEOSE TIE, H2F (2.5) THEAZXOIE, FEFFMEIIRE
PEE R L D02, BT OKBIEOEEL R ZITDH, Lo TZOENTFHEE
FEPELE, ATSEOERIGRIEA I =X A EFRIE D12, @EEXC U AVEICERT S
BT DH, TOZ & BAEMEREFERMEOERIZE MR TN D

4.2.2  Rim R

7 3-35 T/ L7z & 912 E-BB2F Ofb#)L 3FEE & H 1T, k=R X% Ml
X0 BRI EEZ R LTz, T OWIRSRIL E-BPA & il 5 &5, NP4
PEFTD E-TMBP & DB TIE, 40%LL EORIEZRKE CTH 72, TS O
IFBEE TICHE SN TN DL E L ORIKRMEZ R BIEHOF T, KK
WKIEIZH D EE XD, ZORER, BEREREIOREMED BEE Th 72, ECN
T5ek b 30% LA F ORI AR Lz,

IEWIENE A T = X BB D 72012, TRFUBIIET O DV ILEE b
AR ROBMR AL, X 3-37 12T 7{kLi-, £7-I¥ 3-38 |Zi%, #f
feWyrh OKIRIEIRE GHEME) (bR ROBR T 7 7528 d, Zhbd
RREHRE RS, XU UV ERBE &R IX e BIR 72 B A AL U 3o TN D
MR TE D, DFEVANUUNEREOHEIMCL > T, =ARXEREN
I <AV C, B L) R OKER IR EE A L, ZHIZ Ko TRIB R MR S
TWAHLEERLZ, ZOAN=XLITIEARCE 2F (2.5) TRz RF
SRR D — AR IRZE DARIHA = AL EFRIL D Th D,
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1.6 E-TMBP
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Benzyl group content in epoxy resins, wt%

Figure 3-37 Relation between benzyl group content in epoxy
resins and moisture absorption on their cured resins
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Figure 3-38 Relation between hydroxyl group content in cured resins
and their moisture absorption

4.2.3 R RRA

HRMEOFHMIZIE, BT AR bR R A R B & LT W, fERIE
YR DR RRE L A MBS R & i L C, B2 a5 2 L
DEEL W, FEFICS, WO 7 2 ) — )V ) RT w ZRIIEZEH LT,
L7e3 o TZ OFHIIESEMIICE LWk & F 25,

HERMERBR DR R A £ 3-36 (T/”9, E-BB2F RlE, T ARF ML b
BN R EZ R LT, XU UVEEROBEINZ L0 - T, EHARMEDR
MRS B, FEIC BE-BB2F-2 £ -3 1, #ERMER OREM TH D V-0 S8
REIZET HRICE WVERMEZ R Lz, BEBGBR A O Z OE 7= #ER M
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HETEMBERH D EF XD,

ZOENTZHRMEORPA N = AL RO L HITER LT, FTIEHTEEE
BENSWI ENEHRMEICAENER LTS Z I TH D, Thick

ny

> TERBER: D ERAV BT EE FE 23 = > C,  BRIBE T A D& H R IS A NI THERE L
EEZOND, EHIZEFIITMA T, E-BB2F BUIES =R F YU ED-DIT,
AT ED D T RFBEOERERIGHRE RV, @ byh ol
RHEBRREEOESEZML LT TWHDT, T08RbLH5LEEXT,

Table 3-36 Flammability test results of three E-BB2F compared to
E-TMBP and E-BPA

E-BB2F E-BB2F E-BB2F
-1 -2 -3

E-TMBP E-BPA

Burn Burn

Flaming total time  sec. 60 50 50
out out

(Test method : UL94V)

5. & @

AW DORER, (Bl @mBERER CORERILORE, [FINVHEEORR,
(Gla 7 ) =% EDORE, O3 ODHEKPEAMRATRE/R R Y XY
NWEMET = = VR R UBIEORITIC P Lc, T O R NG I3 B
(BN T FE R & B 2 i I 5T &, R 3-37 IR T & 9 ITARMFSE
D BIFEAEZ 2R LT,

FIZAVUTRFRR A Z B E WO FHEE R L2 Ll k> THFE S
oo ZOFBEBEERTEINIT= AR ALEOHEELZ RESHET L2 &22<,
TR VEBELZRIBICKTSEZY, FHEBRREZKIBICEDZD TE5S
[41-43],

IO OENTMNEL, BIREICEAT O UAKIZE ST, kT o
KEEFERENKE KB INTZZ L, BLOFFELOHEINIE- T, BRBER
DIRACE R e = EITREK T 5 EBE LT,
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1) Modified epoxy resins by aliphatic dicarboxylic acid
O

?}\,O O-Icli—m' O\/é

n

OH . Not enough flexible & toughness
 Higher viscosity
» Hydrolyzable (ester broken by water)

2) Modified epoxy resins based on dialcohol

o o~V —0 <

* Flexible but poor toughness

: Hard Segment mm - Soft Segment
- (for example ; BPA) ’

(for example ; PEG)

Figure 4-1  Conventional flexible epoxy resins without toughness

e
(@]
?>\,o—g(HzcHZCO)—Q—?—Q—(OCHZCHZ)TOW
CHj;

E-EOBP2F

Photo 4-1 Bending test result of cured resin of conventional flexible
epoxy resin (E-EOBP2F)
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2.4.1 B EEEFRFITOAIH
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L, TNODOBEEREE FEBLITEX HARER S D LB T,

‘ Hard Segment Soft Segment Ether bond ‘
. (for example ; BPA) . | (forexample ; PEG) | ! (for example ; acetal) |

Figure 4-2 Concept model of novel epoxy resins that can provide
superior performance on both of excellent flexible and toughness

FREEEMET I TR UBIEE LT, K4-212E SN D X5 e
ERERH L, ZZCTHOWAAIEMNEERIIBPAD X H AT = ) — LB B4
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BT ThD, ZDOXDREMRTER, 1EROTRX NGB OIS
AT OFIIZIZ 2, LIS THil- 2 Al 2 & 2 T VER S - 72,

DX ULNWEINZRE LR R, vz —T VKBRS %
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1) Basic synthesis technology %DZ_ J\
O 0O

OH
APON—0"Y + L . B
Soft segment '\7‘ 100-120°C l'\7l
for 5hours
Vinyl ether Phenol Acetal
2) Applied synthesis technology (4-1)
oo + Ao —

. —_—

. - o N Tloo1z0C

Bisphenol Divinyl ether for 5hours

) NaOH Target
Ho—-E ot o—lH—OoH —— .
n I~NCI

Oligomer bisphenol modified by DVE

2.2.5 BHIFEHEE L 2 OERITE

ﬁ®ﬁ$mﬁ@ﬁ A EHALT A FEEAREFL, EA T2 —AHELT
FIEMEICENL D E A7 =/ —/LA (BPA), Y =/Lo—F )LHHE L CHlkkC
{E;}/Lé NV=FL o7 )a—1ye=,L=—75,)L (DVE-3) ZJEEE L THW
THOLNDLHI-3TRENDILEYZE BES THEEICRO T2, 2D EK
THIHOIZ, AF— L4221 R SN LFHEERKEE =R ALERIEL BSR
L7z,
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(ﬁ\,o“—% &) oJ\o’\/o\/\o’\’oToo‘/d)

Figure 4-3  Molecular structure of target novel epoxy resins
with excellent flexible and toughness

1st step ; Synthesis of intermediate of E-VBP2F

HO—@— —@—OH + Q/O\/\O/\/O\/\OQ 100-120°C

for 5h
BPA DVE-3 or 5hours

HO_@_ OJ\O/\,O\/\O/\,OTO & ) )—oH

n

intermediate

(4-2)

2nd step ; Synthesis of epoxy resin (E-VBP2F)

NaOH

. . @)
intermediate 4 Cl
l>\/ 50°C for 4hours
ECH

OO A~ OO
E-DVBP n

3. £ E&
3.1 #ME
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FIHEEMEORMEIL, FEROBETER L 2 HEOSRBHAL Y & bR
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4. BEREBR
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EHOUVES N —TNVENEEARA T 2 ) —)VATHDL I EDRMERTE 2, NMR
F v — ML, TEX—=NVIEFEEOAT "ANBIRINTZ, £~ AR
MV CIFE R E X On=11ZF % 9 % m/e =658, n=2{ZfH% 7 %m/e=1088D
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@  —o-CH-o—

CHs
® —o-CH-O—

Figure 4-4 C13-NMR spectrum of intermediate of E-VBP2F

4.1.2 TRFBIEDOEK
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ZEIZEoT, RSN, MKeAIHl SN EEX D, Lizn
STINETIE, ZOMOKISTHELND ST = / —/WLEWIT 2 ENED
SIZE - T, LEIMEIMEDN -T2y, =ARFUBIBICINT T 52 Li2k - T,
FVMMEZ T 535 Z LIS LI 52 %,

Bisphenol Acetalization | Modified

2 bisphenol resin
OH i
RO H\Q J\
....R_OQ I ~N X %_/@ i sR=0 O

£

| Good heat stability

| after epoxidation o
‘ Epoxidation l>\/C|

i X 0 |

DVE modified epoxy resin

Figure 4-5 Reversible reaction of acetalization between phenol and vinyl ether
and its stabilization by epoxidation

4.2 G

4.2.1 TRXUREIROYMEEYE

#4-3|ZE-VBP2F L > # Ji5 M IR B & — M A9 72 BPATRIGCIR /[ 8 T = 2R 3% 8t g
(E-BPAMY) L E#ZL72T — & & T, MEITROARNRZRF UBETH
HBPATL R = AR % U #tiE (E-BPA liquid) &IFIEEKEEE D13, 000mPa-s (2
5C) Tholz, ZDI=dTHEMICHE-BPA liquid& A& 9 ZRE¥EMEIC L - T
WA DB THDLZ ENDhote, TN TREEZLRKT S L, E-BPARLE Y ¢
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Bz, 72— VOB EL KRS WAREELH D,
ZOFER, HAERLEE (15,000mPars, 25°C) DERK A MR TX T,

Table 4-3 Comparison between E-VBP2F and normal BPA type epoxy
resins on physical properties

Form E.E.W. Mole_cular Viscosity
weight
gl/eq. Mn / Mw mPa.s @25°C
(GPC)
E-VBP2F Liquid 450 1070 13,000
E-BPA
L Liquid 188 436 13,000
liquid type
E-BPA .
. Solid 450 1055 -
solid type

Photo 4-2 Cured resin of E-VBP2F with excellent flexibility and toughness

4.2.2 bt

TR ORI 775 & LT, RN oo 180 B8 fat ph ik 2 iV =, 51 2 1ZE-B
PATL D 1 9 72 —fREVR =R X U BHIE CZ OFME AT 5 &, FHEMNE < 180 i
FIXHRT, ENCEDRETH D, —F, EROFTMME=RX U85, 6z
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X, BIRO X 5 IZBPAOEO IR = AR % U #tiE (E-EOBPHY, BEH4-1) % Hw
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SINTLEY, Thbb, ZNOIFFREEITITECLOD, BIERFHNOTH
a3

Z AR L CE-VBP2FRI b Clx, ZOERBRE1T9 &, HEHA-2\T7T X
INZTIWVATR CISOERIT N ARET, LbENT 5 Z Lixe< vy, fi4E &
ZORBRAEMBEYIKLTYH, MxhcEnierotc, EFHSICE b E L
MO EDZEL LR IR o T,

E-VBP2F#&! L E-EOBPRLIZI M 7 & H 12, [HL 2 Rk THHNN— K7 A K
HiE BPAEH) Y7 b7 A LV MEE (R TFLro—7VEK) %A
BRELRTEATDHICHED ST, E-VBP2FRL O J7 N EF ISR W 2 & O,
COREREBVPEIATIHBEZKRDO L HICELE Lz, K461 LT-E DI,
E-VBP2FH! |53 T EE N R N 252 1T A&, DF VBRI T — R
YA MPEESNTWND, —J, Y7 b7 AL MIZEESA» SEEN =Y
FIEOHHENREVIEICHD D, ZOEORNEAMNBIP N T20E, V7
NEZ AU NOBBEBRERNCE > TREIAETE, DOZEE AT T
WENTAN—RET AL FORIERNREICE > T, MEZLEVIRE N L
TWAHHDEEE LT, —J7 CE-EOBPH 2 s 15 W AN 2SOV B R 1,
IN=FRB T A NEYT BT AL NORENE-VBP2FR L WilZ 72 > TV B )
bEBLEL,

E-VBP2F E-EOBP2F

R

’ Hard segment /‘

\

’ Soft segment ‘

Cross linking ’ Soft segment
point
® Good flexibility ® Good flexibility
® Good toughness ® Poor toughness

Figure 4-6 Considered mechanism of flexibility and toughness of E-VBP2F
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COHEEROEMITIEBRE LT, WA VBRI D5 - 5E 0 R E R A
FEhe L7z, ZO/MEERI-AIRTN, NN RND X D1T, E-VBP2FR I
WIRIE & K& R ORE WL TECWD I EN Doz, Z ORI ZE AR
PEEEBEREmNORLIZbDOTHD, —F, FAEL D RFEEDRS U fiET
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T I BT BRI T,

ZORER, HEERFHOHEMETH o2, WEROZRF UBIEORARETH
ST-FHIREIMEZ A L TWDH 2 &, ZERTHZENTE,

Table 4-4 Comparison between E-VBP2F and E-EOBP2F cured resins
on tensile mechanical properties

Tensile Tensile
strength elongation
@25°C , MPa @25°C , %
E-VBP2F 9.0 70
E-EOBP2F 3.1 70

5. ¥

AWFgEDfER, [C]17V v 7T v A EHEEORE, [D]EXEAEE: iODEﬁZE,
D 2 >0 FH KGR & R T RE 70 RN E = R SRR ORI RS LTz, =
DTRF ML, 16k, =ARFIBIBOREN 2R FEFSONTEME T
Mo R, RIEMEER & R ERK 2= — T VIO T 2 8- e G ik
ZRHTZLICLoTHBE SN, BEAMICEIYE=Ar2—FT VHEERA T =

J—=NVREDT B Z —MMURIGEFIH LTz, EOREE, 5 biviz=4R % 15
X, KSR RMEE 2 L, S OIS i 2 ek B vE & i b 2 f+
HC&7z, LoTRABICE LD L O ICHEMMEOERN A KT LT2[9-15],

FLZOENEREAL LT, Yoz —T VESCE AT = ) — VO
ﬂ:/\% IELTIIL, ZEREELZ L O L) R RX UEEEZRH TX5H
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ETxs%, AIETHALIEFHA ) 2—FT VEMHE A7 = 7 — VEKEE 2 BiE

221



TORFIUMIE (E-VBP2F BY) X, 2D Z L a2T A AR TEIFL TWD, &
- T E-VBP2F %Y &[Gl /K HE D Feqik smiNME 2 HARME & 3R E L7z, T ORI 1A,
E-VBP2F BU-CI7 - 7= 180 Ak GRBR T : JEA 3mm LA L) ZHWAZ LI
L7,

2.2 HIEFEBZHTe#E GEkB O R)

Weko 7 N —T VR OfilE TlE, REROESREFMEL IR T L5 =
REXUVEIBITEECTH D, TOHHIZKROLEEBY TH 5,

F2EOESHTRARZL I, TR UBIBOREILX, TOHTEBIOV
BAS OMIENE (GefkiE), BRLOKBREEEICHIEEEZZTH, LEBN-T
ECKE BE =R & UG 2 0 iR AT 2 120E, 1B &0 > 25 hiEE # O R &N
VESRMETH D, BT 0L D MESRE2ie L, @B (100mPa-s LA
T) R R UBIRIZEFET 5, FRIET LV a— Lo —F LR LRI D R
XFUMIECH D, TIXSMT v a—fbEWmE HEIEE T HILEMTH S
B, FHIEREOARMMERLZEAT 2O THY, BHEORMfZHE TE
% H O TITERNER W,

Tha—nLz—7 A RO RX MRS TRE (e 7 mre RU LD
FO&) Tik, 7 a— MoK OIREISME (7 = 7 — WP EKEERI & Helg L
T) & 72012, EiErEfE (B2 X =7 vbh v R EONA REER) B
W70 D, EOMPELIIIEMENRT X A 72012, BEMNEIGSZ aa 251
EES 72 EDRIRIS 2 REICHER T 5, TOME, FonlcoRE I BEFIC
%, BEEWHBEOAMIMEZEN FRFLTCLEY (RAF—24-35H),

AR BEA L 2 2R 2121, VL AR B # OB 2 W S iz ik
N EZ ONDLDOT, EkEN (Tra—ro—F VR OEREN) Ok
EREALTE T TIEER TERVWEHELWVWETH 5,
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?O
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(e}
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Model of target epoxy resin

Figure 4-7 General description of target epoxy resin and its synthesis scheme
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Triethyleneglycol divinylether
(DVE-3) 1 mol

+ Do~

//acid cat. / heat \ Impurity (a)
oo

Target molecular

—oJ\o—%—o O GPC of synthesized substance
. . Target
acid cat. / heat l Impurity (b) compound

DVE-3
X + Ho—H)—o"o /_
H l acid cat. / heat

Polymer
o~ — LA o
acid cat. / heat n Impurity (c)

Reaction condition : 70°C for 6hours in the presence of 2000ppm of Methyl phosphate

Figure 4-8 Probable routes of model reaction between n-BuOH and DVE-3
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Table 4-8 Three divinylethers as raw materials and the corresponding
target epoxy resins

Divinylethers Epoxidation Target epoxy resins
Triethyleneglycol o Aliphatic polyether skeleton
divinylether 2 OH
E-VAL2F [P O 1
OO O,
(a) X OO — YO Yo
1,4-Butanediol Straight-chain alkylene skeleton
ivi @)
E-VALZF avinvieler 2 PAOH ?>\,o O™ J\
(b) R OAANTA — Y 0o
Cyclohexane dimethanol Aliphatic cycloalkynic skeleton
E-VAL2E divinylether 2 ?>\,OH o—(_/8
O Q o}
c i\
O | O - T

3. £ E&

3.1 #ME

3.1.1 AR UBIHEERUH DM EL

HEE D =K% SBIEOARRICIE, KO SEHEO P =12 —F L {baW, b
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— TRV F— TV =L —F )L (HBVE ; HART — A FEER SR, T¥%
fh), Y7~ UORAL ) — LY=L —7 /L (CHDVE ; HAR L —/34 K
Rl TN 2B L2V TZoE AW, =R IALAFIE LT,
7 F— (GLY ; ¥ A B b ar i, TEMS) 2B LR CFEM
L7oo FTEROSRBNZIZIAFAT Yy RT7 4+ 27 =2 — F (FGHZERAS A,
RE) ALV THWE,

3.1.2  FREGEHmH = A X s
FEBEM A O = AR %85 & LT, BPA Bk =R 85 (E-BPA, DI C
MR8 pghh44 - EPICLON 850S, TR I 4& 188g/eq.) &\ T,
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Kthf, pEih4 - HLC—8220GPC, 7 F A : TSK-GEL 2000x2, 3000G, 40006)
&, FD-MS 227 hv (HARE RS, paihd - AXG05H) ZffH L7,
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B oA UBIEORERIE RIS, EREEES CRPELEMRSHH
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A a—E RS R, pEM4 0 TMA-200) Z Wz,
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VY, BOGMELE LCTAFAT Yy K74 A7 x— b (JREHREEIZX LT 5,00
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Oppm, 2 FFIZEIMN) 2 AV, KISEE 70°CT 10 KOS T L
T, SFEFHOKEFE R 2 BRI 100%I 3K T,

3.4 FHImATEIO/ER

3.4.1 MR OFRT 1A

TR X VR OBIEER Y DTS iE AR R D, BREAKDELFIRE 7 =/
— UBHSTAL AR ClE, =A% VR & LA O L =R v T
1YEIZRD XD RELALETRAL, TIICHEDOMBEAZRML T, |IET
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3.5 Fif
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N#%, 120°CTC 2 RERIMER L 72, Z OB & BER /KK CHFI% LT, SRR
KEEZ RN TEMAERET S Z LICL > TER LT,

3.5.2 AL OYMERHAN 5k

13 DA To R RABEE L) OO Fe iR ENE 2, i th R A S L CREAm L
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Figure 4-9 13C-NMR spectra of target epoxy resin ; E-VAL2F(a)
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E-VAL2F(a) E-VAL2F(b) E-VAL2F(c)

30 35 30 35 30 35

Figure 4-10 GPC charts of three VEG epoxy cured resins

4.2 ¥

4.2.1 TRFUBIEOYEEYME

BoNTeRE UBIEOBIEMERAZE 4-9 ICE &0 57, 3FHLEBIZ, £
ORI 100mPa-s LT TH Y, HIEEREZZERT L2 LN TS, kHEND
ML, TH VAN EEEKET D E-VAL2F(O) T, RWNTHRU T F L
V7Y a—)vETEKE TS E-VAL2F(a) B, v a~FYUBEATDH E-VAL
2F (¢) B DIAFE & 72 > 7=, E-VAL2F (a) BTy T BB R /NS <, ZIUD Eeflokh
FEDJRIK L HEZR L7z,

—J7, MR REICEL L, SHEEE LICRRETh-7, T
FEOKRHBER L 1ppn THY, TALOFHH-FAXF UBIRIZIEREE TS D
WHREWRET D LD ThH -T2,

L7223 THIZE LIl = A 5 SR IE, AWFEOREE BAZEE (100mPa-s LA
) C AR EAE (BEHEER) OmM G A2@ER TE I LR L,
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Table 4-9 Characteristics of three E-VAL2Fs

E-VAL2F E-VAL2F E-VAL2F
(@) (b) (c)
Appearance Colorless Colorless Colorless
PP Liquid Liquid Liquid
Color APHA <10 <10 <10
E.EW. = gleq. 187 (175) 154 (140) 185 (172)
Viscosity (25°C, E type) mPa's 34 24 90
Total Chloride ppm N.D. N.D. N.D.
Content of theoretical
structure Aread 1 & 1

* Actual measurement value, ( ): theoretical value

4.2.2 mE{btt:

TERL U 7= B = R & IR AR L O FEE RS S &2 3% 4-10 (ORd, &
DRINPGZD X DI, WL OO LA T WO RGREIE GO b ivlz, FF
(2 E-VAL2F (a) IO Z 3@ L TR0, BiKkmmr e 7 =/ — Vi HEE L

RIZBNWT, BH 4-3 TRIND L DIZ, AEEE L7z 180 FEJm MRz b
%LﬁoiﬁEVM%%VWD7I/—wﬁ%@MﬁT%HiO %T%oto

EHITIET 2R EERBRTH, 3SHEOSMLRICBWT, ER-MmEE
%#ﬁaf%to_@;9&@Mtﬁﬁ®%ﬁﬁlimﬂ ML, SRR

BRI OB OFE, 1 L UGG SAHEO iy sk [E 72 7 & 7 — v
ﬁéutlbfwéﬂ%@ﬂ%éo
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Table 4-10 Toughness tests of three E-VAL2Fs compared to E-BPA

Test items Remarks Hardener Eoylas EALZE =il E-BPA
(a) (b) (c)
Acid-anhydride HEr Hard Hard Hard
Tough
- at room Flex. & Flex. &
Flexibility temperature Phenol novolac Tough Tough Hard Hard
Imidazole Flex. Flex. Flex. Hard
Acid-anhydride
" 0] @) (@) X
Steel
Dupon Thickness Phenol novolac
impact test ~ 50um % o (0] (o) x
1kg/50cm
Imidazole (@) (@) (@] X

Photo 4-3 180 degree bending test result of E-VAL2F(a) cured resins

5. &

AWFFEDOFER, [C17 V) v 7F vy FEEEOWR R, [DIEXESEREEOLE,
(Gl a7 U —xfSPEDW R, O 3 DD E KR % iR 7T RE 72 BB R KL B
B AR VB ORIBUZ RS L, 2O AR ¥ RHEIX, 100mPa-sLL T D
BISKECTH O 2N D, RMERZ 2 EER20E V) BN HEEZ A L
TWz, AL 7Y PN o—F WV ROHETIE, BERICEOL I BRMEEE L
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DTARFUBIEOHREFNLI N EFE XD, ZOZRIUEAEORBIZHW L
TEHROEEBERLINL, oz —T e 7 v R— b OKEERE & B
SHDLHEWVIFRML, BISESE T 5 o e OSSR () Tho7
[19-22],

MIPERHm OFE R, RA-1TIZE LD D1, RUFED BEMMEE 2 CTERT
XL LR L,

RA-1T FRIKRFHIE E-VALZF &) DFRFEEDH

T AR AR

5 B i At B i21E
(E-VAL2F ) ¥4
mEm ik (EE ik (EE
EFLE <100mPa-s (25°C) 34 mPa-s
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2) Novel Naphthalene skeleton type epoxy resin
with tri-functionalities (E-N3F)

Oe 5) Novel Poly benzyl modified biphenol type
O/\<(|) epoxy resin with di-functionalities (E-BB2F)
CH,

3) Novel Naphthalene skeleton crystalline
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Figure 6-1 Developed and studied novel epoxy resins with stiff skeletons

6) Novel DVE modified epoxy resin based on BPA with di-functionalities (E-VBP2F)
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7) Novel DVE modified epoxy resin based on poly ether with di-functionalities (E-VAL2Fs)
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Figure 6-2 Developed and studied novel epoxy resins with flexible skeletons
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