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Table 1-1 Scheme of modifiers / PU or PU-reacted EP

Chapter

Abbreviated structures of modifiers

IS FaVaAVAVAVAVAVAVAVAIEY.
Macroglycol (Liquid CR)

A : Phenylisocyanate (PI)
Hexamethylene diisocyanate (HDI)

4,4" -Diphenylmethane diisocyanate(MDI)

e VaVaVaVaVavaVvaVvaiilE
Macroglycol (Liquid CR)

B : Acetoxime (Ao)
Phenol (Ph)

€ —Caprolactam(Ca)

PhMD I o o U U U MD T+Ph
Macroglycol

Macroglycol:  Polyoxypropylene glycol (PPG: Diol-1000,2000,3000, Triol-3000)
Polyoxytetramethylene glycol (PTMG-1000,2000)
Polymethylvalerclactone glycol (PMVL—-2000)

Polymethylpentaneadipate glycol (PMPA-2000)




Voot o o oV

MDI MDI
vV A Z

Macroglycol

MDI MDI

OH OH OH OH
I I I |

Macroglycol: Polyoxytetramethlyene glycol (PTMG-1000,2000) \/
Polycarbonate glycol (PCG-1000,2000)
Polybutadiene glycol (HTPB-1200,2800)
Polyoxypropylene glycol (PPG:Diol-1000,2000,3000, Triol-3000)

(ETPU—Ntype)
Macroglycol: Polyoxypropylene glycol (PPG:Diol-2000)
Polyoxytetramethylene glycol (PTMG-2000)
1,2- Polybutadiene glycol (1,2-PBG-2000)

(ETPU—Btype)

Macroglycol
Hard segment : MDI-BD-MDI

Macroglycol: Polyoxypropylene glycol (PPG:Diol-2000)
Polycarbonate glycol (PCG-2000)

Macroglycol
Polycarbonate glycol (PCG-2000)

EMDI—BD-MDI —~—————— MDI-BD-MDI
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BHALDENLFRAS—ERIFILZEHEE & DBERERS LT

2. 2. 1 RE#H
CCTHEBLEEME % Table 2-1 1279, TRFIVHEBICEIEXRT7/—)L
ABTIREIBEE (TE3— K828, IARFIHE : 1905 Dr/vIRFD
Lo oME) &, BIERICESY 77 R DICY, SyRvIREILDY
W) ZHREDEFTFAV, v/05ya—)LE LT, KBERBRKI OO
FL>IL (F2H LCR FH-050, Mn:5100, EyEaeH#2 3, ESILEITEMH
# LTFCREME) ZHRGEODFFAVE, CROXGEELTELEEDII VY
TH—rEaMELT, 4, 4 -T2 NAZTA4 YT TH—F (DI, =H
LB, AXFAFLYSA UL TF— kDI, BARY S LS D TEHR),
TIZIUAYITF— b (REHE FOFAEEHE) HRAOEFFAL
AYSTF—rEOTOYIEBEIELT, PEMEVL, 72/ =)L, e-hT0
SH5 L (REEHR FOAEEME) 2mRHOFFAV, ELHOXRED
EFELT, YA (FTAPIL200, BARZ7IADILHE) 2RV,

2. 2. 2 RYHYLEAVILRYT—DERELABRFORAR

R & BHEDA VL TH—MMeaAMAD, RUHLE LT LHKY T— (Ph-CR,
NCO-CR) & B EXHAEAETRUERBERA-REHFEHAVTER L=,
FhoORYI LAY TLRY I—DIES % Table 2-2 1Z5RY . MDI, HDI RIS
BT, NCO/OH=2.20, PI RIZHWLTIE, NCO/OH=1.0 ELtbE L, ERXTH
SHTCXxIBRIRBEE, &5I12, M-CRIZDWLTIX, 3BEN IRV
W (a2 NCO=1.0) #FhEThERLT=,



Table 2-1 Chemical Structures of Raw Materials
Bisphenol-A type epoxy resin

CH3 §H3
CH2CHCH2- (0<0-C - 0CH2CHCH) n=0 <)~ C<- 0CH2CHCH?
Yo CH3 OH CH3 0

Dicyandiamide (DICY)
NH
1
HoNCNHCN
Macroglycol

Polychloroprene glycol (CR)
Cl

HO- (CH—-C=CH-CH2) n-0H (Mn:5100, f=2. 3)
Isocyanate compounds
4,4’ -Diphenylmethane diisocyanate (MDI)

0CN<")-CHa<)-NCO

Hexamethylene diisocyanate (HDI)
0CN- (CH2) §-NCO
Phenyl isocyanate (PI)

{)-NCOo

Blocking agents

Acetoxime (Ao) CH3
:>C=NOH
CH3
Phenol (Ph) ()~ OH
e -Caprolactam(Ca) _~ CHo-CHo-NH
CHo
™ CHg-CH2-C=0
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Table 2-2 Abbreviation of Polyurethane oligomer (PU oligomer)

PU oligomer Abbreviation
Liquid CR CR
Pheno! terminated CR Pl Ph-CR
Isocyanate-terminated CR  HDI H-CR
(NCO-CR) ™ M-CR
Blocked isocyanate CR Acetoxime Ao-b-M-CR
(6-NCO-CR Phenol Ph-b-M-CR

¢ —Caprolactam Ca-b-M-CR

Pl:Phenylisocyanate, HDI:Hexamethylene diisocyanate,
MDI:4,4” -Diphenylmethane diisocyanate
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IRFIBEEICH LT, Table 2-2 (2R 6 FBEORYILEVTLRYT—R
URZEM CR 2 T4 10phr ~50phr, WILEHITHZ O 72 P72 K% 8phr,

BALRIOEBHLEFTHS LU HE 0phr BELTH—CHZETRAR, BE
fRiaZ4TLy, 160°Cx100 » TMAEILEE -, Fig. 2-1 ITEBROBKETRT,
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TRIE < BESKERAIZ 0.8x25x 200 nmD §f ¥k (SPCC #8) ZZh T fRfE L THAL,

HERIOESIZO0.15me Lz, BIMAEEERGANE, BELEBLLZERICLY 2
x10x 100 MmO RKRELYPEER LAV, EEREFHEME (SEM) BRAHH
X, FEEYOBWHHEIZEF 2 nmDESICEELEZIOERL:,

2. 2. 3 YHEBIE

EEABLLTOTHRECHBSRVEAHBEORIEE, £—rJ35 2
(DSS-2000, MEEHIEFRE) ZAL, V7 BXAy FEEZZTIh LT 200mm/min. ,
Smm/min. & L TITo71=, ENRORLGEMEDRITE (F. T 550X Bh A5G 58 145 R 78 1
(RHEOVIBRON DDV-II-C #4, AU T o Fv o HE) AL, FKRH 11Hz, RERE
2°C/min. T-150°CH 5 200°CHHEETRIE L=, IEYOHHEO EILFA D —
DBERE, BAHZEREZERTHAANLCHEHL-HEZEERETFEME (SEM
JSM-5200, HABFMWE) ITKYEEERYTo1=.

2. 3 MHMREEE

2. 3. 1 EEDHE

IRFUBBICHTERIILAT LR T—FMELEEDEOBERER
L7, Fig. 2-21c B AMBESRUFig 2-3ICE< BBREDATHRE L AMEDS
BREZINTNLTT, REMCRRUPh-CROZEICIE, BAMBS EFMEOEM &
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3-point bending properties test
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Fracture toughness test

Fig.2-1 Form of specimens
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Tensile shear strength (MPa)

30 p

25 |

0 . — . . .
0 10 20 30 40 50

Amount of PU oligomer (phr)

Fig.2-2 Relationship between tensile shear
strength of epoxy resin/PU oligomer
blends and amount of PU oligomer

O CR © Ph-b-M-CR
® M-CR ® Ao-b-M-CR
O H-CR @ Ca-b-M-CR

® Ph-CR



Peel strength (kN/m)

0 10 20 30 40 50
Amount of PU oligomer (phr)

Fig.2-3 Relationship between peel strength
of epoxy resin/PU oligomer blends
and amount of PU oligomer

O CR © Ph-b-M-CR
@ M-CR ® Ao-b-M-CR
O H-CR @ Ca-b-M-CR

® Ph-CR
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AT A%, NCO-CREb-NCO-CRF HISHRMBAEMLTHIFTLALET LY
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NEETHY, 50phr FMBTIHREEIAF OB (3> FO—L) OBRED
3EUEDEERLTINS, F1=, b-NCO-CRRE TI, EFMEL DHMEMRE SN
SHICHARMEDEME LRI SA, Ph—b—M—CRl;"35phr’G’f9’EKﬂE’E7T< L=,
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b-NCO-CR&EDICYH#REBAEL-RTD IO Y Y FAYLTFH—FORGHBEEZTR
EEBREETOSOIZL YRIEL f:ﬁ%%, Ao—b—M—CRI;U 10°C, Ph-b-M-CR(%140°C &
UCa-b-M-CRIX170°CTH o= REERDIEILEEIXI60C THY, CaRDEMN
RICHARTENC & EBELT, BLREQEEMMEICHT KREMEERBELT
W3,

RUS LAY TLHRYT—%30phr M LI THRF SISO EEME £ L ET
BL. RUBEAKBEDORE YA UBOPh-CR MHA, IEIHEOH-CRE Y%
ERON-CR DEARIRELT Y vl 2D EMBHNE N0, RENRAK =
WEEZBND, B2, AVLTF—rEO TRV LTEEDEL YKRE
FTHCENARETHEHH, TOVIHICE > TEAE LD EEBDHT=,
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=, BEALBSICIEDICYEDRBHED Y, FBICTARFIHIEDSRTRIG HEST
L. TREOT MY RBTENG Y ERAHECHDEEZOND, LHL,
AYLTF—FEDTOV L TRIGHEHBT B LIk >T, HRRER.
MIECEENEN L URBTES L 2RO,
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2. 3. 2 EhRyHETEM
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BEOEMEENTL, BREBTOETT2RENAEFEEMZH 5.

—h, BREETanCDBREENHIE, a2 bPO— L TREIRFOHBIED o 28E
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TRUanBE—VDENRYGEENS, 41V TF—rELIRFIHEBRSD
RisIZ&Y, Hwmi% '|$CR7§\/J\7Q~UI'1'\#/’}°1HE|EP( BmYAFEh, BEEEN
ETLTWSEEZLOND, HCRDAMM-CRE YD L Z D TgD 5 BGEE M
ELA, THEFH-CROADNKIGHEIE L=, BEICHARAFEFNIZCL, LA
VHERBRLYPTNEEZ SN D,

Ph-b-M-CRZ Fhn L 1= TR S 1l DOMARE R %#Fig. 2-5ICRT . CDRDE’ (&,
“20°CHHEMSIET LIz#&IZ, 1200C~130CHHaENr b BURETT S, D35,
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Storage modulus (MPa)

-150 =100 -50 0 50 100 150 200
Temperature (°C)

Fig.2-4 Temperature dependance for storage
modulus and tand of epoxy resin/

PU oligomer blends

—— Control ---- H-CR-30phr
—--— M-CR-30phr —-— H-CR-50phr
—— M-CR-50phr
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Fig.2-5 Temperature dependance for storage modulus
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REVHIEOBDEEILE VD a8, BRAICIRF OHIED o 28
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EEREHL, ZhiE, Ph-b-M-CRAA VL7 F—rEDERBRTORBEZT =/
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[CHARAEND-OTHDIEEZLND,

FNEZTNhDOEMCRE, 50phriimM Lz TRF L HIEDTans DRE N E%Fig. 2-6
ZFT .S OEASEIEHDTglE, H-CRT120°C, M-CRT 130°C, Ph-b-M-CR T155°C,
Ca-b-M-CRT152CTH 5 = LA T H D, NCO-CRR(E, TehMERBAKREC Y
JhL, 9LAVHOE—ONREYRECHY, TRFIHEED o nDIBOIL
MY LEBLITERYNPKRECHRYZERMEDTanS DiELE <GS, LHL.,
b-NCO-CRRILTEDETA/NELK, AV T7F—rEORIGHZHES S &IT&
STIRFUBEBEBORMBETETEIELVI EANERTE,

2. 3. BFHEMREE

EFNREFhORYILETULRYT—%, 50phr FHMULEITRY: DHIEELY
OWFEDSENEE %Fig. 2-71257 7, av ba—i(a)ld, BHEMTERYLRK
HiETHd. REMCREZ20phrFmM L -HHOBEME (b)IX, EEMN2 uniZED
LA VHFARONIGHMBHEHE CHSPh-CRTERKRICYLEZ VHFAY
BLEBEBENRLONA, WTAIRAEBTORGERDHIZCL,. Zhizxl
T, H-CR(c)BUM-CR(d) (&, BARELR I LR DHFMNRDIT LA, FEFEITHA,
BHMFNEAEDLI o AADHAHIMMBRABRE SN, FEICEEMLHEENE
TdHb. Ph-b-M-CR%R (e ) U Ao-b-M-CR(f ) RILBHKTH DN, S HICHFHHE
BLIZKK, BHEI AEFTTFEMICRAS., BHEEEORRIAIHBEET
L., SENEECEFECNESLRFOEEENAR Nz, ChFT, A1V T7F—F
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Temperature (°C)
Fig.2-6 Tan d of epoxy resin/PU oligomer
blends (50phr)

— Control —-—Ph-b-M-CR
----- M-CR ——Ca-b-M-CR
---— H-CR



(a) Control

(c) H-CR 50phr

(e) Ph-b-M-CR 50phr (f) Ao-b-M-CR 50phr

5um

Fig. 2-7 SEM micrographs of fracture surface of
epoxy resin/PU oligomer blends (X5000)
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BYHE, BHEROH-CREYELEFTHERDON-CRABVEEREEZRT LD
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1)a—)L (PPG) ® 2 EHRE, % F &= 1000, 2000, 3000 & 3 EHHE:, »F& 3000 RV
RYFFSOTFESAFLUSYa—)L (PTMG) D 2 EH, % F2 1000, 2000 %
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Table 3-1 Chemical Structures of Macroglycols
and Blocked Urethane

Cig
HO- (CH2CHO) n-H PPG
HO- (CH2CH2CH2CH20) p-H PTMG
CH3 0 0 CH3
H- (0CH2CH2CHCH2CH2C) n=0CH2CH20~- (CCH2CH2CHCH2CH20) —H
| PMVL
CH3 8 0 CH3
H—[OCHzCHzCHCHzCHzO —(CH2)4—&]n—0CH2CH26HCH2CH2—0H
PMPA

{j}-OCN—MDI—(Macrogycol)—MDI—NCO-<i} Blocked
AL M Urethane
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EEYPEAERAORBELT, IRFUBEBICHLT, JavsI FY9LEVE
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Table 3-212, AWZV==/ B Ya— LRV TAY Y FILE DRFELDF
ENHMEFELEHDTRT ., BENHIEEERYRFLUBETHLI-OEEICL->TS
DEWELHADN, NLVIVETERLETOY I FOLE2VDRFERK WFht
TAAEIIELBY EEGELT, 205 a—LHAMIIZL > T2 FEE S I
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AFE200004ENOT IO ) a—)LERVETOY S FOLAVEHRMLTE
TRFOBIEE, 28YOBILEH TEIEL-BOIIETANRSES RO B
S LEMEOBEE &R, Fig 3-112PPG-D2-PUR, Fig. 3-2(=PTMG-2-PUR.
Fig. 3-31=PWL-2-PUR, Fig.3-4[PWPA-2-PURDIERERT. EEMHE, LT
NERERIRFOBIE (32 F0—L) SYEBMEERL, FMBEEEA
Bohd, RUI—FILRTE PPCHR &L YPTMGEAS, Y IR FILEKTIEPHPA
ZkYPWLRAE MEFREER L=, B2, PIGEY LA VZERNEN D E
WMEZER L, 180CHEILRT, #13KN/m& U5 & UV < Bl & %20phr ~40phr @
Ml THREL =,

Bl AR &3, Y T—F LR (Fig. 3-1,3-2) TlE10phr A 530phr £ TR A
[TRKRELBYZTNLURBRIFETLRz, RUTRXTILER (Fig. 3-3,3-4) Tlx, FmeE
OEMEXICBALOT, HMEE T (ML T0phr £ THE LA, 50phr T
BABER L=, BIEERICLZEEE, WVThORS, 180CELRDAASZL
ExRL, £z, RUIXTILROANEFMETSMEL Lo 1=,
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Table 3-2 Molecular Weight of Macrogycols and Blocked Urethanes

Colculated Measured MW
Mn Mn Mw Mw/Mn
PPG-Diol-1000 1261 1445 1.146
PPG-Diol-2000 2869 3032 1.057
PPG-Diol-3000 4467 4639 1.038
PPG-Triol-3000 3656 3832 1.048
PTMG-1000 o 2385 3279 1.375
PTMG-2000 4303 6808 1.582
PMVL-2000 3641 4864 1.405
PMPA-2000 4243 6146 1.449
PPG-D1-PUx 1688 3590 4975 1.386
PPG-D2-PU 2688 6850 9786 1.429
PPG-D3-PU 3688 8170 10540 1.390
PPG-T3-PU 4032 11058 19741 1.786
PTMG-1-PU 1688 3849 6489 1.686
PTMG-2-PU 2688 6158 10926 1.774
PMVL-2-PU 2688 5457 8833 1.619
PMPA-2-PU 2688 6545 10603 1.620

*:Blocked Urethane
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Fig.3—1 Relationship between adhesive properties
of PPG-D2-PU/Ep blends and amount
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Fig.3—2 Relationship between adhesive properties
of PTMG-2-PU/Ep blends and amount
of PTMG-2-PU
0 :160°C X 100min. m :180°C X 30min.

40

Peel strength (kN/m)



NS
o

©
(a
?,30 - 4 15
< <
o
c
o
% 20 | 4 10
S
<
n
)
7210 1 5
o)
|_
0 0

0O 10 20 30 40 50 60 70
PMVL-2-PU Amount (phr)
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Fig.3—8 Temperature dependence for storage modulus
and tan 8 of PPG-PU/Ep blends.
PPG-PU Amount : 30phr
—o— : Control —- : PPG-D1-PU
— : PPG-D2-PU — — : PPG-D3-PU
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Fig.3—9 Temperature dependence for storage modulus
and tan & of PTMG-PU/Ep blends.
PTMG-PU Amount : 10phr

----- : PTMG-1-PU —— : PTMG-2-PU
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Table 3-3 Tg (°C) of Blocked Urethanes/Ep Blends

Tg/°C
10phr 30phr
PPG-D1-PU 138 120
PPG-D2-PU 155 130
PPG-D3-PU 130 145
PPG-T3-PU 145 140
PTMG-1-PU 145 130
PTMG-2-PU 166 140
PMVL-2-PU 135 100
PMPA-2-PU 112 95

Epoxy resin cured by DICY
Tg; 180°C
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Fig.3—10 SEMs of fracture surface of Blocked
Urethanes/Ep blends
(a) PPG-D2-PU 30phr
(b)PMPA-2-PU 30phr
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Table 4-1 Chemical Structures of Raw Materials
Epoxy Resins

CH3 CH3
CHaCHCH2- (0<0-¢ <)~ 0CH2CHCH2) n=0 <0~ €<~ 0CH2CHGH?
o7 CH3 OH CH3 0

Epikote 828 : n=0.12
Epikote 1004 : n=5. 22

Macroglycols
Polyoxypropylene glycol
(PPG:Diol-1000,Diol-2000, Diol-3000)
CH3
HO- (CH2~CHO) n-H

(Triol-3000)

CH3
CHo-0- (CHp-CHO) x-H
| CH3
CH -0~ (CHp-CHO) y-H
| CH3
CHo-0- (CHp-CHO) 2-H

Polyoxytetramethylene glycol (PTMG-1000, 2000)
HO- (CH2CH2CH2CH20) —H

Polycarbonate glycol (PCG-1000, 2000)

HO—(CH2CH2CH2CH2CH2CH20§0)n—H
0
Polybutadiene glycol (HTPB-1200, 2800)

HO-[(CHzCH:CHCHQ)o,g-(CHz%H)o,zln-OH
H=CH?
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Table 4-2 Formulation

Epikote 828 100 phr
Epikote 1004 20

PU* prepolymer 10~100
DICY 8
GaC03 25 wt%

PU*:Polyurethane
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Epikote 828 \NV4 N - - - -
OH
Epikote 1004 Wﬂﬂ e

Urethane prepolymer 0CN ~~~NCO

J:]7100%:><4hr.in Toluene

! - -

Curing by DICY
@ 180°C X 45min.

________ e Al B T S

Fig.4-1 Preparing and curing flowchart of
Ep adhesive
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Fig.4-2 Relationship between tack peel strength
and amount of PTMG-PUs on uncured Ep
o PTMG-1000 ® PTMG-2000
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Fig.4-3 Relationship between tack peel strength
and amount of PUs on uncured Ep
© PCG-1000 ® PCG-2000
O HTPB-1200 H HTPB-2800
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