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Pol@ BE 7]ge] FYEtHE Faadelet 1 719
SR E7 & v rlesE, FHOEE ofoRn.
AAFEL 2IAVGIME 71&$90E AR £ A= &
o7} HIZ o] FFeFiRielE iv\u Ve, Ae
FAE AEE e At ddAgAE SPu
& FxAlUut o] &obe] F84& QST ZREA 0]
A LS AlFBIG. FFEFRde ook
ARBAZo] AHEHE A8, P24, F2A Tl
EHoltt. 271¢] 5L FRAR YR, JESS
AHEBIGRT g1 e AgE, 1453E 99
HAGEJA T AEEHA ol ERAREL HFE,
B3GR T Aol Holuth I3 2uL0g )
Pl FT7E 71&9] rivetting, bolting, welding%
22 HolA B, 2L oz 9] A2 Fha
A FZA L] AMgol URHUTH Z7lE 3T 9B
2ol H2A7E ALGEHJURT o] F AEF| EH,
o, volF EEE YL At FFY] 7L HR
Aells 2712 /7 AN F371 720 E44 U]
B4, HEAG, WEHT $58 AZA Z=2A7}
7] TREOE FEE ASET Qo ueia B 2o
A 7] 728 FEAZ ALHE oIEANA P2
of thsll A BT} g},

2. 7=E YA BR
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4AA] YA BRAIE FAEL Boin, 2 St
47, BUHQ 4ol wet BRI A8EE 230
wet 2RS7IE Hoh

21 Astslol B8
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Aerospace Applications for Adhesives
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Aol A fQ=#A. Nitro-phenolic, nitro-epoxy,
modified epoxy, modified acrylic polyimide®e] 12
o w3719 13 722, AFA melol2 Hely ¥R
A, PCBSol Al2=rc}.

2.2 gEQl Mol o 2R

@ Hgd AZA  uddtE (MMA)A-132A(500
‘F)E gkEsts A 24 polybenzimidazole, polyimide,
siliconimide 501 FZ$FAKR], ARG Sl o] 43
o

@ FALg BHA 1 -320F9] Ao AE RO
polyurethaneSo] glom LNG, LPG% M&7t~ A%
7] Sl ol gdct.

@ ¢4 H3A  JQASRE, F548E, B2
TETol SEEHE FRA T

2.3 +x8 HEH

TZ24 HAFRAC Wi gutEel e giAR ASTM
SolMe o 2o BEAE Vs FAAE 728 H

g o

E}iﬁ %—

@ B Fgote &
A

@ FoA gAzdsloA It ARAE F Ue
B2

TZ2& A E BRI VIES US E 19 Erh

F2E HRAL 237 L Aelal BRARY A4S
ol Z7Hgel uigt 19 &go] FES F/HEHIL U=
AFelt}h. 2L HEAZA AL F U FEA=
043‘17}1] EQ7UHAE B A, & =
o polo} B0t Epoxy B2 97, 3
T3 FAEo] 4dte] T2 4 HAAZA
). 53], rivetting, weldingS A& 4
g et T 5 Yot E3 vibrationo] AlF

ZEo dsise weldingHtt £
sich. @M B ol fz.m] 728 M
Epoxy H&A|9) /ds &, BHEAE Tl
X} g,

2.4 Market

T28 HEAE

film& ¥F71§ B3 725

i)
tlo
b
>
5
o
o)

=7
(s
[e]

N
o) mﬁi

o ot

58

fal

=
oty
ol

2 o

ol

)

=
1At

]
e e U4

<
4 44 12 oo ox ofn

]
o

=

=

zxm

2
EU

250°F, 350°F cure adhesive
ol = gstu glor], A

E 1. 728 JFA 25
ER71E o
EH Fef | LE, o), B, 443, paste
3}8txel =4 | Epoxy,phenolic,acrylic,cyanoacrylate,urethane

Aoz | 42, 52, $AHUVEB),#714,94,
A 54 | Ue AP 42,35
A8 A% AEY

NEXDED JlE A6 @65 1995d 12¢

2

Byrzge olfe] AHEFS U 13 F2A
gHoll Wi} AA=rt 55 2L F2AA Y 7]
w1 97 ANFES 724 B2 TIgel
S5 we4is AAFH r|goldE IHEn
J= AFeltt. mElA A& e e FFEFAL
of BlFo] ] HA4YH tjgo] YpHoR
of gt FAlol AT ] A o1 T 7NbriEe] 4
SEA 21 e etk

37 g FERo| 9o oFAIFX e AR H
4 2R (PE, PP, silicone )& A3 Ao 2E
& AEAY 4 Ut} HE 24 4t oA HE e
5= HAAZ FH A8 ol27] X 1 §&
i & 59 thgd g2

a. 7] Aol A o FA] 2|9 Fe FRea o
& AY 54E&  olgdly sheet$}
aluminium &2 & Z%£3 HASle] honeycomb
sandwichE& AZ(UHEEHE A §HA A metal
solder®ch & AY)

b. AFaF 4Ho)A =9 lined] FA(AAME ZHE
)

c. A&HololA] AL  alumintum  honeycomb

=
o)

ol

; & |

% Hu

3L
5]
T
L.

;0

aluminium

sandwich panel #|%t
d. 98 teldE 2HAFIAY PCol Had o)
e. Concrete 73252 BT uo] Ha+
f. Az ol A1e] P.C.B #|&FA] copper foil A2}
g. Polyester €18 ®3 AZA] 7He] & &2

sealing

3. OIF|A| =& FHEHA

(=]

z47‘d—zﬂg_o4 O]]EA] x-LQ_o I -r‘o']‘/“ 2;3}- Aép_

slod 19443 Preswerk®} Gamsol o8] A So 2
H ol Fol BE AT olRolA R, o) F 4K
S o] &5o] it} AlFA] A

& O B8 715719k 84 Re shrinkage®
Yehlle 3ol Ux A8Ee2 polyadditionyh-gol
o]s] WA =7] w&el condensation ¥FgHe 2] EH
AR 2ol WARAE Wt ol2e 4P As
o] EA) = wHolut HA, structural integrity, B2& &
B9l H2E KA Do °ﬂe = ziur feiel

b M
o r

r_>i
=

).

_I
2,

5171 ol 12e
19463 ol& FHEAV|& epoxy—based adhesive
system®] gl FElel BHE o|EA W AFVIEH

=2
AgRA 5 95 go}, Behny PR

m 1l ri’L'
P
2
i
gl_g
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3.1 oAl £=x|
3.1.1 oI ZA| $=x|o| FF ;
AFA] £2] FHE OL0Z IA U= 4 o).

a. Bisphenol A type

o

Bisphenol F type
Cycloaliphatic type
Amino type
Novolac type(phenol or cresol)
718} AW FEH £X

S, A3 we] FHelyFo) wiEt epoxy+epoxyd
BH, epoxy-+aromatic or aliphatic hydroxyle] ¥hg,
718k AEA Y] ¥k oz Vs 4 vk thEA o4
4X]29] Bisphenol A-epichlorohydrin typeg] T3
Scheme 13} Zt}.

3.1.2 oIFA] £=x|2] HY

NEFA £R= HEAAZ AH-E W) ol ZA] $3] 2HH B
O fx0 A WYgsty AMgsls Ao 2o o
< o5 AFA £X)2] Qs HE Yol

a. Solution type

|AE o] &3t

€% : flocking %, E3x] ¥x)
g, A58

b. Solid type

|5 2ExY

c. Film type

£ FExY

d. Paste type

4 Dig FAAY WFH $27 U A A
£ Ut
e. A4 AHE type

- p oo

£, PCB, copper foil

'r“é' 52 BT AU typelwA TAo| uet A,
FHtypeo] Ut

f. Stick type

o] type2 FSAZ thiold] FEAE o] g3l Row

S/ 2o} paste Y&o) jRege] AshzL Sof 2
t ReE AT we Y3te ¥ Zo)s 2y
A PP 02 AHAZES SR04 SR Afolo] .
3.1.3 78 HEABA 2 o|ZA] =X
YU F2E YAAZA 7 e soln
HEA e vhen 2o 542 Adot.
a. Adhesion; epoxide, hydroxyl, amine groupe]u}
& 54 groupdl] AN F&, /8, MY B £3)

e AEA)

e FaA=E S Iy,

b. Cohesion; epoxy &A= A3} HYL wf =

) £ AT 22 A2l A AR o
S=5he}.

c. 100% solid; Phenol% t}2 ZFxgle da] o)
oo R4 A4S ok BEYelL} o] glo]
5 H3o) 7V58}ch. ‘

d. Low shrinkage4d; VinylAll}, o}ag@4x)nc) 4

=8°] Z7] wjfel shrinkagest Zr}.

e. Low creepA ; Epoxy$x] BaA= dsss oo
Stel Al 7 §4o] fAIge.

f. WS WEAG; 710 RaskA] @ HeAd =

3§45}
g HAZlE thed 22 Wlow E49 WaEls v}
q_Q_ 2~ o) E]»

© 7|EA 8t BEHA o] He
@ B #A 2] ¥4 (modify)
® 77] FAA F3

e E 2% OYT olZA FEA9 Fyot 24L

phenolic-modified epoxy resine 7} ‘
g X3 _“ﬂ_%% HAAE Jebln 3, nylon-epoxy
2! Z$E highest joint strength?] F2AUL B
AF1 Ut} ol HAAY formulation Yoz |
WA TEE FAAMEA 2L Hwele 282 4 .

32 837 =& &N e HMH of

3.21 g37] #=x

271l F3719] dR-Eont ZHA AL H x| qt
FE719) B BEo) AHgH1 k. og a8 1
2 FE71 AL A HE BES Uehin 9
HEAEE P9 AQsES wAEE 724 A
Aol WA W 24 F2A 2 Udoh. g7 |

}71‘4 lz—}%‘ W 7Y wEser & He shEw

L
w T

Wl o

2 1S Melslejop 3l 6] honeycomb:
5 —‘f—ﬂxlﬁ% 2% rEA)AH Y. Honeycomby: th
- Bt vhel go] W wmare] TxE 7)x)
I 9o} o] AT ARuEH Wil g3y T2L NS
2 ALgSHH v]Ede] glul dlEo] AR HEHE S

3.2. 2 ’é‘i’—‘f"“’-‘-l
Film¥, paste®d, syntactic adhesive foam, expand-
able adhesive foam, primer 5¢] &e)7} Qo).

CHj CHj
CHZCHCHZ [o@ QOCHQCHCH2] -o@ @o cn»cchﬂ

CH3

Scheme 1,
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E 2. o4 7120 sl BRAle Weet 47

Adhesive type

Shelf or pot life

Cure condition

Service Temperature

Lap shear strength(psi)?

(°F) 70°F 200°F 500°F
Genaral 40 sec to 75 to 400°F !
. . 5 days to 1 min -400 to +350 2000-4300 3000-4000 500-1300
epoxy indefinite .
0 to 100 psi
) 70 to 200°F
. 30 min to
Polyamide-epoxy 7 days to 1.3 hr -200 to +260 1800-4000 500-3900 -
1 year .
0 to 100 psi
Nylon- 2 months to 75 to 400°F
epoxy . - 8 hr to 20 min -420 to +400 2500-6300 3000-4000 -
indefinite .
10 to 100 psi
225 to 400°F
. 3 days to
Phenolic-epoxy ) . 2t 1 hr -420 to +500 2400-3700 2400-3300 2000-2400
indefinite .
10 to 50 psi
. 75 to 570°F
. 20 min to .
Anhydride-epoxy 5 hr to 12 min -320 to +700 1700-3600 1600-3400 500-2200
4 months )
0 to 75 psi
15 min t 75 to 150°F
Polysulfide-epoxy 5 hr ° 48 hr to 1 hr -6 to +250 1700-3600 1200-3000 -
0 to 10 psi
50 t
Silicone-epoxy 90 days :135 ps(i) 1 br -6 to +700 2200 1500 1000
30860 to 75 to 250°F
Polyurethane-epoxy 9 by 7 days to 30 min -6 to +250 5200 4200
0 to 70 psi
2Aluminium-to-aluminium lap joints tested according to ASTM D1001.
l.aminated edge
cover panels
ba
Wing trailing
edge cover
panels
4
Strut fairing
Cowl panels 9
h - Bonded area
A8 1 @370 Hae] 4.
JEXRS 7| A 6P6E 19959 129 559



" Adhesive
Face

Adhesive

&l 2. Honeycomb FZ34.

E 3. $3710149) B2A AgR9)

Honeycomb core construction

Honeycomb sandwich construction

Secondary Honeycomb sandwich bonding
Noise-suppression systems for engine nacelles
Bonding honeycomb to primary surfaces

Bonded aileron

F-15 composite speedbrake

Adhesive bonding of aircraft canopies and windshields
Missile radome-bonded joints

Electrically conductive adhesive for lightning strike appli-
cation

Laminate repair

Honeycomb structure damage

Repair of adhesive disbonds

@ Film3

Nonstick release paperd] ZEE =2 AxAh. 7}
B2 FEo A gdo).

@ Expandable foam

E& ¥row F3sl= 4ol Ak, HoneycombE A
F olo] grgu ALgEth.

@ Syntactic foam

Paste¥Hi 2 AMg-Hrh. FAWd g e 2y JI
T u} AHREE bolt 22 fastener?} AMS® w] honey-
comb®] B2 F5E 9j3) ALLhT).

@ Paste

HRR9 ol Relrh UT AN fimF oz A
|8 4 S w ARED.

® Primer

SulESel AsHEol hydrolyzesls AL WA
HEF d¥o s 24 g 4 Qi

3.3 OiIZA| =8 HAAL E2

oA AFHEC] HAAEAY o EAE U= 2
Aol @t B3t formulationg & & Yrk= o)
At AFA F2E HEAAE FslzHa AL g2
e} o2 ol V1K $Fo T B & Ut

One-part heat curing paste adhesives

Two-part room temperature curing epoxy
adhesives

Epoxy film adhesives

@ One-part adhesive

Latent catalyst, liquid epoxides, toughening agent,
filler, thixotropes, adhesion promoters”7} A%},

a. Catalyst

Heat curing epoxyRZAol 23 AMEEHL U&= 3
34| = nitrogen-containing compounds(aminesoji}
nitrogen heterocycles)©]t}.

BRE olFA] FAAE dEoz LA o3
T QAL 71X = one-partJEA 24 wlEE =0 o
B 52 T8 7o dxr $2 39 2848 2
3 EY FL U, BHYL olunh. olololE WHH
ANFAlE iR a5 FE 4 U] wEel AL
oA} two-part epoxidesRt} HEZ5AIA0 AR oA
o QBgol ok

3HH  Nitrogen-containing curatives®] A2z o
T 98 shis gdojxrt

@ G2 BgAolY okt gallsEln B3 L

£ curatived FE35t= W (o). dicyandiamide)

® A2 BZYIAT AgREdNE 849
curative precursor & A -£3}l= HWholr}t, A=
250°F, 1hrA&=7} 2858t o9E£5W  monuron,
toluenediisocyanate®} dimethylamine& ¥}1-8-38le Q=
di-urea adductSo] I}, o|2L solid curativesSe
high-shear 273} A o] Z Aol ZtEct. Ciba-Geigy
= 484 dicyandiamideE adipic dihydrazide®} HY-
940(Ciba-Geigy AEH )9} 72 ethylenediamine?)
solid adduct® thA3ic}. thH-E9] latent curativeS<&
AeolA Aol vwA 2tk ek B Feop)
F e3lt}. Latent anhydride catalyst= 72& A3
off & o]z et 1 olfe H3F brittled]ar] e
peel stengthE WAF7] ujRolt}, I8]7 amine-
cured epoxidesE H7}51d 7|49l AR & /fAE}.

b. Toughening agent

B AL heat curing paste adhesivesS-& 73}
7 S Fetolut Hel oA TEARe] B2l hsat
Al she @AAE B/ A4 CTBN polymer= B.
F GOODRICHdl 23} 19700d ==t Rubber-
bisphenol A-epoxy systemol#] CTBN& ¢F 5~15wt
%7t B7HEch. o) AHzE APl 5. A5
Fofl CTBNY #l9 QA= epoxy matrixel] 415
3x 2 CTBNY izt 4H49E # optimum
toughness”7} A EC}. o] bimodal size distribution&
CTBN 9] acrylonitrile %-& ZZs}HA] AFLE w] Aoy

dl
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2 % gk

¢. Fillers Filler treatment and surfactants

FAAE s AT S
AE& F7HIFIM ARG E S AlTle ARSEnh
FHAEL £F peel strength® ZaAH. Clay,
tale silica(1~20m=H Q)7 £F ARgHct. =3}
CaCO39] Z8= HFEHT Ut} ol SAMEL A
8 FAAENG ¥ duz FYos o & B3I 3
g #1909 Be SE2 B0 ERET. Sue
AWEAZE AABER] e FHAY HgH )Y

%o shrinkageZ

58 98] FH7iEg. dE59 Byk Mallinckrodtol]
o8] ¥g5+= anti-terra U= ZSFAHL w24 i3
o w8 gFng 20| dZA)Y dHEE /4l
71 98 FF ARREEN ol RAlg Folu oFA]
e 4G4 E AAA.

d. Thixotropic additives

F+E5AHFE F= one-part heat cure adhesivesol]A]
FAA7 AHgE o uEsjord 7Y F23 g4olnt
olZle FAAE 4A AT 4 A sEH. Flow

controller agent®] THEZHQ Zo] AX|H clay,
defibrillated asbestos, fumed silicaSo|t}. ‘é =3
se 20 T oS FLR AL B0l ot
FAA ] FEol o) vPstE P —r-r°] aging
He 3¢ 3= oA Tl Qltt. SHAZA as
bestosg AMg-she ol Aol v|x= JgT AT
T Ae BEE 1ot

e. Adhesion promoters

Epoxy matrixol] F8 5= 715718 7FH monomeric
silanes2 4F0)F, & HEA shed d] AR
Silane& FHZA | vlz] EFHAY o] EF Ui
primerZ ARRE 4t}

('\Hz HCHO0(CH>)5S1(0OCHj3),

a8y {§7]-F7] EdelA F&E3 mechanisme o}
HE8sHA gAYt
@ Two-part adhesives
a. Nitrogen-containing curatives
M4}t bisphenol A epoxides®} curing agent=ZA] A}
Zgtc}. o] L vlwA = ZHFelT curing agent?)
TFZE 4A H3 At (Scheme 2).

>N—H+bispenol A type epoxy—

)N-cny&umzo@c (CR) ZQOCHZEﬂCﬂz—N<
R = i

Scheme 2.,

IEX DT 7| Al 6@ 65 19959 129

71X  primary®} secondary amine©] oxirane
groupoll H7igel] wje} A4 -gkA A, beta amino
alcohol-S A3,
Bisphenol A2] S F3 = stiffness, water solubil-
ity, good chemical resistanceZ #|&3lc}. 0|52 A3}
A1 etA st 738 matrix7t A HT). Polyami-
doamined HEAZA @o] AMRE=H FHQA 7]
amidoamine, polyamide, aromatic amine, cycloali-
phatic amineg©°] it}.

b. Sulfur-containing curatives
Two-part 728§ HAANXME FF w2457} a8
t}. o] curative= nitrogen-containing curative 2tk
73317} w2}, Mercaptan-terminated curatives= &
Sl oF 2~10% vho) wrgah.

OIH
R—[—O(C3HGO)DCH2CHCH28H]3

o}7]A R; Aliphatic hydrocarbon
n;1,2

Aol Sz
capto end groups& 7}A1 Y& ) {83 EFo)
t}. 28|} sulfur-containing curatives& brittledt &

polyether$} three beta hydroxy mer-

o] 9111, mercaptan-terminated polysulfides= flex-
ibility ¢} adhesion& 7)AA)AH &)

c. Carboxyl-containing curatives

CTBN-polymer= €73} paste®} film@2rol| 4] = o]
W toughnessE A)Feth. B. F. Goodrich#] &)
CTBN sereis7} 7} W83 ojty. @&l carbonyl
group¥ epoxy group2 ¢ =gA Wlggrh. AL
A Asg o) CTBNT} epoxyE 52 52 o33}
3} toughness7} of-$- FolAit},

d. Lewis acid catalyst

Epoxy compound& 73}& uj Lewis acid catalyst
7} HARE 0EL S2Uo] ¥k ok B wgol
o}

Thin bond lineoj A=
A4 o] larger massollA]

Hggol Al AR A
L e ARk gl we s

T F/M7]e Aol Ha 31 oAzt o
A o] 2x7 WR oy HAAL brittles) AL).
Brittlesi®]= EUFE 9491 homopolymerizationS &
T Urk.

e. Encapsulation

o|FA] &L curative?] encapsulation® $3E 4
AT capsuled] YL FF AT ol ge
fastnerE precoat$to g4 W& 4 vt Iyt @
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A8l o) & =2 shear stress7} YAE7) ujZo|r},

® Film adhesive

Epoxy film adhesiveo] G Al= uvigl7|9 7ietAgule}
o9 FREUE Ad—AEQ] oleprinh. 19443 De
Havilland “Hornet” %zl A E717} of Zoja] 4]
37} ST ANA FRE ZZA = v@r|eA &F0]
FH URE HEAAFed ARRERID. o] HMAe
“Redux”e} BT, &4o)A] resole phenoclice Z|&E
o] =¥x| 1 AxHE}. Polyvinyl formal2 resole] =2
HA T HA = 293°FollA Ay oju vigg 4L &
g o ZM toughnessE =4 4= o}, 19543 metal
honeycomb sandwitched”} 7o} =9 X|gF H2-2 5}
= F2 9L giitk. 1% BoeingAl7l rubber-phe-
nolic resin film F& A& ALt W8 AE7] 707
= AFsAch 3Me] AF AF-102 g ALEHAT
19831d 707& olA % H|g S A3}l QT nitrile-phe-
nolic film F&A = 71 2ul% 5 e FAAZ 39
itk o] HAA = EAZA] FLpeel-strength$}
honeycomb &4 £L2 BEHS 7T E2HZE
Metal-metal, honeycomb bondd|A] #Holut 7Adx
=2 peel-strengthE zZt= 200~250°F A3 o A
ZE BHA, peel strengthi= FAT 4o Fx)gke
oAl ZA] FaHA)|, 300~450°F o] k. 325°F oj4e] &
HY LT
phenyldiamine, diaminodiphenylsulfone% )& AFgg o
24 4L 4 du}t. ol 5 high-temperatured 747} A
7FE| 224 toughness= 3AETH. Nylon groupd] 4
423 uj&o] nylon epoxy film adhesives= o )& o
E F2 toughness§ 7FA1L 31 £AIgle] IR Ho| A}
£8 4 o} 28} o]2-2 high toughness: 33
BEo] R xZE W FEE FFYoET A
strength= Z+A4F T}

2 AEE dodd EFuiEd TUAHE shoiof

2 4

aromatic amine hardner(meta-

ZINAES.

N ZA] HE AMEHY] 90%0| 4L LRuF o
o FE2 AV AEY AaAgge] AlgRch( 2Bt
oA, A4t A71Es, S Wy Es) 94 epoxy prim-
er= $F A T Fo HASHA oA ZHL B3
= AHgEY.

@ Toughening agent

T TEE FAAZ AEEE FA HAAE o
7R B49% Aol mEt £L& toughnessE ZHRojo}
. $2 toughnessE At B A7} Qo] gbv
o] FA)o]| rubbery phaseE 1000~2000A9¢ 37]2 &
A 7L toughnessE AR AHE ¢4
Hslct.

Rubbery phase¥ rubber-epoxyZAl®dls ZH2%2
@ & gl 715718 @hoicier shnl tEA 2ol
carboxyl?]E &-73F rubberolt}i. o] toughening
agent7} of| EAJo} 127 BAMEH stressol] 2] crack
o 219 Solr AYE Wb @ 3¢ £oWE A%
7} crack & WEA = 2HE Ags) Fot.

Epoxy# &4 toughening agent& rubbery mate-
rialo] Fol AGET}. o] 82 A theel 37ix= 7
Ak,

a. Polybutadiene homo- or copolymer
b. Polyacrylate esters
¢. Poly(alkylene oxides)

@ Polybutadiene homo- or copolymer

oie PHdo| ¥sy ol AEECH HEHQ
toughener:= butadiene acrylonitrile®] copolymero]
t}. Acrylonitrileo] H7}24Z rubber?] strength”}
7k 1, Wglshae] F718it). ©]& copolymerE&
carboxylic acid, epoxy, amine functional group= g
7 AREECE o]Z-2 FE o] toughenerEL 42733 A
A ZA] ALRE AT one-part heat cure adhesiveZ
7H3 o] AFgEt}h. Butadiene-based toughener®] th
£ Y= ABS graft copolymer, maleic acid-
grafted styrene/butadiene block copolymer, func-
tional and nonfunctional polybutadiene homopoly-

merEo°] glt}.

- (-CH,CH=CHCH,-) , - (CE;CB=CHCH-) y-

- (-CHy¢H-) o (~CHyCH-) n-
1 oN
N

ABS graft copolymer

- (~CHHCH-} x- {- (-CH,CH=CHCH,-) - (-CH5CH=CHCH-) -] --- (-CH,CH-) x-
[ - (-CHCH-) z] y
TN
Bo¢ cod
0 0
butadiene block copolymer
- (-CHZ('IH—) n-
C=0 R @ ¢>aqalkyl

Polyacrylate rubber

Acrylic acid9] high esters(d.butyl) & 7jE o2 3§}
+ polyacrylate rubbery epoxy toughening agent@
ALEET} ©]E rubberS2 butadiene-based rubber®
o o g BE4ett. Ty AEs YR ol A}
43)7]o)= oJHAT}. °o]5 rubber5< epoxy resinel] ©
3] blending2 344 butadiene-based rubberol]
A el 2 functionalization® |8} ALt w3
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F¢ Rubbery Fé
Adhesive

Rigid, Rubker
Modified Epcxy

Phase Epoxy

F T Rigid, Single
|

¢ Crack Starts v
10 40 10
Fracture
""" Inittes
E No Cracking, E Crack Ste E
T Adhesive First x rack Stop 5
s 20F Stretches, Then . 20 - 20
3] Smoothly Tears g §
2 Away from Metal 2 I
Crack Propagates —
0 1 J o ) O L J
0 2 0 2 0 1 2

1
Distance Peeled(in.)

2 3. Toughening agentE H7I3lg&u] F&aty] ).

ZgxleF, HMA carboxylic acid-, epoxy-functional
chloroprene/glycidyl methacrylate copolymer$o] ol
ZAL Aol g E ol FA] HAA toughenerE AL
o gttt

4 #d A

olgfoll A7ME e AL T PR weIF Rolrt.
MMA-A-132B, MIL-A-25463B, MMM-A-134
4.1 MMM-A-134
Scope; & AL 371 71A 28, =4, 181
ARSH HEAQAE Q7S BEoklA] AMEEE o4
&

A A ol tigE A oot

4

Classification ; Type I -Room temperature setting
Type I -Intermediate setting
Type M-High temperature setting
Requirements ;

4.1.1 Material

FEA = epoxy typee] thermosetting T3] & 7] B4
2oz st
HAAE HAY FEERES FASA Bojof wo.
74 Pl (A4, EE)E Aol gt
TypeI,0& o) typegl acitivator®} H2hH £X|z
TA5E two-part material.

DEXADED J|& A 6H6 T 19953 12¢

Distance Peeled(in.)

Distance Peeled(in.)

Type M= filmelt} wet form®] one part material.
4.1.2 Working Characteristics
@ Application life
73.5°F £ 2°FellA] ARR-E7] At AHgsly] 98 &%
HAEu application life= Typel o] A% 1/2hr,
Typell 2 1/2hr, Typell= 1 year7} ¥ ojo} i},
Type I 3 I = %7} 160,000cp7} HH 5o thattt,
@ Curing time and temperature
Type I ; 164°F x lhr
86°F £°F X Thr
Typel ; 10°F £ 2°F X 2hr
73.5°F +2°F X 7days
Typelll ; 210°F X 7hr
AAA g2 10 1b/in*E 2A35R] 2A
@ Storage life
- 735°F+£2°F¢ 180°F +2°FollA] minimum shear
strengthE XA
- 86°F£2°F, SR 1d7F AAs19e u) Stan-
dard test conditiong ZI}E}R] =A
4.1.3 Mechanical Properties
4 Zx.
4.2 MIL-A-25463B
Scope ; £ 7122 500°F o0 =2€ ¢ & 14,
2% FZA9} A F (Sandwich panele] metal core$}
metal component) & HAA|7l= FL&£PE BEHE
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¥ 4. MMA-A-134 Al@zd

.. No. 1 to be ini A Strength Requi t(psi)1
Property | Test Conditions of test Panels ° OfTigf:;mf/s ° Test Temperatures; Mu;;]::]] vereee T;Zneg I equ1rer’r1:§r;ép;1) /
Tensile Shear Normal Temperuture 6 73.5° £ 2°F 2,500 2,500 2,500
735°+ 2°F (23°t1.1°C)
(23° £ 1.17C)
Tensile Shear 60 minutes at 6 73.5° +2°F 2,500 2,500 2,500
160° + 5°F.(71°C) (23°£1.17C)
Tensile Shear 60 minutes at 6 -67° +2°F 1,800 2,000 2,500
160° £ 5°F.(71C.) (-55° £1.1C)
30 minutes at
-67° £ 2°F.(—55°+1.1°C.)
Tensile Shear 30 minutes at 6 180° £2°F 1,250 1,250 1,500
180° + 2°F.(83.3° £1.1C.) (83.3°£1.17C)
Tensile Shear 30 minutes at 6 -67° £ 2°F 1,300 2,500 2,500
—67°+ 2°F.(—55°+1.17C.) (—53°+£1.17C)
Creep-Rupture Normal Temperature 6 73.5° £ 2'F 1,600 1,600 1,600
Strength 735+ 2°F.(23° +1.1TC.) (23°+1.17C) 200 hour 0.025 inch | deformation
(max)
Creep-Rupture Normal Temperature 6 180° +2°F 300 300 300
Strength 73.5°+ 2°F.(23° +1.1°C.) (83.3° +1.17C) 200 hours 0.025 inch | deformation
(max)
Fatigue Normal Temperature 15 73.5° = 2°F 650 600 60
Strength 735°+ 2°F.(23° £1.17C) (23°+1.17C)
Tensile Shear Normal Temperature 6 73.5° +2°F 2,250 2,250 2,250
73.5° £ 2°F(23°t1.1°C.) (23°£1.1°C)
after immersion for 350
hours in salt-water spray
Tensile Shear 168 hours accelerated 6 73.5° +2°F 2,000 2,000 2,000
weathering (23° £1.17C)
Tensile Shear Normal Temperature 6 73.5° £ 2°F 2,400 2,500 2,500
73.5°+ 2°F(23° +£1.1°C) (23° £1.17C)
after immersion for 7
days in respective. fluids of
Table T

Aol g A goloh.

Classification ; Type I :

-67°F~180°F&] L£%o)A] 3

7\ =
Type I : -67°F~300"F<] &ZolA &
71t =%
Type I : -67°F~300°F&] £%oA &
71 &35 9L = F
Type N : -67°"F~500°F¢] 7|7t w2
Class I -Metal coreoiA]e] A&
ClassO -Sandwich FZEd] AlLm=
metal core, AYE, ZAF F
ZE, 19 P2 B

Group 1 -

564

100°F o]3le] AslE

Group 2 -100°F~200°F2] #A3lex

Group 3 -200°F~300°F 7=}

Group 4 -300°F o|4 A7
Requirements ;

4.2.1 Material

&A= thermosetting FRjo] 1 B-& &= 90 4]
FE8EE =FFA7IA ¥E R, Class 2 A=
MMA-A-132 & E 7|Bc g &1 @7x =g =
7¥et. EEE Ele film ot

4.2.2 Working Characteristics

@ Curing time and temperature

Group 1 : 100°F o]&loll9] 7days

Group 2 : 100°F~200°F 24hr
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Group 3 : 200°F~300°F 2hr

Group 4 : 300°F o)A 2hr

@ Storage life

&7 AAgstn ohgo] AFSE  mechanical
properties®] 357} A&7

4.2.3 Mechanical Properties

Class 12 t+& E 58 A &s}3, Class 2= MMA-
A-1328 A g3},

4.3 MIL-A-254638

Scope ; 2 FAL -67°F~500°F8] &%° w29 4
A FF7] 1A, 2&% p2A, 9EFE VINE HAY
W 875 AlFol tist 2 goltt.
Classification ; Type I :-67°F~180°F2] &%oll4] %

21 =
Type I : -55°F~149°F2] L5olx &
717t =%

TType I :-67°F~300°F9] 2xolA]
A7 wE
300°F ~500°F 2] 2&zeofAf
WAL = E

Type N : -67°F~500°F9] #717t =&

Class 1 : High T-peel and blister de-

tection
Class 2 : Normal T-peel and blister

detection

Class 3:No T-peel and no blister
detection

Form F : film

Form P : paste

Group 1 : 100°F o|3}¢e] 73}
Group 2 : 100°F~200°Fej A 43}
Group 3 : 200°F~300°Fol| 4] 73}
Group 4 : 300°F o] AellA A3}

Requirements ;

4.3.1 Material

- A&A| = thermosetting $X|o] 11 A3 A= H2A)
o EFslol FFHAY A=) 4o olot Bt

- 847} HEAC] Bashd HAA systemo] FE
oz QAseHo} Bt

- PR film HERS} paste FEi7L Yot

- Primer® 2o} &4 23ETH

4.3.2 Working Characteristics

@ Curing time and temperature

Group 1 : 100°F o}3lollA 7day

Group 2 : 100°F~200°F 24hr

IEXDED 7 A 6635 19959 129

¥ 5. MIL-A-25463B AlgzxA

Requirements 1/

Adhesive L .. Min. Min.
Characteristics and condition T
type average |individual
value value
Sandwich peel strength, 1b.
in./in. of width
I Normal temperature 12.5 10
it 10.0 7
I and ¥ 3.5 2
]l and I 180+ 2°F(82°+£17C) 10 7
0 and V 3.5 2
[,0,0,V |-67°+£2°F(-55° £1°C) 10.0 6
Flatwise tensile sirength, psi
I,0,0,F |Normal temperature 750 600
[ 180° £2°F(82° +17C) 400 330
il 300° £2°F(149° £37) 350 315
M and ¥ :500° £5°F(260° +3°C) 220 190
I,0,0,V |-67° £2°F(-55° +17C) {600 650
Flexural Strength(total load)
Ibs
[,0,0,V {Normal temperature 2,100 1,800
I 180° £2°F(82° +17C) 1,275 1,150
I 300" £2°F(149° £37C) 1,500 1,350
M and ¥ '300° £5°F(260° +37C) 1,200 1,080
1,1,0,F |-67° +2°F(-55°+1C) 2,150 | 1,800

Group 3 : 200°F~300°F 2hr

Group 4 : 300°F o] 4ol 4] 2hr

Post-curing2 Type I, Vol 482 4 v}

@ Storage life

g7 A2t
A" 7.

T SHIE 69 Aog o4

4.3.3 Mechanical Properties
E 6 Hx

5. &Y HE

4ASE Re v AYFAL o
A F% American CyanamidA}e] ]%% lJrE}L‘E

3H FJF7] 2L HIAA= &
HEE &S D 259 ¢128 3
Xﬂicﬂ AHgel st makA ols ‘04-71 p:]/\}_,] ﬁ-

2ol 2 g SEAITH TLe ofeirin]
”’ni} Hol e 250°F Ay Hades toughenmg
agent?] CTBNAZE AslsiAc).

5.1 FM 73M-060

Mecdonnel Douglas Corporation& 250°F 738 A2+
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¥ 6. MMA-A-132B Alg =1

Adhesive minimum average strength requirements(psi)
Property Conditions Number of Type 1 |
Specimens Tested Class 1 Class 2 Class 3 Type I Typell Type ¥
Tensile Shear | Normal Temperature, 75° +5°F [ 5,500 3,500 3,000 2,750 2,750 2,750
Tensile Shear |10 minutes at 180° +5°F 6 2,750 2,000 2,000
Tensile Shear |10 minutes at 300° +5°F 6 2,250 2,000 2,000
Tensile Shear | 192 hours at 300° *=5°F 6 2,250 2,000 2,000
Tensile Shear |10 minutes at 500° +5°F 6 1,850 1,850
Tensile Shear | 192 hours at 500° +5°F 6 1,000
Tensile Shear |10 minutes at -67° +5°F 6 5,500 3,500 2/ 2,750 2,750 2,750
Tensile Shear | Normal Temperature 75° =5°F 6 4,500 3,250 2,750 2,750 2,500 2,500
After 30 days at 120° £5°F
95 to 100% relative humidity
Tensile Shear | Normal Temperature, 75° +5°F 6 4,500 3,250 2,750 2,750 2,500 2,500
After 7 days immersion in the
respsective fluids
T-Peel Normal Temperature, 75° +5°F 6 50 3/ 20 3/
Blister Normal Temperature, 75° +5°F 10 4,500 3,250
Detection
Tensile Shear
Fatigue Normal Temperature, 75° +5°F 6 All types and classes -760 x 10 cycles
Strength
Creep Repture| Normal Temperature, 75° *5°F, 6 All types and classes, 192 hours, 0.015 inch, max deformation
1600psi1
Creep Repture| Type I -800 psi @180° *=5°F 192 hours, 0.015 inch max deformation
Creep Repture| Type I and -800 psi @300° 6 192 hours, 0.015 inch max deformation
+5F
Creep Repture| Type V-800° @500° +5°F 6 192 hours, 0.015 inch max deformation

B 7. 837 728 JAA ] auyrd f diAE

MMA-A-132 pEAE
Type 1 : -67~180°F 192hr FM 47, FM 24
Type I : -67~300°F 192hr FM 300-2, FM 300, FM 33
Type T : -67~300°F 192hr HT 424, FM 40

300~500°F 10hr

Type NV : -67~500°F 192hr FM 34B-18 & 18U, FM 35

Class 1 : High T-peel Blister FM 1000

Class 2 : Standard T-peel Blister | FM 300, FM 300-2
Class 3 : Not-Nessary T-peel FM 47, FM 96

F: film FM 53, FM 73

P ! liquid or paste BR 90, BR 92
Group 1 : A3 % 100°Fa|9+

Group 2 : 3% 100°F-200°F |Corfil 615

Group 3 : A3&E 200°F-300°F |FM 73M, FM 33
Group 4 : 3812 % 300°F o]4 |FM 350NA, FM 35

I 5ol tigte] AATHE 2 2 DMS 2169DE A Alshdct.

Type 1 : Environmental Resistant Adhesive Primer
Type 2 :
Type 3 :
Type 4 .

0.060 pound per square foot
0.045 pound per square foot
0.030 pound per square foot
Core Stabilizer(Type 4, Grade C)
Electrical grade

Type 5 :
Type 6 :

566

Class 1 : 824
Class 2 : 1% a4

Grade A : Non Woven Carriler
Grade B . Woven Carrier

of Adhesive Films: Maximum 1%

Percent of Flow :

Shrinkage

Type Percent
2 200-1300
3 200-1000
4 200-1000
6 200-1300

250°Foll 41 Lap-shear strength”} 100psio]Ate] A4
o] = FAAEG AHEL2E7) 250°Feta RS o)
2 o] 257} ARVt 2molth ARiAIEe) 250°F
A3l "EZ DMS-2169De) TYPE 2, Class 1,
Grade A9 <IFAEZTLS FM 73M-0603 EA
9628NW-0600]t}. FM 73M-0602 rubberz WHAE
ANFA] FAZ AzE A oo gl ol gltt. olF
FM 73M-0602] catalog.Ate] 541 & 83 r}.

A71A &) T-peel adhesion strength 2 Lap-shear
strengthZ thAHFZAQ) DMS 2169D¢) whet 233 A7)
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X 8. FM 73M-0602] Catalog4te] &4

g = FM 73M-060
A 23} A} American cyanamid
carrier Random Polyester Mat.
weight 0.060 psf
self life 6 month at 40°F

10 days at 75°F
Lap-shear(with BR 127)
75°F : 6310 psi

180°F : 3760 psi

-67°F : 5800 psi

metal-to-metal

® 9. FM73M-060 T-peel Adhesion Strength 2 Lap-shear
Strength

T-peel .

2 4 Lap- 1bs/in?

2 4 (1bs/in) ap-shear(1bs/in?)
39ex | 70F | 77°F [110°F | -70F | 77°F [180°F
FM 73M-060 42 40 36 3900 | 3700 | 2300

E 10. CTBN9| 4%

A 11

(nz 5 CE) M, ::rl:gzgr Ty Acrylonitrile
13008 135,000 | 3,550 8.82 -527¢ 29
1300 x 13| 505,000 | 3,150 9.15 -39¢C 32
1300 x 31) 60,000 | 3,800 8.46 -66C 28

= uUs ¥ 97 2o

T-peel adhesion strengthi= ZL7ZAALe] X80}
A58 (2 200% 45), lap-shear adhesion strength
o) A%ols Mgl Hlaked oF 75% FEE UEp)
qic.

5.2 CTBN(Carboxyl-Terminated-Butadiene-

Acrylonitrile Copolymer)

DICYA 734§ A}23to} Bisphenol A$2|9} o Z
Al g ASE o F2AN7) brittles)z] 7] w)Eoi]
non-crosslinked high molecular weight polymer& &

DEXEn 7l A 6W 6T 19953 12¢

YA)A two-phase mophologyE HAA|1Z 024 shear
strength®] #15}glo] toughness& Z7IA|AH HAH S
AP S5k 1A A% A BN

A &ZE soluble rubber®} nitrile rubberSo] Qit}.
Nlmle rubber= carboxyl 71%7]8 AT sty
o CTBNeZ tigdch d4us 2 14 159 o]
o] BE 7heeitt. FR & F&A £50) ojA o3
o] CTBNel EJ¥ 7% fracture energy® virgin
epoxyell Bla} 10~30%71F Z71A2 + U™ o=
Rubber domain®} 912} =7]7} bimodal distribution©.
2 YJAFHHAM synergyEHE HolA Hrotw ged o
oo oS E 10& WEZAZE ALEE= CTBNY catal.
el Eg4xelrt.

+
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