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Folet atr A oham 28 HAnThZo] AgtE o
Pi=3

(1) 7143 wE3 (Mechanical interlocking)

(2) &4} o] 2(Diffusion theory)

(3) AZ7] o] 2 (Electrostatic theory)

(4) ¥2 o] 2(Adsorption theory)

(5) 3}8t A (Chemical bonding)

(6) k8t AW (Weak boundary layer)

2.1 7|AlH 2t288|(Mechanical Interlocking)

71AA grEge HAAZL 32 BH x5}
88d) YRl ufgFAH] FHHGE o] 2o}, o
o|E9] dRE AHIRT|Bol ALLEE o ZAHZBI}
Te, UATe] FEE 5 4 Urk? o] BRAAM 2%
#99| el (topography)ell e o FA] 39 240
HZAAAE F 1o YERIRTE AZA] 529} T}A-’]
BN e FEBHY oo A 43S D=y =
3t FHECH= Fevle F29l dendrite, club—
headed nodular7z2] ZHYFHE 7= 2EHe]
FAUA7} 222 & F U} ol ol TR YR
Z o FA] £2]7} RT3l 7| AH LEo] FA 5o ‘4
Bt Zajelr saxe] R g2l 223 o
AL JeRdT) 71417 el o7 Hakel thE of
ZA _1_-,—1}/“ U]‘/}“ 2 nEzxe =3MES 5 4
Aok 28y 23e] gle W FAL AU ulojs}?

EEABEE Nloam e HAAL AW W)

o r1r

E 1. Peel Adhesion of Electroformed Copper Foil to Epoxy

Laminates®
Surface topography of copper foil Peel energy
Description z:iz:g;z; kJ/m* 1bf/in
Flat ——- 066 3.8
Flat+0.3zm dendrites [EVSUVOITITTVITIN 0.67 38
Flat+ 0.3z dendrites 0.77 4.4

+oxidation

3um high-angle pyramids NVAVAVA 1.0 59
Zpm low-angle pyramids 13 7.4
+0.3um dendrites

2 low-angle pyramids 1.5 8.8
+0.3m dendrites
+oxidation

3am high-angle pyramids 24 135
+ 0.3/ dendrites
+oxidation

Nickel foil with club-headed
nodular structures
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=g BAFI 9t} o]gbgte] 71A1H grEYo] o A
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9] =7} ok
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to|= (Diffusion Theory)
qo A4l QAL LA FE4E 7|
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2L Abge] ohE LEA AlET A9 (entanglement)
S FAHA HmBY 7o) g ols)] % uEAl Al
HE BHshe AF Aedre] E9AY 12A AtEol
s HAHY 718 UeRIT 22 olele] AW
Alete] ALzl Abge] bl o] HatEo] PAYE = A
o] F&ol| e gHito] Zolrh.

Voyutskii®?= H&A72To) thet H2ew, 1Ez}e]
AF 2 GZAIZEY] F S A Eol o] g 8909 3
o] EtFAA AR Ao} FARHE Yt
A Fatel] 23 HAM G EFE AL, Voyut-
skii®] Z3}= Vasenin,?® de Gennes,?*% Wool?® %9
RPATE FI o= FE o2z FFHIUG
Ficke] S AHF22 HAWIN o ©] 4%
Vasenin®] kinetic ¢]&& AW EH A dAle] doju}
< Al(system) 8] o= & XA 9] EA} AlES] &
AlTE Al wet WElelA HER Ficke] A 2183
& H&3le] &4akzlo)(depth of penetration), L& U}
=3} o] FHEIAT

3B o ML

L=UID; t}M*/k)V* (2

o71H ks mER} Ase) AV, BRUe) 5 £

].
g grolw D nRA Ae £547
Z] ]

Ho]

e Aot & {2 JFANE VERITE E3 Al

o] AR &A)ste LEA AFEQ F, N2 (3)43 go]
A3}

N,=(2Nd/M)** (3)

714 N olRII=ZS, de W%, MS EXES
LHEPATE

HAAE, D AoAg Algel Eitzlols) AW
o &gtz At Fof v 7HEk (4)9 2
2 ARSI

Et)y=Fk4(2Nd/MY¥? D2 t 1/ 4)

IEXaen 7| Al 6@ 6% 19959 129

Wool?®* 2 reptation BEHZEE 99 SA3F Ax
TEFEor Wus M2 4440 s F 719
2t PMMAS} PVF,9] ZA(TE Folo 22 2
E&etgot. 8 12 polyisobutylene®] 5%
AR PR ZEE 5§ o] EXTT & YA sn

flo Mz e

Yo £ K
do ro

& Jehfx Qb2 i uRR} Akl 8k, 3Hakzlo)
7h Babe mERF AlEo] AZE AEdES 4T £
UE Fxoly FEI FAe] Y4 Aoz dEA
UTt2 o|x7 Ealol o3 HaAe Fako) iy Ha
2%, FEATL 48 2 EXTRY 98-S A
o=z FHEer A¥Hoz: FHEEuE, UV

n

luminiscence 59 EA7|Ho|% sl AFPAHoZ =

Bhato] 2ol o]k Aol o 24 ¥R}/ EAbe] HA
€ 5 7 Ut F IEA} 8lE A (solubility pa-
rameter) 7t FARE 44 FEstuz) e 295 FEA
o] % oo %o E2EA E& AU £hlz A

gozM £ HHo P AR 4

3
54 7HXA B gule 2EA
=
(<)

A 3}, 4E 59 polyolefin/butyl
Z

=
rubber?] 7930 H22 w7} polyolefing] =% o]s}o]

W oFg AL Uehiuh BRLES} 524 o4l 8
W W e A F7Hach old @ Ay 34D

7t LEA Arge]l 28 548 Y Al
o] Fo{A UElt= AMZ o]= internal reflection IR,
interference microscopy =o°l &j&] QIEQct. E3H
PMMA ¢] autohesion] 7-$-31 & HIF2ToA] 714
318 PMMAY} 7148152 ¢4& PMMAKT 2o 2t
& vehdh. o) oA AFE vie} o) tAATL &
ulo] 2e o T AFTEANY] ALl 2L 2K
A et Axe|tt

HIol = LEABHNCEA] AR HE ALIAR] B2

FTEA, 2HEE FSPAS ARPAAR AR5 A
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Peel Strength, g/em
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et
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! I
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1/ 1/
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2%l 1. Kinetics of autohesion of polyisobutylenes.”
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2 4840 Qs  DEAN|9 FRAE B
ATE QU] WYL UchEE o) o 2H 48N
¢l PS¢ PMMA Alol9] AHell PS-b-PMMA EBE3F
FYgAE WAS AN ESIFRAY  PS,
PMMAAJ o] Z}7] A&stux}t st= PS, PMMA1E
Az g4se] PS/PMMAS HIUE SN
E}.SZ

Aol UG Fol2 e Helshd ol LEA/DEA
oA F2 Uit B4oln A”el 18X Al
o) BBYIL BB Ao o) FolAE Holh. 0|2 9
A4 % 2EAE 484l Jlolo} ) S FEB &

T4€ AYI ook . 17/ 179 HE(auto-
hesion), &840} e WAHBLEAL € EL full
o3 Jae ol e AL VAT o] B 43H

4lo] F&re] £9 dwyhFo|tt. A} F izl
=7t oEAY nEAT 2RS, stauslsHe A 2
FRAxAo] fEjAo R o3l HF, Bt e 3
A @& Ao gEA Utk B3 o] 0|22 FAA 7}
F5, FEA3E 2 fEQ Al H8HA g

2.3 HH7| o[ (Electrostatic Theory)

AH7] o2& Deryagiun®ol] o) Hgoz Aets
AT}, Aol Az} w] FZ(electronic band structure)
€ 3= F BZo] 33 #H=r EY(Fermi level)
E %F7] 8] Mt olFdt A H7] o]F S
(electrical double layer)o| AT AA7] olge
capacity &g sl ol3d 7| olFE S Eested
AqUA7} ARETE o] Boltt. 2y FAF] EIigl
o] A7] o|FFY EAE FH3= Ao o doloiA
Zslo] ol Hahel YA o @3] Hite] Ay
AR 2 B = iAol Ho st} H 2, Possart®
ol AARL Eelgle] TR/ FE AlHAAM 7] o
FE9 EAE AT o127 H3lol Tl 27 )
olF%ol HFol o= Fx 7|HE Fh=Xo B3 A+t
A= o] gt

Deryagiun2 PVC/#8, dJuF/fel, AQdnw/
o] HAAFNA 7] o]FFe] ZZ U# (attractive
force) 3}t AHS EeElsled 42HE qUXE ALt
o o] AP T T3 FAx|} vlwsle] oA
X7t A7) o}FSE et BRE oiyx|el U
WA U&E Busgnt. 28y ALy a2 o)
g AR OR] o) AUR) gk A7) o] FEE 2
Zatet 233 AR e FZoLR] Bis) i 2
ol ¥HAt. & E°f Skinner®s] F&/u¥x/IF&
o] HEG TN FH7] o] 2ol 23} o] 2F HAYEE=
40 kPaol] Aubx] grout 44 PAFE= 7 MPaol &
8™ Roberts™e] 1% /{8]2) HAA T HR7]e]
Bl &F ol Eat2 A4 FAAxe 10% ©)sE e

B 2. Elctrostatic Contribution to Adhesion of Vacuum-deposit-
ed Metals on Glass Substrate38

Work of adhesion(mJ/m?)  Adhesive peel
Metal films Electrostatic  van der Waals energy
contribution  contribution (mJ/m?2)
Gold 5 950 1,400 £+ 300
Copper 80 400 800+ 200
Silver 115 800 1,000 £ 200

wo}. Harrach® Chapman®e] 4723 E 29 U
ERSlEH o] & B R7] o] FFo] FAH| v o
e A S & 5 Aok 23y Aol ol o
3t H&o]l22 Cadmium sulfide ©W2EA /Zirconium-
coated gold®] FAALGE & 4T &+ Ut d= A
TH3 o]9l o] ofi EFF HiolAE Aslo|Fo
g A7) o] o] HEE £xE X ERtH oz Halo]
Fo LR gt 7l 10% ©l3}, tihe] 3%
0.1~1% A= Ao wolsoiqu qlrt.

2.4 E&o|2(Adsorption Theory)

B0l FAEL EAEH o Mdysied da A
g5 olgoz % 2AAols] EAH Y] lojot F
W Q"o o3 & EQo] FEgtk= Aot 7 Ui R
2 EARL A2 o]aHARY] shiRl van der Waals
ot} van der Waals3-2 w9 23t glo|X|qt Aol
mEt e GRS 583 do] 8 = Jot. AU
gl xRl AHI4 (wettability) & 33 26) Vbl A
T o] DA EH o AALL(FHA) L 7|FoE
FHoz HodErt. JdNA Tive AR /71 AW
g, Yoo 2 TA/AA AW, Ysvi= oA /713 A
28-S VEITh o33 AW e FYTHHEL 6.
9 TS B2 BAlAeg TR

Tiv COS@e=Tsv—TsL (5)
3} spreading coefficient, S t}&3} 2.4

SZTSV—TSL—TLV (6)

9]

>0 A AA7E oA W HA uAFHe] &
A3l R AL ovisitl. sty oz oj Ao &g
St nA9F dRAfelo] DHHA S Belsted BRd
UXE FZYU (work of adhesion, Wy)ole}t st o]
= a3 Zo] B3FE 4 Utk

Wa=Ysv+11v—Tss N

o139 ol ZHANM AT W LA A (HAA)
Aole] AEgo] 24 o] R o] Bt
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TsL

& 2. Contact angle of a sessile drop on solid surface.

HAZL 371geE & 7
A AEE FAA Q‘j’""] 7HRE S old AT
EHo] FYFE o] FAF-S a7t JPHArt.

Tt o] HHuWR = ¥41 (disperse force) T}
=& (polar force)oi Us £ o Kaelble® Uy
T2 HAYE B F¥og pREged o F o

EH) AL e ﬂzgqr*z
Wa=2( 8T 8124 2(XsPY P12 (8

oA7IA d, p 247 Fwelixe] BudEn 3R
£ vehdth.

olEg HAAM HA) HAN R vjlnE E 3o v}
ERIITH ol2hel gtok Agige] vl @ AN ahn
S-S % & Aok Lol FAD WRYL e o
2 HAFA A ME Adolgt JHARE RedFa Qe
Hl ol FHelHR| 9o thE 8Qlo] F&e JFE vF
=& Jehi e Relth.

A& 4R (intrinsic adhesion energy, Gp)E t}
23} go] FABEH®

Go=iGo(AIR) + bGo(FEA ) + sGo(HZA) (9)
i+bh+s=1

37t 27 o|AAFo] Y= AWM JPD B
Go=Wy7t B}, Zaiv 337} e & Aol A%t 213y 5]
= 7o oz}t HAA mt FIAAHE Flo] JPHA
B E W7t 2uoE Fa3A £ 923318 Hygagls
ol U7 B 485 BE & FAHRE YA
gt

ol2|gt FAo|E L 53] 4uFlel (i uEA/F
2], XEA/FEe Fa 2 HLET 18F o2 o
ZA 217} F453 73 ;S"“é Uehlle 21 2
B9 o FAle] &8l 4417 (hydroxy group)et F

2 A5t ’“*P7l7} o|RERY] UF F4F
& PAst7] wEolrhs
2.5 2121243} (Chemical Bonding)

E 40 UERd vie o] 1347 52 van
der Waalsel® v} 7slE g AW 313HA3%0) A5
| FFRYo] A Frlstn ¢ES FH A4 ¢

E?'J JP>

IDEAOED Tl Al 663 19959 129

E 3. Values of the Intrinsic Fracture Energy, Gy and the Ther-
modynamic Work of Adhesion, W 4 for Styrene-Butadiene Rub-

ber Adhering to Various Substrates!®

Substrate Gy(mJ/m?) Wy(mJ/m?)
Fluorinated ethylene-propylene copolymer 22 48
Plasma treated ethylene-propylene copolymer 69 57
Poly(chlorotrifluoroethylene) 75 71
Nylon 11 71 71
Poly(ethylene terephthalate) 79 72

E 4. Bond Type and Typical Bond Energy*!

Bond energy
Type

(kJ/mol)
Primary bonds
Tonic 600~1,100
Covalent 60~700
Metallic 110~350
Donor-acceptor bonds
Bronsted acid-base interaction Up to 1,000
Lewis acid-base interaction Up to 80
Secondary bonds
Hydrogen bonds
Hydrogen bonds involving fluorine Up to 40
Hydrogen bonds excluding fluorine 10~25
van der Waals bonds
Permanent dipole-dipole interaction 4~20
Dipole-induced dipole interactions Less than 2
Dispersion(London) forces 0.08~40
Aotk B8] DAL s SRS Qo] A
F2E 712 A4S AR BRI o] ol oFat
HRAYE UehliAl Hog garEgte] gAgslojor AW

,.4

AAelo] s Bk olgatel £ mwAlelol4 33}
2ol 450l Yol Y45 Aol PR sat
¥ olzeln audge Anel FA7E A b 2

S Aol o) satdgol 3§
RPN oule/we o2:¢)

A
o] FodFH Y59 1 E]—% X\jﬂ%/‘ I (electronega-
t1v1ty)°1] 71Q1% o] 2 A% AR 7 2o HAE L e

S S S @] @S A0 IFES YA

T =
# ﬁﬂ l‘q °ﬂ A E‘rﬁ"ﬁ TE A 71 e AFEE
s}

M2 XSi(CH)Ye 728 A
| 5 @5, 9 5ol
2 mEAe W% Bee ¢ Alh w5
= B9, FAAE, AR EA SOl olat
e A A7} Aorq
el 5812
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< 4954 B P oFF AW Fo] EAStER oA Awnte] oz
1) X7 ASE 2 ZleRaiE 1 5&1 Fde] $47) 259 3= (YA vk 8. 1 248
o} Whg3te] SAAR-E YA tEd ez AW 37t g9 (cohesive failure)
2) 7VrRsE AL 3wk o ZejAEsl ol ¥lsi @1 T EAAlel) AH(Ap)e 22 BHA
o] Hr}. ole] A& (An, Azp)el Alolgto]l B (A > A>
3) Yo Br7 niRe 5719 vheste] igal/ Ag) ¥l W £ (2)A w17} APk Ao
A& Fetd ez AFAIZIT Oh ofg AHZOI e WY §8T NEoZ ol AR
dEPA e g A ge] g 7 30 veh AT, 8 R AV ZHCR olFste] JA4H
AT o] BetE P ol &Y W 53] FAE He B THL 42 A Qloh. oFg AU 3] o2 Mo =3 g2
719 Fxol mE HaEe] FAA o wet Aol g A s&i8tEe & 7 Ut 53 1Rxy A¢ 298,

UERATHE Aotk & o) %) /¢2v])E, PVF/R9]

'E_
BRI FRET DRAe] BEe] EgAlolo) W(I)EIGH’I‘% COOH IN CARBOXYL ADHESIVE (R-COOH)
A48 BA7} Jeht 28 4ol M) 2ol AL B | uE L9 L5 20000
- = = = | R-COH/EPOXY
719 27t E71El wet Eoleitt dARER & £ 200+ . : v fEren L <4000
- —_ = °
2 Zasthe AEE HoVIE dth ol TR ol < 160 PMMA-AMIDE,/
= o =1 a1a . msl = g & PRIMED STEEL 3000
@3 (monolayer) & F43t P 2WA E= B35 S 120
7t AL QA& dATE EE8L o UEuE |4 é ] -12000
PVC-COOH/
oIk ol%h Lo HAAYE BAA WAWE A £ | Mooy 1000
7le WHe AFA A 93 nEA/RElE S, B 2 0
joly 1
(=Xe} B2l/F40] AR 1 #5782 294)7] | I— . : !
f::j}/iﬁx}: xa}z/xoﬂ ja] o em 9:’1‘:}] A 0 40 8.0 12.0 16.0
A L - WEIGHT % COOH IN PVC-COOH OR ACRYLAMIDE
2.6 2t A& (Weak Boundary Layer) IN PMMA-AMIDE
Blkerman“g 2 BE HEANA olF e A0 X gk 8l 4. Peel strength versus amount of functional group.*8
Hydroxylated metal surface Metal surface
—|— —5—
- (0] 0
OH OH I 1
X-Si-0-Si-0wvr
Adsorbed | !
water O X
L
-+ ar 0-8i-0n
. |
CH, - CH - CH,; - O - (CHj,); - Si (OMe); (CH,);
N I
O o)
- » |
+ CH,
|
CH - OH
OH !
| C.H2
CH2 - CHwnnnr ?
v CH, - CHw
Adhesive Adhesive

%] 3. Proposed schematic diagram of the mechanism of adhesion for epoxy adhesive/y-glycidoxy propyltrimethoxysilane primer/ferric
oxide interface.4”
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Monolayer Equivalent
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12] 5. Butt joint strength versus amount of decanoic acid de-
posited.5!
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¥ 5. Standard Test Methods for Adhesive Joint!

Joint geometry

Standard

Comments

Axially loaded(tensile)
butt joints

-Tr—a-

Lap joinsts loaded in
tension

Bl e P

Lap joints loaded in

compression
-
-
S
-

Torsional shear

TP

ASTM D 897-78

ASTM D 2094-69 and D 2095-72
BS 5350:Part C3:1979

ASTM D 429-73
ASTM D 816-82
ASTM D 1344-78

ASTM D 1002-72

BS 5350:Part C5:1976

ASTM D 2295-72

ASTM D 2557-72
ASTM D 3163-73

ASTM D 3164-73

ASTM D 3528-76

BS 5350:Part C5:1976

ASTM D 3165-73

ASTM D 906-82

ASTM D 2339-82
ASTM D 3983-81

ASTM D 905-49
ASTM D 4027-81

ASTM D 3658-78

ASTM E 229-70

ASTM D 1062-78

ASTM D 3807-79
ASTM D 3433-75

ASTM D 3167-76,

BS 5350:Part C9:

1978

For substrates in ‘block’ form

Specifically for bar-and rod-shaped substrates

UK version of above

Rubber-to-metal bonding

Specifically for rubbery adhesives

Cross-lap speciment specifically for glass substrates

Basic metal-to-metal single-lap joint test giving the ‘sin-
gle-lap-shear strength’

UK version of above test

Single-lap joint test for metal-to-metal joints at elevated
test temperatures

As above but at low temperatures

Single-lap joint for rigid plastic substrates

Single-lap joint where a small rectangle of plastic sub-
strate is sandwiched between metallic substrates

Basic metal-to-metal double-lap joint test giving the ‘dou-
ble-lap-shear strength’
UK version of test

Metal-to-metal laminate test for large bonded areas but
may also be used with plastic substrates

Specifically for adhesives used in plywood laminate con-
structions

Specifically for wooden(two-ply) laminate substrates

Thick substrates used in a single-lap joint ; shear modu-
lus and strength of adhesive determined

Mainly intended for wooden substrates

For measuring  shear modulus and strength of
adhesive ; uses ‘rails’ to maintain only shear load

Specifically for ultraviolet light-cured glass-to-metal
joints

Uses a ‘napkin ring’ test for determining shear modulus
and shear strength of structural adhesives

Metal-to-metal joints

For engineering plastics substrates

Flat and contoured cantilever-beam specimens for deter-
mining the adhesive fracture energy, G,

Floating roller test

Cleavage

1

'E

=
Peel joints

|
|
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Joint geometry

Standard

Comments

IL\ JLN%'”&“

Impact resistance

il

Disc shear strength in
compression

Creep resistance

Fatigue

Environmental resistance

Pressure-sensitive tack

BS 5350:Part C10:
1976

BS 5350:Part Cl14:
1979

ASTM D 903-49,

BS 5350:Part C11:

1979
ASTM D 1876-72,

BS 5350:Part C12:

1979

ASTM D 1781-76
ASTM D 429-73
ASTM D 2558-69

ASTM D 950-82

ASTM D 2182-78

ASTM D 1780-72, ASTM D 2294-69

ASTM D 2293-69

BS 5350:Part C7:1976

ASTM D 3166-73

ASTM D 896-84

ASTM D 904-57

ASTM D 1151-84
ASTM D 1183-70
ASTM D 1828-70
ASTM D 1879-70

ASTM D 2918-71

ASTM D 2919-71

ASTM D 3762-79
ASTM D 3632-77

ASTM D 2979-71
ASTM D 3121-73

90° peel test for flexible-to-rigid joints

90° peel test for rigid-to-rigid joints

180° peel test

‘T’ peel test

Climbing drum peel test for skin-sandwich assemblies
For rubber-to-metal bonding
For shoe-soling materiais

Uses a block shear joint

Determines adhesive shear strength in compression

Single-lap joint loaded in tension employed

Single-lap joint, having a long overlap and between ‘rails’,
loaded in compression

Various test geometries permitted

Single-lap joint loaded in tension employed

General method for assessing resistance of joints to chem-
icals ; may use any ASTM standard test geometry

General method for assessing resistance of joints to
artificial and natural light ; may use any ASTM stan-
dard test geometry

General method for assessing resistance of joints to mois-
ture and temperature ; may use any ASTM standard
test geometry

General method for assessing resistance of joints to a cy-
clic laboratory aging environment{moisture and temper-
ature) ; may use any ASTM standard test geometry

General method for assessing resistance of joints to natu-
ral outdoor aging ; may use any ASTM standard test
geometry

General method for assessing resistance of joints to high-
energy irradiation ; may use any ASTM standard test
geometry

Method for assessing the effect of stress and moisture and
temperature ; uses a peel-joint test

As above but uses single-lap joints loaded in tension

As above but uses a wedge (cleavage) test
Effect of a high-pressure oxygen environment on wood-
to-wood and wood-to-metal joints ; uses a lap joint test

Inverted probe test
Rolling-ball test
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