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Table 1 Comparison of adhesive strength calculated from adhesive work W, and actual adhesive strength

Work of Adhesi t h . .
Ye Ts adhez';ono W, eSIK:PZ rengt Adhesive strength ratio
Adherend A: B: Typical
mJ/m? md/m? md/m? Calculated | measured B/A
value values

Steel (Fe,03) — 1,357.0 291 291 15~30 1/20~1/10
PVC 39 440 92 92 5.1 1/18
PE 31 35.6 83 83 2.2 1/38
PTFE 18.5 215 55 55 0.5 1/110

Note1. Adhesive: epoxy type, ¥ =50 md / m %

Note2. Calculated adhesive strength: The average stress assuming to be fractured by separating adhesive and adherend by 1 nm.
Note3. The work of adhesion W, in the case of steel (Fe,0;) is calculated by Expansion Fowkes equation.
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Table 2 Crystallinity of various plastics

0 10 20 30 40 50 60 70 80
1 1 1 1 1 1 1 1 1
SER PF EC PVC PS PE PA POM (Polyacetal
NBR EP PC PET resin
IR PMMA PAR (Polyarylate resin)

PS PVDF

PTFE

(PF: Phenolic resin, EP: Epoxy resin, EC: Ethyl cellulose)
(SBR: Styrene butadiene rubber, NBR: Nitrile rubber, IIR: Butyl rubber)
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Plastic

4+~ Aluminum oxide

Aluminum alloy

Fig. 12 Schematic diagram of cross section of joined part by NMT
method

4.1.2 NAT UK 79 AW

NAT ALF = 3 NMT AL¥EZ, Table 3 ® & 5 128 um &
¥t nm O ZFE O F OB & TR S B D L
ETY, ATOTS OB 2B VT, NAT LB L % Wi &
WCHL TR 3L V) RE LGRS ABEEREN GO N
/Cl/‘é 31)O

42 £EOEBEXKENIE - BIEHE—*ERsE

4.2.1 NMT (KK 77 A#R)

NMT L#E, Table 3 127" LHEIC L D, Fig. 12 D X
) 72 #810 ~ 40nm, FEE 10 ~ 20nm D F 1 ¥ TV E R
L7z&BIcht L, BoTiesie = s+ 2 Hid:ch
DP9 Fig, 13 1 NMT LB HO 7L I = A FHO
SEMEBE? Th 2, HAMITIERERBRICBVT, +
NCHMBIROEIEIC L DR L TB Y, PPS-Al#4EH
D& AW AR L 40 ~ 45MPa &\ ) K& RIENE S
NTwa Y, ZoEAEE, 85C/85% RH &\ 9 4T
(IS019095-4) T 8,000 FFf 12 B T, WIS TR E O
87 ~ 98U DIMEH /R LT\ 5,

4.2.2 FNMT (K79 AER)

RIFC O NMT ALHE L 728 120 L, 2] BPEHE % 44
WS 5 HiETH b >,

4.2.3 PAL-fit® (HARELEIHR—ER) 7T AF v 7 AMR)

ALK L, Bex FV 2 BB i X v 0.1 ~ 0.7um
OME A BT, SFHEBEBICIVBREEEETL2HETH
% 2%, Fig. 14 13 Al/PPS B4 BT 3BR T OB B EL T d
50, COFEICL HEATIE, BRMEREOMME b2
WABMENEINLTBY, 31L1ETHERLZ &EDERT
LN TWa,

424 TNV T 7 (Av7H)

EEAMEL, BEICLY Dy F 7 LR AYy b
L, Fig. 156 O L) il Bk s g2 2 A~
IR 2 SR, BRI, FRBESLTEAT A
ETH DY, BAILNEC E CTHIESTECTASR, T
H— RS B,

Fei
40nm

Fig. 13 SEM photograph of aluminum surface after NMT
treatment

Fig. 15 Surface and cross-sectional SEM photographs of A5052
treated with AMALPHA®

4.3 EREEEOBESE—FREE Quick-10° (KU
T AF 7 AK)

WS L KRB 21T D WER ORI ICHET 5
WO Z2 M A FUH L, A > — b A E 3R o o M A
12, AR OB KB LR E AT (v — M eE
F210C DL B me L CRAL DB % X - 72, &HI$
2) W& EMEE LRASETHEST L HETHL Y,
Fig. 16 (ZH6RHMY p~BHEASTEA L 2B ETTH 5 7,



(179] (12) FAMEHEA - A O LICHBARN (Review)

Resin flowed into fine irregularities Resin flowed into fine irregularities

Fig. 16 Metal surfaces inflow of resin
(Polyplastics Co., Ltd. provides (copyright is attributable to the

company) J
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BLUWIHE T O "0, QBE S 472 408 FH (E A0 7 YT
RTIEARL, MALZEIRIZEY 7o h =3B & 3401 ‘4 g
TV E o T A 720, HIHIEIT & A E R IEDS Fig. 19 Cross-sectional view of D LAMP® joint

WIEL TWb,

44.3 AKI-Lock® (K1) 75 2 F v 7 AR “¥

H T ARME (i FRAHME) 1L PBT, PPS, PBT I2xf L,
FAMRL — =L & D R SEE um O E K L Tl
{LiifEz B S, TnET v h— L LTofigers
A b —wHHBIET 547 TH S, Fig. 20 13 AKI-Lock
JLEL L 72 FRP O RIEIRETH 5, BHFEOHE T L OVE
AL TE B TULBREE DS 72 2 28, AKT-Lock JLEM T
T R BEAREIE LN TV A,

(a) Surface case (b) Cross sectional case

s

Fig. 17 Surface and cross-sectional photographs of Laseridge® | Laser irradiation

treated aluminum die casting material ADC12

4.4.2 DLAMP® (% 1 £ )™

BITE & AL — =B X)) &8 R I 20 ~
200um O 7 M AR L, AR & SO 3 4 ik
Td %o Fig. 18 IZEMMHITZIK, Fig. 19 (2 & Wr i X
3 "o Fig. 19 OBGHZEBIEHEBTO LD >TH Y,
BALZEIESECATN L) G (AFyF7 >
=) BBELTWS Y,

Fig. 20 Surface condition of AKI-Lock® laser-treated glass fiber
reinforced resin

(Polyplastics Co., Ltd. provides (copyright is attributable to the

company) J
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Laser beam

Plastic
High vapor pressure

due to rapid expansion

ﬁHeat transfer

Plastic Heat transfer

Molten area

Bubble
(Higher magnification)

Metal Bubble

Laser heated zone

Laser beam
Bubble High vapor pressure Molten plastic flow
generation generation and close adhesion

Fig. 21 LAMP joining method

45 L—Y—#EaE

451 LAMP UKk

Fig. 21 ® X 912, &8 L EAsE THIREA S (CFRTP
OEERIERM»S) L—Y—HEBE T L L, AT
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WL, L 7-EEERIL LB O OKREFEB LD
van der Waals 7J, 7 & OB 2 MNIC X 57 » h —%)
BIZEDIEET 2 MY, LAMP 412 X 55158 AWatER
T, $RTRHMEIEIBIEE 2 3EM L TvE Y,
452 L—F—EEE (Bl RIS

DYFEIL) ABERER L, Ti O¥541d NaOH P iERL

WLEL % AT\, PMMA & EARQAEET, Fig. 22(b) @ X 9 1248
BEEIZr & L — 5 — g % 17> THAT 5 ", Fig. 22(a)
DX CREEIEOBA B X OB X > TL—F—

Laser beam Laser beam

Light
transmitting resin

Light
transmitting resin

Light absorbing resin ﬁ@

(a) Thermoplastic resin (b) Metal —resin

Fig. 22 Principle of laser bonding

Laser beam
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4.6 BEEEEE

4.6.1 PEBEAQEES (FLI) ORBOKE)™

T A1) —fK (#800) & i L TIRFUHIEE L 72 A5052 #4 &
CFRTP (PA6 ¥ N1 7 A) & BEEIHES (FSW) #iE 4+
AT, THHSKD #y — V2 k#4635, WEDOR)
FIEIKREL, Ty =3RRI Al EKHOBRLYE L
TR B oA MEFE & D O van der Waals 1B & OUKERE &
W2 AT Ao Fig. 25 13BEHETH 4,

A5052 A 12 BT, #800 i 2L 28 D A D 3 A 12 X
T, Y90 hy 7)Y TRKER BARZREGROYEGD

(In the case of CFRTP,
it is irradiated from the back side
of the metal substrate)

Plastic

/

Pressurization
Bonding layer
(positive anchoring effect)

7

PMS treatment

Metal substrate

(raising microstructure formation)

/

4

Pressurization

Fig. 23 Laser bonding of metal and resin by PMS treatment
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Optical fiber Semiconductor laser

(A : 808 nm)

67 mm

\ PMMA Plate

PP Plate
Insert material
A1050P Plate

Air cylinder

Fig. 24 Laser bonding method using insert material

Load
. Tool ($p15)
Tool rotation
& 2
& :
S &
N -6\(9 B
©
\r A5052 CFRTP
27F 30 50 3
75 < —
2 80 FD: Flow direction
TD: Transverse direction
(mm) ND: Normal direction

Fig. 25 AI-CFRTP friction lap joining method (FLJ)
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2 Iy 7)) v THEIOMER A TR OB I RO THR)T
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4.6.2 PEEEHEES (FS)) (HAKZE)™

4 F BB S IR A48 % VT A3003 #F & PMMA, PC,
ABS 7 Y ORI £ OB TN TS P, A4 v T 0a—
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THEIT SN TWB P, Fig. 26 (ZHEEALWETH Y, H
T =7 PCHNIFASIND Z L2 L) A UAZEH I
PCANRA L T2 P,

4.7 BEE

471 BEIRPUAA CHIA T30

Fig. 271 D X 912, 28D CFRTP OMIZ&I{ A v ¥ 2 7%
EOFBMRE AT LEEIC X D INE L Tl =17
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PC 2mm

Fig. 26 Macrostructure of lap friction stir welding joint
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. . Tool pressure
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Fig. 27 Electric resistance welding method
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47.2 BEREFENE (R 75 2F v 7 AP
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PN 4— Metal foil

2sin materia

|
———

- —_—
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-—

Fig. 28 High-frequency induction heating
(Polyplastics Co., Ltd. provides (copyright is attributable to the
company) J
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4.7.3 HEREE

Fig. 29 © L9 2B EHBRaRELY HWwT, BEERE)
EIMEINC LY, AT BIREE A SRS T 5
FTH S PV, JEW R 15kHz LE, $EE 100um LLF T,
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K, OV, 7=, B AT — VREER W AEM I
PeAARIRBEEHTTRETH B

Transducer

Fixed horn

) Tool horn

Adherend
)
V///?/ /AWeld material

-+— Cradle

Fig. 29 Ultrasonic bonding apparatus
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heating -
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Fig. 30 Hot plate fusion
(Source : New Energy and Industrial Technology Development Or-
ganization (NEDO) )
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Fig. 31 Reaction of TES with solid material with OH group
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SH
N
/ _<N + Material

Material

(Heating and pressurization)

Contact

Material

Material

A

N=( 3

SH

Material A: Metal, ceramics, resin, and rubber
(see Fig. 31 for the bonding structure with TES)

> B

Material B: Plating, resin, and unvulcanized rubber
(In the case of a material that reacts with the SH
group of TES in the above figure)

(In the case of a material not reacting with the SH
group of TES, it was bonded to material A

after addition TES like the material A

Fig. 32 Elastic body bonding when can solve the surface roughness

Thermal
energy

5 Chemical bond

= \./ Molecular bonding compound

Reactive functional group

Fig. 33 Chemical bonding mechanism of CB technology
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Fig. 34 Molecular bonds in TRI system
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Fig. 35 In-mold forming process diagram of aluminum
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(b) Indirect bonding
using adhesive

(a) Direct adhesion
by Radicalock®

Fig. 36 Explanation drawing of Radicalock® and adhesive bonding
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Fig. 37 Direct covalent bond formation using a Suzuki-Miyaura
cross-coupling reaction
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Fig. 38 Outline of plasma graft polymerization treatment
apparatus (Vapor side injection method)
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Pretreatment of joint surface
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2 !
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[ 1. Plasma pretreatment on both sides of bonding | Evaluation of joining strength and durability’ corana _ inside bridigng layer
(@ Surface cleaning treatment. - Rapid diffusion of due to
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Gas adosorption to the pretreatment surface
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(@ Gas readily adsorptive surface treatment
[ 3. UV (60 W) X 2000 hours
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Fig. 39 Gas adsorption bonding process
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Abstract

Recently, in order to reduce weight and cost of automobiles, smartphones, digital cameras, etc. as well as
aircraft, the necessity of adhesion and bonding technology of many different materials such as metal, CFRP,
ceramics, resin and the like has increased , and various bonding technologies have been developed.

Conventional joining methods using adhesives require man-hours such as fixation of adherends and curing
time of the adhesive. Also, most of engineering plastics are crystalline and poor in adhesion. In order to solve
these problems, recently, a method of generating fine irregularities on the surface of the adherend by wet
etching or laser treatment and directly injection-molding the resin thereon, a method of melting and bonding
the resin in the vicinity of the bonding interface with irradiating with laser beam, friction of the adherend
metal, ultrasonic waves, a hot plate or the like, and a method of chemically bonding the metal and the resin
treated with the molecular adhesive by injection molding or pressurizing and heating, were developed.

In these cases, the molten resin plays a role of an adhesive and does not require heating for curing as in the
case of adhesion, and the resin is solidified by cooling, so that there is an advantage that it can be joined in a

short time.

In addition, as a chemical bonding method without using an adhesive, methods such as "coupling reaction
method", "gas adsorption dissimilar material bonding method", and "water vapor-vacuum ultraviolet bonding
method" were developed. The main joining methods of these are classified according to the joining principle

and outlined.

Key words : Bonding of dissimilar materials, Injection molding, Laser bonding, Friction joining,

Chemical bonding method



