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Technology for Joining of Dissimilar Material with Thermoplastic Polymeric Resin
Using Atmospheric Gas Phase Modification of Metal Surfaces
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A technology was developed for metal surface
modification treatment to be used on a car body
production line for weld-joining parts made of
thermoplastic resin with metal parts. A glass
membrane with a high hydroxyl group density of
1.4x10” mol/cm® was successfully formed on an
aluminum alloy surface by configuring the conditions
for the atmospheric pressure plasma chemical
vapor deposition process. The obtained surface was
confirmed to have wettability to melted 6-nylon. In
addition, an amorphous layer was observed to have
formed near the interface portion of the thermoplastic
resin thermally welded to it. The effect of these results
was that a high level of join strength equal to that in
existing items with roughened metal surface aiming for
an anchor effect was achieved with items of dissimilar
material joined by thermal welding.
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Fig. 1 Diagram of atmospheric pressure plasma CVD
process principle

Table 1 Atmospheric pressure plasma CVD process
conditions
Membrane | Atmospheric pressure plasma CVD .
type Gas Nozzle extension Post processing

A Nitrogen 4.5 mm
B Air - -
C Nitrogen 4.5 mm Plasma oxidation
D Air - Plasma oxidation
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Fig. 2 Plasma CVD nozzle (original form)
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Fig. 3 Plasma CVD nozzle extension
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Al alloy plate set

int | it L
into mold cavity Molten polymer injection

20 =)

Closing mold Cooling down

Opening mold

Fig. 4 Process of joining by metal insert polymer
injection molding method
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Table 2  Property of atmospheric pressure plasma CVD glass membrane surface

Process conditions Membrane properties
Membrane Atmospheric . Water contact | Hydroxyl group
type pressure plasma prosg:;ing (atoz/i?‘;: 7;?:& %) angle density
Gas Nozzle ©) (mol/cm?)
A Nitrogen | Extended 1.3 160 Unmeasured
B Air Normal - 0.8 80 Unmeasured
C Nitrogen | Extended | Oxidation 0.3 2.5 1.4 x10°
D Air Normal | Oxidation 0.6 43 2.6 x 107

SiOx 53 T H A& O FL o34 O ol & Fig. 7 12739

M (B) I3 Pl aRfi2 A2 B EEHL
SiOx BEDILESMIZE Y v — T — I BLEAEL 72,
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20 nm DRI 15 5 5 BHE7Z > 72, HIE (A)DH 7 24
BIFHAMEIZZ LnwT o — F & Siox ILE i Z R L, #
JiEE (B) I e RTHREIE I Z LRSS 2 5 72 5 2 & 2R
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T AN FREE O BB IS R IT AR E T H 5 72 Dbl
B K BEN EHROZELE A TR T WMETH 5 & it
Mxhs.
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XPS I & B WA T, AR I K O R K I % s
% Table 2 12787
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ZLGATW, KRIET 7 A< A THBILT5 Z iz k
2 (A) 22 5 (C) N D ZEAL T e b B IR RIF T
DIRDDEA N, i (B) 25 (D) DZHIZIIE L Tk

Fig. 5 SEM image of membrane A (left) and
membrane B (right) surfaces

Fig. 6 AFM image of membrane A
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Fig. 7 Positron annihilation lifetime spectroscopy of
atmospheric pressure plasma CVD glass
membrane

Membrane A Membrane C

Fig. 8 Molten polyamide 6 behavior on CVD glass
membrane surface
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Fig. 9 Specimen of joined CFRTP and Al alloy
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Fig. 11 SEM image (left) and EDX spectrum (right)
of CFRTP fracture piece on Al alloy
substrate
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Fig. 12  Suppression of polyamide 6 crystallization by
CVD membrane surface effect
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Fig. 10  Joining strength of Al alloy and CFRTP joined by insert injection molding
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Fig. 13 Joining strength after cooling and heating

cycle
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