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Joining of Polymer Systems by Micro-Texturing Toward Perfect Water-Proof
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Tatsuhiko Aizawa*, Saya Satoh*, Tetsuya Yamaguchi**

Mobile cellular phones, tablets or smart meters required for a perfect water proof to prevent the electric circuit units or
batteries from water permeability through joined interface between plastic cover cases. This paper was concerned with
a flexible joining processing between two polymer cases via silicone rubber. Adaptive adhesion method was proposed
to join the silicone ring-shaped rubber onto each plastic cover case with aid of micro-textures and tailored primer toward
the perfect waterproof. The pico-second laser machining was utilized to make micro-texturing onto a mold die for
injection molding of plastic case. Liquid injection molding system was also employed to make adaptive joining between
the plastic case and silicone rubber during the molding. Tensile adhesive strength testing was performed not only to
measure the load-displacement response during tensile loading but also to make real-time microscopic observation on
the interfacial delamination. Effect of initial flaw on the adhesive strength was experimentally investigated with and
without the micro-grooves. In particular, higher joining strength over 4 N/mm was attained with use of the skew-angled
micro-grooves on the interface not only in the laboratory-scaled specimens but also in the practical joined parts. No leaks
were detected in the highly pressurizing test over 15 kPa.

Keywords : Mobile phone, Perfect water proof, Polycarbonate case, Silicone, Adaptive joining, Adhesive
strength, Microtexturing, Pico second laser machining, Injection molding, Liquid injection molding
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Fig. 1: Manufacturing of joined parts via the adaptive joining

process.
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Fig. 2: Pico-second laser machining system.
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Fig. 3 Liquid injection molding system for adaptive joining

process in the inside of mold-die.
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Fig. 4: A mold-die system for adaptive joining via LIM of

plastic parts and silicone.
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Fig. 5: A tensile joining strength testing system.
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Micro-groove pattern formed on the PC cover
plate during the injection molding
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Fig. 6: A PC-specimen with micro-grooved pattern on the

interface to be joined in the width of 80 mm.
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Fig. 7: A typical micro-groove formed on the mold-die unit by

the laser micro-texturing.
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Fig. 9: Joined PC-specimen with the silicone by LIM.
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Fig. 8: A micro-bump pattern formed on the PC specimen,

corresponding to Fig. 7.
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Fig. 10: Time evolution of elongating silicone under the

uniaxial tension via dynamic video-microscope.
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Fig. 11: Silicone rubber just before and after
delamination on the joining interface via dynamic video

microscope.
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Table 1: Comparison of fractures strength with and without

the micro-textures.

Micro-Groove | Fracture Stress Fracture
Width (W¢) (Sr) Mode
pm N/mm
No textures 3.8 Delamination
100 34 Delamination
75 6.3 Silicone fracture
45 5.4 Silicone fracture
20 4.1 Silicone fracture
Fractured Surface

Micro-cavities were left on the ierface
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Fig. 12: Fatal fracture of silicone at the presence of micro-

texture with Wg =20 pum.
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Fig. 13: Crack growth from the initial tiny flaw resulting in the

fatal fracture of silicone.
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Table 2: Fracture strength and fracture mode of silicone with

the initial tiny flaw.

Micro-Groove Fracture Stress Fracture
Width (W¢) (Sp) Mode
wm N/mm
No textures 2.4 Delamination
100 2.6 Delamination
75 3.0 Delamination
45 2.6 Delamination
20 3.1 Delamination
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Fig. 14: Skew angled micro-textures laser machined onto the

mold-die unit.
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Table 3: Comparison of the fracture strength between straight
and skew micro-grooved specimen with and without the initial

flaw for Wg =20 pm.

Presence of Fracture Fracture
Initial defects Strength Strength
(N/mm) (N/mm)
Straight-Texture | Skew-Texture
Without defects | 4.1 4.1
With defects 3.1 4.0
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Fig. 15: Fracture process of silicone with the initial flaw at the

vicinity of skew micro-grooved joining interface.
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Fig. 16: Regular and simultaneous micro-cavitation on the

joined interface between two polymers.
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Table 4: Effect of micro-texture size on the micro-cavitation.

Specimen Micro-cavity width
Without micro-textures | 145 pum
Wg =100 um 130 pm
Wi =75 um 150 pm
Wi =45 um 150 pm
Wi =20 um 140 pm
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Fig. 17: A model specimen to demonstrate the high joining

strength for large-sized plastic joined parts and components.
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Table 5: Joining strength at the joined sections in Fig. 17

aiming at the perfect water-proof of electronic parts.

Number Edge-1 Edge-2 Edge-3 Edge-4
of Specimen | N/mm N/mm N/mm N/mm
No. 1 4.5 4.5 43 4.5
No. 2 4.0 3.6 4.0 43
No. 3 43 4.5 4.0 4.1
No. 4 3.8 3.8 4.0 4.1
No. 5 4.0 4.1 3.8 3.8
Average 4.1 4.1 4.0 4.2
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Fig. 18: Model specimen for pressurizing test joined with the

red silicone via the skew-angled micro-groove.
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