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Element-blocks at Polymer “Interphase” for Adhesion

Takuya MATSUMOTO?, Takashi NISHINO*

“Element-block” materials with various groups of elements possess unique optical, electrical and reactive
properties. The “element-block” also shows attractive properties at restricted surface and interface. Therefore,
the “element-block” is accepted in the field of adhesion including image displays. Herein, we focused the cobalt
complex as one of typical “element-block” for surface treatment and investigated the primer effect of adhesion
properties in detail. From the various measurements, the spatial interface, namely “interphase”, was observed
and the thickness of the interphase defined adhesive strength. In addition, we evaluated the thickness of
interphase using various adhesion systems and revealed the relationship between the thickness of interphase
and adhesion strength. We clarified the formation mechanism of the interphase region.

Keywords : Adhesion, Interphase, Raman scattering, Isofactic polypropylene, Primer
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Fig.1 Interaction at adhesion interface.
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Fig.2 Chemical structure of zsofactic polypropylene, ethyl
cyanoacrylate, cobalt (II) acetylacetonate and cobalt
(I) acetylacetonate.
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Fig.3 System of T-peel tests.
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Fig.4 T-peel strength of it. PP/CA/it. PP with various open
time after primer treatments.
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Fig.5 Chemical structure of cyanoacrylate monomer model.
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Fig.6 Raman scattering spectra of nitrile groups of CA
(model).
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Fig.7 Raman band intensities of C=C of CA monomer under
curing.
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Fig.8 X-ray diffraction profiles of it. PP substrate surfaces
after primer treatments.
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Fig. 10 CA droplets on it. PP substrate surfaces (a) before

and (b) after primer treatments.
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Fig. 11 System of measurements across interfacial region
with confocal Raman microscopy.
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Fig. 12 Raman scattering spectra of it. PP/CA/it. PP without
primer treatment across its interface.

Table 1 Interfacial thickness and T-peel strength of it. PP/
CA/it. PP with and without cobalt complex primers.

Interfacial thickness Peel strength
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None 12£04 06=x0.1
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Co(acac), 14+06 06%0.1
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Fig. 13 Apparent thermal conductivity images around the
interface of the annealed PE/:it. PP laminate and profile
of apparent thermal conductivity across the interface.
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Table 2 Interfacial thickness and T-peel strength of PE/:t.
PP before and after annealing.

Interfacial thickness Interfacial thickness Peel

Sample with SThM with x.~-XRD  strength
um um N/cm
As quenched 20 20 596
Annealed 5 5 117
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— IZ-posiﬁon
s X-ray
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G
8
£
5 .
3 !
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, ) ) ) . _ 6.25um
7 8 9 10 1 12 13 14

Diffraction angle 26 (deg.)
Fig. 14 X-ray diffraction profiles of the laminated films by

changing the sample Z-position across the PE/it. PP
interfacial region.
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Fig.15 Apparent thermal conductivity image of annealed
LLDPE/D-PE laminate.
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Table 3 Interfacial thickness and T-peel strength of LLDPE/
D-PE before and after annealing.

Interfacial thickness Interfacial thickness  Peel
Sample with SThM with Raman  strength
um um N/cm
As quenched 3 1.7 80
Annealed 5 3 148
% #5175 (2019



MATSUMOTO - NISHINO : Element-blocks at Polymer “Interphase” for Adhesion 129

Max.

Opm IS —
Om 7.51m 15um

15um
Max.

7.5um

Oum
Oum 7.5um 15um

Fig.16 Two-dimensional Nano-Raman images ((a) : 1047-1107 cm ™! assigned to LLDPE, (b)
962-1002 cm ! assigned to D-PE) of the annealed LLDPE/D-PE laminate.
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