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Introducdion

Bonding of composite matenals with an adhesive laver iz one of
the most promising alternatives to classical bonding techniques like
bolting or welding. In order to increase the performance of composite
assemblies several surface treatments have been developed [1-2].
Then some authors previously demonstrated the effectiveness of
reducing the thickness of the polymer surface layer [3-5] on adhesion
performances. But conclusons of these results at the initial state
would not be obwiously applicable to several ageing conditions.

Experimenial

Composite materials. Carbonfepoxy and  glassiepoxy
composites were manufactured by ATRCELLE Le Havre (SAFRAN
Group, FRANCE) using an autoclave process. Carbonlepozy samples
are made of 10 superimposed plies, in the same way glassiepoxy
samples are realized also with 10 carben/epoxy plies with one more
glassiepoxy ply on the bonded surface.

Surface treatments. In order to increase of reduce the thickness
of polymer surface layer, two surface treatments are compared to the
peel ply surface treatment which can be consdered as reference
sample. The first surface treatm ent that reduces the polymer thickness
is an excimer laser ablation that allows, in specific cenditions, an
ablation of epoxy matnx without any degradaton of fibre
reinforcement. The second surface treatment is a tear ply treatment
that creates a rough and clean surface, the main difference with a
classical peel ply treatment is that tear ply 15 previousy impregnated
with polymer matriz. This impregnation allows an increase of polymer
surface thickness.

Single lap shear tests. Jingle lap shear tests are performed on
100mm»25mm specdmens with a 12.5mmx*25mm boended area. Two
different epoxy adhesives (41 and A2), commonly used industrially,
are chosen to realize bonded assemblies. Shear stress measurements
are carried out at room temperatire at 2 mm.min’ constant
displacement rate on an JMSTRON 4204 The mamimum stress
necessary to break the joint 15 determined from the stressftime curves,
on five assemblies.

Light and electron microscopy. This study is performed with
LEICA DM LP which enables observations from 50% to 500x with
polarized or non polarized light And on the other hand a scanning
electron microscope HITACHT 5 3000 N within magnitude from 30x
to 2500% is used

Thermal ageing. The thermal ageing is performed in a Kendro
Heraus (model Eevwitron UT 61200, This apparatus allows the
temperature to be maintained at 150°C with hom ogeneity of 3°C (with
the air trap shut).

Results and discussion

Initial state. Presenting authors previcusly demonstrated that
when a strong bondis established between an adhesive layer and a
composite surface, the failure modeis mainly due to a cohesive falure
inside the composite material between fibre reinforcement and the
polymer surface layer [3-4]. Indeedin this case there is no need to use
several surface treatments as the material itself becomes the wealk
point of the bonded assembly. Hence, peel ply and tear ply treatment
exhibit very smilar lap shear values owing to their cohesive falure
inside the material.

COne possible alternative is then the use of ablation treatments in
order to bond directly the fibre reinforcement by reducing the size of
polymer matriz layer. Then several ablation modes are used accerding
to an excimer laser surface treatment. Fesults show that a partial
ablation of the pelymer surface layer can increase very sgnificantly
adhesion performances, with a modification of failure mode from
cohesive in the compeste to cohesive in the adhesive. But this result
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at this initial state 15 not obwiously the case after different ageing
conditions.

Thermal ageing. Indeed previcus works have shown that the
degradation occurring during thermal ageing mainly comes from
microfmacro voids coming from the adhesive laver [6] Hence the
degradation from these voids to the whole adhesve layer 15 mainly
governed by several parameters such as fillers, supported films. ..
Then it appears from transversal micro cutting that the degradation
shifts in an easier way from the adhesive to the composite material if
there’s locally aricher area in matriz on the composite surface. Indeed,
fillers from the adhesive or fibre reinforcement from the composite
may contain the degradation inside the adhesive Though the
degradation develops more easily in polymer matriz surfacelayer.

This hypothesis is then confirmed with single lap shear tests and
microscopic observations of tear ply sample compared to peel ply one
after 1000 hours ageing at 180°C. Indeed, the degradation of the
adhesive 15 significantly lower for tear ply samples, this 15 probably
due to an easier shifting of the degradation from the adhesve to the
composite material which owns a high thickness of polymer on its
surface.

Conclusions

The influence of polymer surface layeris of primary interest as it
catn  completely gowern the adhesion behaviour of composite
assemblies at the initial state and after several ageing conditions.

Then the interest of reducing the thickness of polymer surface
layer is shown as it can completely increase the adhesion performance
of carbon/epoxy and glassfepoxy samples. Indeed it allows changing
the failure mode fom cohesive in the composite to cohesive in the
achesive.

Howewver this conclusion at the initial state can not be linked
with the behawiour of composite assembly after thermal ageing.
Indeed, as the degradation mainly comes from the micro/macro voids
of the adhesive layer, the degradation of both the adhesive and the
bonded performances can be limited with the use of higher thickness
polymer surface composite. Then tear ply treatment that allows an
increase of polymer matriz on the composite surface can avoid the
degradation of the adhesive layer by shifting the degradation from the
adhesive tothe composite materi al itself.

A1 these results mainly confirm the influence of microfmacre
voids on the degradation of composite assemblies. But it also explains
the main influence of fillers, composite surface and adhesive layer on
the whole stability of the bonded assembly.

References

[1] Molitor P, Barron V, Young T. fnt. J. Adhesion & Adhesives. 2001,
21-2,129-136.

[2] Wingfield TRJ. int. J Adhesion & Adhesives. 1993, 13-3, 151-
156,

[3] Q Bénard, M. Fois, M. Gnsel, P. Laurens. Suradh04, Freiburg, 5-
9 sept 2004, 132-137

[4] Q. Bénard, M Fois, M Grisel, P. Lavrens fni J Adhesion &
Adhesives. 2006, 26, 543-549.

[5] Man H.C, L1 M, Yue TM Ini J Adhesion & Adhesives. 1998
151-157.

[6] Q. Bénard, M. Fois, C. Picard, M Gnsel Ma#riaux 2000, Dijon,
13-17 nov 2006, proc. in press.



