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Effect of Adhesive Cure Schedule and Test Temperature on Tensile Shear
Adhesion Strength of a High Carbon Steel

Iwao SAWAIL, Yoshio OKUNO, Hiroyuki 1ZuMi and Toshihei MIsawa

Synopsis :

Effect of cure schedule and test temperature on tensile shear adhesion strength was investigated in a
S55C high carbon steel/epoxy resin adhesive system, and was discussed the interrelations among shear,

tensile and peel adhesion strengths.

The results obtained are as follows :

(1) Probability distribution of adhesion shear strength was found to be followed by Weibull distribution.
(2) Shear strength obtained for various heating temperatures and its holding times, tested under 20°C,
was divided into three stages in Larson-Miller parameter plot, that is, incomplete adhesion stage [ of
interface failure, suitable adhesion stage [l of cohesive failure and deterioration adhesion stage Il of

cohesive-interface mixing failure mode.

(3) The test temperature dependence on shear strength having peaks was observed and the fracture mode
was cohesive failure below 40°C corresponding to the temperature of a maximum strength, whereas shear
strength decreased gradually with the appearance of an interface failure above 40°C.

(4) There lay a positive linear correlation between shear and tensile adhesion strengths, in addition to
similar relationship between peel and tensile adhesion strengths.

Key words : adhesion ; adhesive ; adhesion shear strength ; high carbon steel ; adhesive joint ; joint strength ;

joint.
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Table 1. Chemical composition (wt% ) and mechanical properties of S55C carbon steel used.
C Si Mn P S Sol. Al Cr N YS (MPa) TS (MPa) EI(%) HV
0.55 0.20 0.76 0.014 0.006 0.025 0.016 0.118 0.0035 293 464 31.8 144
Supporting plate for grip }
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Fig. 1. Geometry of adhesion shear specimen by
tension loading.
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Fig. 2. Cross-section of temperature-regulating
chamber for adhesion shear strength test by tension
loading.
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Fig. 3. Weibull plots of adhesion shear strength
obtained from the S55C specimens hardened for
different holding times at 180°C.
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Fig. 4. A plot of Weibull mean value of adhesion
shear strength vs. Larson-Miller parameter P.
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Fig. 5. Effect of test temperature on Weibull
mean value of adhesion shear strength in stage II
hardened at 180°C for 60min (Larson-Miller
parameter : 9.1 X 103).
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Photo. 1. Photographs and scanning electron micrographs (SEM) of adhesion
shear fracture surfaces in stage I (a), b), Larson-Miller parameter : 7.9 X 103,
125°C-50 min), stage I (¢), d), Larson-Miller parameter : 9.1X 103, 180°C-60 min)
and stage [ (e), f), Larson-Miller parameter : 10.3X10%, 200°C-3 000 min), tested

at 20°C.
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Photo. 2. Photographs of adhesion shear fracture
surfaces grown at various test temperatures of
—80°C(a)), 40°C(b)), 120°C(c)) and 180°C(d))
(Larson-Miller parameter: 9.1 X 103, 180°C-60
min).

MR EIRIC R D ML, 150°C TidiE 100%

L b,

3-4 BIMHEEMELESIRY, (@ (EMEEREORR
AR & [ U R/ R F O BHEREEAIC OV

TINEFTIBELNLFIEIY (S) BEU BEREH

Y (S;) & AEOSKHESRWE (S,) L 2BEN

Photo. 3. SEM pictures of adhesion shear frac-
ture surfaces grown at various test temperatures of
—80°C(a)), 40°C (b)), 120°C(c)) and 180°C(d))
(Larson-Miller parameter : 9.1 X 103, 180°C-60
min).
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Fig. 6. Percentage interface fracture surfaces wvs.
test temperature of adhesion shear strength.
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Fig. 7. Correlation between shear and tensile
adhesion strengths at 20°C in a S55C high carbon
steel/epoxy resin adhesive system a). Correlation
between T-peel and tensile adhesion strengths b)
was redrawn from previous work?.
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