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ABSTRACT

The following paper presents a comparative analysis of two epoxy-based adhesives:
Hysol 9466 and Hysol 3421, prior to and after thermal shock testing. The tests focused

on determining Young’s modulus. Epoxy-based materials are among the most wide-
spread adhesive materials used as universal structural adhesives. The prepared epoxy
samples (Hysol 9466 and Hysol 3421) were subjected to thermal shock cycling tests,
according to a specified programme, in a thermal shock testing chamber, at a tempera-
ture range —40 °C to +60 °C and in the number of 200 cycles. Conclusions from the
tests are presented at the final stage of the paper.
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INTRODUCTION

Adhesive joining, and particularly gluing,
sealing and airtight sealing of structures, are in
constant development due to advances in chem-
istry of adhesive materials [1, 2, 5, 8]. The use of
adhesive joining in different branches of industry
is continually spreading. While numerous factors
contribute to this situation, it is predominantly
the increased effectiveness of adhesive joining
offered by modern fast-cure adhesives that plays
a key role in this development.

The selection of adhesives is a difficult task,
requiring extensive experience. Even adhesives
of the same chemical type, such as epoxy ad-
hesives (Hysol 9466 and Hysol 3421 [10, 11]),
could considerably differ in terms of properties
(elasticity, shrinkage during curing or strength at
full cure). These factors determine the effective-
ness of adhesive joining and strength of joint, par-
ticularly in extended work life of the structures in
changing conditions [3, 4, 7].

Problems connected with thermal fatigue
(thermal shock) of adhesive bonds, especially ad-
hesive joints, and the impact of this phenomenon
on long-term safe operation of such structures is

under constant analysis, whereas the results are
burdened by certain risk. This results from many
factors [6, 9] contributing to adhesive and cohe-
sive strength of such joints.

TEST MATERIAL AND METHODOLOGY

Figure 1 shows moulded Hysol 9466 and
Hysol 3421 epoxy adhesive test specimens
which were subjected to thermal loading. Both
the shape and size of specimens conform curent
standards for the determination of mechanical
properties of materials. The specimens were
formed in a silicone mould. In order to obtain
samples of required thickness, the specimens
were subjected to milling in a vertical machin-
ing centre VMC 800 HS with Heidenhain iTNC
530 CNC system. The machining process was
performed with a solid carbide (grade H10) mill-
ing cutter produced by Mapal.

Both epoxy adhesives (Hysol 9466 and Hysol
3421) were cured for 120 hours at ambient tem-
perature in the range of 2022 °C and relative hu-
midity 34-42%.

Table 1 presents the dimensions of the speci-
mens, made of two epoxy adhesives: Hysol 9466
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Fig. 1. Epoxy adhesive test specimens

Table 1. Transverse dimensions of test specimens with
determined standard deviation

Surface area [mm?]
Hysol 9466 Hysol 3421

Parameter before after before after

Jthermal | ,thermal | ,thermal | ,thermal

shock” shock” shock” shock”
Average 446 44 .4 42.4 41.8
Standard | 5 547 2.302 4.722 4.025
deviation

and Hysol 3421. Standard deviation was accepted
as the measure of dispersion. The dispersion of
surface area of the analysed specimens was satis-
factory after cutting them to the desired thickness.

Figure 2 shows the specimens gripped in
a Zwick/Roell material testing machine Z150.
Young’s modulus was determined with an exten-
someter. The tests were conducted with confor-
mity to DIN EN ISO 527-1 norm. The initial load
during the test was equal to 0.1 MPa, the gauge
length was equal to 110 mm and the standard
travel length was 50 mm.

The epoxy specimens (Hysol 9466 and Hysol
3421) were subjected to thermal fatigue cycling
tests, according to a specified programme, in the
thermal shock testing chamber, at a temperature
range —40 °C to +60 °C and in the total number
of 200 cycles. The range of temperatures set in
tests is typical for the operating conditions of ma-
chines, including aircrafts.

Figure 3 shows the cycle of thermal loading
(thermal shocks) applied to the test specimens;
200 cycles were realised. The bottom value of
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Fig. 2. Young’s modulus determination
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Fig. 3. Cycle of thermal loading during tests

temperature was set to —40 °C, while the top tem-
perature value was equal to +60 °C. The condi-
tioning time for each temperature was 15 min-
utes, excluding the time required for the stabilisa-
tion of temperature.

The main objective of the conduced tests was
to determine the impact of heat loading (fatigue)
on the value of Young’s modulus of epoxy adhe-
sives (Hysol 9466 and Hysol 3421).

RESULTS

Figure 4 shows the correlation between ther-
mal fatigue (thermal shocks) and the value of
Young’s modulus of epoxy adhesives (Hysol
9466 and Hysol 3421).

The conducted tests indicate that the value of
Young’s modulus decreases with thermal fatigue,
which is observed in both tested adhesives Hysol
9466 and Hysol 3421, and confirmed by compar-
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Fig. 4. Impact of thermal fatigue on Young’s modulus

ison to specimens prior to thermal fatigue test.
Young’s modulus for Hysol 9466 adhesive was
8% lower than before thermal shocks. Standard
deviation for specimens after thermal shocks was
three-fold lower than in the case of specimens
before thermal fatigue testing. Standard devia-
tion for Hysol 3421, however, remained on the
same level in both cases (before and after ther-
mal loading). Similarly as in the case of the for-
mer adhesive, here as well after thermal loading,
Young’s modulus dropped by 20%.

The analysis of results obtained in tests
evidently shows a significant impact of ther-

Hysol 3421
m After "thermal shock"

mal treatment (200 cycles) on the Young’s
modulus of analysed adhesives, Hysol 9466
and Hysol 3421. Figures 5 and 6 show changes
of critical stresses in the analysed Hysol 9466
epoxy adhesive before and after thermal fa-
tigue testing. Figures 7 and 8 show changes of
critical stresses in the analysed specimens of
Hysol 3421 epoxy adhesive before and after
thermal shock.

The conducted tests showed that the traverse
of the Zwick/Roell material testing machine
Z150 at specimen failure was on a comparable
level in all analysed cases.

Crosshead displacement [%]
Fig. 5. Exemplary changes of critical stresses for Hysol 9466 specimens before thermal shock
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Fig. 6. Exemplary changes of critical stresses for Hysol 9466 specimens after thermal shock
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Fig. 7. Exemplary changes of critical stresses for Hysol 3421 specimens before thermal shock
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Fig. 8. Exemplary changes of critical stresses for Hysol 3421 specimens after thermal shock

CONCLUSIONS

The tests and analysis of its results allow the

formulation of the following general conclusions:

1.

Thermal shocks in 200 cycles exert a consider-
able impact on the values of Young’s modulus of
epoxy adhesives (Hysol 9466 and Hysol 3421).

. The Young’s modulus of epoxy adhesive Hy-

sol 9466 after thermal shock is 8% lower than
before thermal loading.

Thermal fatigue of Hysol 3421 epoxy adhesive
brought about a 20% decrease in the value of
Young’s modulus, compared to before thermal
loading.

The tests must be continued to determine the
impact of other independent variables.
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