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Abstract

Currently, aluminum alloy is widely used in an automotive structure such as bus
body materials due to decreasing the structure weight and fuel consumption. In
this structure, there are tens or even hundreds of joints to meet the engineering
design. Because of its advantages, the adhesive joint is usually chosen.
Aluminum is stiff enough, but it can deform easily. Due fo its deformability, cracks
adhesive. Otherwise, it will be very weak if it is joined using flexible adhesive. The
mixture of the strong adhesive, epoxy (EP) and the ductile adhesive, silyl
modified polymer (SMP) was proposed for joining aluminum. This study aims to
evaluate the effect of the composition of mixed adhesive and its thickness on
the strength of single lap joint (SLJ) etched aluminum. Before joining process, the
aluminum surface was treated by sandpapering (SDP), and then chromic-
sulphuric acid (CSA) efch. The composition variations of mixed adhesive were
100%EP, 75%SMP:25%EP, 50%SMP:50%EP, 25%SMP:75%EP, and 100%SMP. Mixed
adhesives were prepared by using a stirrer with a spatula for 4-6 minutes at 60
rom. SLJ specimens were manufactured through bonding of two aluminum
sheets surface with an adhesive and giving 0.1 MPa pressure. The thickness
adhesive was varied of 0.2 mm, 0.4 mm, and 0.6 mm. Specimens got a post-
curing process at 100°C for 100 minutes. The shear tests were performed to
evaluate the strength of SLJ. The experimental result showed that the surface
freatments of SDP and CSA give higher porosity on the adherend surface. The
highest strength and elasticity modulus were achieved by joint of 25%SMP:75%EP
mixed adhesive joints. The addition a few of SMP adhesive in EP adhesive and
adherend surface treatment increases the joint strength. All of the joints have
mixed failure mode except the 100%EP adhesive joint has an adhesive failure
mode.

Keywords: Mixed adhesive, silyl modified polymer, epoxy, aluminum, single lap
joint
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1.0 INTRODUCTION

automotive, railway, aerospace, and naval industries
[1-2]. Rivet, welding, and adhesive are some kinds of

The joining technology has been widely used especially joining methods. The adhesive joint has advantages

in

fransportation

industry

nowadays,

such as such as low manufacturing cost, simple joint,
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environmental resistance, and without machining
processes [3-5]. There are many configurations of the
adhesive joint. The most popular is a single lap joint (SLJ)
[3]. The adhesive joint can be used in similar materials or
dissimilar materials like metal to metal, composite to
composite, and metal to composite [5].

Two types of adhesive materials, sfrong and weak
adhesive were well known in adhesive engineering. The
stfrong adhesive has high strength and stiffness, but it is
britfle. Epoxy is the example of strong adhesive. If is
thermoset polymer and widely used due to the good
properties such as chemical resistance and low cost [4].
However, due to ifs briftleness, its scope of use as the
adhesive is limited [7]. It is not appropriate for joining the
low stiffness materials because it will crack easily when
the joined material is deformed., Post-curing treatment
is usually performed To improve the properties of epoxy
[8]. In reverse, the weak adhesive has low strength and
stiffness, but it is very ductile. Silyl-modified polymer
(SMP) is the example of weak adhesive. SMP adhesive
has advantages such as solvent-free and PVC-free,
very good resistance to UV, odorless, fast curing and
permanent elastic at a temperature range from -40°C
to 120°C. SMP adhesive used in construction bonding
metal or non-metal joint and seal on buses, frains, and
frucks.

Previous studies showed that there are many
methods to improve the strength of adhesive joints.
Some of them are as follows; the filler addifion in the
adhesive with specific percent [9, 10, 11], the mixing of
strong-brittfle and the weak-ductile adhesives [12, 13,
14] and the adherend surface treatment [5, 14, 15]. The
addition of filler in the adhesive material can increase
the strength and stiffness of the adhesive material. The
mixed adhesive joints provide an advantage whereby
the joint becomes stronger than the joint using only
brittle adhesive or ductile adhesive alone. The surface
freatment is usually conducted for coarsening and
etching so that bonding between adherend and
adhesive can occur and increase the strength and
durability.

Aluminum alloy has advantages, such as good
strength, good corrosion resistance, good formability
and good weldability [16]. Based on these properties, it
is widely used in engineering application. In the
application, aluminum sometimes must be joined to
meet the engineering design requirement. For
example, nowadays, structures of bus body use an
aluminum alloy to decrease the structure weight and
fuel consumption. In this structure, there are tens or
even hundreds of joints. The adhesive joint is usually
chosen due to its advantages. It is well known that
aluminum has a lower stiffness than steel but higher
stiffness than polymer matrix composite. It means that
the aluminum is stiff enough, but it can deform easily.
Due fo its deformability, cracks will occur easily on the
aluminum adhesive joint if it is joined using strong and
stiff adhesive. Otherwise, it will be very weak if it is joined
using flexible adhesive. Accordingly, enhancement of

adhesive joint strength between aluminum to aluminum
is important to be investigated due to the limitation of
adhesive joint data.

Moreover, aluminum will react with oxygen to form a
thin layer of alumina on the surface of the material. This
layer has no pores so that the aluminum surface
becomes very smooth. Previous studies [17-21] noticed
the importance of surface and its positive influence on
the bond strength. There are many surface treatments
to aluminum alloy sheets in the adhesive single lap joint
such as caustic etch (CE), tucker's reagent (TR), sodium
dichromate-sulphuric  acid (CSA) etch, abrasive
polishing (AP), and solvent wiping (SW). The CSA etch
freatment increases the failure load of adhesive joint by
about 18% [5]. Surface treatment preparatfion of
adherends aluminum with chemical pre-treatment
acid etching makes higher porosity of the oxide layer
formed [22]. Another study showed that the chemical
freatment on adherend surface give the result the
specimens to achieve a higher joint strength, but the
chemically treated specimens are not sensitive to the
presence of surface pattern [1]. Fractures surface of
chemically freated specimens have a cohesive failure
mode. Surface pattern of adherend can be generated
by mechanically surface pattern using a milling
machine. Mechanically surface pattern with a depth of
0.1 mm can improve the adhesive joint strength of
aluminum joint [9].

Based on previous studies, this study will evaluate the
mixed adhesive joint between aluminum and
aluminum. Two types of adhesives, very stiff-brittle
epoxy and more flexible-ductile silyl modified polymer
(SMP) adhesives were mixed in variations of
composition adhesive. The composition of mixed
adhesive which generates the sfrongest joint will be
determined as the best composition. The adherend
surface was given chemical freatment using chromic
acid etch. Shear test and fracture surface investigation
were performed to evaluate the best composition of
adhesives which achieve the highest shear strength.

2.0 METHODOLOGY

Adhesive materials used silyl modified polymer (SMP)
and epoxy (EP) resin. SMP adhesive used Simson ISR 70-
05 produced by Bostik Inc., Netherlands. Epoxy (EP)
adhesive used epoxy resin epichlorohydrin type of
bisphenol-A  (DGEBA) and hardener used type
Polyaminoamide (PAA). Adherend materials used
aluminum alloy sheets series 5083. Aluminum sheets
were cut according to standard ASTM D1002.

Efching freatments were used for cleaning the
surface of aluminum alloy sheetfs before the joining
process. Based on the previous study, the aluminum
surface was made rougher using sandpapering of #150
[23]. Degrease was dipping in the trichloroethylene
solution (30 minutes) and then washing with water.
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Degrease was also dipping in the isopropyl alcohol
solution (30 minutes). The etching process was
conducted by immersing the aluminum adherend in
chromic-sulphuric acid (CSA) solutfion. It consisted of
H2SO4 solution (22,5g), sodium dichromate (7,5 g) and
distiled water (70g). Immersing process was performed
for 2 -4 hours [?] and adherend then be washed using
distiled water. Etched adherend materials were then
dried by using a tissue and kept in the air-tight room until
use.

=101, 6mm

Figure 1 Single lap joint specimen (ASTM D1002)

Tabel 1 Research parameters

4
o

Adhesive thickness
(mm)

0.2
100 % EP 0.4
0.6
0.2
75%SMP:25%EP 0.4
0.6
0.2
50%SMP:50%EP 0.4
0.6
10 0.2
11 25%SMP:75%EP 0.4
12 0.6
13 0.2
14 100%SMP 0.4
15 0.6

Adhesive composition
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Two types of adhesives, Silyl Modified Polymer (SMP)
and Epoxy (EP) were used in this study. The thickness
adhesive was varied of 0.2 mm, 0.4 mm, and 0.6 mm.
Variations of mixed adhesive composition were 100%
EP, 75%SMP:25%EP, 50%SMP:50%EP, 25%SMP:7 5%EP, and
100%SMP in weight fraction. The research parameters
areresumed in Table 1. Mixed adhesives were prepared
by using a stirrer with a spatula for 4-6 minutes at 60 rom.
SLJ specimens were manufactured through bonding of
two aluminum sheets surface with an adhesive and
giving 0.1 MPa pressure. Specimens got a post-curing
process at 100°C for 100 minutes.

The procedures of adhesive joints were done based
on the standard of ASTM D1002. The configuration of
joint specimens was shown in Figure 1 with the symmetry
overlap. The single lap joint test used single lap shear
test using a JTM UTS-210. Joint strength SLJ can be
calculated by equation (1). The fracture surface was
observed by using both Scanning Electron Microscope
(SEM) and optical microscope. The magnification of
SEM and optical microscope were 1,000x and 200x
respectively.

maximum load

Joint strength = (1)

adhesived area

3.0 RESULTS AND DISCUSSION

The etching tfreatment successfully made the aluminum
surface rough due to appear the porosity on the
adherend surface after CSA tfreatment as seen in Figure
2(a). It gives some benefits as producing stronger
adhesive joint strength, increasing contact area joinft,
producing infrinsic adhesion, providing some degree of
mechanical interlocking and keying between
adherend with adhesive [22, 24]. The EDS spectra in
Figure 2(b) shows that the content of Aluminum is 91.6
At%, while that of Oxygen is 8.4 At%. It indicated that
the adherend surface is free from greases and other
organic contaminants. The chemical treatment on the
aluminum surface is based on the corrosion process
from the acid environment. The acid solution dissolves
the natural oxide layer, cleans and activates the
aluminum surface, and then generates a new porous of
the oxide layer of the aluminum surface [22].

¥
WD: 13.03 mm
SEM MAG: 3.00 kx Det: BSE
Hivac Dato(m/dly): 12/0315

Figure 2 (a) The SEM image of the CSA etched surface
adherend and (b) Energy Dispersive Spectrometer (EDS) of the
bulk adherend surface

Adhesive joint strength based on the variations of
the adhesive thickness and adhesive composition is
presented in Figure 3. The addition of few SMP in epoxy
adhesive increased the joint strength in the single lap
joint aluminum to aluminum. The improvement of joint
strength appeared on the mixed adhesive joint with the
composition of 25%EP:75%SMP. Its strength is 15.32 MPa
at an adhesive thickness of 0.6 mm. It is the highest
strength comparing to all specimens both mixed
adhesive joints and individual adhesive joints. The
addition a few percents of SMP (up to 25%) in EP
adhesive can increase the adhesive joint strength
significantly. In this composition, the mixed adhesive
was still sfrong enough due to the high content of EP,
but it can attach to adherend surface strongly due to
the presence of SMP. EP has a role in maintaining the
cohesive force because of its strength and stiffness
while SMP has a role in maintaining the adhesive force
between adhesive materials and the adherend. Based
on these roles, the thicker the adhesive, the stronger the
joint.



42 Sri Hastuti, Neng Sri Suharty & Triyono / Jurnal Teknologi (Sciences & Engineering) 79:7-2 (2017) 39-44

Presence SMP in EP adhesive in the range from 25% to
75% decreased the joint strength although its strength
was still higher than the strength of EP adhesive joint
individually. In this composition, the presence SMP in EP
adhesive weakened the adhesive materials. Figure 3
also shows that in this composition, the adhesive
thickness did not affect the joint strength significantly.
The 100% SMP adhesive joint had the lowest strength
due tfo the nature of SMP adhesive. Silyl Modified
Polymer (SMP) adhesive has low sfrength and stiffness
(14]
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Figure 3 Shear strength of the mixed adhesive joint
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Figure 4 Elasticity modulus of the mixed adhesive joint

The modulus elasticity and elongation of the mixed
adhesive joint based on the variation of the mixed
adhesive composition for all levels of thickness are
shown in Figure 4 and Figure 5 respectively. As
previously predicted based on the nature of EP and
SMP, the 100%EP adhesive joints had a higher modulus
elasticity than 100%SMP adhesive joints, but the
elongation of the 100%EP adhesive joints was lower
than that of the 100%SMP adhesive joints. This fact
appropriates to the previous research results which
stated that the EP adhesive joint is stiff and strong while
the SMP adhesive joint is weak and ductile [14, 25]. The
interesting point in the current research is the addition

of SMP in EP adhesive up to 50% did not affect the
stiffness and brittleness of EP adhesive but affected the
strength of the adhesive joint. Elasticity modulus and
elongation tend to be constant in this range of addition
SMP adhesive in EP adhesive while the strength
increases significantly especially at mixed adhesive of
75%EP:25%SMP. This case showed that mixed adhesive
between EP and a few SMP could enhance adhesive
characteristic without losing the fracture toughness. It
means that the mixed adhesive between EP and a few
SMP meet the requirements of good adhesive as stated
by Prolongo ef al. [26].
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30 =@ Adhesive thickness: 0.2 mm

- e Adhesive thickness: 0.4 mm

gy Adhesive thickness: 0.6 mm
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Elongation (%)
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100%EP 75%EP:25%SMP 50%EP:50%SMP 25%EP:75%SMP  100%SMP

Adhesive composition

Figure 5 Elongation of the mixed adhesive joint

SEM HV: 20.0 kV WD: 22.40 mm Ll VEGAS TESCAN

SEM MAG: 1.00 kx Det: BSE 50 pm
Lowvac, 10 Pa, N» | Date(midly): 12/03/15

(b) (c)

Figure 6 Fracture surface of 100% EP joint; (a) complete view,
(b) macro view, (c) micro view

Performance In nanospace

Mixed Adhesive

SEM HV: 20.0 kV WD: 19.85 mm VEGA3 TESCAN|

SEM MAG: 1.00 kx Det: BSE 50 pm
LowVac, 15 Pa, N» | Date(midy): 12/03115 Performance In nanospace

(b) (c)

Figure 7 Fracture surface of 75%EP:25%SMP joint; (a) complete
view, (b) macro view, (c) micro view
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(b)

Figure 8 Fracture surface of 50%EP:50%SMP joints; (a) complete
view, (b) macro view, (c) micro view

adherend

WD: 2187mm |
SEM MAG: 1.00 kx Det: BSE 50 pm
LowVac, 14 Pa, N+ Date(midly): 12103115

(b) (c)

Figure 9 Fracture surface of 25%EP:75%SMP joints; (a) complete
view, (b) macro view, (c) micro view

Silyl modified polymer

ad_herend

seumv: 200k | wo:zts2mm || | veoks Tescan
SEM MAG: 1.00 kx Det: BSE L
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Figure 10 Fracture surface of 100%SMP joints; (a) complete
view, (b) macro view, (c) micro view

Failure fracture surfaces were investigated to justify
the type of failure mode of joint. Failure mode has been
used to explain the mechanism of failure and strength
improvement of mixed adhesive joints. The image of
fracture surfaces can be seen in Figure 6, Figure 7,
Figure 8, Figure 9, and Figure 10 for all mixed adhesive
compositions. The fracture surface of adhesive joint with
100% EP (Figure 6) is full adhesive failure mode. It is a
failure where adhesive adheres on one of the
adherend surfaces. It shows that 100% EP is the strength
adhesive which can resist the shear force well, but ifs
adhesiveness to an adherend is weak. The presence of
few SMP (25%) in EP adhesive increased the
adhesiveness of mixed adhesive fo an adherend
without decreasing the strength of EP adhesive. Mixing
of adhesiveness of SMP and strength of EP adhesive

confrolled the improvement of the mixed adhesive
joint. Consequently, the joint strength of the mixed
adhesive between EP and a few SMP increased. The
fracture surface was mixed failure mode between
adhesive and cohesive failure (Figure 7). The addition
of much SMP (more than 50%) in EP adhesive
decreased the adhesive joint strength. Although the
adhesiveness increased as increasing of SMP contfent,
the bulk mixed adhesive became weak. The fracture
surface showed the mixture between adhesive and
cohesive failure mode as seen in Figure 8 and Figure 9.
Confrary to 100%EP adhesive joints, 100%SMP adhesive
joints had the lowest strength, but its ductility was the
highest. It was appropriate to the nature of SMP
adhesive where it was weak and ductile adhesive. Its
adhesiveness is very high, but its strength is very low.

4.0 CONCLUSION

Mixed adhesive single lap joints of etched aluminum
have been evaluated. The study has shown that the
chemical treatment on the aluminum surface can
dissolve the natural oxide layer, clean and activate the
aluminum surface, and generate a new porous of the
oxide layer on the aluminum surface. The presence of
few SMP (up to 25%) in epoxy adhesive increased joint
stfrength due tfo increasing the adhesiveness without
decreasing the strength of bulk mixed adhesive. In this
composition, the fracture surface was mixed between
adhesion and cohesion failure mode. The addition of
much SMP in EP adhesive decreased the adhesive joint
strength because of weakening the bulk mixed
adhesive although the adhesiveness increased.
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