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Abstract: The paper provides an overview of the load-bearing capacity of joints of the same and unequal thin steel sheets formed on different 

pretreated surfaces by adhesive bonding. Four types of surface preparation and rubber-based adhesive were tested. The joints were 

subjected to a climatic test according to VW: PV1200. The change in the load-bearing capacity of the joints was evaluated on the basis of the 
force at the joint failure, the type of failure and on the basis of the load to displacement ratio. 
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1. Introduction 

Bonding of materials provides the automotive industry with the 
possibility of flexible bonding of materials, which contributes to 

higher rigidity, strength and safety of the car body. It is mainly anti-
flutter bonding to reduce vibration of the outer and inner panels to 

each other mainly on horizontal closure panels and less on vertical 
panels, hem flange bonding for joining the inside sheets in the hem 

flange areas of doors, hoods and tail gates and, finally, sealants to 

seal joints and crevices before painting in order to prevent crevice 
corrosion attack. Adhesive joints extend the life of the final product 

because they are sealed, which has a significant effect on the 
corrosion resistance of the body and electrical insulation, which 

prevents electrolytic corrosion from the conductive contact of 
various metals. Bonding with hot-melt adhesives, self-adhesive 

tapes, bonding with solvent and solvent-free adhesives is used. The 

main advantage of joining materials by adhesive bonding is the 
possibility of joining unequal materials, various metallic materials, 

or even metals with glass, composites, ceramics, etc. [1-5] 

The challenge in joining unequal materials by adhesive bonding 
is the unequal surface properties of the joined materials - surface 

tension, polarity, microgeometry, chemical composition of the 
surface layers due to different production history, etc. These 

differences can be compensated by different types of surface 

preparation, application of suitable primers and the like. [6-14] 

The aim of the experimental work was therefore to determine 
the change in the adhesion of the joints of the same and unequal 

materials with different surface preparation joined by a rubber-

based adhesive after the climatic test VW: PV1200. 

2. Materials and Methods 

Substrate 

Two types of steels were used to form the joints: non-
galvanized deep-drawn steel DC04 (hereinafter referred to as DC) 

and hot-dip galvanized dual-phase steel HCT600X + Z (hereinafter 
referred to as ZN). The mechanical properties of DC04 steel 

materials are as follows: YS = 197 MPa, UTS = 327 MPa, 

elongation 39%, matt surface finish, Ra = 0.6-1.9 µm, 
electrostatically oiled 0.5-2.5 g·m-2. Properties of steel HCT600X + 

Z: YS = 346 MPa, UTS = 654 MPa, elongation 23.5%, zinc layer 
105 g·m-2, minimized spangle, improved surface, electrostatically 

oiled 0.6-2.5 g·m-2. The thickness of the materials was 0.8 mm. Test 
panels with dimensions of 25x100 mm were made from sheets. 

Surface preparation 

The surface of the substrates was prepared for adhesive bonding by 

the following procedures: 

- no preparation - joining of oiled substrates 
- chromate-free zirconate passivation 

- iron phosphating 
- zinc phosphating 

- application of an alternative organosilane-based adhesion 
promoter 

 
Surface roughness 

To assess the effect of surface microgeometry on the strength of 

adhesive joints, the surface roughness of base materials was 
measured before surface preparation as well as prepared by 

mentioned ways a contact profilometer Surftest SJ-201, Mitutoyo, 
Japan. The roughness of the materials was assessed according to 

ISO 4287 using the parameters Ra (arithmetical mean deviation of 

the measured profile), Rz (maximum height of profile at the basic 
length), RSm (mean width of the profile elements), non-normalized 

value RPc (the mean number of peaks per centimeter). 

Adhesive 

Structural rubber one component adhesive, heat curing, solvent 
free. It demonstrates high oil absorbtion, excellent adhesion on 

many substrates and good corrosion protection. Special viscosity of 
the product leads to an excellent sag resistance and makes it wash-

off resistant against aqueous cleaning and pretreatment agents. The 

cured material exhibits high strength and is little dependent on 
changes in temperature. The curing of the adhesive takes place at a 

temperature of 175°C, 25 min. Tensile strength of adhesive is  
12 MPa, shear strength according to DIN EN 1465 at 23°C exceeds 

15 MPa, service temperature range varies from -40° to 90°C.  

Making and testing of joint assemblies 

Single lap joints were formed from the mentioned materials, fig. 

1 with bond line 12.5 mm and overlap area 12.5x25 mm, according 
to DIN EN 1465. The joints were made of the same and different 

materials in the following combinations: DC-DC, ZN-ZN and ZN-
DC. Five joint assemblies were created for each material 

combination. 

 
Fig. 1 Geometry of single lap joint assembly 

The determination of the shear strength of the prepared 

assemblies by tension loading was performed according to STN EN 
1465 on the TiraTest 2300 test device at a test speed of 10 mm.min-

1. The device allows continuous recording of load and crosshead 

displacement and records the maximum force when breaking the 
joint. After the destruction of the joint, the type of joint failure was 

evaluated: adhesive, cohesive, mixed. 

Environmental cycle test PV1200 

Half of the joints underwent the environment cycle test for 
vehicle parts (PV1200). One test cycle is shown in Fig. 2. In total, 
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the joints were subjected to 10 test cycles. PV1200 is an 
environmental cyclical climate change test (elevated 

temperature/low temperature cycle) for testing units, e.g. vehicle 
parts in the engine compartment. 

 

Fig. 2 Typical test cycle (PV1200) 

3. Results 

The initial surfaces of the DC and ZN materials (as supplied) 

are shown in Fig. 3. 

 
DC 

 
ZN 

Fig. 3 Appearance of material surfaces (as supplied), SEM 

 

Fig. 3 shows that the microgeometry of the two original 

surfaces is different. While the surface of the DC material is 
characterized by peaks protruding from the surface, the ZN material 

is characterized by valleys cut into the surface. Specific values of 
individual surface parameters in the initial state, as well as after 

surface treatments are given in Tab. 1. 

Tab. 1 shows that the value of the parameters Ra and Rz do not 

change significantly for individual materials and surface treatments. 
However, the differences between the individual surface treatments 

were more clearly reflected in parameters RSm and RPc. The 
number of peaks per centimeter of surface length increased in the 

DC material compared to the original surface, most clearly in the 
zinc phosphate surface, since zinc phosphate consists of a number 

of insoluble phosphate crystals grown on the original surface and 
the number of peaks has thus more than doubled. 

Tab. 1 Roughness of substrates with different preparation 

Material – preparation Ra 

[µm] 

Rz 

[µm] 

RSm 

[µm] 

RPc 

[-/cm] 

DC – initial surface 0.87 5.12 300.3 34.2 

DC – passivation 0.98 5.82 246.8 41.46 

DC – Fe phosphate 0.96 5.86 280.0 35.83 
DC – Zn phosphate 0.96 5.11 137.8 72.96 

DC – organosilane 0.94 4.66 256.8 39.86 

ZN – initial surface 1.00 5.11 137.8 73.76 

ZN – passivation 0.75 4.82 89.0 112.38 
ZN – Fe phosphate 0.96 5.29 99.6 101.42 

ZN – Zn phosphate 0.90 4.87 107.4 94.32 

ZN – organosilane 0.62 4.03 83.0 120.94 

The surfaces of the DC material treated with passivation, iron 
phosphate and organosilane are not accompanied by the formation 

of new artifacts on the surface, rather they only copy the original 
surface, so the number of peaks did not change significantly. In the 

case of the ZN material, there was also observed increase in the 
number of peaks after the surface treatments compared to the 

untreated condition, after all chemical treatments. But, the number 

of peaks of ZN material was already double in the original state 
compared to DC material. After individual ZN surface preparations 

the number of peaks significantly increased compared to DC 
material with the same modifications. An increased number of 

peaks per centimeter of length indicates an increase in the surface 
area of the treated surfaces and thus an increase in the contact area 

between the adhesive and the surface-treated material can be 
expected. An increase in the contact area could be manifested by an 

increase in the strength of the joint, but only if the adhesion of the 

passivation, phosphate or organosilane layer to the substrate 
exceeds the adhesion of the adhesive to these layers. 

Strength of assemblies 

Fig. 4 shows load-displacement curves for individual joints with 

different surface preparation, joints made of the same and unequal 
materials and in the as-bonded state as well as after the PV1200 

climate test. 

  
no preparation 

  
passivation 

  
iron phosphate 
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zinc phosphate 

  
organosilane 

as bonded after PV1200 test 
Fig. 4 Load – displacement curves of assemblies 

The load capacity of DC-DC joints without surface preparation 

is very low, around 1 kN. However, ZN-ZN joints without surface 
preparation showed significantly higher strength - more than 6 kN. 

Mixed joints without surface preparation had a strength between the 
strength of DC-DC and ZN-ZN joints, about 5 kN. The higher value 

of displacement and the shape of the load curve for mixed joints 
indicate that there was a plastic deformation of the substrate with a 

lower yield strength - DC. After the climatic test, the bearing 
capacity of DC-DC joints increased to 2.5 kN, the bearing capacity 

of ZN-ZN joints decreased slightly to 5 kN, and the bearing 

capacity of mixed joints did not change. In the case of surface 
preparation by chromate-free zirconate passivation and iron 

phosphating, the strength of joints made of the same and unequal 
materials was kept at the level of 4 kN, both in the as-bonded state 

and after the climatic test. However, low values of displacement 
joints with chromium-free passivation indicate weaker adhesion of 

the adhesive to the substrates, the joints failed without plastic 

deformation of the substrates. The adhesion of the adhesive to the 
iron phosphate substrates was better compared to chromium-free 

passivation, the failure of DC-DC and mixed joints occurred only 
after some plastic deformation of the DC material, although the 

breaking force was at the same level as in passivated joints. 
Preparation by zinc phosphating did not improve the load-bearing 

capacity of ZN-ZN joints, their strength decreased to 3 kN, mixed 
and DC-DC joints reached a strength of about 4 kN, even after the 

climatic test. The surface preparation with the help of organosilicate 

was manifested by the bearing capacity of all types of joints slightly 
below the value of 4 kN and this did not change after the exposure 

in the climatic chamber. 

Fig. 5 shows the force at failure of joints with different surface 
preparation in the as-bonded state and after the PV1200 climate test. 

The DC material with no surface preparation had low adhesion 

to the adhesive, all types of surface preparation significantly 
improved the bonding of the adhesive to the substrate. The ZN 

material itself has a suitable microgeometry for anchoring the 

adhesive even without surface preparation, ZN-ZN joints achieve 
the highest strength values. 

 
a) as bonded 

 
b) as-bonded 

 
c) after PV1200 

 
d) after PV1200 

Fig. 5 Load at failure of tested joint assemblies 

Mixed joints, as they are composed of both mentioned materials, 
reach a load-bearing capacity somewhere between the load-bearing 

values of ZN-ZN and DC-DC joints. It is therefore important to 

improve the adhesion to the DC substrate. All tested surface 
preparation methods fulfilled this task for mixed joints. 

The change in the load-bearing capacity of the joints of unequal 

substrates after the climatic test, expressed as a percentage, is 
shown in Fig. 6. 

 

Fig. 6 Change in load-bearing capacity of mixed joints after climatic 

test 

 

After the climatic test, the load-bearing capacity of mixed joints 
with different surface preparation slightly deteriorated from 2.8 to 

8.5%, only after the application of organosilane, force at failure, on 

the contrary, improved by 4% after the climatic test. 
The appearance of failure surfaces in the as-bonded state, as 

well as after the PV1200 climate test, is shown in Tab. 2 and 3. 
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Tab. 2 shows the poor adhesion of the adhesive to the DC 

substrate (adhesion failure of the joints between the adhesive and 

the DC substrate), in particular for joints without surface 
preparation, for joints with chromate-free zirconate passivation and 

iron phosphate. Cohesive failure occurred in the joints with zinc 
phosphate and organosilane, indicating good bonding of the 

adhesive to both substrates, which did not deteriorate even after the 

climatic test. 

Conclusion 

The article brought the results of research focused on the 
adhesive bonding of identical and unequal steel-based materials. 

Adhesive joints without surface preparation as well as with four 
types of chemical surface preparation were tested. A critical factor 

appears to be the provision of sufficient adhesion to the non-
galvanized DC04 substrate, which does not have a microgeometry 

suitable for ensuring good adhesion of adhesive compared to 
HCT600X + Z galvanized steel. All tested methods of surface 

preparation of DC04 material improved the adhesion of the 

adhesive and ensured the bearing capacity of the mixed joints at the 
level of the yield strength of the lower strength substrate (DC04), 

which is sufficient. A promising surface preparation is the 
application of organosilanes, which improved the adhesion to both 

substrates, led to a purely cohesive joint failure, and the joint 
strength did not deteriorate after the climatic test. 

 
 

Tab. 2 Appearance of joints failure, as-bonded 

 no preparation – oiled passivation iron phosphate zinc phosphate organosilane 
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Tab. 3 Appearance of joints failure, after PV1200 test 

 no preparation – oiled passivation iron phosphate zinc phosphate organosilane 
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