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1. INTRODUCTION 

An important goal of the modern automotive industry is to reduce costs, both in 

manufacturing processes and during the life cycle of the vehicle. One possible way to reduce 

costs is to use lower density materials such as aluminium (Al) or polymers and polymer 

composites instead of steel. Such materials can be processed, shaped and formed using less 

energy and, due to their lower weight, fuel can be saved, which also reduces the amount of 

pollutants emitted by the vehicle.  

The increased use of components and structural elements made of low-density materials has 

led to the need to join them to themselves and to each other and also to the development of 

joining techniques. In the literature, there are numerous publications on the joining of structures 

of the same material (e.g. polymer-polymer, aluminium-aluminium), which is well-solved in 

the industry: several, highly automatable joining processes are already used, for example, in the 

production of automobiles. Examples include tungsten inert gas (TIG) welding, flame welding 

and friction stir welding, which are often used to join aluminium components. For joining and 

fastening plastic parts, shape-locked snap-fits and riveted joints, force-locked bolted joints, and 

material-locked adhesive bonding and welding processes are widely used.  

Due to advances in manufacturing technology and the increasing use of integrated 

components, there is a growing interest and demand for processes to form joints between 

materials with different chemical structures, such as metals and polymers. Processes that can 

be used to join plastics can generally also be applied to join metal and polymer components. In 

the industry, bolted and snap-fit joints are currently widely used, but industrially important 

technological features such as high productivity, automation and repeatability are best achieved 

by material-locked joining processes (e.g. friction stir welding, laser or ultrasonic welding).  

A common feature in metal-polymer joining processes is that the polymer material is heated 

until it can adhere to the metal surface. There is, however, still little scientific evidence on the 

reasons for the joining and the behaviour of the joints under cyclic fatigue loading. For this 

reason, research into these processes is being carried out intensively in many parts of the world, 

as a reliable, strong and direct joining method for metals and plastics, that can meet the 

requirements of mass production could also bring about a change in the design principles and 

manufacturing technologies currently known.  

The aim of my PhD thesis is to develop and analyse a process with which aluminium and 

polymer materials can be joined that is also fast, repeatable, provides good quality, can be well 

automated and can produce a high strength joint with improved performance compared to 

currently used joining solutions. The structure of my dissertation is illustrated in Figure 1. 
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2. CRITIVAL ANALYSIS OF LITERATURE, OBJECTIVES  

Research into the joining of metals to polymers and polymer composites began in the late 

1980s, mainly due to new requirements raised by development in the aerospace industry, such 

as weight reduction while maintaining structural strength. A possible method to achieve this 

was to use polymer or polymer composite parts and aluminium alloys instead of steel. At the 

same time, the use of so-called integrated components, in which the joining of metal and 

polymer parts played a key role, also spread. 

Research into metal-polymer joining has gained considerable momentum in recent years. 

Bolted joints and adhesive bonding, which have been widely used for decades, are increasingly 

being replaced by modern methods such as laser and ultrasonic joining, in order to create high 

strength joints in a well-automated, fast and reproducible manner.  

Most of the research on metal-polymer joining is done on a laboratory scale, exploring 

problems of a specific pair of materials and joining processes, without any deep analysis, 

justification or systematisation of the results using the framework of material science. In my 

opinion, the properties of polymer materials, such as molecular structure, molecular weight, 

degree of crystallinity etc., and the interaction at the metal-polymer interface have a significant 

influence on the properties of the joints, however, the deeper exploration of these effects has 

not been sufficiently addressed by researchers.  

In most of the publications, joined specimens were typically loaded with quasi-static loading, 

regardless of the joining process, with only a few recent publications concentrating on using 

fatigue stress. Furthermore, usually only the effect of certain process parameters on the fatigue 

properties of the joint has been investigated, without exploring the effect of the chemical and 

physical properties of the polymers used.  

Based on my literature review and industrial trends, my thesis will analyse aluminium-

polymer joints from the point of view of the polymer material (taking into account the change 

of its properties during the joining process and its effect on the joint properties). For this 

purpose, I will create a joint between a commonly used aluminium alloy (EN AW-6082 type) 

(Al) and different polymer materials by laser joining. I will also investigate the changes in the 

polymer material and the joining surface by optical and chemical composition analysis (optical 

microscopy, electron microscopy, EDS) and the effect of quasi-static and cyclic mechanical 

loading on joint properties.  

Based on the above, the objectives of my PhD thesis are: 

 To create reproducible aluminium-polymer joints by laser joining. 

 To analyse the effect of joining parameters on the strength of aluminium-polymer joints. 

 To study the effect of polymer melt flow index and moisture content on the properties of 

aluminium-polymer joints. 

 To analyse the resistance of aluminium-polymer joints to cyclic shear loading. 
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3. MATERIALS AND METHODS  

In this chapter I describe the materials, the methods and the equipment used to manufacture 

and analyse aluminium-polymer joints. 

3.1. Materials 

3.1.1 Aluminium 

In my work, I used the aluminium alloy EN AW-6082, which is widely used as a material 

for load-bearing structures in the automotive and construction industries. For my experiments, 

I obtained 2 mm thick, rolled aluminium specimens with a dimension of 80×20 mm, made from 

aluminium sheets by laser cutting. 

3.1.2. Polymer materials 

In my experiments, I used three types of polymers: polypropylene (PP) and polyamide 6 

(PA6), which are widely used in the automotive industry, and poly(lactic acid) (PLA), which is 

expected to be industrially available in the near future due to its biodegradability, and the fact 

that it can be manufactured from renewable resources.  

I used three different types of random polypropylene copolymers PP materials, differing in 

their melt flow index values. These were made by MOL Petrolkémia Zrt., by polymerizing 

propylene with 3-5 wt% ethylene co-monomer, and their designations were Tipplen R359A, 

R959A and R1059A (in an ascending order based on their melt flow index value). I chose these 

in order to analyse the effect of different melt flow properties on joint strength using materials 

with the same manufacturer and composition.  

The PA6 materials were made by LyondelBasell (Rotterdam, The Netherlands) under the 

trade name Schulamid 6 MV13. I used unreinforced (designation: MV13), 30 wt% glass fibre-

reinforced (designation: MV13 GF30) and 30 wt% glass bead-filled (designation: MV13 GB30) 

versions of this material type to manufacture joints and also to analyse the effect of reinforcing 

and filling materials dispersed in the polymer on the strength of aluminium-polymer joints.  

I also used nine types of PLA to create joints. I selected the PLA materials systematically, 

so that they had difference in D-lactide content, which has a significant influence on the 

crystallinity of PLA, and in their melt flow index (MFI). In my research I worked with PLA 

products from Natureworks (Natureworks, LLC., Minnetonka, Minnesota, USA) Ingeo 

Bioplastics trade line. PLA materials designated 2500HP, 3100HP and 3260HP have a 

maximum D-lactide content of 0.5 %, and are all partially crystalline and have significantly 

different MFI values. Types 4032D and 3001D have a D-lactide content of 1,4 % and an MFI 

value in the same range as 2500HP and 3100HP, but their crystallinity is lower. The D-lactide 

content of 2003D and 3052D is 4,3 %, while 4060D and 6302D have a D-lactide content of 

12 %, which makes their crystalline fraction value practically zero. The 2003D and 4060D 

materials have a melt flow rate similar to 2500HP, while the 3052D and 6302D materials have 

a melt flow rate similar to 3100HP (see Table 1).  
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D-lactide content 

Melt flow 

index (MFI) range 

max. 0,5 % 1,4 % 4,3 % 12,0 % 

7–10  [g/10 min] 2500HP 4032D 2003D 4060D 

20–30  [g/10 min] 3100HP 3001D 3052D 6302D 

~ 100  [g/10 min] 3260HP - - - 

Table 1 - D-lactide content and melt flow index (MFI) values of PLA materials used in my dissertation 

 

3.2. Methods 

3.2.1. Preparation and testing of polymer materials 

I prepared 2 mm thick, rectangular plate specimens, 80×80 mm2 in dimension on an Arburg 

Allrounder 420C 1000-290 (Arburg Holding GmbH + Co. KG, Lossburg, Germany) injection 

moulding machine. To determine certain mechanical properties of the materials, I also injection 

moulded standardized, dog bone-shaped specimens (shape 1B according to  

EN ISO 527-3:2019) on the same machine. I dried the materials that are susceptible to moisture 

absorption (PA6, PLA) before injection moulding: for the polyamide, I used a Motan-

Colortronic (Motan Holding GmbH, Constance, Germany) dryer connected to the injection 

moulding machine, and dried the pellets at 80 °C for 4 hours. The PLA pellets were dried in a 

hot-air drying oven prior to injection moulding, following the temperature and time values 

specified by the manufacturer.  

I determined the shear strength of the polymer materials using the ASTM D732-10 

standardised test, in which the plate specimens, sandwiched between two flat loading plates, 

are loaded to failure using a circular compression stamp (as a result, a disc-shaped piece of 

material is torn from the plate). For the measurements, I laser-cut 5-5 specimens, 40×40 mm in 

dimension from the 2 mm thick injection-moulded plate specimens. These were loaded to 

failure at room temperature at a test speed of 1.25 mm/min using a Zwick Z005 computer-

controlled mechanical testing machine. I determined the shear strength according to the 

standard as the ratio of the maximum force values recorded during the measurement to the 

compressive surface area of the compression stamp. 

To determine the density of the materials, I used a Sartorius Quintix 125D-1CEU (Sartorius 

Lab Instruments GmbH & Co. KG, Göttingen, Germany) scale by cutting 5×5 mm specimens 

from polymer plate specimens and measuring their mass first in air and then in ethanol. I 

determined the density values from the mass measurements using the built-in weighing program 

of the scale. 

I carried out the determination of the crystallization temperature ranges, peak crystallization 

temperature and crystalline fraction using a TA Instruments Q2000 (New Castle, Delaware, 

USA) differential scanning calorimeter (DSC) over a range of temperature depending on the 

type of material under test. For the measurements, I placed samples of 3-6 mg weight of the test 

specimens in a closed aluminium sample container and performed the measurements at a 

heating and cooling rate of 10 °C/min. The calculation of the crystalline fraction was carried 

out according to EN ISO 11357-3:2018. 
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I determined the thermal decomposition properties of the materials using a TA Instruments 

Q500 (New Castle, Delaware, USA) thermogravimetric analyser (TGA). I cut out samples of 

the polymer materials with a weight of 3-6 mg, then placed in a platinum sample holder and 

heated from room temperature to 800 °C in the closed oven of the apparatus at a heating rate of 

10 °C/min. During heating, the apparatus measured the change in mass of the samples. The 

decomposition temperature was the temperature corresponding to five percent mass loss 

according to the related standard. During the measurements, nitrogen purge gas was used to test 

the decomposition properties of the samples.  

To determine the optical transmission (at the wavelength of the laser beam) property of the 

polymer specimens, I carried out tests on a Perkin-Elmer Lambda 1050 (PerkinElmer, 

Massachusetts, USA) spectrophotometer. I performed the measurements in the wavelength 

range between 400 and 1300 nanometres with 10 nanometre step intervals using 

monochromatic light.  

I also investigated the effect of the moisture content of PA6 on the load-bearing capacity of 

the material and on the joints that can be formed. I determined the moisture values using a 

Brabender Messtechnik AquaTrac-3E (Brabender Messtechnik GmbH & Co. KG, Duisburg, 

Germany) machine, on samples cut from the plate specimens. The moisture content of the 

polyamide material was influenced in two ways: further wetting by immersion in tap water for 

1, 3 and 7 days and vacuum drying in a vacuum drying cabinet (Binder VD53, Binder GmbH, 

Tuttlingen, Germany) at different temperatures. By measuring the mass of the specimens before 

and after immersion and before and after drying, I also determined the mass of water absorbed 

and released by the polyamide material.  

To determine the degradation of the polyamide due to drying, I carried out solution viscosity 

measurements on a PSL Rheotek RPV-1 (Poulten, Selfe & Lee Ltd., Burnham-on-Crouch, 

Essex, UK) machine. Samples cut from polyamide, which were left out for 2 weeks at room 

temperature and atmospheric conditions, and other samples that had been dried for different 

time periods (2, 4 and 24 h) were dissolved in a 60:40 wt% mixture of phenol and 1,1,2,2-

tetrachloroethane (according to EN ISO 307:2019). The apparatus measured the flow time of 

this solution through an Ubbelohde viscometer. The flow time is proportional to the average 

chain length (average molecular weight) of the polyamide and thus describes the degree of 

degradation of the material. 

3.2.2. Surface preparation and testing of aluminium 

Based on literature data, the surface preparation of aluminium has a significant influence on 

the load-bearing capacity of aluminium-polymer joints. In order to investigate the effect of 

surface preparation, I created joints where the surfaces of the aluminium specimens were left 

in an uncleaned and unmodified state (as formed during specimen cutting). To determine the 

surface roughness of the aluminium, I used a Mitutoyo Surftest SJ-400 (Mitutoyo Corporation, 

Kawasaki, Japan) surface roughness measuring device, and determined the average surface 

roughness (Ra) and surface roughness height (Rz) values. I also created joints by placing the 

surfaces of the aluminium and polymer specimens in a Bandolin Sonorex ultrasonic vibration 

bath filled with 99.5 % pure methanol (Merck KGaA, Darmstadt, Germany) and cleaning the 

specimens by running the equipment for 1 minute. I also created further joints for which I either 

patterned the aluminium surface by grain blasting or laser engraving. Then I cleaned all 
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specimens by immersing them in methanol in the vibration bath, and finally joined the prepared 

aluminium to the polymer material. My aim was to investigate the extent to which these two 

surface preparation methods, which are also used in industry, increase the strength of the joints. 

For the grain blasting, I used a Parkside PDSP 1000 D5 hand-held grit gun and ground-blast 

furnace slag grits in the 0.21-0.35 mm size range. During the grit blasting, the test specimens 

were gripped perpendicular to the nozzle at a distance of 100 mm. The surface treatment was 

carried out with compressed air at 6 bar pressure for 5 seconds on a 20×20 mm surface element 

in the aluminium while moving the grit gun once along and once perpendicular to the 

longitudinal axis of the specimen.  

For the laser engraving, I used an SPI G4 (Trumpf GmbH & Co. KG, Germany) pulsed 

Nd:YAG laser with a typical wavelength of 1064 nm. I performed the surface treatment and 

structuring with a constant average laser power of 10 W. I determined other variable parameters 

and their values on the basis of the results obtained in my preliminary experiments (the exact 

values are shown in Table 2). I could vary the pulse repetition frequency and the engraving 

speed on the equipment, while I also analysed the effect of scan repetition number on the 

geometry of the shapes created. I adjusted the focal length of the laser beam using a micrometer, 

and I set the focal point of the laser beam on the upper surface of the aluminium specimen. The 

focal diameter of the laser spot ("spot size") was 50 micrometers, according to the manual of 

the equipment.  

 

Surface treatment parameter and its unit Treatment parameter value 

Pulse repetition frequency [kHz] 
0,5; 0,75; 1; 1,5; 2 

Between 2,5–80 kHz, with 2,5 kHz steps 

Engraving speed [mm/s] 5 25 50 

Scan number 

(repetition number of surface treatment) 
1 5 10 

Table 2 - Surface treatment parameters and their values used during the laser engraving of aluminium 

specimens 

 

In order to ensure the repeatability of the laser surface treatment process, I formed a trey on 

a milling machine from a solid textile bakelite plate with a low thermal conductivity and rigidly 

fixed it to the work table of the laser engraver. This allowed me to position all aluminium 

specimens in exactly the same position during the surface treatment. 

To determine the surface structure of the aluminium, I carried out optical measurements 

using a Keyence VHX-5000 optical microscope (Keyence Corporation, Osaka, Japan), and also 

examined the specimens on a scanning electron microscope (Jeol JSM 6380LA, Jeol Ltd., 

Tokyo, Japan). For this purpose, I made cross-sections from the engraved specimens on a 

Struers LaboPol grinding machine.  
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3.2.3. Creating aluminium-polymer joints 

I used a Trumpf TruDiode 151 (Trumpf GmbH & Co. KG, Germany) diode laser with a 

continuous wave laser beam, a typical wavelength range of 930-970 nm and a focal spot 

diameter of 560 μm at the focal point to join the aluminium and polymer specimens together. I 

adjusted the focal length distance of the laser beam exiting the collimator with a micrometer so 

that the focal point of the laser beam was on the upper surface of the aluminium specimen. The 

joints were formed by a line joining procedure, where the assembled specimens moved under 

the stationary laser beam at a given speed. I placed the 80×80×2 mm polymer plates and the 

80×20×2 mm aluminium specimens in a clamping device (mounted onto a computer-controlled 

moving table) that I designed (Figure 2). For each joining process parameter combination, I 

prepared 8 specimens, seven of which I used during mechanical (shear) testing, while I set one 

specimen aside for further measurements. I designed the clamping device (which ensured the 

air gap-free placement and clamping of the specimens during the joining process) taking into 

account the parameters and requirements of the joining process and the load-bearing capacity 

of the moving table. 

 

 

 
Figure 2 – The clamping device I designed from the side (a) and from an isometric point-of-view (b) 

 

 

 

(a) 

(b) 
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I designed the clamping device (as seen in Figure 2) so that the joints can be created by either 

transmission joining, or by heating the aluminium directly with the laser beam. Prior to joining, 

I placed the specimens in a groove machined into the textile bakelite plate (Figure 2b). During 

joining, the textile bakelite plate was pressed against the glass plate using a Festo ADN 50-30-

I-P-A compact pneumatic cylinder with controlled operating pressure. This ensured that the 

specimens were uniformly clamped along the entire joining surface at a maximum pressure of 

1 MPa. The clamping pressure of 1 MPa was determined from the force exerted by the 

pneumatic cylinder on the lifting mechanism at an operating pressure of 6 bar, which is 1178 N 

according to the machine manual, and the contact area (60×20 mm2) between the pressure 

component and the aluminium specimen. I used three different materials (textile bakelite, 

aluminium and borosilicate glass) to manufacture the pressure component, as these materials 

all have good mechanical and thermal properties: they can withstand the pressure generated 

when the specimens are compressed and they are also resistant to thermal stress. The 

components were designed to have the same shape and dimensions for comparability. I have 

milled horse racetrack-shaped apertures (which I will refer to as grooves from now on) into the 

textile bakelite and aluminium specimens to allow the laser beam to pass through the pressure 

component without loss.  

3.2.4. Testing of the joints 

I evaluated the load-bearing capacity of the joints by quasi-static shear testing according to 

ISO 4587. The tests were carried out on a Zwick Z005 materials testing machine at a shear rate 

of 2 mm/min and a gripping distance of 30 mm. A vise gripper suitable for testing overlapped 

joints was mounted on the machine, with the gripping jaws adjusted (offset to each other) to the 

shape and thickness of the overlapped joints, to ensure that the overlapped joints were not 

subjected to bending stress during gripping. The shear tests were performed on 7 specimens, 

and the shear strength values of the joints were determined as the average of 5 measurements, 

while the specimens deviating upward and downward the most compared to the average were 

omitted. The strength of the joints was calculated as the ratio of the maximum shear force (load-

bearing capacity) measured during the shear test to the nominal joint area.  

I also investigated the extent to which the melted polymer filled the grooves formed in the 

aluminium. For this purpose, I cut the overlapped part (the joining zone) from the specimens 

using a disc cutter and embedded it in a two-component epoxy resin. The embedded specimens 

were ground and polished until the grooves created in the aluminium were visible. The resulting 

cross-sections were then evaluated using a scanning electron microscope and the type and mass 

ratio of atoms on the surface under investigation were determined using an energy dispersive 

spectrometer (EDS) attached to the SEM. 

In addition to the quasi-static mechanical tests, I also performed cyclic (fatigue) shear tests 

on an Instron 8872 hydraulic materials testing machine. In these tests, the specimens were 

loaded to failure using a test speed of 20 mm/min and a triangular displacement with an 

amplitude of 0.2 mm. The effect of the aluminium and polymer surface preparation on the 

properties of the joints was analysed on the basis of the cycle number values at failure. 
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4. SUMMARY 

In my dissertation, I created a joint between an aluminium alloy and several types of polymer 

materials by laser joining, by laser irradiating and heating the aluminium. The polymer bonded 

to the aluminium part was melted by the heat generated in the aluminium, wetting the surface 

of the aluminium part in a similar way to the melt adhesives. As the polymer solidified, a shape- 

and material-locked joint was formed.  

I summarised literature in Chapter 2 of my dissertation. In Chapter 2.1, I presented a possible 

classification of joining processes that can be used to join polymer materials together, and then 

classified and analysed in detail, according to my own grouping method, the highly productive, 

automatable, fast processes that can be used to manufacture joints between aluminium and 

polymer materials (Chapter 2.2). Since the literature review showed that the surface preparation 

and structuring of aluminium can significantly influence the load-bearing capacity and strength 

of aluminium-polymer joints, I reviewed the phenomena involved in the formation of adhesion 

(and thus the formation of joints) in Chapter 2.3 and collected and systematised the methods 

for structuring aluminium according to my own methodology. Among the latter, I selected a 

laser surface treatment process, which ensures automated and reproducible quality, by which I 

created grooves in the aluminium specimens before creating the joints. 

Based on a critical analysis of the literature, I formulated several objectives and questions, 

which I have examined and answered in my thesis work. As a first step, I determined the optical 

transmission properties of the polymer materials to be used for the creation of the joints and 

selected the appropriate irradiation method (direct heating of aluminium with the laser beam 

without the laser beam passing through the polymer material, see chapter 4.1). I also determined 

some of the mechanical and thermal properties of the polymer materials by standard tests 

(Chapter 4.2), which allowed me to determine the strength of the joints in relation to the strength 

of the polymer base material, and whether the heat generated in the aluminium during the 

joining process could cause degradation of the polymer material. The decomposition 

temperature of the polymer materials was also taken into account in determining the optimum 

range of the joining speed (which is proportional to the amount of heat input) used to form the 

joints. 

In section 4.3, I showed that by structuring the surface of the aluminium, the load-bearing 

capacity of aluminium and polypropylene joints can be increased, due to an increase in the 

number of shape-locking joining sites. Since my aim in this thesis was to design grooves with 

the highest possible reinforcing capacity, I paid particular attention to the shape and geometry 

of the grooves. The shape of these grooves could be influenced by varying some parameters of 

the surface treatment process (pulse repetition frequency, scan number, engraving speed). I 

showed that the grooves with the largest surface area can be formed at a pulse repetition 

frequency of 20 kHz, since this is the frequency at which the laser pulses emitted by the laser 

engraver have the most energy. I have also shown that by minimising the engraving speed and 

increasing the scan number, the depth and surface area of the grooves can be increased.  

I created varying numbers of grooves with the largest surface area, and also varied their 

spacing, in order to evaluate the effect of these on the strength of aluminium-polypropylene 

joints. By quasi-static shear testing of the joints, I showed that the load-bearing capacity and 

strength of the Al-PP joints could be increased by increasing the number of grooves. I have also 
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shown that reducing the spacing between the grooves reduces the load-bearing capacity and 

strength of the joints. According to my measurements and the finite element model and analysis 

based on these results, the grooves must be spaced at least 2 mm apart to avoid the effect of this 

phenomenon. By examining the failure mode of the joints formed with aluminium containing 

different amounts of grooves, I conclude that the grooves affect the stress state of the joining 

zone and its surroundings (Section 4.4.2). 

I created additional Al-PP joints with the groove configuration leading to the highest joints 

strength with the shortest surface preparation time (4 grooves spaced 5 mm apart). For these, I 

used three PP materials with different melt flow rates and varied the values of the joining speed 

and external pressure. I showed that the PP melt flow rate (as characterised by the MFI value) 

and the external pressure value had little influence on the joint strength achieved when the 

optimum joining speed (and therefore optimum heat input) value for the material was used 

(section 4.4.3.1).  

Polypropylene is a chemically inert material and does not contain any atoms that could 

interact with the aluminium oxide layer to increase joint strength by increasing the adhesion 

between the material pair. To compensate for this, I coated the PP surface with a maleic 

anhydride compatibilizer, which contains atoms with high electronegativity that can interact 

with positively-charged aluminium atoms in the aluminium oxide layer. The strength of the 

joints formed with MA-coated PP was one and a half times greater than the strength of the 

reference joints (with uncoated PP), regardless of the degree of surface structuring in the 

aluminium.  

Using cyclic shear tests, I have shown that by increasing the number of grooves in the 

aluminium and coating the PP sheets with MA, the failure cycle number of the Al-PP joints 

(which characterises the durability of the joints under fatigue loading) can be increased by up 

to 130%.  

I have also created joints with two other types of materials, polyamide 6 (Chapter 4.4.4) and 

various D-lactide-containing poly(lactic acids) (PLA, see Chapter 4.4.5). Both of these 

materials contain oxygen and nitrogen atoms with high electronegativity in their molecular 

chains that can interact with positively-charged aluminium atoms in the oxide layer of the 

aluminium specimens. By shear testing of the created joints, I showed that their strength could 

only be (slightly) increased by the surface preparation of aluminium when I used polymers with 

a medium flow rate (MFI = 20-40 g/10 min). The reason of this phenomenon is that the strength 

of the joints was determined mainly by the material-locked (adhesive) joints formed between 

the aluminium oxide layer and the polymer materials, and the increase in strength due to shape-

locking only has a small role in providing joint strength when the material has a sufficient melt 

flow rate. I have also shown that short glass fibres mixed in the polyamide do not affect the 

strength of joints formed under the same conditions, whereas glass beads do. 
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5. THESIS POINTS 

 

THESIS 1. 

For my experiments, I designed a unique clamping device to reproducibly join the materials 

together. The novelty of the device is that the value of the pressure clamping the specimens 

together can be controlled, and that due to the high heat capacity of the textile bakelite material 

clamping tray and the grooved borosilicate glass, high strength joints can be created with short 

cycle times. This new design could contribute to the widespread industrial use of aluminium-

polymer joints manufactured with automated joining processes [1-3].  

 

THESIS 2. 

With optical tests performed on EN AW-6082 type aluminium specimens with laser structured 

surfaces I showed that the geometry of the grooves in the aluminium is influenced by the pulse 

repetition frequency, the engraving speed and the scan number. The optimal groove design in 

terms of mechanical strength amplification effect can be obtained by setting the pulse repetition 

frequency to the value that is suitable for producing the highest laser beam power, and by 

minimising the engraving speed and maximising the scan number values, as this will maximise 

the power density value [3-5]. 

 

THESIS 3. 

I have shown that the amount and spacing of the laser-engraved grooves affect the load-bearing 

capacity and shear strength of the joints formed between aluminium and R1059A 

polypropylene. As the number of grooves increases, the joint strength varies according to a 

third-degree function. For a given number of grooves, as the distance between them increases, 

the load-bearing capacity and strength of the joints also varies. I reached the optimal value at a 

groove distance of 5 mm. This is because grooves close to each other cause stress peaks in the 

polymer material, the effect of which is eliminated at 5 mm groove spacing [3, 6, 7]. 

 

THESIS 4. 

I have demonstrated that the surface treatment of R359A polypropylene (PP) with maleic 

anhydride (MA) prior to joint formation increases the strength of aluminium-PP joints. This is 

because during joint formation, MA molecules are coupled to the PP molecular chain, forming 

a highly reactive molecular unit that can in turn form dipole interactions and ion-dipole bonds 

between the molecular unit and the aluminium oxide layer, which provide higher joint strength 

[4, 8-10]. 
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THESIS 5. 

I have demonstrated that the cyclic fatigue resistance of Al-PP (R359A) joints formed by laser 

beam can be increased by up to an order of magnitude by structuring the aluminium surface and 

by treating the surface of the PP with maleic anhydride (MA). This is caused by dipole 

interactions and ion-dipole bonds between MA molecules reacting with polypropylene and also 

with the surface oxide layer of the aluminium increase the cyclic stress resistance of the joint 

[9]. 
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