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1. Introduction and the aims of the thesis 

In our daily lives, we are increasingly confronted with general and technical products 

made of plastic that have to meet modern technical requirements.  

The automotive industry is one of the industries that is in constant need of advanced 

plastics and manufacturing technologies. One of the greatest challenges facing the automotive 

industry today is the development of electric vehicles, one of the aims of which is to increase 

the range of electric vehicles while taking into account the reduction of CO2 emissions.  

To this end, efforts are being made to reduce the weight of vehicles. As the batteries 

currently available are large, manufacturers have also started to optimize the other components 

of the vehicles. AUDI AG and BMW, for example, produce various body components of their 

vehicles using high-pressure resin transfer molding (HP-RTM). HP-RTM technology can be 

used to economically produce high-strength composite parts. However, one of the major 

disadvantage of the technology is that the industrial implementation of the recycling of non-

thermoplastic matrix composites still faces a number of challenges. There is therefore a need to 

introduce a technology in mass production that can easily create recyclable parts. One such 

advanced technology is Thermoplastic Resin Transfer Molding (T-RTM), which can be used 

to create thermoplastic matrix composite parts that can be recycled while maintaining excellent 

mechanical properties. In addition, a major advantage of the technology is that it can be used to 

impregnate continuous filament reinforcement structures. T-RTM technology is an advanced 

composite manufacturing process whose precise operation, part and mold design guidelines 

have yet to be developed. Only a few research institutes and industrial players in the world are 

working on the development of this technology. Their work is aimed at developing a significant 

technology for the automotive industry, and later for other industrial players, that is also suitable 

for mass production. 

The T-RTM technology can be used to produce parts without fillers and reinforcing 

materials, or parts containing fillers and/or reinforcing materials. Polyurethanes, 

polycarbonates, polyesters, polymethyl methacrylates and polyamides can be used as matrix 

materials for the parts. Of these, polyamides are promising for automotive applications due to 

their good mechanical properties, good wear resistance and high melting temperature. When 

using the T-RTM technology with polyamide raw materials, for example in the case of 

reinforcing materials, the preform prepared by pressing is placed in a closed mold heated to 

160 °C. The preform is impregnated with a reactive monomer of polyamide 6 (PA6), 

caprolactam, which is polymerized in situ in the mold by ring-opening polymerization in a few 
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minutes. The resulting thermoplastic matrix T-RTM parts can be recycled and have the 

advantage of being repairable by welding. 

To increase the rigidity of the typically large T-RTM parts, it is necessary to provide 

stiffening ribs and joining surfaces for the assembly of several parts. Due to the manufacturing 

characteristics of T-RTM technology, it is not possible to directly create a homogeneous 

reinforced rib or a reinforced set of interfaces. The main obstacle to this is the uncertain outcome 

of the preparation of reinforcing materials, their insertion into the mold cavity and their fixation 

in the mold, but the polyamide raw material of T-RTM technology may allow the use of the in-

molding process as a follower technology, by placing the T-RTM part, using it as a preform, 

into an injection mold and overmold it. 

T-RTM is a new technology, that is why in addition to product design, mold and 

manufacturing guidelines, we do not know if a bond of sufficient strength can be created 

between T- RTM parts and the moulded raw materials. If a bond is formed between the two 

components, the question is what parameters affect the quality and strength of the bond and 

how the quality of the bond can be improved. 

To answer these questions, my PhD thesis aimed at developing tools for single and dual 

component T-RTM technology, which can be used to analyze the flow and polymerization of 

caprolactam as a function of the position of the injection point, the mixing of the components, 

the temperature of the mold and the temperature of the melt. As there is no standard 

measurement method for the quality of the injection molding process, my aim is to develop a 

measurement method of my own, which can be used to qualify the strength of the bond between 

the injection molded materials and to analyze its dependence on the manufacturing parameters. 

To this end, I aim to develop an injection mold that can be used to overmold a preform material 

using any technology (e.g. T-RTM, injection molding, extrusion, 3D printing, etc.). This will 

allow me to investigate the influence of the raw material and the technology on the quality of 

the bond between the preform and the injection molded part. A further aim is to find and test 

surface modification techniques that can be used to modify the surface of the preforms and 

influence the strength of the bond formed during the injection molding process. 
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2. Critical assessment of the literature and clarify the aims of the thesis 

The combination of raw materials and technologies is an important tool for technical 

progress. Therefore, when a new production technology comes, the question of its 

combinability with other technologies soon arises. This was the case with the T-RTM process, 

which can be used to produce large parts, but may require the use of additional material parts 

(e.g. reinforcing elements, decorative elements) on the part. Injection molding technology may 

be suitable for this purpose. 

With new technology, little is known about the product design, mold and manufacturing 

guidelines for the T-RTM process. Even less is known about the feasibility of injection molding 

on T RTM parts. In the literature, articles and research reports are predominantly related to 

basic research on T-RTM technology. T-RTM mold designs vary widely from one study to 

another. For the T-RTM prototype molds, I found a lack of replacement insertion solutions to 

make the mold universal. The literature on T-RTM technology did not address the possibilities 

to compensate for shrinkage of the raw material and solutions to locally influence the properties 

of the finished product. Furthermore, there is little information on the advantages and potential 

applications of the two-component T-RTM process, although in combination with multi-

component injection molding, products with up to 4-5 components could be produced. Two-

component T-RTM molds can be used to inject two components (e.g. component 1: base body, 

component 2: coating) on top of each other in one cycle and to investigate the effect of additives 

and reinforcing agents on the quality of the bond between the components. However, the 

technical solution of this possibility is not mentioned in the studies. 

Injection molding, as a technology following the T-RTM process, has been the subject 

of research in several papers, but none of the papers has investigated the factors influencing the 

bond strength between the two materials. In these studies, the use of grid injection molding is 

discussed in relation to the masking of defects (e.g. dimensional errors in reinforcement fabric) 

in composite parts made by the T-RTM process, rather than in relation to the creation of 

functional surfaces.  

A missing element in the development of injection molded components is a test method 

to test the bond strength between the injection molded materials in a standardized way. I have 

therefore collected specimen geometries, mold designs and test methods that have been used 

by the authors to qualify injection molded parts. I have found widely differing solutions, and 

taking into account their advantages and disadvantages, I have developed my own test method, 

which can be applied to prefabricated parts manufactured with different technologies.  
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In many cases, the authors have carried out their experiments with molds that are too 

complex in geometry to carry out basic injection molding experiments. The design of the 

specimens and molds didn't take into account fundamental factors (e.g. flow path length, cold 

runner design, specimen length) that affect the strength of the resulting bond. In many cases, 

molds didn't use sensors to detect the pressure and temperature conditions in the mold cavity. 

Even when sensors were used, they were in many cases located away from the welding surface, 

so that no proper conclusions can be drawn from their results. Most researchers have found a 

detectable effect of melt temperature and mold temperature on bond strength, but fewer have 

investigated the effect of surface roughness or material properties (e.g. molecular weight). 

Injection molding experiments have been carried out with semi-crystalline materials. The effect 

of preform morphology on the strength of the weld has been investigated, but the effect of 

crystal modifications, which is a next level in the structural graph of polymers, has not been 

studied. Injection molding of different materials has been investigated in several studies, but 

the injection molding of ABS and PA6, which can be preferentially coupled in hybrid structures, 

and the effect of surface quality and surface treatment on bond strength of the two materials 

have not been investigated. 

Based on the literature review, I set the following aims: 

– to develop a measurement method (test specimen, tool, gripper) for the investigation 

of the overmolding, 

– development of experimental molds for the testing of single and multi-component T-

RTM technology and composite parts made with them, considering overmolding as a 

possible follower technology of the T-RTM process, 

– Injection molding of amorphous and semi-crystalline materials onto preforms of their 

own material, investigating the factors influencing the quality of the molding, with 

particular attention to the molecular weight and crystalline properties of the materials, 

– study of the influence of surface properties and surface treatment of preforms on bond 

strength. 
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3. Materials, equipment and methods used 

3.1. Materials 

For my injection molding experiments, I used amorphous and semi-crystalline 

thermoplastic materials, T-RTM processable polyamide and molded polyamide sheet 

(Table 1.). I wanted to investigate the compatibility of thermoplastic PA6 materials with PA6 

T-RTM materials produced by T-RTM technology, so I chose two PA6 materials of different 

colors for my experiments. Basically, I used the natural PA6 material, with the use of black 

being indicated separately. As an aid to understanding the processes involved in the injection 

molding of amorphous materials, the latent heat required to melt the crystalline particles is not 

a problem, and so I have also carried out experiments with the amorphous base material 

acrylonitrile butadiene styrene (ABS), an engineering plastic widely used in industry. 

Table 1. Materials used for the experiments 

Tmelt: melt temperature range recommended by the manufacturer, Tmold: mold temperature range 

recommended by the manufacturer, natural: contains no pigments or colorants 

Name Manufacturer, type 
Color / 

opacity 

Tmelt  

(°C) 

Tmold  

(°C) 

Polyamide 6 (PA6) Lanxess, Durethan B30S natural 260-280 80-100 

Polyamide 6 (PA6) Lanxess, Durethan B30S black 260-280 80-100 

Acrylonitrile butadiene styrene 

(ABS) 
BASF, Terluran GP35 natural 220-260 30-80 

Polycarbonate (PC) Covestro, Makrolon 2805 transparent 280-320 80-120 

Polycarbonate (PC) Covestro, Makrolon 2405 transparent 280-320 80-120 

Polycarbonate (PC) Covestro, Makrolon 2205 transparent 280-320 80-120 

Polystyrene (PS) Eni, Edistir N3560 transparent 200-260 10-50 

Polystyrene (PS) Eni, Edistir N3840 transparent 200-250 10-50 

Polystyrene (PS) Eni, Edistir N3910 transparent 200-250 10-50 

AP-Nylon (PA6T-RTM) Brüggemann, AP-Nylon natural - 140-170 

Polylactide acid (PLA) NatureWorks Ingeo 3100 HP - 200 120 

Casted PA6 sheet (PA6ö) MetAlCu Trade, PA6 sheet natural - - 

I also wanted to investigate the effect of molecular weight on the bond strength of amorphous 

materials, so I worked with three different molecular weights of polystyrene (PS) and three 

different molecular weights of polycarbonate (PC). To investigate the effect of the crystalline 

fraction on the bond strength, I chose a polylactide acid (PLA) as a base material for PA6, 

whose crystalline fraction can be influenced by the process settings. 
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3.2. Machines 

Drying equipment 

Injection moldable PA6 materials were processed using a closed system consisting of a 

Motan Luxor 50 (Motan Colortronic Ltd., Chesterfield, UK) dry air dryer and a vacuum 

applicator. For the pre-production drying of the other injection moulded raw materials requiring 

drying, I used a Faithful WGLL 125 BE (Huanghua Faithful Instrument Co.,LTD, Huanghua, 

China) hot air drying oven. The drying temperature and duration were determined according to 

the manufacturer's data sheet specifications: PA6 (80 °C, 4 h) ABS (80 °C, 3 h), PC (120 °C, 

3 h), PLA (80 °C, 6 h) 

Injection molding machines and equipment 

In my preliminary experiments, I used an Arburg Allrounder Advance 270S 400-170 

(ARBURG GmbH, Lossburg, Germany) injection molding machine. The temperature of the 

aluminum prototype mold was measured with a Flir A325 SC type thermal imaging camera. I 

used an Arburg Allrounder 370S 700-250 injection molding machine to produce the preforms 

and T-shaped test pieces. For the temperature control of the injection molding mold I used 

Wittmann Tempro Plus 90 (WITTMANN Technology GmbH, Vienna, Austria). 

Tensile machine 

To determine the force required to separate the preform from the injection-moulded rib, 

I used a Zwick Z020 (ZwickRoell GmbH, Ulm, Germany) universal tensile testing machine 

equipped with a gripper for this test. Tensile tests were performed according to 

ISO 291:2008(E) at 23 ± 5 °C in an atmosphere with 50 ± 5% relative humidity at a speed of 

5 mm/min. 10 specimens per test series were tested. 

T-RTM machines 

The T-RTM preforms were produced with the following two machines: 

– KraussMaffei press and KraussMaffei, RimStar Thermo 8-8 (KraussMaffei 

Technologies GmbH, München, Germany) two-components (two in-situ injection unit 

and two mixing head) T-RTM unit. 

– Engel Insert 200V/200H/80 two-component injection molding machine and D60 

(Engel Austria GmbH, St. Valentin, Austria) single-component (with one in-situ 

injection unit and one mixing head) T-RTM unit. 
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Plasma treatment equipment 

For my plasma treatment studies I developed my own plasma treatment unit (Figure 1.). 

 
Figure 1. Plasma processing layout (1. plasma head, 2. plasma, 3. slide table, 4. preform 5. 3D printer, 

6. pressure regulator, 7. compressed air, 8. plasma generator) 

Plasma was generated from compressed air using a plasma generator type FG 5001 

(Plasmatreat GmbH, Steinhagen, Germany). The pressure of the compressed air was reduced 

to the manufacturer's recommended pressure (3.5 bar) by means of a pressure regulator. The 

reduced pressure compressed air was fed into a Plasmatreat RD1004 rotary plasma head. The 

parameters affecting the plasma properties were set on the control unit. The plasma head was 

mounted on the frame of a K8200 3D printer (Velleman Group, Gavere, Belgium). The 

preforms were fixed to the 3D printer's slide table. The movement of the slide table was 

controlled by a computer with a maximum speed of 6000 mm/min. 

3.3. Injection molds of preforms 

The effect of surface roughness of preforms on bond strength was investigated for 

overmolding. For my experiments, I prepared the preforms using an interchangeable insert cold 

runner mold. I used three different surface roughnesses of the replacement inserts, whose 

average surface roughness (Ra - arithmetic mean of the absolute values of the profile deviations 

within the reference section) and height of roughness (Rz - the average value of five different 

shorter measuring sections within the measuring section, where Rzi is the sum of the height of 

the largest profile peak and the depth of the largest profile valley within the measuring section) 

are given in EN ISO 4287: 1998, using surface roughness measuring equipment.  
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3.4. Test methods and equipment 

Contact angle measurement 

To investigate the wettability of the preforms, I measured the peripheral angle 

immediately after plasma treatment according to ISO/TS 14778:2021 using a DSA 30 (Krüss, 

Nuremberg, Germany) drop shape analyzer. I used three drops (10μl/drop) of Millipore (high 

purity) water per preform to determine the passing contact angle. The room temperature was 

25 °C, relative humidity 80% in the measuring cell. 

X-ray diffraction (XRD) 

The surface of the injection moulded PA6, natural preforms was investigated by 

X'PERT PRO type (Panalytical Ltd., Malvern, UK) X-ray diffraction with the help of Dr. János 

Madarász (BME, Department of Inorganic and Analytical Chemistry). The measurements were 

performed on a Cu Kalfa X-ray line with a beam length of 1.54 angstroms, using a copper anode 

X-ray tube with 40 kV and 30 mA tube parameters, in the measurement range 2θ = 2-46°. 

X-ray photoelectron spectroscopy (XPS)  

The surface of the injection-moulded ABS samples was investigated by Dr. Olga 

Krafcsik (BME Department of Atomic Physics) using an X-ray twin anode X-ray source (XR4, 

Thermo Fisher Scientific) and a hemispherical energy analyzer with a 9-channel detector 

(Phoibos 150 MCD, SPECS). The base pressure of the analyzer chamber was 2×10-9 mbar and 

the sensitivity of the measurement was 0.1%. 

Surface roughness measuring equipment and measuring method 

The surface roughness of ABS preforms with different surface roughness was measured 

with a Mitutoyo SJ-400 (Mitutoyo, Japan) according to EN ISO 4287:1998. The measuring and 

return speed of the diamond needle was 1 mm/second. The instrument was used to measure the 

average surface roughness (Ra) and the height of roughness (Rz). For each specimen and mold 

insert, measurements were taken in 9 areas, with 3-3 repetitions. The results were averaged to 

determine the surface roughness and height of roughness of the inserts. 
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4. Summary and use of results 

At the beginning of my thesis, I presented the multi-component injection molding 

technologies, of which I also dealt in detail with the principle of operation of the transfer 

molding technology. This lattice injection molding solution can be used as an excellent follower 

technology for other processes.  

The biggest challenge in creating hybrid systems using combined technologies is to 

achieve the right bond strength between materials. Therefore, I searched for literature where 

authors have fabricated test specimens by injection molding and investigated the bond strength 

between components. Since there is no standard method for measuring and qualifying the 

injection molding process, I found very different solutions. In most cases, either too simple (e.g. 

flat tool without sensors) or too complicated (e.g. index plate) tools were used, which in my 

opinion are not suitable for basic research because they introduce too much uncertainty into the 

measurements due to the many variable parameters. However, in the field of injection molding 

it is important to be able to investigate the basic factors influencing the vibration in a simple 

and repeatable way. I also think it is important to equip the experimental mold with modern, 

more reliable sensors, so that we can gain a more accurate understanding of the pressure and 

temperature conditions in the annealing environment. Of all the test specimens used in the 

literature, the T-shaped specimen design is the most similar to the injection molding tasks 

encountered in industry, and this is the specimen geometry I chose for my thesis. I chose the 

easy-to-perform, repeatable tensile test for testing the specimens. 

When designing the test specimen, I also preferred the T-shaped geometry, because in 

this case I could use parts made with other technologies as a preform. This other technology 

could be the T-RTM technology, which has been intensively researched since 2015, to produce 

composite parts. This is a new technology, so we do not have detailed knowledge of the product 

design, tooling and manufacturing guidelines. Based on the information found in the literature, 

I have presented the operation of the T-RTM technology and the design, advantages and 

disadvantages of the mold found in the research, which I have used to supplement my 

knowledge of mold design. 

For the production of hybrid components by injection molding, it is essential to acquire 

basic knowledge that can be gained by simplifying the processes, so I have reviewed the 

literature on injection molding in a stepwise approach. I have presented research on amorphous 

and semi-crystalline materials, followed by the results obtained so far on the injection molding 

of thermoplastic matrix composites onto preforms. In a separate chapter, I discussed the 
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possibilities of modifying the surface of the preforms used in the injection moulding process, 

with particular reference to plasma treatment. Following a literature review and critical analysis, 

I have refined my objectives. 

In the first part of my own work, I used the results of the literature search to develop a 

unique method for measuring the bond strength between injection molded materials. For this 

measurement method, I developed a unique test specimen, an injection mold and a tensile 

gripper. To test the one- and two-component T RTM process, I developed universal test 

specimens that can be used for my overmolding experiments. For the production of the test 

specimens, I designed T-RTM molds that can be used to test and further develop the T-RTM 

process. 

In the experimental part of my work, I carried out overmolding tests. I have shown the 

effect of temperature and holding pressure on the bond strength of amorphous and semi- 

crystalline materials. I performed overmolding experiments with semi-crystalline PA6 

materials and demonstrated that the type of crystalline modifications influences the bond 

strength for a constant crystalline fraction. I further overmolded PC materials and demonstrated 

that, even if the strength of the thermoplastic material depends on its molecular weight, the 

bond strength is independent of the molecular weight of the material when overmolded onto a 

preform of the material. Finally, I overmolded on preforms made with T-RTM technology. 

Injection molding was successful and the resulting bond strength was approximately two thirds 

of the bond strength of PA6/PA6 injection moulded on top of each other. The bonding of the 

two materials and the T-RTM technology combined with overmolding can be further improved 

using the measurement methods I have developed. 

I influenced the contact of the moulded components by modifying the surface of the 

preforms. By overmolding ABS material, I have shown that the effect of preform surface 

roughness on bond strength decreases with increasing melt temperature. At lower melt 

temperature, the surface roughness magnitude matters, while at higher melt temperature, the 

surface roughness loses its effect due to the fusion of the bonded surfaces (roughness peaks). 

I further supplemented my experiments on the overmolding of amorphous and semi-

crystalline materials with plasma treatment of preforms and investigated the effect of plasma 

treatment on bond strength. I combined incompatible ABS and PA6 materials by overmolding. 

My experiments have demonstrated that a high strength bond can be established between them 

by subjecting the ABS preform to compressed air plasma treatment prior to overmolding of 

PA6. After plasma treatment of the ABS preform, I was able to create a bond between the ABS 

and PA6. This is because the plasma treatment oxidizes the chain linkages and nitrile groups of 
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ABS, which allows the formation of secondary chemical interactions between ABS and PA6. 

This result may help in the co-application of ABS and PA6 materials with advantageous 

properties in hybrid components. 

I have developed a new measurement method to test the bond strength between injection 

moulded materials. The measurement method can be used for the development of materials for 

overmolding by investigating the effect of additives, reinforcing materials, compatible or 

incompatible materials on the bond strength when developing new materials or material pairs. 

It can be used to test preforms with different surface roughnesses or surface treated in different 

ways. The advantage of the measurement method is that it can be used with preforms made by 

any technology (e.g. injection molding, extrusion, 3D printing, T-RTM technology, etc.). It can 

also be used for further development of simulation models of injection molding technology 

(e.g.: modelling of bonding in injection molding simulation software), as the experiments can 

be repeated with high confidence. 

The test system developed for the one- and two-component T-RTM technology has 

enabled the development of thermoplastic matrix composite products and the testing of T-RTM 

technology processes. 

Through my work, I have shown that a strong bond between incompatible material pairs 

of ABS and PA6 can be established by overmolding by treating the ABS preform with 

compressed air plasma prior to overmolding. This result could be the basis for the development 

of hybrid products made from ABS and PA6. 

In my PA6/PA6 overmolding experiments, I have demonstrated that higher bond 

strengths can be achieved by injection molding on preforms manufactured at low mold 

temperatures, containing more crystal, than those manufactured at high mold temperatures. This 

result makes it easier to set the optimum bond strength between materials when injection 

molding PA6/PA6. An additional advantage is that less energy is required to produce the 

preforms by using lower mold and melt temperatures. 
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5. Theses 

Thesis 1 

I developed a unique measurement method to test the bond strength between injection 

moulded materials. The measurement method includes a unique test specimen, an injection 

molding mold for its production and a unique gripper for tensile testing. The measurement 

method was used to detect the effect of process settings, compatible and incompatible materials, 

reinforcing and additive materials, surface roughness of the preforms and surface treatment of 

the preforms on the bond strength in injection molding. The applicability of the measurement 

method is assessed for polyamide (PA Durethan B30S, Lanxess), acrylonitrile butadiene 

styrene (ABS Terluran GP35, BASF), polycarbonate (PC Makrolon 2205, 2405, 2805, 

Covestro), polystyrene (PS Edistir N3560, N3840, N3910, Eni), polypropylene (PP MOL 

Tipplen H145 F), T RTM polyamide (T-RTM AP Nylon ε-caprolactam, Brüggemann) and 

casted polyamide (MetAlCu Trade, PA6 sheet (Mg catalysed)) [1-12]. 

 

Thesis 2 

I have developed several experimental molds operating at high temperatures (~160 °C) 

with controlled parameters (pressure, temperature) to analyze the influence of the technological 

characteristics (vacuum or nitrogen, mixing efficiency, firing) of one and teo component 

thermoplastic resin transfer molding (T-RTM) and the geometric characteristics (product 

thickness, coating, foam core, rib) of its product.  

The applicability of the experimental molds was evaluated with KraussMaffei presses, 

KraussMaffei RimStar Thermo 8-8 dosing units (KraussMaffei Technologies GmbH, Munich, 

Germany) and Engel Insert 200V/200H/80 two-component injection molding machines with 

Engel D60 dosing units (Engel Austria GmbH, St. Valentin, Austria), using ε-caprolactam (AP 

Nylon, L. Brüggemann GmbH & Co. KG, Germany) as raw material, sodium caprolactamate 

initiator (Brüggolen C10, L. Brüggemann GmbH & Co. KG, Germany) and hexamethylene-

1,6-dicarbamoyl caprolactam activator (Brüggolen C20P, L. Brüggemann GmbH & Co. KG, 

Germany). [13, 14]. 

 

Thesis 3 

I have demonstrated that when partially crystalline PA6 materials are injection moulded 

on top of each other, the bond strength can be increased by reducing the temperature of the 

preform tool. By DSC and XRD studies on samples of preforms prepared at different mold 
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temperatures, I have shown that the crystalline fraction cannot be influenced by increasing the 

rate of heat extraction, but the crystalline formation can be increased. The lower ordering of the 

crystal formation in the surface layer of the preform promotes more efficient bonding in the 

case of overmolding. I have demonstrated this using PA6 (Durethan B30S 000000, Lanxess 

GmbH) preforms manufactured at 240, 260, 280, 300 °C melt temperature and 40, 60, 80, 

100 °C mold temperature. 

 

Thesis 4 

I have experimentally demonstrated that, when overmolding polycarbonate (PC) 

materials of different molecular weights and consequently different strengths, the bond strength 

between the preform and the injection moulded rib is independent of the molecular weight of 

the material. This claim was verified by testing specimens made with PC (Covestro Makrolon 

2205, 2405, 2805) at 260, 280, 300, 320, 340 °C melt temperature. 

 

Thesis 5 

I have proven, that the effect of preform surface roughness on bond strength during injection 

molding decreases with increasing melt temperature. At lower melt temperatures, surface 

roughness matters because the amount of adhesion is proportional to the size of the bonded 

surface, but at higher melt temperatures, surface roughness loses its effect due to the fusion of 

bonded surfaces. I have verified my claim on ABS (Terluran GP-35, INEOS Styrolution) 

material in the temperature range 240-300 °C using 3 different surface roughnesses (Ra 0.03 ± 

0.01 µm; 2.86 ± 0.64 µm; 11.53 ± 1.48 µm) of preform series [6].  

 

Thesis 6 

I have demonstrated that a bond between incompatible pairs of ABS and PA6 materials 

can be created by overmolding by treating the surface of the ABS preform to compressed air 

plasma treatment. The plasma treatment reduces the maximum contact angle on the ABS 

surface, thus making the surface increasingly wettable. XPS studies show that the plasma 

treatment oxidizes the unsaturation and nitrile groups of ABS, allowing stronger second-order 

chemical interactions between ABS and PA6.  I proved my claim by contact angle and XPS 

measurements using ABS (Terluran GP-35, INEOS Styrolution) and PA6 (Durethan B30S 

000000, Lanxess GmbH) [6].  
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