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Abstract: In Hungary among the semi-finished engineering plastics (rods, plates, tubes) 

the magnesium catalyzed cast polyamide 6 material is traditionally produced and gained 

general acceptance in the industry. One basic principle of the development process is that 

we can only produce such plastics of special properties, which can satisfy market-based 

special requirements, as well. The direction of development turned towards agricultural 

needs. In this area, a characteristic challenge against materials is a better wear resistance, 

which signifies better lifetimes, so one of the areas of development is creation of plastics 

with better tribology properties. In agricultural point of view there are also more 

disadvantages of electrically charged plastics (e.g. powder explosion) and fire-safe 

behaviour. 
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INTRODUCTION 

As a basis of material development, we have chosen a plastic used in several areas of industry. The selected 

material is magnesium catalyzed polyamide 6 (PA6). One basic principle of the development process is that we 

can only produce such plastics of special properties, which can satisfy market-based special requirements, as 

well. Thus, the direction of development turned towards agricultural needs. Very often improved abrasion 

resistance is needed due to high dust content of the surroundings. In this area, a characteristic challenge against 

materials is a better wear resistance, which signifies better lifetimes, so one of the areas of development is 

creation of plastics with better tribology properties. In slideways and transport systems of crops and grains the 

antistatic surface is important to avoid static charge and explosion. Further step is when the antistatic behaviour 

is not enough and fire-retardant or fire-safe polymer is required. 

The magnesium catalytic cast polyamide 6 has a traditional production process in Hungary, so we could launch 

the research project on the basis of the present chemical plant and laboratory. The new chemical processes for 

the targeted composites were developed by the industrial partner, Quattroplast Ltd. 

ADDITIVES 

The following materials are generally used for improvement of the tribology properties: graphite, silicon dioxide, 

polytetrafluoro-ethylene, polyethylene, molybdenum disulfide, lead, oils, mineral oils, phosphates, calcium 

silicate (calcium metasilicate), waxes, metal powders, silicone (Kalácska 2003). Polyamides have a very low 

friction coefficient when applied with lubricants, just even better than PTFE (the well-known name of which is 

Teflon). Under dry conditions, when during sliding and sticking, strong surface adhesion may be manifest, the 

value of the friction coefficient can be really high. In order to ensure operating safety, additives are necessary 

which reduce the friction coefficient under dry circumstances, as well. Molybdenum disulfide (MoS2), and PTFE 

has long been used as such an additive in plastic industry. Graphite and MoS2 are solid lubricants the use of 

which reduces solidity and resistance (Jaklewicz 2004, Rusu 2007, Xu 2007). 

In the plastic industry, numerous additives are used for increasing the electron-conducting capability of the base 

matrix. Antistatic characteristics are present when the surface resistance is under 10
12

 Ω. Such materials are 

(Kalácska 2003) pitch, graphite, carbon filaments, powders and conductive flakes, disks, filament, metal coated 

graphite and glass filament, metal coated glass beads. If these materials are used, the change of properties is only 
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achieved if the concentration of the additive is higher than a certain value, because in this case, they can form a 

secondary, continuous conducting structure in the material. Another method of avoiding charging is the use of an 

antistatic material (Gächter et al 1989). The additive is mixed to the base matrix in this case, as well, which 

provides long-term protection against electrostatic charge, but the polymer will not become conducting. Various 

graphite powders can be used relatively easily and successfully, but even these additives worsen mechanic 

properties (Novák 2004, Piddubnyi 2005). Among carbon derivatives, foam graphite, pitch and carbon 

nanotubes are also used (Li 2005, Potschke 2007). The latter is also distributed in a master mixture for a targeted 

area of use (Pásztor 2006). 

Increasing the burn resistance of plastics is a fundamental goal for which the following additives are widely used 

(Pál 2006): chromium compounds, brominated compounds, materials containing crystal water, aluminum 

hydroxide, magnesium hydroxide, materials forming a coke-like foamy layer. Due to the phase-out of halogenic 

compounds, more and more new additives are emerging on the market. One such new material of combustion 

resistance is montmorillonite, as a result of which, heat formation at combustion undergoes a significant change. 

It is apparent that as a result of montmorillonite, the intensity of combustion is significantly reduced and 

combustion itself is prolonged over time. Another important property from the aspect of combustion is that it 

prevents dripping, which reduces significantly the chance of spreading of the fire (Dong 2006, Jang 2006, Song 

2004). Moreover, montmorillonite significantly reduces the expansion of composite even more than on order of 

magnitude in comparison with the base materials (Chow 2007). Apart from montmorillonite, other additives can 

also be used for the prevention of combustion, which further reduce the intensity of combustion. 

 

EXPERIMENT PLAN 

Using the result of the preliminary experiments, which included more than 150 recipes, an experiment plan was 

made. Its purpose was to examine the effects of the selected additives. By selecting the additives, their 

mechanical, special characteristics and the applicability to industrial casting (the basic of the practical use) were 

taken into account. The difference between the experimental data published in the literature and the data 

measured by us (as possible news) was also taken into account. On the basis of this the following experiment 

plan was worked out (Table 1.). TA52 is used originally for polyurethane production, in our case its role to 

increase the toughness and abrasive wear resistance. With TA52 application the molecule chain consists of 3 

elements (A-B-A). 

Table 1. Additives of basic experiment plan 

Subject of 

experiment 

Planned additive content 

TA52 10 % 15 % 20 % 25%   

Graphite 1.5 % 2 % 2.5 % 3 % 3.5 % 4 % 

Montmorillonit 0.5 % 1 % 3 % 6 %   

 

EXAMINATION OF ELECTRICAL PROPERTIES 

To classify the antistatic behaviour the surface resistance and half-period of materials are commonly used. These 

values are not independent from each other, the relation between them is the discharging process of 

condensators, which can be characterized with an exponential equation (in more details: Gächter R., Müller H. 

1989). Based on surface resistivity the following categories are used in engineering practice (Table 2.) (Kalácska 

2003). 

Meaning of surface resistance was standardized log time ago. Now the second edition of „IEC 60093 Methods of 

Test for Volume Resistivity and Surface Resistivity of Solid Electrical Insulating Materials” is valid since 1980 

(Fig. 1.). For our research the measuring instrument was set with 100V potential for 10
5
 - 2·10

11
 Ω surface 

resistivity range. That is the investigated range of the cast polyamide 6 versions. The accuracy in this range is ±5 

% according to the manufacturer’s data that were controlled, as well. 
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Table 2. Classification of materials by surface resistance 

Surface resistance (Ω) Group 

<10
-3

 Electrically conductive range of metals 

10
-2

-10
0
 Conductive range of natural coal 

10
1
-10

2
 Electrically shading polymers 

10
3
-10

5
 Electrically conductive polymers 

10
6
-10

9
 Continuously conduct the electrical charges (beside little resistance), Esd 

materials 

10
10

-10
12

 Polymers having antistatic characteristics (beside high resistance) 

>10
13

 Insulating polymers 

 

For measuring the surface resistance, the specimen should be prepared, as polyamides are able to absorb 

humidity, and the absorbed water makes fake the measured results. Casting of test samples took several weeks, 

so the first samples have time enough to absorb more humidity. To exclude the effect of humidity from 

measurement, 2 mm of the materials were machined from the surface. The remove the upper 2 mm is sufficient 

for polyamides because the absorption is in accordance with the law of diffusion (the diffusion speed slows from 

the surface to the depth of the materials). 

Fig. 1. Surface resistance of samples with different additives 

 

Inceasing of the graphite content, the value of the surface resistance is decreasing, which is in harmony with the 

literature. It can be stated that in this system, the antistatic effect can be reached also with less additives, there is 

no need for eg. more than 20% of additive content, as in case of PUR and EP. At 3% of graphite content the 10
9
 

Ω magnitude can be reached, which means a good antistatics behaviour. 

The original aim of TA52 is the increase of the matrix’s toughness, ie. impactstrength, though it had a positive 

effect on antistatics characterics. Beside 20% of additives, it reaches the surface resistence of 10
9
 Ω, which can 

be decreased with further admixture. Nevertheless, on samples containng 25% of additives, fall-outs can be seen, 

showing the borders of casting technologies. By sample productions, this material showed a very good 

machinability, tehrefore it has all the basis for antistatics semi-product use. 

The montmorllionit content does not improve the antistatics characteristics (does not reduce surface resistance). 

Over 2×10
11

 Ω surface resistance was measured by turns, independently of additive content. The montmorillonit 

laminas stops the continuity of the base matrix. Due to this better insulator, more resistant material can be 

gained. In the present research the aim is to reach antistatics material, therefore it was not examined deeply. 
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EXAMINATION OF TRIBOLOGICAL PROPERTIES 

On the basis of the results of tribology properties, we are familiar with the characteristic value of friction 

coefficients in the sample, as well as wear and friction heat generation. Our primary goal in the case of this 

direction of material development is to reduce the value of the friction coefficient – control measure will be 

published later - and reach better abrasive wear resistance in a forced run (without lubrication). For the wear-

resistance examinations the abrasive wear machine was used which was developed in our laboratory. The 

measuring machine can be seen on figure 2. 

 

During the experiment the surface pressure was 0,7 MPa, speed: 81 mm/second. The abrasive clothes were a 

Vitex KK504XP60 product. During the experiment the wear was registered continuously with a gap measuring 

sensor. At the length of the friction way (cca. 5200 mm) the intensity of the wear was still. On figure 3 the 

measured results of the samples having softening material are shown. It can be seen that additives over 15% goes 

with significant wear increase. The graphite and montmorrilonit content decrease the intensity of the wear. For 

example in case of 2% graphite additives the intensity of the wear is only 0,12 mm/m. In case of 1% 

montmorillonit additive, the intensity of wear is 0,1 mm/m. For the detailed analysis of wear process, more 

experiments are needed. Finally an abrasive wear resistant version was found, which performed better than the 

natural cast PA 6 and can be a basis for the further research.  

Fig. 3. Wear intensity of samples with TA52 additive 

 

 

 

 

Fig. 2. Abrasive measuring system 
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BURNING PROPERTIES, FIRE BEHAVIOUR 

The cast natural polyamide 6 is easy to burn just like most of the polymers, since they have many carbon and 

hydrogen atoms. Following the literature the montmorillonite mineral was often found to be suitable to spoil the 

burning process of some polymers. We also produced montmorillonite composite samples and tested them 

according to the standard methods. Oxygen index testing and UL-94 burning examination were applied. The 

results showed a little improvement (1-1.5%) in the Oxygen Index tests comparing to the pure PA6 (Fig. 4). 

 

That means that the burning of montmorillonite composite needed 1.5% more oxygen to keep burning 

comparing to the natural cast polyamide 6. But during UL-94 tests the effect of the additve was not obvious. The 

plastic unfortunately was burning during dropping down with natural and composite samples as well. 

Finally we concluded that montmorillonite composite needed more oxygen, but the form and method of burning 

and dropping does not let state better ranking (UL-94) of the composite. Another point came to highlight as 

influencing factor together with montmorillonite. That is water absorption. Due to “amide” group of molecular 

structure, all the polyamide types have more or less water absorption capability. The absorbed water content can 

also influence the burning behaviour, thus we made some control of water absorption of the different test 

samples. 

 

CONCLUSION 

The literature and the preliminary experiments helped to find out the characteristics of magnesium catalyzed 

PA6 having different additives. In the present stage of the experiments, it can be seen that a new plastic type can 

be worked out for agriculture. For reaching antistatics, contrary to the literature, low amount of graphite is 

enough. TA52 additive, beside the persistence of the matrix, can decrease significantly the surface resistance, but 

10-20% additives should be used to reach usable effect. Abrasive wear resistance can be increased with minimal 

graphite or montmorrilonit additives. During burning experiments, the tested materials did not show significant 

change, therefore in the field of fire resistant versions there are no essential enhancements till now. 

 

REFERENCES 

[1] Chow WS, Mohd Ishak ZA (2007). Mechanical, morphological and rheological properties of polyamide 

6/organo-montmorillonite nanocomposites. eXPRESS Polymer Letters; 1(2):77–83. 

[2] Dong W, Zhang X, Liu Y, Wang Q, Gui H, Gao J, Song Z, Lai J, Huang F, Qiao J (2006). Flame retardant 

nanocomposites of polyamide 6/clay/silicone rubber with high toughness and good flowability. Polymer; 

47(18):6874-6879. 

[3] Gächter R, Müller H (1989). Mőanyagadalékok zsebkönyve. Budapest: Mőszaki Könyvkiadó. 

Fig. 4. OI test 



Synergy and Technical Development (Synergy2009)  

Gödöllı, Hungary, 30. August – 02. September 2009 

 

[4] Jaklewicz M, Litak A, Ostoja-Starzewski M (2004). Friction and scratch resistance of polyamide 6 modified 

with ionomeric ethylene/methacrylic acid copolymer. Journal of Applied Polymer Science;91(6):3866-3870. 

[5] Jang BN, Wilkie CA (2006). The effect of clay on the thermal degradation of polyamide 6 in polyamide 

6/clay nanocomposites. Polymer; 46(10):3264-3274. 

[6] Kalácska G. Mőszaki polimerek és kompozitok a gépészmérnöki gyakorlatban. Gödöllı: 3C-Grafika Kft 

2007. 

[7] Li JH, Feng LL, Jia ZX (2005). Preparation of expanded graphite with 160 µm mesh of fine flake graphite. 

Materials Letters; 60(6):746-749. 

[8] Novák I, Krupa I (2004). Electro-conductive resins filled with graphite for casting applications. European 

Polymer Journal;40(7):1417-1422. 

[9] Pál K (2006). Mőanyagok éghetıségének csökkentése töltıanyaggal. Mőanyagipari Szemle; 3(6):33-41. 

[10] Piddubnyi VK, Zin’ IM, Lavryshyn BM, Bilyi LM, Kolodii YI, Ratushna MB (2005). Effect of carbon-

containing conducting fillers on the properties of epoxy coatings. Materials Science; 41(2):265-270. 

[11] Potschke P, Haussler L, Pegel S, Steinberger R, Scholz G (2007). Thermoplastic polyurethane filled with 

carbon nanotubes for electrical dissipative and conductive applications. KGK-Kautschuk Gummi Kunststoffe; 

60(9):432-437. 

[12] Rusu G, Rusu E. In situ nylon 6/graphite composites (2007). Physico-mechanical properties. Journal of 

Optoelectronics and Advanced Materials; 9(7):2102-2109. 

[13] Xu HY, Feng ZZ, Chen JM, Zhou HD (2007). Tribological behavior of the polyamide composite coating 

filled with different fillers under dry sliding. Journal of Applied Polymer Science; 104(4):2554-2560. 

 


