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Abstract In Hungary among the semi-finished engineerinasiits (rods, plates, tubes)
the magnesium catalyzed cast polyamide 6 materitthditionally produced and gained
general acceptance in the industry. One basic iptenof the development process is that
we can only produce such plastics of special pt@srwhich can satisfy market-based
special requirements, as well. The direction ofelig@ment turned towards agricultural
needs. In this area, a characteristic challengastgaaterials is a better wear resistance,
which signifies better lifetimes, so one of theaamref development is creation of plastics
with better tribology properties. In agriculturabipt of view there are also more
disadvantages of electrically charged plastics. (pgwder explosion) and fire-safe
behaviour.
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INTRODUCTION

As a basis of material development, we have chasplastic used in several areas of industry. Thecte
material is magnesium catalyzed polyamide 6 (P&&)e basic principle of the development proceshas we
can only produce such plastics of special propgrtiehich can satisfy market-based special requingsnes
well. Thus, the direction of development turned @od¢ agricultural needs. Very often improved alorasi
resistance is needed due to high dust contenteo$uiroundings. In this area, a characteristiclehgé against
materials is a better wear resistance, which demibetter lifetimes, so one of the areas of dgmént is
creation of plastics with better tribology propesti In slideways and transport systems of cropsgaaics the
antistatic surface is important to avoid staticrghaand explosion. Further step is when the atitst&haviour
is not enough and fire-retardant or fire-safe payis required.

The magnesium catalytic cast polyamide 6 has atisadl production process in Hungary, so we cdalghch
the research project on the basis of the preserhicial plant and laboratory. The new chemical psees for
the targeted composites were developed by the tridlysartner, Quattroplast Ltd.

ADDITIVES

The following materials are generally used for immment of the tribology properties: graphite csiti dioxide,
polytetrafluoro-ethylene, polyethylene, molybdenuisulfide, lead, oils, mineral oils, phosphatesicican
silicate (calcium metasilicate), waxes, metal powdsilicone (Kalacska 2003). Polyamides have § l@w
friction coefficient when applied with lubricantsist even better than PTFE (the well-known namwloith is
Teflon). Under dry conditions, when during slidiagd sticking, strong surface adhesion may be nstnifiee
value of the friction coefficient can be really hign order to ensure operating safety, additivesrecessary
which reduce the friction coefficient under dryctimstances, as well. Molybdenum disulfide (Mo@nd PTFE
has long been used as such an additive in pladdigstry. Graphite and Me@Sre solid lubricants the use of
which reduces solidity and resistance (Jaklewid42®usu 2007, Xu 2007).

In the plastic industry, numerous additives areduse increasing the electron-conducting capabiityhe base
matrix. Antistatic characteristics are present witem surface resistance is undef?10. Such materials are
(Kalacska 2003) pitch, graphite, carbon filameptsyders and conductive flakes, disks, filament,anebated
graphite and glass filament, metal coated glasdsdhathese materials are used, the change okptiep is only
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achieved if the concentration of the additive ighleir than a certain value, because in this casg,dhn form a
secondary, continuous conducting structure in theerial. Another method of avoiding charging is tise of an
antistatic material (Gachter et al 1989). The adglits mixed to the base matrix in this case, al, wéich
provides long-term protection against electrostaliarge, but the polymer will not become conductMarious
graphite powders can be used relatively easily suctessfully, but even these additives worsen nmécha
properties (Novak 2004, Piddubnyi 2005). Among oarkderivatives, foam graphite, pitch and carbon
nanotubes are also used (Li 2005, Potschke 200i¢)lakter is also distributed in a master mixtuned targeted
area of use (Pasztor 2006).

Increasing the burn resistance of plastics is ddomental goal for which the following additives arnelely used
(Pal 2006): chromium compounds, brominated compsumdaterials containing crystal water, aluminum
hydroxide, magnesium hydroxide, materials formincpke-like foamy layer. Due to the phase-out obpehic
compounds, more and more new additives are emengintpe market. One such new material of combustion
resistance is montmorillonite, as a result of whiwkat formation at combustion undergoes a sigmfichange.

It is apparent that as a result of montmorillonitiee intensity of combustion is significantly reddcand
combustion itself is prolonged over time. Anotherportant property from the aspect of combustioth# it
prevents dripping, which reduces significantly ttence of spreading of the fire (Dong 2006, Jar@s2&ong
2004). Moreover, montmorillonite significantly rezhs the expansion of composite even more than aer of
magnitude in comparison with the base material©(CR007). Apart from montmorillonite, other addés/can
also be used for the prevention of combustion, Wiucther reduce the intensity of combustion.

EXPERIMENT PLAN

Using the result of the preliminary experimentsjolhincluded more than 150 recipes, an experimiart was
made. Its purpose was to examine the effects ofstlected additives. By selecting the additivegirth
mechanical, special characteristics and the agpligato industrial casting (the basic of the piiaal use) were
taken into account. The difference between the mxmgatal data published in the literature and ttadad
measured by us (as possible news) was also takerad@count. On the basis of this the following ekpent
plan was worked out (Table 1.). TA52 is used oadjinfor polyurethane production, in our case iderto
increase the toughness and abrasive wear resistéfite TA52 application the molecule chain consists3
elements (A-B-A).

Table 1. Additives of basic experiment plan

Subje_ct of Planned additive content

experiment

TA52 10 % 15%| 20% 25%

Graphite 1.5% 2% 25% 3% 3.5% 4 %
Montmorillonit 0.5% 1% 3% 6 %

EXAMINATION OF ELECTRICAL PROPERTIES

To classify the antistatic behaviour the surfacgstance and half-period of materials are commasid. These
values are not independent from each other, thatioael between them is the discharging process of
condensators, which can be characterized with aoreqtial equation (in more details: Gachter R.JI&(H.
1989). Based on surface resistivity the followirgegiories are used in engineering practice (Tablg<alacska
2003).

Meaning of surface resistance was standardizetifegago. Now the second edition of ,IEC 60093 Mekh of
Test for Volume Resistivity and Surface ResistiafySolid Electrical Insulating Materials” is valgince 1980
(Fig. 1.). For our research the measuring instrumeas set with 100V potential for 10 210"  surface
resistivity range. That is the investigated ranfythe cast polyamide 6 versions. The accuracyisrdnge is +5
% according to the manufacturer’s data that wergrotied, as well.
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Table 2. Classification of materials by surfacestasice

Surface resistance | Group

<10° Electrically conductive range of metals

10%10° Conductive range of natural coal

10-10° Electrically shading polymers

10>-10° Electrically conductive polymers

10°>-10° Continuously conduct the electrical charges (kledittle resistance), Esd
materials

10™-10" Polymers having antistatic characteristics (bebidh resistance)

>10" Insulating polymers

For measuring the surface resistance, the specshenld be prepared, as polyamides are able to labsor
humidity, and the absorbed water makes fake thesaned results. Casting of test samples took sevaraks,

so the first samples have time enough to absorke rhomidity. To exclude the effect of humidity from
measurement, 2 mm of the materials were machirted fhe surface. The remove the upper 2 mm is $erfitic
for polyamides because the absorption is in accmelavith the law of diffusion (the diffusion spesldws from

the surface to the depth of the materials).
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Fig. 1. Surface resistance of samples with diffeeeiditives

Inceasing of the graphite content, the value ofstinéace resistance is decreasing, which is in baymvith the

literature. It can be stated that in this systdm,dntistatic effect can be reached also withdeéstives, there is

no need for eg. more than 20% of additive contsin case of PUR and EP. At 3% of graphite corttentl§
magnitude can be reached, which means a goodaditssbehaviour.

The original aim of TA52 is the increase of the rix& toughness, ie. impactstrength, though it hagbsitive
effect on antistatics characterics. Beside 20%dditaves, it reaches the surface resistence 8f 10wvhich can

be decreased with further admixture. Neverthel@ssamples containng 25% of additives, fall-outs loa seen,
showing the borders of casting technologies. By panproductions, this material showed a very good
machinability, tehrefore it has all the basis fotistatics semi-product use.

The montmorllionit content does not improve theisiatics characteristics (does not reduce surfesistance).
Over 2x18"  surface resistance was measured by turns, indeptipaf additive content. The montmorillonit
laminas stops the continuity of the base matrixe Do this better insulator, more resistant matesat be
gained. In the present research the aim is to reatistatics material, therefore it was not exahideeply.
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EXAMINATION OF TRIBOLOGICAL PROPERTIES

On the basis of the results of tribology propertiee are familiar with the characteristic value fo€tion
coefficients in the sample, as well as wear anctim heat generation. Our primary goal in the cakéhis
direction of material development is to reduce Yh&e of the friction coefficient — control measumdl be
published later - and reach better abrasive wesstesce in a forced run (without lubrication). Foe wear-
resistance examinations the abrasive wear machase uged which was developed in our laboratory. The
measuring machine can be seen on figure 2.

Fig. 2. Abrasive measuring syst

During the experiment the surface pressure wasMPa, speed: 81 mm/second. The abrasive clothes avere
Vitex KK504XP60 product. During the experiment thiear was registered continuously with a gap meaguri
sensor. At the length of the friction way (cca. 828m) the intensity of the wear was still. On figu8 the
measured results of the samples having softenirigriabare shown. It can be seen that additives 586 goes
with significant wear increase. The graphite anchimmrrilonit content decrease the intensity of wear. For
example in case of 2% graphite additives the intyensf the wear is only 0,12 mm/m. In case of 1%
montmorillonit additive, the intensity of wear is10mm/m. For the detailed analysis of wear procesme
experiments are needed. Finally an abrasive weistaat version was found, which performed bettantthe
natural cast PA 6 and can be a basis for the furdsearch.
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Fig. 3. Wear intensity of samples with TA52 additiv
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BURNING PROPERTIES, FIRE BEHAVIOUR

The cast natural polyamide 6 is easy to burn jist ihost of the polymers, since they have manyaradind
hydrogen atoms. Following the literature the monitimmite mineral was often found to be suitablesfmil the
burning process of some polymers. We also produnedtmorillonite composite samples and tested them
according to the standard methods. Oxygen indeingeand UL-94 burning examination were appliedeTh
results showed a little improvement (1-1.5%) in@weygen Index tests comparing to the pure PA6 @ig.

Fig. 4. Ol test

That means that the burning of montmorillonite cosife needed 1.5% more oxygen to keep burning
comparing to the natural cast polyamide 6. ButriutiL-94 tests the effect of the additve was notiails. The
plastic unfortunately was burning during droppireywth with natural and composite samples as well.

Finally we concluded that montmorillonite composigeded more oxygen, but the form and method afibgr
and dropping does not let state better ranking @4).-of the composite. Another point came to hightligs
influencing factor together with montmorillonitehat is water absorption. Due to “amide” group oflecalar
structure, all the polyamide types have more & leater absorption capability. The absorbed watatemt can
also influence the burning behaviour, thus we msadee control of water absorption of the differemstt
samples.

CONCLUSION

The literature and the preliminary experiments délpo find out the characteristics of magnesiunalgaéd
PA6 having different additives. In the present stafjithe experiments, it can be seen that a nestiplype can
be worked out for agriculture. For reaching antista contrary to the literature, low amount of gde is
enough. TA52 additive, beside the persistenceefrihtrix, can decrease significantly the surfasestance, but
10-20% additives should be used to reach usabdetefhbrasive wear resistance can be increasedmaithmal
graphite or montmorrilonit additives. During burgiexperiments, the tested materials did not shgwifstant
change, therefore in the field of fire resistantsi@ns there are no essential enhancements till now

REFERENCES

[1] Chow WS, Mohd Ishak ZA (2007). Mechanical, mioofogical and rheological properties of polyamide
6/organo-montmorillonite nanocomposites. eXPRESISrRer Letters; 1(2):77-83.

[2] Dong W, Zhang X, Liu Y, Wang Q, Gui H, Gao Jrg Z, Lai J, Huang F, Qiao J (2006). Flame retatrda
nanocomposites of polyamide 6/clay/silicone rubkeéth high toughness and good flowability. Polymer;
47(18):6874-6879.

[3] Gachter R, Muller H (1989). Manyagadalékok zsebkdnyve. Budapestskéki Konyvkiado.



Synergy and Technical Development (Synergy2009)
Godoll , Hungary, 30. August — 02. September 2009

[4] Jaklewicz M, Litak A, Ostoja-Starzewski M (200&riction and scratch resistance of polyamidedlified
with ionomeric ethylene/methacrylic acid copolym#surnal of Applied Polymer Science;91(6):3866-3870

[5] Jang BN, Wilkie CA (2006). The effect of clay dhe thermal degradation of polyamide 6 in polydami
6/clay nanocomposites. Polymer; 46(10):3264-3274.

[6] Kalacska G. Mszaki polimerek és kompozitok a gépészmérnoki gyatman. Godoll: 3C-Grafika Kft
2007.

[7] Li JH, Feng LL, Jia ZX (2005). Preparation ofpanded graphite with 160m mesh of fine flake graphite.
Materials Letters; 60(6):746-749.

[8] Novak I, Krupa | (2004). Electro-conductive imes filled with graphite for casting applicatiorlSuropean
Polymer Journal;40(7):1417-1422.

[9] Pal K (2006). Manyagok égheségének csokkentése ti@hyaggal. Manyagipari 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 propertieepbxy coatings. Materials Science; 41(2):265-270.

[11] Potschke P, Haussler L, Pegel S, Steinberge8dRolz G (2007). Thermoplastic polyurethane diligith
carbon nanotubes for electrical dissipative anddootive applications. KGK-Kautschuk Gummi Kunstftof
60(9):432-437.

[12] Rusu G, Rusu E. In situ nylon 6/graphite cosifes (2007). Physico-mechanical properties. Jowha
Optoelectronics and Advanced Materials; 9(7):21002

[13] Xu HY, Feng ZZ, Chen JM, Zhou HD (2007). Tribgical behavior of the polyamide composite coating
filled with different fillers under dry sliding. donal of Applied Polymer Science; 104(4):2554-2560.



