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PROPERTIES OF PVD COATINGS MANUFACTURED ON X38CrMoV5-1 STEEL
FOR PLASTIC MOULDING APPLICATIONS

In plastics moulding industry a lot of parts sustia relative movement: ejectors, slides, dies, 8time seizing

or micro-welding may appear, especially when |ugian is not used. In this paper, PVD coatings hasen
obtained thanks to hybrid Cathodic Arc Evaporatgystem. Several properties of the coatings haven bee
investigated such as chemical composition, micuostire, friction coefficient at ambient and higimggerature
conditions, nanohardness and their modulus ofieigst

1. INTRODUCTION

Injection moulding is the most commonly used maaouwfang process for the
fabrication of plastic parts. A wide variety of pdixts are manufactured using injection
moulding, which vary greatly in their size, comptgx and application. The injection
moulding process requires the use of an injecti@idimg machine, raw plastic material,
and a mold. X38CrMoV5-1 is a typical tool steel coonly used in forging and plastic
moulding industry for production of ejectors, sbdand dies - Fig. 1. This steel is
characterized by very good mechanical propertiégh hensile strength, hardness, high
abrasion resistance, high yield stress 2200MPa. dismical composition in wt %
of investigated X38CrMoV5-1 steel is: 0.42% C, 0.8M, 1.2% Si, 5.5% Cr, 1.4% Mo,
0.3% V, Fe balance. There are a lot of tribologipabblems encountered in plastics
moulding tools concerning different kind of weae.i.adhesive, abrasive, corrosive, etc
[1-3]. For to solve these problems, most of thainetd solutions concern hard coatings such
as carbon and nitride manufactured by different @YPVD methods [2-4].
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Fig. 1. Ejection process of plastic part (handatthe end of injection cycle with using ejectansi
(a); picture of different nitrided stepped ejeqtars (b)

In the paper two kinds of hard PVD coatings: Ti@x#& and MoSTiW have been
manufactured on X38CrMoV5-1 steel samples with gisiybrid Cathodic Arc Evaporation
system and compared. After a brief descriptionhef pirocess, identification and properties
of appropriate coatings such as microstructurestiom coefficients, nanohardness and
modulus of elasticity were taken into consideratidribological tests were conducted at
ambient conditions 25°C but also at the high temapee 200°C because in some cases,
moulds are heated in this range of temperature.

2. STAND FOR DEPOSITION OF PVD PROTECTIVE COATINGS

For deposition of TiC+a-C:H and MgBW coatings on X38CrMoV5-1 circular steel
samples of g 30mm the modified hybrid PVD Cathoflic Evaporation - PVD CAE
system has been used. The process of manufactofittgese coatings has been realized
using multisource, hybrid factory-scale equipmeypet URM 079, which allows for
deposition of coatings by physical method in th&titate of Materials Science at Technical
University of Lodz [5-7]. This device is equippedtlwtwo independent continuous arc
power supplies with magnetic filtration of microgréor production of metallic plasma -
maximum discharge current 180V, two pulsating carptasma power supplies -average
pulse power 1kW and magnetron source - power 10KV flat circular target of 200mm
of dimension. It allows for plasma cleaning of therface by four independent ionic
guns - 4 kW/100mA in argon atmosphere. Polarizatioitage of substrate in range of high
voltages is controlled from 800-2500V, however amge of low voltages from 0-200V.
Nominal vacuum is below 1,0xT®a.

3. SURFACE PREPARATION OF X38CrMoV5-1 STEEL SAMPLES

Polishing process of samples made of X38CrMoV5etldhas been carried out using
Phoenix Beta 2, Buehler-Germany dual platen gripddisher machine equipped with
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Vector power head - Fig. 2. This stand is on eqeipimof Department of Production
Engineering of Technical University of Lodz. Thechiaological conditions of realized
operations of grinding and polishing have been showTable 1. Elaborated technological
process has ensured suitable preparation of samplesange of required roughness
parameters and their proper purity (including readaf machining products). The surface
of polished samples has had silver, glossy coladrr visible tool marks.

Fig. 2. The overall view of the Beta 2 dual plaggimder-polisher machine equipped with Vector pohesad
and specimens holder

Table 1. Conditions of technological process of 8880V5-1 steel samples preparation

Process | Feed Rotation
chzs A;j:?:c\ée Type of abrasive material | Lubricant type time force Sﬁ’;ﬁ%
: [min] |[Nfem? | P (s
BuehlerMet
silicon . ) )
carbide Slllcor_1 carblde SiC P 600 Water . 20 .
abrasive (grits size g 26pm)
o paper
Grinding BuehlerMet
silicon o ) .
carbide S|I|c0n_ car_blde SiC P 1200 Water 3 10 .
abrasive (grits size g 15um)
paper
i Oil-based
Mvsg\lllé? Shiﬁ(rd Monocrystalline diamond polishing
Lapping cloth suspension MetaDi -oil | extander Buehlef 2 5 2
VerduTex based (grains size g 3pm)  AutoMet
Lapping Oil
Soft synthetid Aluminium oxide (ALOs)
ishi final polishing suspension
Polishing pad : _ i ) c .
ChemoMet MasterPrep (grains size g
0,05pm)
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4. MORPHOLOGY OF SURFACE LAYER OF PVD COATINGS

The morphology of TiC+a-C:H and MgBW coatings has been assessed basing on
scanning electron microscope - SEM images. For sinyations scanning electron
microscope Philips XL 30 has been used. Presente@siigation results concern
comparison of morphology of X38CrMoV5-1 steel saasphfter polishing process and with
manufactured TiC+a-C:H and Mg@BW coatings - Fig. 3.
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Fig. 3. Images of X38CrMoV5-1 steel samples obiipg scanning electron microscope - SEM: a) witHoubD
coating (magnification x 1000), b) surface with F8&EC:H coating (mag. x 2500), c) surface with MBSV coating
(mag. x 2500)

These images have revealed significant change®iphulogy of surface layer. SEM
images of X38CrMoV5-1 steel samples without PVDtowp- Fig. 3a have shown no
visible scratches or impurities, what means thairtsurface layers have been correctly
prepared.

X38CrMoV5-1 steel samples with manufactured TiC+btCoatings - Fig. 3b have
been characterized by smooth structure however mahufactured MoSiW coatings -
Fig. 3c have been characterized by irregular strectimaging probably different forms in
manufactured coatings.

5. IDENTIFICATION OF PVD COATINGS

Identification of TiC+a-C:H and MaoSiW coatings manufactured on X38CrMoV5-1
steel samples has been done using Energy Dispefsiag Spectroscopy - EDS. This is an
analytical technique commonly used for the elemeamalysis or chemical characterization
of the samples.

The measurements have been carried out using SEivbsobpe - Philips XL 30
equipped with electron microprobe X-ray analyse’ADn Materials Department of Ecole
Catholigue d’Arts et Métiers - ECAM in France. Thaay spectrums have been presented
in Fig. 4.
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Fig. 4. EDS investigation results of X38CrMoV 5tged samples: a) without PVD coating, b) with TiG2ad coating,
¢) with MoSTiW coating

The obtained results have shown that predominamhpooents in chemical
composition of X38CrMoV 5-1 steel samples have bdeenCr, Mo, Si and V - Fig. 4a, with
manufactured TiC+a-C:H coating: C, Ti, Fe, Cr -.Hf and with manufactured MgBW
coating: S, Mo, W and Ti - Fig. 4c.

6. MEASUREMENTS OF FRICTION COEFFICIENT OF PVD COINGS

Tribological investigations of TiC+a-C:H and Mg®W coatings manufactured on
X38CrMoV5-1 steel samples have been done with ustoghputer-controlled high
temperature tribometer (CSM Instruments SA-Switzet) with using steel (100Cr6) balls
as a counter-samples. Tribological tests have lseaducted at ambient conditions 25°C
and at the high temperature 200°C. Results haven leégborated with using TriboX
Software. Parameters of the friction coefficierdttbave been as follows: load - 5N, ball
radius - 6mm, average velocity - 10 cm/s, distaB68-800m. The results of friction
coefficient measurements of uncoated X38CrMoV5«€elssamples have been presented
in Fig. 5.
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Fig. 5. Friction measurements of X38CrMoV5-1 stastoated: a) at the temperature 25°C; b) at thpaeature 200°C

Investigation results have shown that friction ¢eefnt of uncoated X38CrMoV5-1
steel samples with using steel (100Cr6) balls esuater-samples has been high in ambient
conditions 25°C and has been equal after 200 rredteto 0,7. However in high temperature
200°C the friction coefficient decreased after g@er test to value 0,55.

The results of friction coefficient measurementsxX88CrMoV5-1 steel samples with
manufactured TiC+a-C:H and MgBW coatings have been depicted in Figs. 6-7.
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Fig. 6. Comparison of results of friction coeffistaneasurements of X38CrMoV5-1 steel with TiC+a-Coéting at
the temperature 25 and 200°C performed with usifCi6 ball

Investigation results has shown that measureddnotoefficient of X38CrMoV5-1
steel samples with TiC+a-C:H coating performed wi#ing 100Cr6 ball after 800 meter
test has decreased from 0,3 to 0,18 at the temper@b°C, however at the temperature
200°C the friction coefficient has increased rapidbm 0,1 to 0,7 after 400 meters - Fig. 6.
In case of X38CrMoV5-1 steel samples with M®iSV coating the measured friction
coefficient after 800 meter test has increased d@mgn 0,12 to 0,16 at the temperature
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25°C, however at the temperature 200°C the frictioefficient has increased from 0,04 to
0,08 - Fig. 7. It means that both PVD coatings ificgmtly improved tribological properties
of X38CrMoV5-1 steel, which friction coefficient isqual to 0,55-0,7 - Fig. 5, however in
high temperatures better results have been obsévétbS, TiW coating.
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Fig. 7. Comparison of results of friction coeffistaneasurements of X38CrMoV5-1 steel with MBSV coating at the
temperature 25 and 200°C performed with using 16®at

7. NANOHARDNESS AND MODULUS OF ELASTICITY INVESTIGAIONS OF PVD
COATINGS

Nanohardness and longitudinal modulus of elastictyPVD coatings has been
measured using Nano Inten8eé8200 equipment, MTS Nano Instruments-USA, equipped
with a Berkovich diamond pyramidal penetrator. Theasurements of nanohardness have
been conducted with using Continuous Stiffness Mesamsent - CSM method This method
is perfect for measurements of thin coatings, whbesr properties are changing with
increasing of the depth [8]. Results have been rdetb and elaborated with using
TestWorksPro 4 software. Representative resultsasfohardness measurements of the
examined TiC+a-C:H and M@BW coatings manufactured on X38CrMoV5-1 steel
samples have been shown in Fig. 8.

Investigation results has shown that X38CrMoV5-&ektsamples with TiC+a-C:H
coatings have had been characterized by very higholmardness equal to 18GPa.
X38CrMoV5-1 steel samples with MgBW coatings have had nanohardness equal to
about 7GPa.

The results modulus of elasticity of TiC+a-C:H aWdS,TiW coatings manufactured
on X38CrMoV5-1 steel samples have been shown in%Fig
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Fig. 8. A comparison of nanohardness measuremém38CrMoV5-1 steel with TiC+a-C:H and M@BW coatings
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Fig. 9. A comparison of longitudinal modulus ofstlaity measurements of X38CrMoV5-1 steel with T&CE:H
and MoSTiW coatings

Investigation results has shown that X38CrMoV5-@ebtsamples with TiC+a-C:H
coatings have had very high modulus of elasticijua¢ to 270GPa, however with

MoS,TiW coatings 170GPa.
8. CONCLUSIONS
Protective TiC+a-C:H and M@®iW coatings manufactured on X38CrMoV5-1 steel

samples have considerably improved their tribolagiproperties. They have been
characterized by low friction coefficient even iglh temperatures, high wear resistance,
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relatively high nanohardness and longitudinal modgwf elasticity. These predispose them
especially for plastic moulding applications i production of ejector pins.
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