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 Abstract:  The present paper describes the structure, surface topography, and tribological properties of a DLC composite 
coating produced by magnetron sputtering on an engine cylinder liner AC-AlSi12NiCuMg (AC-47000) cast 
alloy as well as on AW-A6061 aluminium alloy matrix W6.A15A composite (AW-6061+10Al2O3P) used for 
the production of oil-less air compressor cylinders and car roof sliders. The DLC coating slid against a TG15 
sliding composite under dry friction, which is an equivalent to the friction system for oil-less air compressors 
and against cast iron under limited lubrication conditions (boundary lubrication). The limited lubrication 
conditions are dominant during the starting of a cold combustion engine, when the viscosity of oil is too high 
and the splash lubrication is not sufficient. The DLC coatings’ properties are compared with the anodic hard 
coatings (AHC) and composite coating with an AHC matrix applied in sliding contacts presently used. The 
wear of composite TG15 during sliding against DLC was higher than during sliding against AHC. The DLC 
coating can replace the anodic hard coating and composite coatings on its matrix presently used in sliding 
contacts.

 Słowa kluczowe:  powłoki ślizgowe, anodowa powłoka twarda, rozpylanie katodowe, powłoki diamentopodobne, materiały 
kompozytowe.

 Streszczenie:  W pracy przedstawiono strukturę, topografię powierzchni i właściwości tribologiczne kompozytowych powłok 
DLC wytworzonych metodą rozpylania magnetronowego na stosowanym do wytwarzania tulei cylindrowych 
silników spalinowych stopie odlewniczym AC-AlSi12NiCuMg (AC-47000) oraz na kompozycie W6.A15A 
z osnową ze stopu aluminium AW-606+10Al2O3P używanym do wytwarzania bezolejowych sprężarek powie-
trza i na prowadnice rozsuwanych dachów samochodowych. Powłoka DLC współpracowała z tworzywem 
TG15 w warunkach tarcia technicznie suchego, co odpowiada warunkom pracy sprężarek bezolejowych oraz 
z żeliwem w warunkach ograniczonego smarowania (tarcie graniczne). Warunki ograniczonego smarowania 
występują podczas rozruchu zimnego silnika, gdy lepkość oleju jest za wysoka a smarowanie rozbryzgowe 
niewystarczające. Właściwości powłoki DLC zostały porównane z właściwościami stosowanych dotychczas 
anodowej powłoki tlenkowej (AHC) i powłoki kompozytowej na jej osnowie. Zużycie tworzywa TG15 we 
współpracy z DLC było większe niż we współpracy z AHC. Powłoka DLC może zastąpić stosowaną dotych-
czas powłokę tlenkową i powłoki kompozytowe na jej osnowie.
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INTRODuCTION

Aluminium alloys are more and more frequently used 
in the production of machine parts for transport means. 
Those most popular are alloys of aluminium and Mg, 
Cu, Zn or Si, as well as composite materials based on 
them. Apart from a number of advantages, among 
which are good thermal conductivity (in the range 
of temperatures of 20–300°C: λAl = 244–230 W/mK;  

λAlSi12 = 155–138 W/mK; λFe = 80–71 W/mK),  
low density (ρAl = 2720 kg/m3; ρAlSi12 = 2680 kg/m3;  
ρFe = 7860 kg/m3), and high specific strength (Rm/ρ), 
and aluminium alloys have some disadvantages that 
limit the scope of their application. A disadvantage that 
makes it difficult to apply aluminium in sliding contacts 
is its susceptibility to adhesive tacking. Many scientific 
and industrial centres have worked out a number of 
technologies to reduce aluminium tacking with various 
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sliding partners [L. 1–4]. One solution is to fabricate 
and apply coatings adequate for the operating conditions 
on the surfaces of machine parts designed for sliding 
contacts. In the industrial practice, anodic hard coatings,
which slide under dry friction (friction in air) conditions 
against plastics, containing PTFE, graphite, carbon fibres, 
carbon nanotubes as a solid lubricant have already found 
application in piston air compressors and in pneumatic 
cylinders as a cylinder bearing surface [L. 5–7]. They 
are also applied as slide ways in open car roofs and in 
machine supports, under limited lubrication conditions. 
Parts of vehicles roofs are made of composite materials 
with AlMg2Si alloys matrix reinforced with alumina 
particles. This composite has a tensile strength up to 
40% higher than the matrix, which allows the reduction 
of the vehicles mass. Using this composite increases the 
wear intensity of the sliding partner. Some coatings are 
useful for mitigating wear.

Currently, composite coatings based on 
AHC+MeNR (Anodic Hard Coating plus Metal Nano 
Rods) that sliding against cast iron under limited 
lubrication conditions, i.e. with an insufficient amount of 
a lubricant [L. 7], are being subjected to stand research. 
A search for new coatings to facilitate the sliding 
between aluminium and other materials is an ongoing 
process. Modern devices for applying the coatings by 
means of PVD or CVD methods, e.g. by magnetron 
sputtering [L. 3, 4] are very helpful in research. DLC 
(Diamond-Like Carbon) coatings fabricated by means of 
different variants of PVD (Physical Vapours Deposition) 
and CVD (Chemical Vapours Deposition) methods have 
been very popular in recent years with the manufacturers 
of machines, devices, and cutting tools [L. 3, 4]. Their 
great hardness, high resistance to chemical agents, 
low friction coefficient, and insignificant wear make 
them attractive in terms of protective, decorative, and 
tribological aspects. Coatings produced using those 
methods are applied both in the food and medical 
industries as well as in different fields of technology 
(motor-car engine parts, cutting tools, etc.). Depending 
on the deposition parameters (chemical composition 
and pressure), layers of different electrical properties 
can be fabricated, beginning from transparent non-
conductors to black conductors. From the tribological 
point of view, the usefulness of DLC coatings for sliding 
contacts intended for work under limited lubrication and 
friction in ambient conditions is interesting. By adding 
components that reduce adhesion and shear strength to 
the deposited material, it is possible to produce coatings 
that will work in conditions of technically dry friction. 
According to the friction hypothesis developed by 
Bowden [L. 8], in order to reduce friction, the surface 
layers of sliding machine parts should be very hard  
(high H) and have a low shear strength (low τ). In 
technology, there is no monolithic material available that 
could be characterized by such properties. It is therefore 
necessary to fabricate composite coatings that contain 

a hard matrix material and a filling of a low shear strength 
material. The requirements of the Bowden hypothesis 
modified by Ernst and Merchant formula [L. 9]:

µ = τ/H +tgα,

where 
τ – shear strength of soft material [MPa],
H – hardness of hard material [MPa],
α – mean angle of surface irregularity contacts 

are met by DLC coatings containing 
molybdenum disulphide – the shear 
strength of which does not exceed a few 
MPa due to weak bindings (van der Waals) 
between layers.

Diamond-like carbon is a mixture of amorphous 
carbon in which sp3 bonds typical of a diamond 
structure outnumber the sp2 bonds typical of graphite. 
The composition of diamond-like carbon layers is not 
homogeneous. They have an amorphous structure with 
microcrystalline regions. Properties of DLC coatings 
depend on the method of their production and on the 
parameters of their application by a given method, 
which can vary considerably. 

The technology of magnetron sputtering in an 
inhomogeneous closed magnetic field enables turning 
the coating material into a plasma state with a very 
high particle vibration frequency with the particles 
being deposited on samples cooled with water. The 
magnetron sputtering is carried out in a stainless steel 
chamber under vacuum conditions. The substrate must 
be carefully cleaned, which improves the adhesion of 
the coating. Graphite and chromium disks are used for 
sputtering in a pure argon atmosphere. Deposition begins 
after a pressure of 0,266 × 10-3 Pa has been achieved in 
the pressure chamber.

FABRICATION  OF  SAMPLES  FOR   
THE  RESEARCH

The magnetron sputtering deposition process was used 
for the production of DLC coating on three aluminium 
substrates, i.e. on the AW-AlMg2Si alloy (AW-6061), 
the AC-AlSi12CuMg (AC-47000) alloy, and the 
W6A.15A composite based on the AW-6061 alloy 
with a 15% content of Al2O3 particles. A thin metallic 
film (Cr-prelayer) is deposited in the first phase of 
ion cleaning, thus ensuring good adhesion and the 
avoidance of any differences in the thermal conductivity 
coefficient between the substrate and intermediate layer. 
The intermediate layer (CCrx) decreases the maximum 
reduced stresses (according to von Misses).

Selection of the substrate material was made after 
taking into account the application of the coatings, i.e. for 
sliding surfaces of oil less compressors and slide ways 
in open car roofs (AW-6061, W6A.15A), as well as for 
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compressor pistons (W6A.15A), and combustion engine 
cylinders (AC-AlSi12CuMg). The selection of the 
coating process and chemical composition of coatings 
were done for the improvement of the tribological 
properties of substrate materials. 

TRIBOLOGICAL  ExAMINATION 

In order to determine the usefulness of the investigated 
materials for sliding contacts, laboratory tribological 
tests were conducted on a cube/flat surface tester that 
simulated the operation of piston group components in 
cold start-up conditions, so-called limited lubrication, as 
well as oil-free sliding. The research was conducted in 
two stages. The first step concerned the oil-free contact 
of TG15 composite plastic (PTFE+15% graphite) and 
a diamond-like coating (DLC). This contact is designed 
for use in oil-free piston compressors for the needs of 
pneumatic propulsions in industrial applications, e.g., in 
the food and power engineering industries. 

During the tests, the friction coefficient was 
measured using a strain gauge force transducer with an 
inaccuracy of 3% and mass loss by using a balance with 
an inaccuracy of 0.2 mg.

Oil-less contact

Research concerning friction in air was performed in 
conditions which prevail in an oil-free piston compressor, 
where the contact piston rings/cylinder sleeve surface  
(TG15/AHC) works without oil, thus enabling 
a comparison of the proposed DLC coating with the 
presently used ceramic coating (AHC). The tests 
were conducted on a cube-flat surface tester under 
the following conditions: unit pressure p = 0.4 MPa, 
relative velocity v = 2.4 m/s and sliding time t = 50 h 
in 6 replications. The specimen was a cube (10 mm) 
made from TG15. The obtained results of the tests are 
presented in Figs. 2–3.

The investigated coatings were the surface layers 
of counter-specimens (60 × 14 × 6 mm, Fig. 1) on 
which sectors of a composite piston ring from an oil-less 
compressor as well as sectors of a cast iron piston ring 
from a combustion engine were sliding. 

Contact with limited lubrication

The second stage of tribological investigation covered 
the contact of GJL-300 cast iron and a DLC coating 
in the conditions of friction with limited lubrication 
with an oil mist (Tab. 1). This contact is designed 
for application in lubricated piston units in machines 
working in the conditions of a temporary shortage of 
lubricant, as during a cold start test. At the moment 
of the start of the test under limited lubrication,  
a 0.12 mg/cm2 doze of oil was sprayed onto the counter-
specimen surfaces from nozzles located at a 50 mm 
distance from the friction surface. By means of a special 
control system, injection frequency and the amount 
of the oil doze were determined. Based on the earlier 
experiments of author and co-workers [L. 10, 11], a doze 
of 0.12 mg/cm2 and 1/1800 Hz injection frequency 

Fig. 1.  Samples used for tribological examination
Rys. 1.  Próbki użyte do badań tribologicznych

Fig. 2.  Friction coefficients for TG15 material during 
sliding against selected materials (friction in air:  
p = 0.4 MPa, v = 2.4 m/s)

Rys.2.  Współczynnik tarcia w funkcji czasu współpracy two-
rzywa TG15 z wybranymi materiałami (tarcie tech-
nicznie suche: p = 0,4 MPa, v = 2,4 m/s)

Fig. 3.  Mass wear of TG15 after sliding against selected 
materials (friction in air: p = 0.4 MPa, v = 2.4 m/s) 

Rys. 3.  Ubytek masy tworzywa TG15 po współpracy z wybra-
nymi materiałami
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(injection every 30 minutes) was selected. The oil mist 
was produced by using a pneumatic generator under air 
pressure of 0.2 MPa and synthetic engine oil (5W/40). 
Under such conditions, the previously developed 
AHC+Ni [L. 10] composite coatings on aluminium  
alloys showed their optimal tribological properties. 
Therefore, for the purpose of comparison, tests were 
performed on DLC coatings produced on similar 
substrates.

If the surface of a counterspecimen is covered with 
a coating that absorbs oil, only part of the doze applied 
is removed beyond the friction zone by a moving ring 

MICROSCOPIC  INvESTIGATION

In order to get fully acquainted with 
the behaviour of the examined coatings 
during sliding against plastic and cast 
iron, necessary microscopic investigation 
of coatings’ surfaces and microsections 
were carried out before and after friction. 
A scanning (SEM) and a light (LM) 
microscope were used for this purpose. The 
results are presented in Figs. 5–7. During 
sliding of GJL-300 cast iron against the 
investigated coatings, the coating material 
was conveyed to the cast iron surface. 
A view of the cast iron surface after sliding 
against the DLC coating is presented in 
Fig. 5d.

Table 1.  Test conditions for limited lubrication
Tabela 1.  Warunki badań przy ograniczonym smarowaniu

Table 2.  Friction coefficient in examined contacts under limited lubrication conditions
Tabela 2.  Współczynnik tarcia w badanych skojarzeniach w warunkach ograniczonego smarowania

(in a combustion engine it is a piston scraper ring). The 
amount of oil left on the surface depends on the coating 
structure, and it determines the friction conditions. 
Subsequent oil dozes are applied at the start and after  
30 minutes. A vertical position of a contact is supposed 
to prevent oil from its gathering on the friction surface 
(as on the cylinder bearing surface). If a coating is a poor 
sorbent of oil, the friction force value depends on the 
sliding properties of the coating, including its shear 
strength and hardness. For this case, the oil mist was 
applied at the start and every 10 minutes. The results 
obtained are presented in Table 2 and in Figure 4.

Fig. 4.  Friction coefficient of cast iron sliding against the DlC coating 
on w6A.15A composite (p = 3 MPa, v = 2.4 m/s, oil mist at the 
start and after 30’)

Rys. 4.  Współczynnik tarcia w skojarzeniu żeliwo/powłoka DLC na kompo-
zycie W6A.15A (p = 3 MPa, v = 2.4 m/s, mgła olejowa na początku 
i po 30’)

1) Comparing contact from an earlier investigation.
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Fig. 5.  view of the surfaces of DLC coating on w6A.15A composite before (a) and after sliding against cast iron (b)  
(p = 3 MPa; v = 2.4 m/s), and chemical composition (c): (a) – visible traces of machining on substrate material,  
(b) – lighter places being the tops of partially worn out carbon layer in the middle area, (c) – chemical composition 
of DLC, (d) – cast iron after sliding 1 – scratches along the specimen movement direction, 2 – during friction 
deposited wear debris of coating material; 3 – area not participating in friction

Rys. 5.  Widok z powierzchni powłoki DLC na kompozycie W6A.15A przed współpracą (a) i po współpracy z żeliwem (b) oraz 
skład chemiczny (c): a – ślady po obróbce materiału podłoża, b – jaśniejsze miejsca w środku fotografii to wierzchołki czę-
ściowo zużytej warstwy węgla, c – skład chemiczny powłoki DLC, d – żeliwo po współpracy: 1 – rysy wzdłuż kierunku 
ruchu, 2 – osadzone podczas tarcia produkty zużycia powłoki, 3 – obszar niebiorący udziału w tarciu

a) b)

c) d)

Fig. 6.  Cross-sections of the w6A.15A composite with a DLC coating: a – LM (1 – matrix alloy, 2 – reinforcing phase 
Al2O2, 3 – DlC-coating, 4 – scratch after machining filled by the coating material), b – SEM (3a – Cr-prelayer,  
3b – intermediate CrC layer, 3c – DLC layer) 

Rys. 6.  Zgłady poprzeczne powłoki kompozytowej DLC na kompozycie W6A.15A: a – LM (1 – osnowa, 2 – faza zbrojąca,  
3 – powłoka DLC, 4 – rysa po skrawaniu wypełniona  materiałem powłoki), b – SEM (3a – podwarstwa Cr, 3b – między-
warstwa CrC, 3c – warstwa DLC)

a) b)
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SuRFACE  TOPOGRAPHy  INVESTIGATION 

Deposition of composite coatings on a substrate 
causes changes in its topography. The thickness of 
the obtained coatings did not exceed 2 micrometers 
(Fig. 6b); therefore, on a surface with the coating, 

Fig. 7.  view of the DLC coating surface (a and b) and the anodic hard coating (c and d) after sliding against TG15:  
1 – scratches left after machining filled with a sliding film, 2 – sliding film on a larger coating area, 3 – traces of 
coating surface wear, c – sliding film (dark strip on the right) against the AHC background; d – roughness valleys 
of AHC filled with a sliding film – darker places

Rys. 7.  Widok z powierzchni powłoki DLC (a i b) i anodowej powłoki tlenkowej (c i d) po współpracy z TG15: 1 – rysy po 
obróbce wypełnione filmem ślizgowym, 2 – film ślizgowy na powierzchni powłoki, 3 – ślady zużycia powłoki, c – film 
ślizgowy (ciemniejszy obszar po prawej stronie) na tle powłoki tlenkowej, d – zagłębienia chropowatości wypełnione 
filmem ślizgowym – ciemniejsze obszary

a)  LM b) SEM

c) LM d) SEM

Fig. 8.  Roughness profiles of the w6A.15A composite surface before coating: a – 2D, b – 3D; visible roughness peaks of  
a height up to 2.5 µm and single cavities (up to 4 µm), which may have been formed after removal of the reinforcing 
phase particles during samples preparation

Rys. 8.  Profile chropowatości powierzchni kompozytu W6A.15A przed naniesieniem powłoki (a – 2D, b – 3D: widoczne wierz-
chołki chropowatości o wysokości do 2,5 µm i pojedyncze zagłębienia (do 4 µm) powstałe po usunięciu cząstek fazy 
zbrojącej podczas obróbki

traces of machining (polishing with abrasive paper 
500) were visible, Fig. 6a. To identify the influence of 
the deposited coating on the topography of a surface 
intended for sliding, measurements of the roughness 
profile 2d and 3D were made. Their results are shown 
in Figs. 8 and 9.
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the roughness peaks in the substrate material covered 
with a coating; the result of which is increased wear 
of the plastic. Local tacking may occur on the tops of 
surface irregularities. Shear strength of the DLC coating 
is higher than that of Teflon-graphite and, consequently, 
shearing takes place in the plastic material, not in the 
coating. Values of the friction coefficients of the contacts 
(Fig. 2) differ inconsiderably when compared. In the 
contact TG15/AHC with a sliding film formed, the 
friction coefficient is slightly lower. The reason for this 
is the formation of a continuous sliding film on the AHC, 
Fig. 7c. 

It follows from the comparison presented in Table 
2 that the friction coefficient of the contact working 
in limited lubrication conditions is under a significant 
influence of the frequency of oil mist application. In the 
case when a lubricating agent is applied every 10 minutes, 
the friction coefficient is lower almost by half (Tab. 2). 
One of the reasons for such behavior of a contact with 
the DLC coating is its little developed, compared to the 
anodic oxide coating, surface, whose porosity can reach 
up to a dozen or so percent. Oil is better absorbed on 
a developed oxide surface. The friction coefficient value 
is determined by the amount of oil applied to the contact 
as well as the method of its bonding to the substrate. In 
the case of porous coatings, absorption prevails, causing 
a lower friction coefficient (µ = 0.1, Tab. 2). However, 
in the case of non-porous coatings, adsorption is more 
frequent. On the DLC coating, oil is only adsorbed; 
therefore, its more frequent application is required to 
reduce the friction coefficient. An oxide coating absorbs 
oil in a way practically preventing its complete removal, 
even by means of vacuum suction.

During friction wear of amorphous carbon (the 
outer layer of DLC) takes place, and the intermediate 
layer (CCrx) is uncovered. Figure 5b shows the surface 
with the partially worn (brighter part in the middle of 
picture) carbon layer. Oil mixed with wear debris of 
DLC (amorphous carbon) and cast iron (graphite) builds 
a mixture with better tribological properties. Some part 
of wear debris has been plated on the sliding surface of 

Fig. 9.  Roughness profile of the DlC surface formed on the w6A.15A composite: a – 2D, b – 3D; roughness peaks up to 
0.5 µm and cavities up to 2 µm

Rys. 9.  Profile chropowatości powierzchni powłoki DLC na kompozycie W6A.15A: a – 2D, b – 3D; widoczne wierzchołki chro-
powatości o wysokości do 0,5 µm i pojedyncze zagłębienia (do 2 µm)

DISCuSSION  OF  RESEARCH  RESulTS

Based on the results of microscopic investigation 
of materials coated with DLC, it can be stated that it 
is possible to deposit on composite materials with Al 
alloy matrix and ceramic particles a thin (up to 2 µm) 
and continuous layer. DLC coating covers very hard, 
protruding after machining over the matrix surface, 
Al2O3 reinforcing particles (Fig. 6a), which protects the 
sliding partner against wear. Roughness of the surface 
after coating decreases from Ra = 0.55 µm (Fig. 8a) 
to Ra = 0.23 µm (Fig. 9a) due to Cr, CCrx and DLC 
layers (Fig. 6b). This layer makes sliding in air of TG15 
composite plastic against an AlMC, which mitigates 
wear and friction forces. Wear of the TG15 composite 
during sliding against the investigated coating was 
higher than in oil-free contacts that are presently used, 
i.e. an anodic oxide coating on AW-6061, Fig. 3. One 
of the reasons for the increased wear of the composite 
is the topography of the compared materials surface. 
The AHC has a better developed rough surface  
(Ra = 0.45 µm), on which a sliding film deposits,  
Figs. 7c, 7d. Due to that film, the contact between plastic 
and oxide is substituted with the plastic/plastic contact. 
Shearing of tacking bridges formed as a result of friction 
takes place in the plastic (PTFE+graphite). Additionally, 
the hardness of oxide coatings is high (>500 HV), and the 
shear strength of the graphite constituting a considerable 
part of the formed film and PTFE is very low (< 5 MPa), 
which, according to Ernst and Merchant’s dependence, 
yields a low quotient τ/H. 

In the case of a contact consisting of composite and 
a DLC coating, the conditions for depositing a sliding 
film are much worse. As a result of filling the substrate 
surface irregularities with a coating material (roughness 
reduction after coating deposition from Ra = 0.55 to 0.23 
µm), the substrate surface is less developed than, e.g., 
AHC, which makes the deposition of plastic in the form 
of a continuous film difficult. Sparse islands of plastic 
deposit on the coating surface, as in Fig. 7a and 7b, and 
microcutting of the plastic occurs, which is caused by 
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cast iron (Fig. 5d) mitigating friction for longer time; 
although, the oil quantity was lower than by splash 
lubrication (Fig. 4).

In potential application contacts (piston ring/
cylinder liner), a lubricating agent is present continuously 
(splash lubricating in combustion engines); therefore, 
lubricating conditions are better than during the described 
examination and the coefficient of friction will be lower 
than measured during the described experiments.

CONCluSIONS

  1. The DLC coating formed by magnetron sputtering 
on W6A.15A composite slides against the 
composite sliding material (TG15) in air, causing 

REFERENCES 

1. Posmyk A., Wistuba H., Composite layers with ceramic matrix modified with glassy carbon destined for oil-less 
sliding pairings. Arch. Metall. Mater. 56 (4), 2011, 909–917. 

2. Skoneczny W., Influence of the nanostructure of surface ceramic coating on their tribological properties; Materials 
Science, 50 (3), 2014, 435–442.

3. Camino D.. Jones A.H.S., Mercs D., Teer D.G., Prospect of Teer Coatings Ltd. UK (2001).
4. Fox V.C., Renevier N., Teer D.G., Hampshire J., Prospect of Teer Coatings Ltd. UK (2001).
5. Oil less Compressor Aggregate AB 5/2-380 – Information Data Sheet of AIRPOL Poznań (2015).
6. Posmyk A., Surface layers on aluminium engineering materials, Publisher of Silesian University of Technology 

Gliwice 2010.
7. Bara M., Influence of radiation modification on tribological properties of T5W, T7W plastics used in kinematics 

systems;, 7 (4), 2013, 9–15.
8. Bowden F.P., Tabor D., The Friction and Lubrication of Solids, Clarendon Press Oxford 1954.
9. Ernst H., An interpretative review of 20thcentury machining and grinding research. 2003 TechnSolve inc. 

Cincinati (OH).
10. Posmyk A., Prognozowanie warunków współpracy ślizgowej żeliwa z powłokami kompozytowymi. Zagadnienia 

Eksploatacji Maszyn, 1 (145), 2006, 7–21. 
11. Błasiak A., Tribological behavior of composite coatings. MA thesis. University of Silesia, Sosnowiec 2003.

material wear higher than that of the presently used 
anodic oxide coating. The reason for this is a less 
developed surface of the substrate covered with 
the DLC coating, which hinders the formation of 
a continuous sliding film from the plastic material 
(solid lubricant). 

  2. The DLC coating formed on W6A.15A composite 
slides against cast iron under limited lubrication 
conditions (0.12 mg/cm2 oil every 10 or 30 min.), 
showing average friction coefficient values of  
µ = 0.15 up to 0.25, depending on oil quantity.

  3. The DLC coating on AC-AlSi12CuMg aluminum 
alloy slides against cast iron under limited 
lubrication conditions, showing average friction 
coefficient values of µ = 0.14.




