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ABSTRACT: It is an advanced surface modification technology by magnetron sputtering a several-micron-thick hard ceramic
coating, which have been widely used in industry owing to their high hardness and toughness, good oxidation and corrosion
resistance, wear resistance, and excellent adhesion to substrates. The coating performance is strongly affected by the deposition
parameters such as applied pressure, N,-gas partial pressure, and target power. A change in these parameters may alter the
structural and mechanical properties and hence the friction resistance of the coating. The work aims to investigate the effect of
nitrogen-to-argon flow ratios on the microstructure and tribological properties of CrAgCeN coatings prepared by magnetron
sputtering.

The sputtering targets were Cr (99.95%) and CeAg alloy (5:5 Ce: Ag), 304 stainless steel was selected as the substrate. A Cr
transition layer was deposited for 20 minutes to improve the adhesion of the coating to the substrate. The main process
parameters were set as follows: vacuum pressure was 5x107* Pa, deposition temperature was 200 °C, total coating-deposition
time was 120 min. The nitrogen-to-argon flow ratio was 0.6, 1, 1.5 and 3. Scanning electron microscopy (SEM) and X-ray
diffraction (XRD) were used to characterize the microstructure, composition and crystal structure of the coatings. The
mechanical properties and friction and wear properties of the coatings were tested by nano indentation, tribometer and white
light interfering profilometer. The wear rates of three tests were averaged to reduce the error, and were used to evaluate the wear
performances of the coatings.

A well-formed CrAgCeN coating is successfully prepared by a magnetron sputtering system on the surface of 304 steel.
The key parameters were set as follows, deposition pressure was 0.6 Pa, DC power was 200 W, RF power was 60 W, N, flow
was 30 mL/min, Ar flow was 20 mL/min. The microstructure of CrAgCeN coatings could be improved by doping Ce. The
phases of CrAgCeN coatings, are mainly composed of CrN, Cr,N, Ag, AgN; and Ce. With the increase of nitrogen-to-argon flow
ratios, the surface morphology of coatings changes from triangular cone to sphere, the structure is uniform and dense. When the
nitrogen-to-argon flow ratios was 1.5, the H and E of the CrAgCeN coating are maximum, namely 14.1 GPa and 213.8 GP, the
friction coefficient of CrAgCeN coating was as low as about 0.381, and the wear rate was as low as 1.1x10 mm®/(N-m).

The wear mechanism was mild adhesive and small oxidation wear at the nitrogen-to-argon flow ratios of 1.5. The energy
spectrum showed that there were Fe, Cr, Ce, Ag and O elements on the surface of the counter-grinding balls, indicating that Cr,
Ce and Ag were transferred to the worn surface of counter-faces. The EDS of the worn surface of the counter-grinding balls
shows that the content of Ce is the highest, which implied the formation of ceria oxide groups on the surface of the coatings.
Ceria groups appearing on the worn surface may perform as a solid lubricant that reduces friction. The lubricant can decrease the
interaction forces with the sliding counterpart and contribute to the lowering of friction after the Ce incorporation. At the
nitrogen-to-argon flow ratios of 1.5, the effect of antifriction and wear resistance is the outstanding, the worn surface of the
counter-grinding balls is the most flat. Amazing friction and wear properties of CrAgCeN coating could be obtained by adjuting
appropriate nitrogen and argon flow.

KEY WORDS: nitrogen-to-argon flow ratios; magnetron sputtering; CrAgCeN coating; friction and wear
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Tab.1 Characteristics and application of test materials

Materials Characteristic Purpose
Substrate, characterize
304 . .
. $30 mmx microstructure of coatings,
stainless . .
2 mm testing friction and wear
steel . .
properties of the coatings
Si(100) 10 mmx10 mmx Characterlze.hardness
50 um of coatings
Purity, 99.95% .
Cr $50.8 mmx3 mm Sputtering target
Ce:Ag 1:1 .
CeA ? Sputtering target
& #50.8 mmx3 mm P glaig
Ar Purity, 99.99% Work gas
N, Purity, 99.99% Reaction gas

* 2 CrAgCeN 2EHMBRSH
Tab.2 Deposition parameters of CrAgCeN coating

Nitrogen-
Sample argon

Cr target CeAg

N, flow/  Ar flow/ power/  target

(mL-min") (mL-min"")

flow ratio W power/W
Al 0.6 30 50 200 60
A2 1 30 30 200 60
A3 1.5 30 20 200 60
A4 3 30 10 200 60
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Fig.1 SEM morphologies of the CrAgCeN coating at different nitrogen-to-argon flow ratios
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Tab.3 Composition of CrAgCeN coatings at
different nitrogen-to-argon flow ratios
at.%

Samples Cr atqmic N atqmic Ce atqmic Ag atgmic
fraction fraction fraction fraction
Al 52.4 42.1 3.6 1.9
A2 52.1 42.9 2.8 22
A3 51.9 43.3 2.5 23
A4 52.9 42.2 2.7 2.2
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