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Chromium Nitride and CarbideChromium Nitride and Carbide
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Improved Improved wear and wear and 
corrosion resistancecorrosion resistance

Increased abrasion Increased abrasion 
resistance and adhesionresistance and adhesion
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� Cholvy et al. [1] indexed the crystalline phase as a functionof
reactive gas flow ratio and deposition temperature.

� Cr-C-N showed good wear resistance [3,4,7] and oxidation
resistance [4], but have poor adhesion compared with CrN and
CrC [3,4].
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Deposition process:

Arc-evaporated in Ar/N2/C2H2 or CH4 gas

CrCr--CC--N coatingsN coatings

CrC [3,4].

� Cr-C-N coatings have better corrosion resistance than CrN
coatings [2,6].

� Almer et al. [5] suggested that introduction of C into CrN coatings
reduced residual stress, thus enabling thicker coating growth.
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� Utilizes a pulsed potential to neutralize the positive charge on the
target surface and eliminate the arcing problem;

� Increase ion flux with a wide ion energy distribution (up to
hundreds of eV), compared to low plasma density in the
conventionaldc magnetronsputtering;
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Pulsed DC Magnetron Sputtering (PMS)

conventionaldc magnetronsputtering;
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Co-sputtering in Ar/N 2
gases
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� �������	��� �������	��Deposition SystemDeposition System

CFUBMSCFUBMS Working Pressure: 2mTorr

Substrate to Chamber Wall
Distance: 8 inch

Substrate: AISI 304 SS
Si (100)
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Si (100)

DC Bias: -50 V

Deposition Time: 2 h

Cr adhesion: ~100 nm
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�� Deposition ParametersDeposition Parameters

Chromium Graphite

Frequency/Reverse time 100 kHz/1.0 mmmms 100 kHz/1.0 mmmms

Power (W) 1000 1400

Flow rate ratio of nitrogen 
to total flow rate( f %)

20, 40 and 50
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to total flow rate( fN2%)
20, 40 and 50

�� Analysis MethodsAnalysis Methods
� Ball-on-Disk Test:� Glancing incident angle x-ray diffraction 

(GIXRD);
� X-ray photoelectron spectroscopy (XPS)
� Field Emission Scanning Electron 

Microscope (FE-SEM)
� Nano-Indentation

�I Wear Ball: FFFF 1.0 mm WC

�I Normal Load: 1N

�I Testing Cycle Diameter: 9 mm

�I Travel Length: 100 m

� Rockwell C Test
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� GIXRD
� XPS
� FE-SEM

Composition and StructureComposition and Structure
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� FE-SEM
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CrNCrN xx (100 kHz/5.0 (100 kHz/5.0 mmmmmmmms, 1000W)s, 1000W)
J. Lin et al., Thin Solid Films 517 (2009) 1887–1894.
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100 kHz/1.0 100 kHz/1.0 mmmmmmmms; Cr s; Cr 1000 W; C 1400W1000 W; C 1400W
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� The Cr-C-N coatings consist of nanocrystalline Cr 7C3, CrN compounds
embedded in an amorphous carbon and CN matrix;

� The volume fraction of Cr 7C3 phase was decreased while the CrN phase
was increase as fN2was increased.
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100 kHz/1.0 100 kHz/1.0 mmmmmmmmss
Cr Cr 1000 W; C 1400W1000 W; C 1400W

XPSXPS--CompositionComposition
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CrNCrN xx (100 kHz/5.0 (100 kHz/5.0 mmmmmmmms, 1000W)s, 1000W)
J. Lin et al., Thin Solid Films 517 (2009) 1887–1894.
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!����	�!����	�FEFE--SEMSEM

100 kHz/1.0 100 kHz/1.0 mmmmmmmmss
Cr 1000 W; C 1400WCr 1000 W; C 1400W

Cr adhesion layer

0% fN2

20% fN2

40% fN2
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Cr adhesion layer

Cr adhesion layer

Cr adhesion layer

40% fN2

50% fN2
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� Nano-indentation
� Wear resistance
� Rockwell C Test

Mechanical and Mechanical and TribologicalTribological propertiesproperties
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� Rockwell C Test
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CrNCrN xx (100 kHz/5.0 (100 kHz/5.0 mmmmmmmms, 1000W and DC)s, 1000W and DC)
J. Lin et al., Thin Solid Films 517 (2009) 1887–1894.
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� A highest hardness of 25.4 GPa and a H/E ratio of 0.096 was achieved in the coatings
with a N content of 25.5 at.%.

� The hardness of Cr-C-N is comparable with that of DC-sputtered CrN coatings but
lower than that of pulsed CrN coatings.
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�� DependentDependent onon thethe CC content,content, thethe steadysteady statestate drydry
coefficientcoefficient ofof frictionfriction valuesvalues forfor CrCr--CC--NN coatingscoatings
slidingsliding againstagainst aa WCWC--CoCo ballball werewere foundfound inin thethe
rangerange ofof 00..3838--00..5656..

�� TheThe wearwear ratesrates ofof thethe coatingscoatings werewere inin thethe lowlow
rangerange ofof 11..2828--33..4444�A�A�A�A�A�A�A�A1010--66mmmm33NN--11mm--11..
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!����	�!����	�Rockwell Rockwell C TestC Test
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�� CrCr--CC--NN coatingscoatings consistconsist ofof nanocrystallinenanocrystalline CrCr77CC33,, CrNCrN compoundscompounds
embeddedembedded inin anan amorphousamorphous carboncarbon andand CNCN matrixmatrix..

�� AA highesthighest hardnesshardness ofof 2525..44 GPaGPa andand aa H/EH/E ratioratio ofof 00..096096 waswas achievedachieved
inin thethe coatingscoatings withwith aa NN contentcontent ofof 2525..55 atat..%%..

�� DependentDependent onon thethe CC content,content, thethe steadysteady statestate drydry coefficientcoefficient ofof frictionfriction
valuesvaluesforfor CrCr--CC--NN coatingscoatingsslidingsliding againstagainstaaWCWC--CoCoballball werewere foundfound
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valuesvaluesforfor CrCr--CC--NN coatingscoatingsslidingsliding againstagainstaaWCWC--CoCoballball werewere foundfound
inin thethe rangerange ofof 00..3838--00..5656.. TheThe wearwear ratesrates ofof thethe coatingscoatings werewere inin thethe
lowlow rangerange ofof 11..2828--33..4444�A�A1010--66mmmm33NN--11mm--11..

�� CrCr--CC--NN coatingscoatings possessedpossessed goodgood adhesionadhesion associatedassociated withwith aa HFHF11
adhesionadhesion strengthstrength qualityquality..
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