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High Purity Ti,AIC MAX Phase Coatings Deposited By HiPIM S Technique
Combined With Subsequent Heat Treatment
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Abstract: Ti,AIC MAX phase coating is a kind of high-performance ceramic coating with dense hexagonal structure, which benefits
the combined superior properties from metals and ceramics and the promising applications in electric contact, high temperature
protection etc. However, due to the narrow formation and the high deposition temperature of MAX phase, it is still an open challenge
to realize the Ti,AIC MAX phase coating with high purity and dense structure. Therefore, the TiAl / Ti-Al-C coating firstly deposited
on titanium alloy substrate by a home-made high-power pulsed magnetron sputtering technology, where the subsequent heat treatment
is performed to fabricate the high-purity Ti,AIC MAX phase coating. In particularly, the composition, structure and mechanical
properties of the Ti,AIC MAX phase coating isinvestigated as a function of working pressure during deposition. The results show that
increasing the pressure lead to the first increase and then the decrease of deposited coating thickness. After annealing, the coating
obtained under low deposition pressure except Ti2AIC MAX phase, the structure also contains a certain amount of impurity phase.
However, the coating prepared under high deposition pressure presents the high purity Ti,AIC MAX phase and the compact smooth
surface after annealing. Note that the hardness of coating is dightly deteriorated after annealing, while the elastic modulus isimproved
due to the laminar structural formation of Ti,AIC MAX phase coatings.
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Fig. 1 Diagram of coating deposition equipment
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Table.1 The coating deposition parameters
Deposition parameters TiAl Ti-Al-C
Power / W 120
TiAl target (HIPIMS) Duty ratio/ % 5
Pulse frequency / kHz 1
Ctarget (DCMS) Power / W — 40
Deposition time/ h 0.5 6

Deposition pressure/ Pa

04. 05. 0.7. 1.0

Substrate bias voltage / V

-100

1.2 FESH

¥-H| FEI Quanta FEG 250 #7 & S35 A
Y RE S 2 BT A AT SA800 ¥437 & St B, 0l
SR SR AT TG B AR AT AR 2 I R T 382 5

K] D8 Discover fmliZH 2 o X ST
OWEI X1 2 A M HEATRAE . o, #MIE
CuKo #, FHfifE N 5°~90°; Xf Dimension
3100 ISR WA B XS FE b HEAT SR T = 4E AR T
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Fig. 2 Section morphology of coating under different deposition pressure
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Fig. 3 The surface morphology of the deposited coating under different air pressures
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Table.2 Element ratio of the deposited coating at different air pressures (at.%)

Pressures/ Pa
Elements
0.4 0.7 1.0
C 34.47+0.33 24.64+0.26 23.37£0.17 22.94+0.42
Al 14.94+0.25 32.97+0.31 33.67+0.29 33.23+0.35
Ti 50.58+0.17 42.39+0.28 42.96+0.38 43.83+0.23

K 4 R A RGOSR T AR Z 2 SPM AL 21

IR BRI = 4IRS R RIS A A 4
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Fig. 4 AFM diagram of coatings at different deposition pressures
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Fig. 5 Coating XRD patterns after annealing at different
pressure
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Table. 3 Element proportion of annealed coating at different air pressures

Pressures/ Pa
Elements
0.4 0.7 1.0
C 35.10+0.22 22.46+0.18 22.46+0.25 21.51+0.30
Al 11.17+0.13 29.13+0.17 27.87+0.21 28.25+0.24
Ti 53.73+0.24 48.41+0.32 49.67+0.26 50.24+0.23
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Fig. 6 Surface morphology of the annealed samples under different deposition pressures

223 TEM 4t

K 7 Frasoy 0.7 Pa UL FUTRRZIR K3 EIH)

3. Sl b

(a) Low magnification image

Ti,AIC ()2 TEM figEH EuE . B 7amr %1, Bk
JE I TEM 85 250 oA, SUTTRESRE

(b) High resolution image

Bl 7 7E 0.7 Pa <k FULARZIR KIFHIK Ti AIC 12 TEM fgh iy i
Fig. 7 TEM microstructure map of Ti,AlC coating deposited and annealed at 0.7 Pa pressure
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Fig. 8 Mechanical properties of coatings
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Fig. 9 Dynamic loading curves of deposited and annealed
coatings at 0.7 Pa deposition pressure
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