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High Temperature Friction and Wear Behaviors of TiAIN and TiAISiN Coatings
Deposited by Arc Ion Plating
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(1. School of Electromechanical Engineering, Guangdong University of Technology, Guangzhou 510006; 2. Lanzhou In-
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Abstract: TiAIN and TiAISiN coatings were deposited on high speed steel (HSS) and Si(100) substrates by arc ion plating.
The tribological properties of the coatings were investigated using a ball-on—disc high temperature tribometer (CSM HT -
1000) at temperatures of RT, 400 C, and 600 C. The two-dimensional (2D) cross—sectional profile and three—dimen-
sional (3D) profile of the wear tracks on the coatings were obtained by using optical profiler. The effect of Si element on
the high temperature friction and wear performance of TiAIN coatings was studied. The surface morphologies and chemi-
cal compositions of the wear tracks on the coatings and the wear scars on the wear balls were analyzed using SEM and
EDS. The results show that the friction coefficient of the TiAIN or the TiAlISiN coating is the highest at 600 C and the
lowest at room temperature, respectively, since the process is stable. The TiAIN coating has worn out after the experi-
ment at room temperature, however, the TiAlISiN coating has not worn out until at 600 ‘C. Adhesive wear and oxidation
wear mainly exist during the friction test about the TiAIN coating. The wear mechanism of the TiAISiN coating is the ab-
rasive wear and adhesive wear, with a typical wear feature of the fish—like cracking phenomenon at room temperature.
While the wear behaviors of the TiAlSIN coating are characterized by the adhesive wear and oxidation wear at 400 C, the abra-
sive wear, adhesive wear and oxidation wear at 600 C.
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Table 1  Composition of M2 high speed steel
(w/ %)
Element C w Mo Cr A%
Content 0. 88 6.0 5.0 4.2 2.0
Element Si Mn S P

Content 0. 36 0.32 0.006  0.026
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Fig.1 Surface and cross section morphologies of the TiAIN and TiAlISiN coatings
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Table 2 Properties of the TiAIN and TiAlSiN coatings

) Thickness/ HIT/ EIT/ Ra/ Rq/
Coatings

pm GPa GPa nm nm
TiAIN 3+£0.1 31=£2 31010 60E£5 97=E15
TiAISIN  340.1 43%4 34017 48%5 65X10
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Fig. 2 EDS spectra of the surface on TiAIN and TiAl-

SiN coatings
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Table 3 EDS results of surface on the TiAIN and TiAl-

SiN coatings (a/ %)
Coatings Ti Al Si N
TiAIN 25.32 22.10 52.57
TiAISIN 29. 38 9.87 2.94 57.82
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Fig. 3 XRD patterns of the TiAIN and TiAISiN coatings
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Fig. 4 Nanoindentation load displacement curves of the

TiAIN and TiAlISiN coatings
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Fig. 5 Variation of friction coefficient of the TiAIN and TiAlISiN coatings with the number of cycles at different

temperatures
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Fig. 6 Wear rate of the TiAIN and TiAlSiN coatings at
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Fig. 7 Three—dimensional surface topographies of wear track produced on the TiAIN and TiAISiN coatings at differ-
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Fig. 8 Two-dimensional profiles of wear track of the TiAIN and TiAlISiN coatings at different temperature
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Fig. 9 Worn morphologies of the TiAIN coating and Al, O; ball at room temperature
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Table 4 Corresponding EDS results of the area A,B and

C in Fig. 9 (a/ %)
Area Ti Al N Cr Fe 0O

A 18.88 17.43 46.50 5.23 11. 96

B 8.82 7.05 10.00 47.43 26.70

C 10.35 15.46 74.19

150/ um

125 um

42
{ 7S

() ALO, ball

Bl 10 400 CF TiAIN 2 A1 AL Oy BRIG B 5UE 51
Fig. 10  Worn morphologies of the TiAIN coating and Al, O, ball at 400 C
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Table 5 Corresponding EDS results of the area A,B and

C in Fig. 10 (a/ %)
Area  Ti Al N Cr Fe 0

A 12.03 10.95 25.06 8.87 5.43 37.66

B 10.58 10.05 19.31  60.06

C 7.95  7.18 20.11 64.76
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Fig. 11  Worn morphologies of the TiAIN coating and Al, O, ball at 600 C
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Table 6 Corresponding EDS results of the area A,B and LI 13, TiAISIN % 2 8 k& 4 E 4k . th % 8 EDS
C in Fig. 11 @/ SRR R R R BRI A LA E TR
Area i Al Cr Fe 0 FHROTE 5. 46 %010 O JLE ., FEEWI MR B B SLbr
A 701 738 a8l 2005 6172 b Sl A N U 2 A R A B L B 4
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Fig. 12 Worn morphologies of the TiAlSiN coating and Al, O; ball at room temperature
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Table 7 Corresponding EDS results of the area A,B,C
and D in Fig. 12 (a/ %)
Area Ti Al Si N Cr O

A 29.38 9.87 2.94  57.82

B 19.21 19.90 0.61 50.19 10. 08
C 8.74 12.51 0.52 7.31 21.08 57.14
D 7.11  14.54 78. 36

150/ im

Bl 13 400 CF TIiAISIN 32l Al O; BRSP4
Fig. 13 Worn morphologies of the TiAISiN coating and Al, O; ball at 400 C
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Table 8 Corresponding EDS results of the area A,B,C
and D in Fig. 13 (a/ %)
Area Ti Al Si N Cr O
A 32.53  4.17 4,08 53.76 5.46
B 27.40 4.01 3.57 39.96 25.06
C 7.42 5.75 0. 89 5.76 12.72 67.46
D 12.22 12.80 1.17 73.81

FTIAIN 3 )2 —FF R EE IR EE 19 T i Rl A 25
Tl TIAISIN ¥ 2 i B4 s 40t . 141 14 2y 600 C
T TIAISIN (R JZ2 1 ALO, 3R EBERIEH. £ 9
EDS 458 B7n  BIE A ZbR i 2] T JE 7 500 B0k
16.54% 1) Fe JLE . UiH 600 CF TIiAISIN i 2
. N ALO; BORE A TE R RO
EY A C KIHEATRE I 0 A R BT TiL SR 2
TR BIIRZ 1 AL O; BROEA T HH# . AL O, Bk
MIRZ Z B FEREAF AR B . B 14 (D) JEIR



% 63 WL 2 Ayl E 9 TIAIN A TIAISIN 3 J2 B0 w il P2 S8 AT A 37

e 4b 3k A5 5V 22 A0 /0N B AL I8 L Ul B BE 4 R 2 (8] A
TE b P 5 B 4 . R B R (B 14 (o)) K& BLAE
600 CEEHE T TiAIN ¥ )2 BB Ab £7 75 i i 53 R

Pt EDS 458 BoRBR 1 24K Fe iR ALY 1. D
TR JE B REE R B A HL T 4k S 4R BT 4R A Y

150/jum:

(c) Magnification of marked area in (b)

b

250 m

(d) ALO, ball

Bl 14 600 CF TiAISIN ¥RJZF1 AL O, BRI¥ B 5K 51
Fig. 14 Worn morphologies of the TiAlISiN coating and Al, O, ball at 600 C
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Table 9 Corresponding EDS results of the area A,B,C and D in Fig. 14 Ca/ %)
Area Ti Al Si N Cr Fe O
A 10. 82 15.49 0. 86 15. 05 1. 95 16. 54 39. 29
B 6.92 8.19 0.48 3.25 0. 87 34.45 45. 84
C 0. 38 34. 00 0. 64 19. 88 45.11
3 o& » 1600 CTF BEERRSE I 114 45 DR BUAR TR R AR 5

(1) TIAISIN % J2 0 5 19 25 4 A 7 2
A7 TIAISIN 32764 L FI 400 C T HA
AT B e A TIAIN 342 76 4 5 F € B % 5k
SIS TEE A — AR A% TiAIN
Y JE 00 0 B B A

(2) TiAIN,TIAISIN B #p % 2 7E % 5 . 400 C

F A G TR R op AR L AR R
(3) TIAIN ¥ J2 5 5 6 RO 3 32 202 g
PR 2Z 6] RS & BE 451, 400 CA 600 CF A&
BRI AL S 3. TIAISIN W24 5 T 2R
T 2Ky JE AL S 40 Rl G S 4 LA B 98 M AR O 5 B
iR, 400 CF B R K A B 5 4R AL B
1,600 CF 45 AL S BT < LA K A Bl 5 o 5 43
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