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Abstract: There are number of " micro-particles" on the surface of the arc ion plated AICIN coatings, which resulted in the high
surface roughness, and decreased the friction, wear and cutting performance. In this paper, the AICIN coatings were treated by
different post-treatments including ion etching, wet sandblasting, dry sandblasting, and shot peening. XRD, SEM, OM, friction and
wear, and cutting tests were used to examine the effects of post-treatments on phase, surface roughness, friction and wear, and cutting
performance. The results showed that these four post-treatment methods could significantly remove the " micro-particles" . Among them,

wet sandblasting, shot peening and dry sandblasting had better effect on clearing the " micro-particles" , and the number of " micro-
particles" were reduced by 91. 1%, 88. 5% and 86.9%. While, ion etching could only reduce the " micro-particles" by 21.0%. The
XRD patterns of the AICrN coatings revealed the solid solution (Al, Cr) N phase, and all the diffraction peaks of the AICrN coatings
shifted to a low angle. The coefficient of friction of the post-treatmented coating reduced as compared with the untreated coating; the

wear mechanism of the coatings were abrasive wear with a small amount of oxidative wear. The cutting life of the coated tools after
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various post-treatments have been improved, and cutting life increased by 30%, 40% , 40% and 60% for the AICIN coating after shot

peening, dry sandblasting, ion etching and wet sandblasting treatments.
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Fig. 1  Cross-sectional morphology of AICrN coating
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Table 1 Specific parameters of different

post-treatment methods

Post-treatments Specific parameters

Ti cylindrical target, current of 90 A, voltage of

-200 V, time of 1 h
Pressure of 0. 6 MPa, white corundum (500%#) ,

Ion etching

Wet sandblasting
time of 10 s

Dry sandblasting ~ Pressure of 0.2 MPa, white corundum (400#) ,

time of 10 s

Pressure of 0. 55 MPa, high speed steel shot

(80~150 wm) , time of 30 s

Shot peening
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Table 2 Cutting parameters

Cutting parameters Specific parameters

Cutting speed/ (1/min) 1910
Feed per revolution/ ( mm/r) 0.2
Tool overhang/mm 40

Axial cutting depth/mm
Radial cutting depth/mm
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Fig. 2 Cross-sectional SEM morphology of post-treated coating
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Fig. 4  Surface morphologies of AICIN coating after different post-treatments
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Table 3 Statistical results of the number of droplets on the
surface of the AICrN coating and the surface roughness

after different post-treatments

Number of

Post-treatments K . S,/ pm S,/ wm
micro-particles
Without treatment 314=x11 0.274+0. 050 0.531+0. 061
Ion etching 248+9 0.221+0.013 0.412+0. 024
Wet sandblasting 28+6 0.038 4+0.022 0.060 5+0. 031
Dry sandblasting 417 0.186+0.011 0. 314+0. 009
Shot peening 3610 0.114+0. 16 0.228+0.017

AWM RCRIR 2, U )2 3% 10 UkL 43 ) 9 2> 88. 5%
F 86. 9% ; 1M S 2N bt Jim Ak 35 075 32 W] ik 4% J2 2% 1

Z [ pm

Z/ pum

PELH D 21.0% , THERECR M 22 55 & A
T A 1 F I 25 B3 JB0AE BE 2208 W AUAL H T 1)
i BN BRI L DL B T 20k ) At 251k

K5 AR AL BRIS IY AICeN ¥R J2 &1 — 4
TES, 28 3 F M T AR M R mHLRE BE 45 SR . 3R 3
AR, AR 7 sCAL HUS  ALCHN 3432 114 3 i FEURE 75
PR TR, H e mieb 5 b B TR 2 B A /MY
FERE B2, SOR IS AL | T Wb 5 Ab B TR 2 IR 2, T
25 B Z s AL B UR R RS B AN . LT
MTRD Tl v J22 2 1 7 AR I S 2R 8, TR b G 3 TR
R R T D RN AR 7 I L A B A U4 J 2 2 T KL

Z/ um

(b) Ion etching

500

0050,

(d) Dry sandblasting

(e) Shot peening
Bl5  REFEAHG AICIN W2 & =45

Fig. 5 Three-dimensional surface morphology of AICTN coating after different post-treatments
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Fig. 6 XRD patterns in the range of 35°-46° of AICrN coatings

after different post-treatments in the range of 35°-46°
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Table 4 Comparison of AICrN (111) and (200) peaks

after different post-treatments

Peak position/ (°)

Post-treatments

(111) (200)

Without treatment 37.981 45. 061
Ion etching 37.381 44. 600
Wet sandblasting 37.422 44. 500
Dry sandblasting 37.301 44. 600
Shot peening 37.380 44.420
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Fig. 7  Friction coefficient of AICrN coating after different

post-treatment methods
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Fig. 8 Worn morphology of the AICrN coatings after different post-treatments
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Table 5 EDS analysis of the wear scar of AICrN coating

after different methods ( Weight content/ %)

Location Al Cr N (0]
1 47.2 39.0 9.1 4.7
2 46. 4 39.9 6.6 7.0
3 46.0 36.3 9.1 8.6
4 48.2 40.0 6.7 5.1
5 34.0 15.0 5.6 45.4
6 44.0 34.5 14.7 6.8
7 45.5 40.3 9.2 5.0
8 45.5 39.5 9.8 5.1
9 44.3 41.1 6.8 7.8
10 44.7 40.2 9.7 5.3
11 36.5 31.6 4.1 27.8
12 43.1 38.8 8.3 9.9
13 50.2 44.8 4.1 0
14 30.3 26.2 4.3 39.3
15 41. 4 34.5 10.9 13.2
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Fig. 9 Cutting life curve of AICrN coated tools

after different treatments
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Fig. 10 Flank worn morphology of AICIN coated tools after different post-treatments



176 2 B X W L B

2021 4%

HAam, Woh, THEMAE R AlCeN 332 71 2 7]
IAAFAERR U IT , FEOR ) T BT R AL, SOk
TG TR T AL B AICeN 182 T B0 5 TT T AEAE
BRI ZRTE S5 A R T P BekE T IS AL Y B 42 X
B 2RI BEEE R RS Sk Tt UL 7R VT S B
B BN, 77 HARFT AL,

R BT AT AICN W2 TR 5 ]
(A BB 451 < SO8 Btk — 25 43 A, Wil 10 A 45l SEM
B s, B ) LT 5 G DX sk = sl 9 ) 2
SR TR A0 X 3 R BB ) AICIN IR)2, TRIZR
TR I |, 238 00w o B v i )2 BT A2 210 1 55
VIR 7, BUHEIR 2 & A4 A R R BE ) B S 9%, )
YIS R b AU ) AL RVE L R 2 R
T 5 08 I A S VI & e RS A T B 7= A R s 4
MR TIRTF AICIN IR 25 R B SR R AL 45 i
FER, U Z 0 2 FLRE O s HE Y 7E D) R
YD) e N RS A B U JE HEBR , 5 2 R A 7T 24
HI TI 40T LD TG 98, A 3G n T DI 71 9t 3z 1) DI
71, 0T T B AR A

S54RI X I EDS F1 SEM JE S0 4T 20 BT (A
B 10 i1k 6) , 2 MR ab 5 Ab B A U 2 T 5L 78 TT 4R
FDIH T b ¥ W) 8 988 A B, U J2 B 4 R IR L
SFITE TRV, R ZA B 12 T ELRN S 7 21 b J5 Ak
PRAYZE T BAE TIAR AN T] T1 AR ¥ i V1 JE 9%, HLg
R R I, IR T ) B, 2 miab
JE AR PRV IZ ) B TR E R e, R R T )
H G ER, B 144076 V1898 A nk, B 4w ok
R, TR, DR A T m Xof i 2 2 1 A SR 25 BRAE
TI R A A L T AR VR 2 T B IR n . 240k
FWEALG AL PR )J2 ) B R 2 Wk M 5, U2 R
B A SR DI T | 3 R BTt B4 85 910 13 7 5 )
B, T B R B R, 42 T) TI R T I ¥4 V)
JEFEIE R, 7V 8 AU JE R p L R VR R, e ] 2

%6 AEEAE AICIN RETIE/ZTIHE EDS 4347
( Weight table content/ %)
Table 6 EDS analysis of flank face of AICrN coated tools

with different post-treatments (w/ %)

Location Fe Al Cr Mn 0
1 0 48.54 50. 31 0 0
2 95.25 0 1.62 1.07 1.68
3 94. 80 0 4.70 0 0
4 45.89 0.73 4.06 13.48 0
5 92. 64 2.05 5.02 0 0.28
6 89. 04 0 0 0 9.67
7 67.37 0 5.32 17.97 9.34
8 79. 69 1. 19 5.26 6. 10 2.58
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