H31E Hol & R @ T IR Vol. 31 No. 6
2018 4F 12 H CHINA SURFACE ENGINEERING December 2018

doi: 10.11933/;.issn.1007-9289.20180611001

Bk A e 3R TIAISIN R E R E T YIH M 5E

X EEE, 2R, RIEWE, AW, THE
U R Tk K2 Pl TRE2BE, ) 510006)

OB OIFRE TN R RS A T BIRJE R Ak b 9IS T UURY TIAISIN IR )2, BFST Si B X TIAIN ¥
JETR BEE . S TE B I PERE ORI . A5 . TioasAloasSioaoN W2 ELAT & M45 A 71 (100 N) A B (35 GPa).
800 °C Wi, Tio40Alo40Sio20N IKJEE & RS, 1Mij Tio.s0Alo.soN Fl Tio.asAlo.45Sio. 10N i BE 451 2843 511 & 4.48x107° £l 2.65%
10 mm* N""m™"; 3FIRBAATERE B, Ho, TiosoAlo.soN F Tio.asAlo.asSio. 10N W JZ 5 HIE & A T B RS, 1L
Ab, SiME AR ERS T TIAIN RZEMPUA MM . R E ) B 2258 5k w5 TR 4 i Y B KA KA TiosoAlo.soN<
Ti0.40Al0.40Si0.20N<Ti0.45Al0.45Si0.10N o 3 B2 J] LB BUE X LUK E BE i, A LB A BERER N £, &0, HEERD
2 R B i A AL R BE , Tio.asAloasSio. oN W2 B A 4 ZEHI M fE

SRR BkoP g T8 TIAIN; TIAISING @il e T 4mm T

FE S HES: TG174.444 RAFRARRS: A XEHRS: 1007-9289(2018)06-0044—11

Preparation and Cutting Performance of TiAISIN Coatings by Pulsed Arc Ion Plating
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Abstract: To develop cutting coatings for machining Ni-based superalloys, TiAlSiN coatings with various Si contents were
deposited by pulsed arc ion plating. The effect of Si addition on the mechanical tribological and oxidation properties and
turning performances of the coating were investigated, respectively. The Tio.45Alo.45Si0.10N has the highest adhesion strength of
100 N and hardness of 35 GPa. Due to poor mechanical properties, Tio.40Alo.40Si0.20N is worn out after the high temperature
tribological test at 800 °C. The wear rates of Tio.s0Alo.soN and Tio.45sAlo.45Si0.10N are 4.48x10° and 2.65%x10° mm’-N"''m"',
respectively. Adhesive wear is observed in all coatings. Abrasive wear occurred in Tio.50Alo.s0N and Tio.45Al0.45S10.10N,
respectively. Alloying with Si significantly improved the oxidation resistance of TiAIN coatings. Furthermore, the lifetimes of
coated inserts during turning In718 are listed as Tio.50Alo.50N < Tio.45Al0.45S10.10N < Ti0.40Al0.40Si0.20N. The primary wear
mechanisms of the three coating tools are adhesive, oxidation and abrasive wear. The Tio.45Al0.45S10.10N coating shows a
superior cutting performance owing to its excellent mechanical properties and outstanding wear and oxidation resistance.
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Table 1 Deposition parameters of TiAIN and TiAlISiN coatings

Coatings Bias voltage / V. Current/ A Duty /% Frequency /Hz Time/min Pressure/Pa  Rotation speed / (L-min™")
Cr -200 80—100 30 5 25 1.2 1.5
CrN =90 80—100 30 5 40 1.2 1.5
Tio.s0Alo.50N -90 70-90 30 5 180 1.2 1.5
Tio.45Al0.45Si0.10N -90 70-90 30 5 180 1.2 1.5
Tio.40Al0.40Si0.20N -90 70-90 30 5 180 1.2 1.5
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Fig.1 Output current waveform of pulsed arc power
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Fig.2 Surface and cross-sectional morphologies of TiAIN and TiAlSiN coatings
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Table 2 Top-view EDS results of TIAIN and TiAlISiN coatings

(al%)
Coatings Ti Al Si N
Tio.50Al0.50N 22777 2044 56.78
Tio.45Al0.45810.10N 27.12 2449 591 42.47
Tio.40Al0.40S10.20N 2330 2318 10.12  43.40
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Table 3 EDS analysis results of indicated areas in Fig. 9 (al%)

Zone Ti Al Si N (0} w C Co

A 20.35 18.80 3235 28.50

B 20.80 17.29 38.25 23.66

C 22.80 18.75 46.03 12.42

D 2238 18.48 3.17 33.55 22.41

E 19.28 18.45 3.20 46.86 12.20

F 21.61 17.83 3.19 42.78 14.59

G 10.58 30.40 18.24 36.62 4.16

H 20.81 15.02 7.36 40.18 16.63

I 16.11 15.62 7.75 50.70 9.82
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Table 4 Elemental contents measured by EDS of outlined areas in Fig. 12 (al%)

Zone Ti Al N 0] Ni Nb Cr Fe C w Co

A 0.74 8.25 50.39 2.54 18.62 19.19

B 1.00 33.62 19.23 41.66 3.95 0.54

C 25.90 14.05 28.84 19.29 1.25 9.29 1.31

D 1.22 1.40 4.78 50.97 291 18.60 20.12

E 1.59 1.31 7.40 54.04 0.93 18.49 16.24

F 19.58 3.86 2.41 1.82 50.92 17.45 3.95
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Table 5 EDS element results of indicated areas in Fig.13
(a/%)
Zone Ti Al Si N (6] Cr Fe

A 18.83 16.43 44.10 20.64
B 19.04 17.04 3.01 4770 9.63 190 1.68

C 146 1427 6.89 51.13 1191 0.65 0.55
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