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Development of CVD-AITiIN Coatings for Cutting Tools
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Abstract

Fcc-AlTiN coatings deposited by PVD are widely used in the market. Fcc-AlITiN is a metastable phase with

excellent properties such as high hardness, high oxidation resistance and high cutting performance. The deposition of

single phase fcc-Al Ti;_ N with higher than x =0.7 by PVD have not been reported, because AlTiN coatings with

higher x-values contained softer hexagonal wurtzite phase. Al-rich fcc-Al Ti, N (x > 0.7) coatings deposited by

thermal CVD process have been developed in the last 15 years. It was reported that these fcc-Al Ti,,_ N (x > 0.7)

coatings were much superior to PVD-AITiN coatings in cutting tests. In this work, influence of x value (x=0, 0.31,

0.62, 0.73, 1.0) on mechanical properties of fcc-Al Ti,_ N coatings by thermal CVD process was investigated. The

deposited CVD- fec-AlTi N coatings were characterized by X-ray diffraction, scanning electron microscopy, nano-

indentation and adhesion measurements. Except for CVD fcc-AlTi; N with x = 1.0, CVD- fcc-ALTi, N coatings

(x=0, 0.31, 0.62, 0.73) with single phase fcc-AlTiN were obtained and every deposited coating was composed of

fine-grained granular structure. CVD- fcc-Al,Ti; N with x =0.73 showed the highest hardness and adhesion property.
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Trends in the number of CVD-AITiN related patent applica-

tions

$oT, FHITATROZALLIESINTED, fec D
ZEALCHES L TV DRSS 50 AL TIE AITIN
FEE D Al A5 x DZEENC X 2 ki o B 12 &
T B B L 72
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BEETA L2 W 5 b 13 WC BRI A4 %2 vz, £
9 CVD % % W CER A A TiCl,, H,, N, 12X ) Fib
J&Td % TiIN D BME % 4T - 720 fit\> T, JEET A
AICL,, TiCl,, NH,, H, N, % f\>T AITIN Ko il %
175720 ALTi (N D Al G4 x 13, £EE YO
ENVI (AICL/ (AICL+TICL)) 2T A EI2L-T
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R1VICHKESEMEOFFMEZ RS,

5 LA AR e A A (/A g A (A
(EPMA) (X -5>T10kV, 50nA BX ARy b A X
30 um D ¥ — A TR 2 FEhi L 720 BB L 72 B2
DG A O [ X X AR IC X > CTE L 72, &b
XA 1E CuKa 12 & 5 20-0 FETHlE L, et L
LT, MSEEEP (20) 1 15~135 B, X#Hy 45 kv,
40 mA, FEFLA) v b 105, AF ¥ AT v 7 10.013
JE &) S CRIE 2 Eh L 7z B L 72 B Fmi
ik 35 & OV DR A AR SR O Y A R - SR (FE-
SEM) 12X o THIZL 72,

RCHBE L 72 B2 5 O B R T4 - 1 X Berkovich 1% H W
TeF ATy = a R AW S HES X Uk
WEAXYEY FET WA 270227 5y F3RIC
L EMEFFMNEEFER L 720 /AT VT —
voa vilBRIEY  TOVERmE A E L, BERmIC T, i
LAAMTE 19.6 mN O TR SHEx FEh L 720 <~ A
7 a A7 Ty F LI R 50 um OERIKET-% FvC
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FEIONOLEMTRIRL T L, FEEOHEED AT 5
FUTE % RD 72,
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Process parameters of the coatings

S 4 2 N S
RNT A= ALTi (N TiN T #b
e (K) 1073 1073
J£73 (kPa) 5 6.5
BCBEEERH (min) 30 30
AlCLTCL Crotog) | 068 09
IS L 52
AlCi?/1 (%i{&l; Eﬁch) 0,03,0.5,0.8, 1.0 0
NH; (vol%) 34 -
N, (vol%) - 38
H, (vol%) B B

&2 AITIN FZEED EPMA [T K DHMDHIER
EPMA results of Al Ti;_,N coating layers

Al 5 HE 2R AICL/ (AICLHTICI,)
TTHE

0 0.3 0.5 0.8 1.0
Al (at.%) - 149 | 309 | 36.7 | 44.4
Ti (at.%) 502 | 339 | 18.8 | 134 -
N (at.%) 479 | 493 | 489 | 48.8 | 454
Cl (at.%) 0.16 | 096 | 090 | 0.66 | 2.03
0 (at.%) 1.17 | 075 | 038 | 034 | 7.68
C (at.%) 0.52 | 017 | 015 | 0.17 | 0.17
Al E4 L x 00 | 031 | 062 | 073 1.0

3. SERIESR
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FT2IZEPMA 2 X > THIE L 72 ALTi WN I—F 1 ~
7 J@ OB TR R Z R o SR OHEE Al o
IR R R o Al & A = x 2585 4 2 & 2%
Mo tze FERT R RN T L EREPOREE =L x=
LOTIRDEL Y, x=0 R PeViERE R o7,
W% (0) LixkFE (C) BIRTOBHEFTHRHEIN TS
BINSETAPFOAFMYH RO DEEZ N5,
FALTi N I—T 4 ¥ 7 TEOBIEHEEZR 2 127RT,
BB L AL S A x (20 L CHARZZEICE 267,
AICl, & TiCl, W OH A% FIVT\w 5 x=0.31~0.73 O
B OREEEE X, BRI AR L2 x=05
LU 1.0 OBEMHEL D b#ro 72,

X 3 124 ALTi, o N I—7 1 ~ 7 &® XRD [alHrathRo
WERREERT . ALTi WNE (x=0~0.73) O{kHE
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Growth rate of AITiN coating layers
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3 AITiN EZBED XRD 7O77A)b : (a) x=0, (b) x=
0.31, (c) x=0.62, (d) x=0.73, (e) x=1.0

XRD profiles of AITiN coating layers: (a) x =0, (b) x = 0.31,

(c) x =10.62, (d) x =0.73 and (e) x = 1.0
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Lattice parameters of Al Ti;, N coating layers

Al & x

0.0 0.31 0.62 0.73 1.0
FEAOMEIE | Y7L | LTS | ST | S2JTd | N7
a (nm) 0.424 0.421 0.414 0.41 0.311
¢ (nm) - - - - 0.499
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FAZHE ST B IFFERE R & RO TdH - 72, foe-
TiN (x=0) &)LV 8 AIN (x=1.0) O TEHKIL,
FE—FEFEICL D ME SN TV AL I3IZH UEE R
L 72 (fec-TiN : 0.4255 nm, 7 )V >/ L7 AIN : a=0.311
nm, ¢=0.4979 nm)"”, AlLTi, N I—F 1 ¥ 7JED x=
0.73 122V T, fec D 200 [l ¥ — 2 D AATEH 1258
CEHiEn, ZOHMICHR SRR L TWwWa 2 &5 HERR S
n7z.

32 fAEES

412 ALTi N I—7 1 ¥ ZEOFKIE O SEM [ {4 %
Yo Ky TV AR T H o 720 BS5ITx=
0.31, 0.62, 0.73 ® ALTi, (N I —F 1 ¥ 7 & ORFEERT
@ SEM EfEHRmE % R . x=0.62 BL U 0.73 TIET £
TREESBIE SN, HEWIZx=0, 031, LODH T
WTIET A ITHEIBIR SN r o720 x=073B LV
x=0.62 DT AT OMREIE, TNF48 10 nom B L U 14 nm
ThHY, xDMEIZEDVENDH D Z LPHRI NI, Th
5D T X FTHEBIEES DAY ) — F VI K - THE

(d) S(Enm

4 AITiN BZERORME SEM & : (a) x=0, (b) x=0.31,
(¢) x=0.62, (d) x=0.73, (e) x=1.0

SEM images of surface morphology of AITiN coating layers:

(@) x=0, (b) x=0.31, (c) x =0.62, (d) x=0.73 and (e) x = 1.0

5 AITIN BZREDFFEERE SEM (& : (a) x=0.31, (b) x=
0.62, (c) x=0.73

SEM images of polished cross sections of AITiN coating lay-

ers: (a) x = 0.31, (b) x = 0.62 and (c) x = 0.73
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6 AITINREEDRATS v FORLERMEREE  (a) x=0, (b) x=0.31,
(¢) x=0.62, (d) x=0.73, (e) x=1.0

Optical micrographs of scratches on the AITiN coating layers: (a) x =0,

(b) x =10.31, (¢) x =0.62, (d) x =0.73 and (e) x = 1.0
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DB EIC X 2 TR L, IR
HEANOBRE /X x=0.66 THRAIZZ: 5 Z LARENTW
bHo LIZoT, x AT x=0.66 12T ET X Tk
B ENR T %D x=0.62 DAY ) — F )V ROER
B x=073 X0 bmE< %, FRELTx=062D
T ATHEEDOTMA L D H R, T A THEEDIED x =
0.73 LN VIEL /e bEZ N5, BICRIKERIC

HOE, 10B3KICBIFAMDAY ) — ¥ VI x=
0.3~0.96 DEIZdH 5 Z EATRE SN TV S, S HOWISE
TIEx=031 TIE T A FHEIIER SN 2o 72720

x=03113INA /=¥ NVHEBICHH LEZBNL,
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FEEGREGA 5 NH, 2 W72 CVD 70t ZAD KRG A H
ZALIDONWTEET D, ALTig )N I—7 4 Y 7ED
BEHEEE I ZIEE I, FT—T 1 v T IBOREIIIER
AT o720 THUZ, FEW ETORAERREE AR,
F 7 EEH PO TR L 72 RiBRA DS BRI AR L, 2
IR L7200 EEZONL, 2—T 14 ¥ 7 TElEnm ¥
A ZD—KFFTHERENTWDL EEZ B5Nb, NH, &
WIS DR TIE, TIN QR ZRET 5 AT v
TIREHRETH Y'Y, AIN R TiN TIEEHM P CAR L
oA OIS EEBETH L Z LA ME I LT
A% x=031, 0.62, 0.73 DHEEHEEA x=0 (TiN),
x=1.0 (AIN) £V d#ro7-Z &%, AICL, TiCl, NH,
DT, H—ofth 7ot A TR 5 %Wl S 00
MEAERSATEE o TWA I EE2RLTWS, b LA
HAER OGS Z 5 2 17 U, ALTi (N O HHEE X
TiN & AIN OHHOMEIZ %R 5133 TH Do WHOHELY
AT S 2 L1 X D B o A LI IR |2 BRI
WHISTHY), o7t AIIBITENLOPDEEL
AN Z AL T REL TSI EENEDH 5.
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Nano-indentation hardness of Al Ti, N coating layers

Al A x

0.0 0.31 0.62 0.73 1.0

T—va s 29.8 31.0 | 299 31.5 20.5

3.4 BRI

RALCALTI G WNI—T A Y TBOF /A VTV T—
TaviiE AR, x=0.73 D ALTi, N I—T 1 ¥ /&
25, 3l5GPa E A EWF /A VT YT —2a vHE R
RL720 —F, x=0.62 TIZAY ) — ¥ V3R L K
Al OBREMPER SN, F /A4 v FrF—a JER
BT L2ZTReMDH 5, x=1.0 (AIN) (ZE&BOHTRD
WP, FI2AyTrr—32a ST RES S x
IR B E NG 2 EDHERR E N7z,
K6l2~vA270A7FyFF7 A% — (MST) 12X 5%
BRI OB R LRI, x=0 (TiN) 1L 15N, x=
1.0 (AIN) I Z22NTI—7 1 ¥ 7RBrH»‘N, x=0
(TiN) OFFFMEIZEFAOP TROEr 5720 —H
x=031, 0.62, 0.73 OHFEREIL 30 N £ THEEL o7z
tm,ﬁ%ﬁ%mﬁﬁﬁxﬁw%ﬁ FEMZEFAS 5
LI TE L o7z, fee-ALTi N IX TIN X AIN & HEZ L
TEWEBREL AT L2 LRSI N,
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CVD-ALTi N 2B 5 Al &H = x OHiELEB &
ORI AN DO REE TNz AlGHE x 2B L7723
BB CVDIEIZ K DERLL, o Rk, i,
RO, B, BB L OBEMARIE % i L 72,
ARWFZETIE, Al &A= x 2SR & AR 15k < 2
B HIZEDIRENTZ. x=0.62 &£ x=0.73 D fee-ALTi(,
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