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A new coating material for TiSiN cutting tools has been developed. The
coating material is constructed of nano-composites with a TiSiN crystallite
phase and Si rich TiSiN amorphous phase. Much higher hardness and higher
oxidation resistance than in a conventional solid solution hard coating like
TIAIN are obtained. TiSiN coated tools were suitable for high-speed cutting and
high efficient machining of hardened die steels for molding.

@ 0ooo

oooobooooooooooooooooooooo
ooooooboobooooobobbooboboooooo
oooooboooooboooooboobooooooon
oboooobooboooobooooosooonoobo2son
goovobooboobooobooowoouooboooao
obooooooboooooboboooooooooo
2500000000 b0o0o0ooooboboooooon
oobooooossoooooooooooooooo
ooooooboobooooobobooobooboooooon
ooobooooboooooooo
ooooboobooboooboooooooooo
ooobooboooooboooooboboooooooo
oooooobooooobooooobooboooooooon
ooooobooooooooooboobooboooooon
oooooobooooooobooboooboboooooo
oMmooobooboooboooooboobooobooooao
OooOo00oooooboo0o0oooooo0o0n1173k™
oo1rzr3kooouooooooooboooooon
oooobooooo
ogoobooooooooooobooobooboooo
ooooooboooooooboooooboboooooon
omoooooobooooooooobooooboooo
ooooooooooooooooo
oooboobooouoobooobooboooboobooog

OOOTINOTICNOOAIDOOOOODOOODOOOO
Oo0o0bOO0oo0oooooOoO0TIAINOODO«-OO0D0OO0O
oboobobooooobooooobooooobooooo
oooboootooooboooobooboooooboooo
gooobooooooboooooboooooooobon

oooooooooobooooooobooooooo
ooooobooooooooooboobooooboooboo
oooooboobooooooobooobooooon
ooobobooooobooobooboooboobooooo
gooooboobooboouooobooobooooo
oopooooosiooooooobooooooooon
ooooboooooooooooooooooobooooo
ooooooooooo

oooomooooobooooobuooooboon
oooooobopvDOOOOOoOoOoooAIPOOOO
oogooooTiSiINODOOOOoOoOoDoooooon
TiSINOOOOOODOOOODOOooOOoooboooooo
ooooooo

® U000

ooooAPOOODO

AlPO0 00000000 OO0O0OO0OObOO0OO0On
oboobooootbooboooooboooooboooo
oooboooooobooooobooboooooboooo
ooobooooooobooooobooooobooooo

L O0o0o00oo0ooooooboooo ©  Narita Works, Hitachi Tool Engineering, Ltd.

rro0o0000Do0oooooog

°o Metallurgical Research Laboratory, Hitachi Metals, Ltd.

OOooOoO00 Vol2m200s50 59



oooooooooTsiNDOoooooooooog

oooowmbOO0OpmO0OO0OO0O0OO0OOOoOOoOooooo
00000000 O0ooDoOled10cA/cm OO O0gdnO
uoboooboooobooooouooobooboooon
ogoooobooboooboooooooboobooooon
oooooooobooooooboooooooooooao
ooooooooboooooboooooooooooao
oooooooobooooooooooooooooo
obooboootooboooooboooooooooooan
oobooAPOOOOOOOOOOOODOOOOOOO
obooboooooboooooboooooooooooao
ogooooobooooboooa

Vacuum Chamber

Cathode Substrate

0 TargetO
% 4
——— .- >
A

Plasma

I
Arc Power Supply

~

O
Bias Power Supply
[}

OooAPOODOOODOO
Fig. 1 Schematic diagram of Arc lon Plating method (AIP).
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Fig. 2 Effect of additional elements on indentation hardness
for TiN layer.
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Fig. 3 Effect of additional elements on lattice parameter for
TiN layer.
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Fig.4 FE-SEM images of TiN layer with and without Si addition.

20

15

10

Crystallite size/nm

® Si
O Ai

10 20 30 40 50

o
(o)}
o

Additional elements/at.%

oogoTiNOOOoOooOoOoooooooooooood

Fig. 5 Effect of additional elements on crystallite size for TiN
layer.

ooobooooooooooobooooobooooo
ooobooooooooboooooboooooooooon
oooboooooooobooooooboooooooooo
ooooooooobooooobob0obo0oobe InmO
ooobooobo0oooooooooboobooooobDio
oooboobooooooooooboooobooooo
obz0bo0oouoobooobooooooobooooooo
ooobooooboboboooobobootde 1InmO O
oepsOooooooooooooooobooboooon
Oo00oOogsioooo30sat.ddooooooooon
O00023026at.000000000O00O0OOOTISING
0oo0osiDD0oo0oooTisiINDCOOO0ODDooono
oooooTisiNOOOoooOoosiooooooooon
OoooO0ooboooTisiNOODOOoOOooOooooon
ooooobooboooboooboooooooooboono
SidO00O0O30at.»»0 00000000000 DOO0O0OO
ooooooobooooooooobooooooobooooo
ooooooboooooooobuoooooboooooobooo

g b by B Lo ; g 1 i
OOOTi7e-Si2sNO 0000000 ooo
Fig. 6 HR-TEM images of Ti75-Si25N layer.
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Fig. 7 Electron diffraction of nano etched area in Ti75-Si25N
layer, (1) crystallized area and (2) amorphous area.

ooooooooseoboooooooooobooboooboa
O000000O00DOooOooTisiNOODOoooono
ooooooooobooooooooooooooooo
oooooo

O DoooooOoooOoooOO

oooooobooooooo
TISINOCOOOOOOOOOODOOODOTISINOSiI
oooooooooboooooooooooboooooao
123kK0b00oooooooooooooooooon
ooooooooo0oooo@mooboooobooooooo
ooo0o0oobooooobobooooooooosiooon
ooooboootoobooooobooooobooooooao
000000000000 0000000000TIND
OOTIAINOODOOOOODODOODOOOOOOooOOooOon
oooooobooooooooooooooboon
00001173 KO 00 O0OODOO0OOTIAIN

O Al=50at.% ] TiSiNO Si=25at.%0 0 0 0000000

000000 Vol.2D 20050 61



oooooooooTsiNoOoooooooooog

Kept at 1273K for 3.6ks in Air

Oxide layer thickness/pm
N

Coating thickness

o J AT S N S
10 20 30 40

Additional elements/at.%

o
al
o
o
o

OooOTiINDDOSIDODOODOoDoOooo0oo

Fig. 8 Effect of additional elements on oxide layer thickness
for TiN layer.
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Fig. 9 SEM images of cross section after oxidation.
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Fig. 10 Cutting performance of TiSiN coated end-mills on
hardened die steel, A) square end-mill, B) ball-end mill.
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Table 1 Example of reduction in machining cost by TH coated end-mills.

Application Mold materials

Improvement Reductiono in machining cost

Plastic mold for car SKD11-62HRC

Machining speed 400 280% increase

39% reduction

Mold for slide core SKD61-48HRC

Efficiency increase

49% reduction

Metal forming mold for P.C. SKD11-62HRC

Tool life increase

19% reduction

Mold for piston clutch DH21-48HRC

Efficiency increase

45% reduction

Mold for carld door[] SKD61-52HRC

Efficiency increase

46% reduction

Forming die SKD61-51HRC

Efficiency increase

76% reduction

Forming die SKD51-62HRC

Tool life and efficiency increase

70% reduction

— DC53-63HRC

Machining time 1/50 Tool cost 1/2 —

— SKS3-62HRC

A day's work reduced to 15min work

99% reduction
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