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Fig.1-1 Changes in wood supply/demand and the self-sufficiency rate for wood. [1-2]
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Fig.1-2 Schematic drawing of PVD arc ion plating system[1-15]
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Fig.1-3 Examples of cutting tools with CrN-based coatings for wood machining

industries. [1-65—1-67]
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Fig.2-1 Examples of cutting tools and dies with CrN-based coatings by PVD method.
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X12X 1.5 mm ThHD, 72720, BFIEOFKE IS RE R EL TIE, Si(100) V= ~—%
B EUTHIW e, B a7 A VBRI, #K, AHESHIONE CE S e Lo,
HERE O IRV —IZBO AT T2, EEZE (5.0 X 107 Pa) ICHER A, BB A4 R
N=RIZEVEMZ I —= 7L ThBE I END A R L7z,

Process gas Vacuum pump
Heater
Top view _WEW—
Substrate
Id
I Anode
Arc power | | | |Arc power
supply supply
Anode
1
Rotary table
Heater
S|de View ﬁu[l)ztrate
er
> Cathode
| |Arc power
supply
Arc power |
supply
[ ]
| Rotary table
Bias power
supply

Fig.2-2 Schematic drawings of PVD arc ion plating system.

Cr-B-N D AEEIZ I Cr-B G2 — 7y M W R FFHX TITo72, Cr-B &
LB =7 ROFEIZ, Cr-5, 10, 20 mol % B @ 3 fE¥HTH D, Cr-C-N & Cr-O-N fZ K
DRI, 4208 Cr (W 99.9 %) ¥ — 7 v M IV, TNENEREAY L, EHR L
FOREG TR K THIEL 7, Cr-C-N IR CIL, FHRDOE R REII T DAX
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HAFE & 10, 25, 50 %& L, £ Cr-O-N I T, BEE T AT RS S, 10, 20 %& 2
b/, WO R B | W AE 2.66 Pa, /A7 AEEJE-50 V., FEAGR LK 673 K
DEMT, BEEITAR 6 um ERDIDTHIELT, 72720, TEM #BlEH D EIZ- DO
T 15um DESEL,

2.2.2 FHEAGE

R 7= 45 il fz I D iR BE LB > VTl SEM (H AKE 7+, JSM-5910) T
2L, T D#AK%E FE-EPMA (H AR#E 1+, JXA-8530F) # W\ C#rL7z, B, C, O @
BEX, TR R, 77y ——Ry, T T OEEREE VRO,
FEMED R EHLEIE, FEHLSHIEM (78, SV-3100) THIE LT, EIEOSIZO
WTHE, B0 Ve SRR (7 >, MKV-H3) % FV, faf 8 100 g CHIEL 7=,

W X MR AT (VA 7, Ultima IV) 12T, AST X CuK, (40 kV, 40 mA) % )
WS B REIE 2 AT U7, 72 XBREIHTHE SR A FEI B IR D45 5E Sobi A8 r (nm)Z
LLF @ Scherrer D

(o KA
fcosd

(2.1)

FVsRkDI=[2-21], ZZT, K IZ Scherrer FEHTHY 0.9 LL[2-21], 1iF X O R
(nm), BIFXFENE(rad). 0 1ZEPTMA(rad) THD, Fiz 20 % 30~120° OFiHEL T
FEPTE — V&R B IZE T LD &R IEORS T B3 RD 1=, R S
BT EBOPE T, KEHTE—2% T (2.2) KR r—1 Y BHUT LY
FEFL ., Koy & Kar BRICEDE =I5 BELTZRED | Ko #RADDEITE—27%2 T
BHLEZ,

—1 -1
26,-26,, ) 26, -26,,\’
|(¢9L2)=A1{1+(‘T‘=°j} +A2{1+(2W—2°°J} +B (2.2)
1 2

ZZTNCO 1 ) IEEIPTIREE | Ay 1T Ko FRCEAEIFTIREE | Ay 13 Ko #RCE DT
JE. 0 101F Ko BRUCEDEIFTE (LB (20 ), 02013 Koo BRICEDEIITE — AL E
(20) . 2W T Ko #RUCEDIEHTE =27 DHEBE (2 0 ), 2Wo 1 F K e BRI LD BIHTE —
JOHAENE (20 ) BIZN\v 77 TTRTHD,

F72, CN BED Cr-X-N A ML 7= Si(100) 7= ~—D 0 (HFFEH28) 126,
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LLUF @ Stoney D=
E.t.’
Tt (-,
WD RIEDFRRE I 17RO T2, 22T, o 135871 (GPa) | Eg 1E Si Etodv
773 (160 GPa) | t, 13 Si FARDIE A (mm) | t (FMEDE A (mm) | v ¢ 1E Si HARDAR
TV (0.27) . 1 1 ZFa—T 0 7% O R (mm) THD, ZOFRE IS ORERE
B S L O FABI AT~ T,

R D BE R IZ DWW TR, R — A T 4 A7 O EE B EEFE A BRI (L A7,
FPR-2100) & FHv N, K5H, SR MG VE IS 3610 5 & FE B B D RS AR A A FEA L 7=
HEFFEOR % Fig2-3 (1, Ani-ilehid, Ukl Lo N FiEE,
Cr-X-N R (X:B, C, 0) D X OENPRHZWVEIEZZRAIE, R—/ -1 ¢ 3/16
AT R MBI A L RALEESR (SIC) TH D, iBRSIFIT, i 3 N, B
EOHEE 150 mm/sec., A1 FEE 6.0 mm EL7-, PEELFERE 1,600 m —E&L ., ilBRL T
e COBEBUREAIE L, LR — VDAL T A~ A /axa—7 (F—x
VA, VHX-900) TBIZE LTz, BIE D EEREIE QWi R 1%, il o0 2wt S I Epg %
FWTEHAIL 72, £- RO EEREIE IO\ C, EDS (A AE -, JED-2300) (2kVtH
~ T E LT,

(2.3)

Weight

Friction sensor

]

Ball

2

Rotating stage

Specimen

Fig.2-3 Schematic drawing of ball-on-disk friction test.

BT, &R RO BRI >V Tk, TEM (H 2 8ERT, H1250ST) (I2XK0 f7
FEDWrm 2 #8220 . RFTHZkE SR oM T BB 2 S LG,
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2.3 EBFRERBIVOELE
2. 3.1 RIEOHERREREIRTE

Table 2-1 {2 CrN 35 OV Cr-B-N, Cr-C-N, Cr-O-N ZfED#H %% EPMA T/t
L7 RZRT, £9°. CN ZBETIE, Cr & N 35198 1:1 OFEIT/2>T0D,
Cr-B-N IEDL G #—7 v D B B R DIZ O TEIES O B EHIEINLIZAS,
WG Z—7 Y ML DD 720 D70 & T D, Cr-20 mol% B #—7 M v
BaTh, KIEFRO B i 3.5 mol% Th-olz, ZAUZEAL, ME#H DX —7 v N
% EDS THHrLIZEZ A, fUERTLY B @RE CRHENT, fE-7C, #—47 v Mi
R ED D B AV o T BT, B D3RR LI o T lzd EB 2 bid,

—7J7. Cr-C-N JZfiE& Cr-O-N FIREDG G ARG T ADAZ . IR IR EDER D
(2D, B D R E AR IR EE DN D2 D3 003D, FRITAZ L ADE
FRSE I AD I I3 DA REL DIRNT Ak O, /(N3+0,) TELDERHR DL
JEHICE ENTND, 2T Cr AL OFEHREL B B =1 /L=F— (-700.0 kJ/mol)
MacHIE I, IRAEB DZ I (-45.8~62.5 kI/mol) EEE_TREL, Cr LEFEOH 1D
T IRFBEDZIUZHARTIRNZEIZLDEE 2 HILD,

Table 2-1 Chemical compositions of Cr-B-N, Cr-C-N and Cr-O-N coatings prepared by

PVD arc ion plating system with different gas mixture using Cr or Cr-B target.

Coating Target Gas Composition (mol%)
CrN Cr N, Cro.50No.50
Cr-5%B N, Cro.494B0.006No.50
Cr-B-N Cr-10%B N, Cr.49B0.015No.495
Cr-20%B N, Cro.465B0.035No.50
CH./ (N, + CH,)
Cr 10% Cro.51Co.06No.43
Cr-C-N Cr 25% Cro.51Co.12Nog 37
Cr 50% Cro.51Co.22No.27
0,/ (N>+ O3)
Cr 5% Cro.5000.04No.46
Cr-O-N Cr 10% Cr.4800.13N0 39
Cr 20% Cr0.4500.28No.27

15



Table 2-2 (2 CtN I35 LY Cr-B-N, Cr-C-N, Cr-O-N FEOREHSE R, H
WFEHLE R, 13, FEMER SR DM S B FHIR DI E B £ COMRZEDHE
SHEZAFTL ORI LIETHY, K S Ry IFEER TR T DR S RO FH
PO EWILTEETORERIERBIRWAIEE TORSEDM THD, CrN EIEIZL
T, Cr-C-N, Cr-O-N D R, DEIZIZIEFRIZE T, Ry XTI/ M7, —
77, Cr-B-N ZBEIIHALNCREHI DR ELIR>TWEA B EIZKDHIOEN
HEV RSN T,

CrN, Cro465B0.035No.50, Cro51Co22No27 3L T Cro4500.28No 27 IO Z 1 SEM H-H.
% Fig.2-4(a) ~ (d) 127”7, CrN FIEIZxL T, Croa65Bo.03sNoso FEIE TlER Y7Ly
ERZL, RHEPHL o TVWDIONRDLND, —F ., Cros1ComNoy B LW
Cro.4500.28No27 RO R EIRAEIL, CIN EIEDENEIZE A ETEWT AL T,

Table 2-2 Surface roughness of Cr-B-N, Cr-C-N and Cr-O-N coatings with different B,

C and O content.

Composition (mol%o) Ra (zm) Ry (& m)
Cro.50No.50 0.236 2.770
Cr¢.494B0.006No.50 0.286 3.296
Cry.49B¢.015Ng.495 0.281 3.408
Cro.465B0.035No 50 0.282 3.403
Cro51Co.06Ng 43 0.232 2.315
Cro.51Co.12Nyg 37 0.245 2.223
Cry.51C0.22Ng.27 0.224 2.464
Cro.5000.04N0 46 0.231 2.525
Cr.4800.13Ny.39 0.223 2.114
Cr.4500.28Ny.27 0.233 2.409
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Fig.2-4 SEM micrographs of the surface of (a) CrN, (b) Cro46sBo.03sNoso, ()

Cro.51Co22No27 and (d) Crp4500.28No 27 coatings.

2. 3.2 BRIEROREEAERE, Bl bR+ ER

Cr-B-N, Cr-C-N BE O Cr-O-N D X #REHr/ 2 — % ZH 2 Fig.2-5(a)
~ ()R, . HHRD7=01Z (a) ~ () DAETHORTIC, ST CN ZED R
#rERL Thd, CrN BIED DO EIHTHRIE, 325§ NaCl BID 7 — %R L, DTl
VN (200) Bl a2 R L TSI ENRDDD,

Cr-B-N FZEIZOWTIE, B BB D150 T, (220) B — 7 LIAMIFRE MK FL
T o7 Ba—Rilolz, (2200 B —271% BININTREK/e-723, B BICLAEITHE
D7auy, £72(111), (200) ZL T(Q220) W NOE—ILES, BIRINIZE>Tho7z A
A ERASRKELTTRLT%, B BOHINEEBITR %12 CrN ORFAIZIE-S0 T
WZENDND, Cr-B-N BIEDS A | BIESAFIC L THEAE BN X CrB, fH238L
ho%aboh503[2-13], A RIO KA E 2 58, JEME BN BNI<OTOE
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FERTIAET D REMEI D203 X BRIEHT O R TIE CiN FHO B 03538 BT,

Cr-C-N ZEZOWTH, RIEF O C BRI D223, BIHTE — 2135 A
TLTCTa—RIZ7257203, (220) B =2 72113 o 72 A Cro51Co.06No.43 B IR CHREE A
<720, B2 C &R 08K T L, CIRINCEDET A DOZBIZONTIE, C &
DYEINZ LT EFL Cr-B-N EIRDG & LRk O ZFE &2~ LT,

Cr-O-N FJEDS &S BIEH D O | X HIZ 24 T e — 713 E MK T L
T a—RiZleoTz, LnLRRGEITADZEIZOWTIL, Cr-B-N B XL NCr-C-N J#
EoOZNLTEND ZEF O O E2MINT D224 T, B — 7138 % IR A L
A~ 7R LT,

(a) § A Substrate
5 O CrN

‘0

=

c

S

5 J
\;‘ CrN o
= ' A
S CrosesBooosNoso . |
c Cro.49B0.015No 495 o

Cro.465B0.035N0.50 ey

I |\ | I |\ | | C\:rN: ‘TJC:\PPS\ 1\1-\096\5 I I |\

35 40 45 50 55 60 65
20 / degree

Fig.2-5 XRD patterns of (a) Cr-B-N, (b) Cr-C-N and (c) Cr-O-N coatings with different

B, C and O content.
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(b) § A Substrate
5 O CrN
P
c
S
: o
> o b
2R N, N A Cro.51Co.06No.43 e
2, AN A Cro.51Co 1oN
= lo.510.12No.37 )
A Cro.51C0.20No.27 ,
| | CrN: JCEDS 1 1-00§ |
| | | | | | | | | | | | | | | | | |
35 40 45 50 55 60 65
20 / degree
(c) ;Co? A Substrate
5 O CrN
c =
S 6 <
5 | 3
2 CrN A
% L Cro.5000.04No.46 A
= JLA_ AN A Cro.4800.13No.39 .
A FaN A Cro.4500.28No 27 ~
| | | | \Cr\N:\ J\C:F\)D\S \1 1\-0\06\5\ | | |

35 40 45 50 55 60 65
20 / degree

Fig.2-5 XRD patterns of (a) Cr-B-N, (b) Cr-C-N and (c¢) Cr-O-N coatings with

different B, C and O content.



Fig.2-5 @ (200) [E4fre"—25 | FEJRE RIS d (nm)% Scherrer DLV RO T-KE
R Fig2-6 [T, WT IO EEIZBW TS, 3 iR EOIRINENIEZHIZ o0

T, AR R H I/ EL72Y | Cr-C-N & Cr-O-N ZEEZ DWW TiE, CIN RO fE
FRIEK) 20 nm 225, WTNBK 8~10 nm OE~HHIL T, Cr-B-N ZEIL, B
BRI TS 3.5 mol%& D72 MIh b b3 AL &SR 321 S b AR D
DEDPICH RE,

60

-2 B

(o)
o
1

-4 C

S
t
o

N
o
T

Grain size d/ nm
w
o

N
o
T

o

0 5 10 15 20 25 30
Content of the third element / mol%

Fig.2-6 Mean grain size of Cr-B-N, Cr-C-N and Cr-O-N coatings with different B, C

and O content calculated by Scherrer’s equation.

WIZ, B =Ie R ORI T 28 FEDE A Fig.2-7 I T, £ CiN K
FEOK T EHUL 0.4154 nm THY, Cros51Co2No2r LIS, 42 TD Cr-X-N FZ D
A EHIT.CN FEOZNEIVKRESRS>TWVWS, B ZIRIMLTZSH A
Cro.494B0.006No.50 FZE TN o 72 AKE T TEELAS 0.4168 nm & KXY D% B &EHMH

DIZONTEA LTS, C IINDOLEED, 6 mol% TV >7c Ak T EHIEL 0.4172

m ([ZRELRoT2t, C EDBHEZ DT OV TR L, Cros1ConNoor I TIX CrN FZ
EDOZNTV/NELT2o7, O ZIRIILTZHE . 28 mol%E Tlid, O EEEHITHFHITHK
FEBMEEINL T ZEN DD,
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Fig.2-7 Lattice parameter of Cr-B-N, Cr-C-N and Cr-O-N coatings with different B, C

and O content.

2.3.3 RIEOBEILEREINT

FT . R TCOREHZIOWTHESHE LG ITOEE 2 MR L2 E2A, 6.0103 um
DRI I > T, S DORERE RITER DL Z T VDL LB DA, 22T
BEEDHIZIE—E ThHHTDFEX i E L TR TS, CIN EIEOHESIZ% 35, B, C
BEOOBWIMDOEhFA Fig2-8 1ZRT, WD ILHEEZIIMUTZEEE ., CiN RO
S HV 1860 JWEDfESIL RH L7z,

F7 B IMIOGA. B BB DT O TSI EIIZEE AN | Cro65Bo.03sNoso
FEIETIX HV 2900 (2L, A EIER L7230 O Thieb BV VS AR LTz, 2kt
LT C WINTE, RIEF O C BENEZHIZONTHIGAECOITHNL
Cro51C022No27 FEEIZ W TIE HV 2270 13 LT, FZIC O WINDS A, O L
SIS AN B Croas00.28No27 B TIE HV 2100 (ZEELT, B TIEERN
BVDIRTHIES EF SO RITIEF IZREL, C, O ([T B RIS RE R E
G2 TWHZERHELZSND,
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Fig.2-8 Vickers micro hardness of Cr-B-N, Cr-C-N and Cr-O-N coatings with different
B, C and O content.

ZZ T, CN R LT Cr-B-N, Cr-C-N, Cr-O-N RO EsHEiLT-, &
OFERZ Fig2-9 (TR T, 2 TORFIIIEMEEE IS N BFEL, CiN F RO [EHfE
FREEIG 711X, 0.40 GPa Th o7z, W 411D Cr-B-N, Cr-C-N, Cr-O-N & | 55 = ¢
FROPIEEEBIZ CIN ZIELD KEREMRE IS N E2RU, B IMIIO%GHE. B &
INE Z DIZ D3RR IS IR THEANL | Cro465Bo.03sNoso FEIETHI 1.5 GPa IZ3#
L. A EVERIL7-30E O Tl @V VRE IS /1A R LT, ZAUE B N0 TS
WEH NI EVIFERE—EL TS, EAUTKL T, C ImRBL O IMINTIL, £
JEH o C 3T O REEDNIEZ DIZ DN TERE G IH P 500 THENL | 10 mol%f2
DIRFE T2 DL, Cr-C-N FED A 135 0.8 GPa, Cr-O-N FEDOEA13#) 0.9 GPa
TIRIE—EE o7, LLEOFERNE, CiN FFICE =t L IR B T H RN
THE, BRI IS I OEIXZORMELEBIZ—EDL IV ETREARY, EIED
TS LJEARFR IS ) ORI R WHEBE S RibiT-,

S EIEAEREIS 1, C U CRITE CRULIZRE bR E, 5 —t% (B, C BLW 0)
DORMETESZILETHZENTE, B BIEF D72 W IRINE TR SR O A b &
EE AL CEDI LN DT,
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Fig.2-9 Residual stress of Cr-B-N, Cr-C-N and Cr-O-N coatings with different B, C and

O content.

2. 3. 4 FRIRODImEEFEM:

CrN, Cro.465B0.035No.50, Cro.51C022No.27 33 T8 Cro 4500.28No 27 BN D EEEREEFEGRER D
FERLEL T, B (WC-Co) R —/LE7-1d SiC R — v WA OB E D2 4L
%, T Fig.2-10 & Fig.2-11 {Z” 7,

FTHER — L OGS WO T LD RO BEELREE cfE I 0.4~0.5 FREEIZARD
BHWHEYKRERZEIT L7207, ZDOHFTH, CIN RO EELRE D b /N E<
Cro.465B0.035N0.50 & Cro.51C0.22No 27 FE D BEELR I A K E 72572, Cro51Co22No 27 FEIE
(ZOUNTIE, BEEREEAE 200~500 m O#FIPH CRE ERZFEZ R LT, CrN FIEDEE
BAREUZ DWW T, WIITHY 0.3 72o72bDDMR 2 IZRELARDK 0.4 FREEIZ/2 5T,
Z DD FREINZ DN T, BRI OHE T £ THIA L EL TV,

PRI SIC AR =/ DG FREROYIHNZ TN I D BEDO LRI 0.3~0.4 FREE
T, BEEIEHESIEODIZ DI TR X IR &L o7, & aviid 0.4~0.5 FREEIZ/2D
FNEDFEFAIC LD ZITNTEAE bR Tz,

W

"
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Fig.2-10  Friction

Friction coefficient

0.8

Cro.51C0.22No 27

Cro.465B0.035N0.50

0.1 Cro0.4500.28No 27
0
0 200 400 600 800 1000 1200 1400 1600
Sliding distance / m
coefficient of CrN, Cro465Bo.03sNoso, Cros1Co22No27

and

Cr.4500.28Np 27 coatings when sliding against WC-Co ball under a normal load of 3N.

Fig.2-11

Friction coefficient

0.8
0.7
0.6 | Cr0.4500.28No 27
Cro51C0.22No.27

02 | Cro.50No.50 Cro.465B0.035N0.50
0.1 r

0

0 200 400 600 800 1000 1200 1400 1600
Sliding distance / m

Friction coefficient of CrN, Cro465B0.035Nos0, CrosiCo2Noo7

Cro.4500.28Np 27 coatings when sliding against SiC ball under a normal load of 3N.
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FEBREERE SRR O IR — VOBEFIR DT V2 Vv A /uRa—T GTEaE | FIE
DEFEROWIR KA AR — /L ET SiC R—Z WA 12 o0 T, £
Z ¥ Fig.2-12 & Fig.2-13 |2~ 7,

FTHUEAR— L DA CN & CroasO028No2r B D BEFEIR O E A3 /&<
Cro.465B0.035Noso FLEDEEFEIE DR b KED o7, FTMIEAN — /L D EEFERRIT R
TERDEEFEIR DR LIXIZFCAE T o7z, BEFE OB R 2 RIE LT R BEFER
EWFTAUBMOE 3 KOG T, AIENAFEL TR ey Ly "I L T2 2 830D,
CrN & Cro51Co.20No27 BEBEIZIUNTIE, B D UEEREL TUWD23, Cros65Bo.03sNoso &
Cro.450028No27 FIETITIFITDUREY LRSI 850050 IR — VOB 25
LTCWHEFZZ DIV, EDEIE CroaesBo.ossNoso FIED )7 D3 %7037, 72721, Fig.2-10
& Fig.2-11 TR U BRI O KESIZHOWTIE, ZHH0H S HEVMHEENR RSN
TR,

KIZ SiC R—/L DA, CrN FEDEEFEIR DR — T /INEL, Cro465B0.03sNoso &
Cro.450028No27 FEEDEEFEIR DIE AN K E D o7, BEFER W R 21 E L7z fE 5L
FBEFREIR LW T B OE 53 KOG C L BEEA — /L O LRIFICR =y 7 Ly M
%L Tz, BEER— LV OSE LR EREY ENoT- X070 Rbi 3, B
SIE BRI KR EN o7, OIN EIEOBERE R b K& MO EBEIZITH D 21T
Ron7enotz,

SHIZ, RIRDOEEFEIE D EDS ~ b 7 ot e, B — /L B L O SIC AR —/L
EROWESHAIZOWT, £ Fig.2-14 & Fig.2-15 (TR, BRHAR—/LOSE1X
SEM 2 EBIUW £ 0 1225\, SiCR—IVDFAITDONTH Si &0 Dy 7D
fERERLTHD,

FTHEEEAR =L DA WT IO REOEFEREICS W PMEET AL ERIN
72H3, CIN ZIETD W D3 eb A 72< | Croa65Bo.03sNoso ZIEICH1TH W &3 RH %
P37 Cro.51C022No27 & CroasO0.28No27 BIEIZ- DUV T, BEREE O HLEID W |
DR, W DER 71 <o TN,

RIT SIC R—=VDEHEIZBNTH, WTNORIEDOEFERIZY Si BMFET DL
PRSIz, IR — L ORE R EFERIC, CIN EEICEB1TD Si &2 b 7e<,
Cro.465B0.035Noso FEIEICEITD ST B ERHE 73572, Cros1Co22No27 & CroasOp2sNo27
FEEZ DN Th | BEFBIR IS AT L7 Si 8 CiN D Z k0 %< BEFEIR O H Tl
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RN IR E AT BTz,

PLEDFERDG IRDEIRBENTED, £, AWEHAEIOF T CiN S IEOH

EDREHIRNZENS . WDTHOR—AMEIZB N THEERIT—HRAXIoTHY,
FEBAR IR DOHERZ DV TH BRI DR 2 ICKEL o T bB 2 DD, Floh—
NTE DM EELDRNIENG | FHFHBEMITIRBIENVEF D, ZHUTxL
Cro.465B0.035No.s0 FZIE TIZAES A HV 2900 & F < E IS LI KEWZENDL, W
DR —/VH EEFENHEIT LU CEEFER DR ELR0, Fl R E ~DOf A &L S5
T2&E 255, CrosiCoanNoar FIEIZOWTIE, WFNOR — LM E Tb BEEERE ~
DA EBEITZ VDB ATEL TORWEDS BT Z 800 BRI — VB

AN 2 E LIS A AR DIR L T b b, TSI K & 7R BB R S -

DARLTEIRFFEENTHBL QLB 2 BILD, HeBIT CroasOo2sNoor FEIRIZEIL Tl
FEBAR M ODMESCBEFERE DRSS, Z L CEFHE ~DOR—AME DO BEEEZ DL, B
FRFMEL LTI CrN & Cro465Bo.03sNoso RO H 72 b D THHEF 2 D,
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Fig.2-12 Optical micrographs of wear track of the coating and WC-Co ball, and wear

track profiles of CrN, Crp.465B0.035N0.50, Cr0.51C022No.27 and Cro.4500.28No 27 coatings after

the friction test.
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Fig.2-13 Optical micrographs of wear track of the coating and SiC ball, and wear

profiles of CrN, Cro465B0.035No.50, Cro.51C022No27 and Crg4500.28No 27 coatings after the

friction test.
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SEM image

%
S

Y

Cro.465B0.035N0.50

Cro.51C022No27

Cr.4500.28No.27

Fig.2-14 EDS mapping of the wear tracks of CrN, Crg465B0.035No.50, Cro.51Co22No.o7 and

Cro.4500.28Np 27 coatings after the friction test against WC-Co ball.
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SEM image

CrN

Cro.465B0.035No.50

Cro.51C022No27

Cro.4500.28No.27

Fig.2-15 EDS mapping of the wear tracks of CrN, Crg465B0.035No.50, Cro.51Co22No.o7 and

Cro.450028Np 27 coatings after the friction test against SiC ball.
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2.3.5 TEM [ZXAHAmAAREEI22

TS d6 KOV I ) Dt BeZe BAZEEMITHGT 32720, TEM #Bl43%1T -7, TEM
BlEThH o> TE, REMZZEMEEL T BEHK 1.5um @ CrN, CroassBo.03sNoso,
Cro.51C022No27 BED Cro. 450027No2s BLEZ Wz, £NE D KIEIZEIT 5, TEM
AR RSB, IR L 7= BB B B L OVE TR RT3 % Fig.2-16 () ~ (d) 1T
AT, B R AREICRIEORE 7% RLTHD,

F9° Fig.2-16 (a) © CrN DUV THE, SRk T LA SR 1272 > TV D
M, DT DNTRARE IR C > TOD DR 0035, FT-RERIONEX, 9 100 nm F2E
DHLONBEN, B HRREPTRIE, WINhd CN Tl g T&7z,

—77 Fig.2-16 (b) (27" ¥ Cro.aesBo.ossNoso BLAEDSE | FEH ITHHIZR AR A 1272
TEY, HHNIFIROFEIR I TS, fEdRIOMEEL TIEL 10~50 nm F2E T,
SEEIRNZIL 20~30 nm TH D, B &= 3.5 mol%ED 72 Ihinbh T, AEEIEL
724 DORELO T TIE, Febift shI AR EL TIRY, ZOT LN KRERFRE IS T EAH
Fo T, Cr-B-N EIECTHBEENIEFITEmVEZ R THBEZ R 51D, B RETE
MV ZARIZI2 S TNDIENDS | fE SR RIIIER I/ ML, EmtEbH E 2k
WD, BTG TIERVEIZ LD EHT ARy MIfER TE e ole, o, mifE=
ORI, e BV b AN RO BB e ik 3 Bl s S, A PO
M7 dib DFS 7 K KL A BATEZR A S RL SR M HERR S VRN 2 & D | Z ORI
BT EEZSIRNT BN T 7 ATHLHEEZ X LD, ZZTIEHRL TR, o BIH
BHEIZ I TH ZO X720 FR0 PR D VRIS BRI IS WS OB TE T,
Fig.2-4 (b) 1279 8L921Z, Cro46sBo.03sNoso FIEIZIZZDOREY 7Ly MBS DH D
B, ZOBIRIZR Y T Ly R THY, TR T 7 ADIOLThHHEEZBID,

RIZ Fig.2-16 (¢) 1Z7" 9 Cro.51Co.20No27 BT, FEIR S EHGH 72 BRI A D TR
ERfRE 72> TRY, FERRLOMEEL Tl 20~60 nm FEE THY . CroaesBo.ossNoso K
L Cro. 4500.28No 27 FEED I DAEE F 2.5, FI-BEEHE O 3 I TR -5
DEINT, =D DORAE SERLO HIT | FEREFATZRIT AT A 8 L2 DB D73
Holz, ZIUTFH 4 ETHELSGER 59018, a—T 4 THOHTRAEAB I OT—7
JVDEEREND | T AD Wb DIZLDEE 26D, B RREETER NI T
WIZZ2oTODZEND | FE RTINS, MM ELHEV RN L3 DD, £z, K
B HE R 3 BRI ARy NI CE o7,
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7% (2 Fig.2-16 (d) (2759 Cro. 4500.27No.2s BE DS 6 | SRR X1 E L A EFEIR S
THY, CIN FZ L LD L FESRLONE A 40~100 nm &/ S22 5T e, B -HRIA]
P& mHoh, TR TE5, B bW R T AT ARy MIFER TE R o7z,
FEEREOREBRIZIL, K40 nm A TRIEO KR 7 M E BT EIRIRa S M A
IHERE CE T, 3 4 ECHELGLR 975491, ZOFEMIEA PVD a—7 17123
WC, 7 =71 | BEES 72D DERELIFIZR—ThHI LN bh T,
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(a) CrN (b) Cro.465B0.035No.49

Bright field image

Dark field image

Bright field image
(Higher magnification)

B

Selected area electron
diffraction pattern

Fig.2-16 TEM cross-sectional bright field images, dark field images and selected area

electron diffraction pattern of (a) CrN and (b) Cr.465B0.035No.49 coatings.

33



(d) Cr0.4500.28No .27

Bright field image

Dark field image

@2

Bright field image
(Higher magnification)

Selected area electron
diffraction pattern

Fig.2-16 TEM cross-sectional bright field images, dark field images and selected area

electron diffraction pattern of (c) Cry.51Co22No.26 and (d) Crg450028Np 27 coatings.
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2.3.6 E&

ZZTIEET Fig.2-6 (TR T IO A bR ORI I DWW TE LT D, Cr-B-N B
FONTi-B-N ZEIZ B D058 FH DT 7E/LT7 7 A0 BN DA I SRz A3
WAL T DLV RENDHD[2-14, 2-22—2-23], ZHHDO T T, Cr(B, N) £721% Ti
(B, N) ®¥ nm O RKESOWFE LN, 7L T 7AD BN IZHENTWS T /ar Ry
Y MEARR AT RS TERY, ENNE WSO ERIZEL TS, RIFEIZEITSD
Cr-B-N B2 B #13, EFEOMFFEGA] (K 66 mol%FR ) [IZ e~ TIEF I 720
F72. Fig.2-17 IZ TEM I XD m o fifREBIE: 5 12~ L TRY, 10~20 nm O Sk 1-
DIE THLZERET L ANF— U BT EVBIEIILTNDN, TE/NLT 7 A0 BN DFF
TEDERS CEIRD o728 h, Cr-B-N RO b e b i b L7z 3 & LT
B U CIEAB R Z LT 0 B0, 727250, ZXME TSR T 'L 7 7
A0 BN M ERLIZZEID, Cr(B, N) fi LD B R 215 Tz 5 [ 2 L7z
ATREMEDNNE 2 HID,

Cr-C-N BLT* Cr-O-N BRI DWW T fb A Mo b L7 B & LTl Bl
(D ASIVIZ AL o EFEFR AT AD R AR S S T 528 T AR A DR 315 1
BV, B AR BE DN 2 5 Z & TGRS BRI I Z 72 o T2 LB 2 BbID, PVD DAF T
L—T A TIE TR BIEZ T T 256 . TAEN D+ 3RS Filx
I£ 0.13~0.67 Pa, NaCl AU ED (111) IO FK = 3 /LX — 2 b E< (200) [H
DZFNDIRBIENZEMNS, (111) [ ~DH ADW A AL Tl 5 3 A L7220
ft A XRD JIEICHTDEMMEE LTI (111) mOFE TR EE SN 3520 H 8
BRHESINTND[2-24—2-26], RBFZEICIIT DRNEH O AL T)1E 2.66 Pa L&
Wzsh | FREDIOBREFE DRSS BIT 5 bE X —DBIR PR E T2 V) E0IE
BTOREGRENZIBNT, AZ B ULUTREHE T AL DA IZLO BT LW AE RN 2
K ERRIAEARI B L . AZ B LT E T AR RN L WINEEE DR R KENST2LE
z 6D,
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Fig.2-17 ngh resolution TEM image of the Cro.465B0.035No 50 coating.

WA, Fig.2-7 R EEDOZLIZBEL TTHDM, WINLZ%E —t# B, C,
O 1% Fig.2-18 |27~ 9" NaCl BUfE fb i iE D E R N O AR EHL TWDHEB 2B,
B, C, N, O OJF 7T NE40.82, 0.77, 0.73, 0.70 A THY[2-27] . N LVJFE 1
FEOREN B X C BEWLIG A ST EBITIREALDEZEZLND. B BX
O C EHIC B2 TR, Fio, N DR O/NE0 O EHRLIZSGA IS
HIE T EHDIKEL 2o TNDEIENDL, ZHO BT MR- B TIER c&
7200, CINIZBITD Cr &N OFEBIIA A At A RE A YD 7130, N 28
KRR LMMER DO Bre s O BEHTDEAA U FEAPENBEINT DLV BN ES
EEZHN5[2-28], BRBINCIZHOWThH, AU GHEOZ LA EETWDEE DR
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D, FIHN BRI E DI FEBD AT ELE 52 TWHANETIZb)
STUNRUY,

Cr

Fig.2-18 The crystal lattice structure of NaCl type cubic CrN.

Flo, EIROEROF 2RISR 58 Z 0 FE 0RO | Ar | X, B:
0.09, C:0.04, 0:0.03 A L7322, ZO | Ar | BfEREAEEDE, D EVFRE MG /112
HELTWDLEEZOND, Lo T, | Ar | BB REVWBEIRIILIZY A Fig2-912
R EME RIS I ORI T R K& EDOELIZHHEL T Fig.2-8 (R TSH R
BAZHIINL T D, RIERIC C BEOVOIZBEILTH, | Ar | Offil B IZH~3UE/hE
Wb | RIS xE T 2 IEME IR B I 7 RS O ¥ B AR T D, DFED | ST
BEOENDE AR IE DO E LFEFIENIRESHEE KIFLTWDHEE 2 HILD,

PLEDIINT, BEOE S I ENTHE PR LR B IS NN L TVAHEFE 2 B,
FFIZ Cr-B-N FZFEIZ OV CId B ORINC I R AR 3 NS 2R [ERE R BE S
PHERLTWHZEND, HELZ KR L TABICHEINL T\, RIS,
Cr-C-N BZfiEE Cr-O-N BZEICHOUWTh i iR LI B IG ) D ZABIZ IS U CTRES D3 4
ML CTWBZENRDND, Fig.2-16 (2T TEM #2355 R 51 . Cr-B-N 2D #E Sk
BNEOHGIICZEL QDI ED R TED,
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2.4 fEE

PVD 7 —20AF TV —TF 474 E%Z MW, CN, Cr-B-N, Cr-C-N BL W
Cr-O-N BZJEAAFERIL | DOk A, Bk rRFE 36 K OMSORIAE R 2 3 ~ 7ot 2
LU DOZERHGIE72 5T,

(1) A B HVZ Cr-B-N, Cr-C-N X Cr-O-N FZIEIT, WP oI ISV THAT
J7dh CrIN ORIEZ fr> TNz, Fo, AU, RIS DWTER (L) D o7 4th,
DIHDIFAEITHER TERD -T2,

(2) % = TC RO LS RO KE Sobi It L, JERERRIS hbEmL 7, %
7o, RIEOESS R U, =t RBORMENZWIEE | 2O RITKRE 2>
70

(3) BRI PEL L QI & = e R TIN5 A O BB BT RE 2T A b
WS TREERENE IV b A ELTo, FIEDIESDY EH-T 5138 R—ickt 4%
FFBORMEIT R LR, R— M E O EF'mENKEL e o7,

(4) TEM BIZ21250 | 3 =0 FE ORI THARE DY CiN EZIEOZ NI E 3528
MWDo To, B OIRIICED, C X° 0 LU TO7RWETY, # S ASIE S Ik
IR IS 72 o7z, F2 Cr-O-N FZIEIZIE, 9 40 nm EHI DT>V LIk =k
FTARD, BRI T D2 e Dol

(5)B 23b /D72 & TR D @il FE AL S TE T, Zaud, FEE ISRk S

i VR ARG )L IR L T,
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# 38 Cr-X-N K (X:B, C, O) Dt EWE L4k s

3.1 #&

AN TR N O 53 BT I T, — AT A 4 T B0 e T B4
BIOEE G2 N EIELTZOR WG TS, o, ENHDIEAIT PVD
BEIZED CIN ZEna—T7 o 7 Sz b EALSI T D,

ATEE Tl CN RO S 720 Re M E23HV, CINIZFE@ R O —JuRaiinL
T % B \Z BB ORI L <2 s A EE AL AN EE 20 | AR N T Bk H) 9~ oD
VL G VNN 25 I

EZAT AMBIONKRE R B BIEI3 25 SR X, BEIR UG ich &
HH 100~500°CHRREIZ EFLTWAEDHIEHRE [3-1 3410350, ZDIRE L5
(XD R TH DRI, ORE AR TR0 AR D2 2055 [3-5—3-6], &5
(O IREED LA LT BREE T C MM BRI L O L F ROG DS 2D | ) JeEEREDS
EHESND[3-7—3-8], NWITHHE R ENa—T 40 7SN TODEED, T O R
DB Lo TIE, FEDFERRZ AL O E DK N IT kD | BIHIMERRIC B % & IF
FTARBMEDI B 2 DD, FTCIEFD EE - SRR TOZRMNG | G| o H JE R
JEIXESHIZ ER TR B 2 6D,

LI OB/, PVD IETIERIL7Z CrN B BEIZBEL T MRV TR (L P 2~
Te & [3-9—3-12]13Z%<HY | CrN 125 = u R AWMU EZIEIZ DWW TH | B2 1L
Cr-B-N[3-13 —3-14], Cr-C-N[3-15—3-16], Cr-O-N[3-17—3-19], Cr-Al-N[3-20—
3-22], Cr-Si-N BZfE[3-23 =324 |72 EDMEDN A ONDH, ZHHDIH ALR Si 35N
SN A RIER SIS DI b 03 RGE B IR & 72 o T IR bR miRL
B A R E M BT DS ST D[3-20—3-24], F7=, IEEROFE =t
REWMUT G EIZOWTH MARORRI Lo EE k& &I, MR ke M -
THHHWME SN TND[3-13—3-19], L L7 s, FEEB LR E I LT FIRIC
DUWTIE, Z DB D ] T D88 £ CIA L 72 i & 137e< E R MBS M2
ERAELTZANL, FE OBDIREY R 7=5700,

ZZTARETIE, ON KIEIZIEEETFED B, C BLY O ZIRINL7: Cr-B-N,
Cr-C-N LT Cr-O-N A /ERIL | R H COIMBNT L2 B DO RE S0 f i i
DAL ETR, FNOEREI LT, 2. ZNEND IOV T, KA T
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A UT- 555 OSHIFERE D2 A FE-SEM & TEM 22120 T8~ HEVE 38 OVt
Bt S DRI DWW TE LT,

3.2 EBRFIE
3.2.1 ReHER
CrN, Cr-B-N, Cr-C-N BXL UV Cr-O-N FIEOAE I IESEMITHONTL, 5 2 =
2. 2.1 AEHMERCHBILIZL DL FRIL THY . HWBUBHIE 2 O Table 2-1 1T
ARF 10 FHOEIETHY, IR, 5B IEOL FRIE EPMA Cii~7-fak bz v
TERKLT D, o, FAB ORI 6 um L7250 REL T, 72721, TEM #8152
OB OWTIE, R 1.5 um DJESELTE,

3. 2. 2 JNBGRER LA S 15

A B IR DT EWE 36 L ONMHER LM A LG A 327260 . R HIZ I8 D INE T BR
w1ToTz, £, 473, 673, 773, 873 BLON1073 KITHIEMRFF LT/ NUDESIF O H
(CERB AR E L, 1 RFREZ OIREICHRFEL- % MBI U =IR ETHRm LT,

NNENGIT % 0> 45 F B2 150D 2% 1 R B LA T T AL L2 DV Cid, FE-SEM (A AR
JEM-2100F) THIZE L7z, AT I Z AR CHREEL TWD728 | flda Rz DB A
XM DENE RDZENTED, BIEOM ISV Ti, FE-EPMA (H A%
JXA-8530F) & VT L, BESIZ DWW T IMESGH (7, MKV-H3) & H .,
i 100 g THIEL T,

EBHIZ X AREIPrEEE (VA727, Ultima IV) 12T, CuKa (40 kV, 40 mA) $%& TR
T O NN EGRBR AT 1% OfG db A IE 2 MR L. RO RS AR d (nm) &
Scherrer DALV R DT, FHFIEOFEMICOWTIL, 2 ED 2. 2. 2 dHili ik
TREINTZHDEFRICTHD,

BRI # O E 3 HTICIE, A — P = o oA d&E (A A 7, JAMP-7800)
RV, REIEREE Ar TR X URREOIERS T 50T B IEE m SO K
BAEF T, AN BZDAF RV F—(F 1keV T, E—L850L 6 10 u m THD,

E5(2 TEM (B SZRAERT, H-800, H1250ST) I2X, RO A B2 L, N
BRI 54 O R TR0 728 SR Ok T e & 7,
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3.3 ERRERBIVELE
3. 3. 1 INBGEBRIZXD RIER HELEBTE OZE b

NNENGREBR A4 OO R B MR AE % FE-SEM CEIEL72L2A, WP B IRIZH
Th, 773 K ETIHMBAFT L ZEA L ZE T RON2D o7, LAL 873 K LA LR
270 % b RIEOREIREEBIZIEVWDS ROND LT o7z, ZDREHELT, 873 K
(2B DINEART# D CrN, Cro465B0.035No.s0, Cro51C022N0.27 35 5 TN Crg.4500.28N 27 F2 B
DFTH FE-SEM G H% | 2 £ 4 Fig.3-1(a) ~ (D) 1R T, WTFNDEEIZEB AN T
FEARMZ RIS ITIED/ROA, 873 K CTMEVZ OREIILT B2 M M3 7D
Iz, ZAUTEBL L= 2 Elc L p R mIREDOELTZ B 2 bivs,

WA, 873 K \ZIIT D INERFT# D CrN R IEDO Rk Fi SEM 5 E.4 Fig.3-2 (a) |2, [A
U< Cro.465B0.03sNo.s0, Cro51C022N027 38T Cr4500.28No.27 FEIEDHE i i SEM F-H.%
Fig.3-2(b), (o) BEION(DIZENENRT, £7 . As-deposited D CrN FZIRIZITAAK
EaNMEEL SIS A3, 873 K C 1 RN 724% O CrN T, i Sk ik b 372
EEBHIT, EENEL IR > CNDD N bND,

— 77, Cro.465B0.035No.50 & Cro4500.28No.27 DINERTD BN Tl AT 3 R 12725
THEYD, CN DOF U ARIEF A2 R 7> TWAZEN 30D, ZORFEIE
873 K THNEE THIZEAEZAUIT LAV, FT2 Cro.51Co22No27 BIEIZ- DUV TH |
INEHIT % TE OFIR SRR TR b 72 & RE R IZ A DR,
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(a) CrN

(b) Cro.465B0.035No.50

(¢) Cro.51C0.22No 27

(d) Cro.450028No 27

Fig.3-1 FE-SEM micrographs showing as-deposited and annealed surface of (a) CrN
coating, (b) Croa6sBo.03sNoso, (¢) Cro51Co.22No27 and (d) Cro.4500.28No27 coatings. The

annealing temperature was 873 K for 1 h.
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As-deposited Annealed at 873 K for 1 h
W ———
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(¢) Cro51Co22Np27

(d) Cro.450028No.27

Fig.3-2 Cross sectional FE-SEM micrographs of (a) CrN coating, (b) Cro.465B0.035N0.50,
(c) Cro51Cp22Np27 and (d) Crg450028Np27 coatings. The annealing temperature was 873

K for 1 h.
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3. 3. 2 MBI XD RIRORE L&, BlmtE, /dbhgEnZ L

CrN, Cr-B-N, Cr-C-N BX O Cr-O-N FZEIZBIL T, As-deposited D% D LRI
BT DINEE DOFREHZ DN T X FREHTREZTT 572, CrN B EZ DU CTINEART# D
X BrIE T/ % — % Fig.3-3 IZ/" T, £72 Cr-B-N, Cr-C-N L Cr-O-N FEZEZD0
TiX, ZhZh B, C, O BENRELIRWVEDEEWEZIEIZOWT, IMEGFT# O X i
[T/ 8% — % FiEH Fig3-4(a), (b) ~Fig.3-6(a), (b)\T/R7, A EIFAVV=4
TORZEIESE ST NaCl FL oD R 2 — %Rk L, B8V (200) BL a7k L Cuz,

Fig.3-3 (27”9 CiN Tl MEMREE DN 5<722512-240T, (111) BL TN (200) &
— X E AR~ 7R, JCPDS 11-0065 75155325 CiN O FHAIZT DX, 72
BOOEIFTE — 7R E N R EL FHEIEDV NS> T0D, FFIZ 873 K KL EITHW
T, B =AW v — 712720 K 1 & K 2 RO EIHTE — 7 2SI 4 BEL C
WD ENDIND, ZIHDFERNG | FFZ 873 K LA EIZEBWT, JEMEE RIS /1 DfE
K> CrN A s L O PR d L TG SR O R LS R E TV DHEZE R BiD, 773 K U
FIZBWT, CeoN (111) OEFE—7RENLHZ LD, CIN O FENEETNDHIE
b5, EEIEEREDOIEIZE ST, Cr,0;5(104) DEIFFE—7H B TD,

A Substrate =
O CrN E <
O CFQN A g
. %* Cr03 @) ©
2
5 3
g <
©
< * A }H 1073K
% —~— 873K |
< N jL 773K |
I\ — S—\—
NN 473K |
A N as-deposited |
" | omnJopps 110065 |,
32 34 36 38 40 42 44 46

20 /degree

Fig.3-3 XRD patterns of as-deposited and annealed CrN coatings at different

temperatures.



Fig.3-4 (a) ® Cro494Bo.006No.so FZETIE, CrN FZIEDE LIRFEIC, IEEEE 23 E <
72,224 TC CiN D EHE =271 @ /A B~ 7 LTV &, 1073 KIZB W TETE
— IR REL Y —T T2 T=, £72(200) DEIFFTE—7TiH. K, 1 & K, o BRO
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Fig.3-4 XRD patterns of as-deposited and annealed (a) Crg494Bo.006Noso and (b)

Cro.465B0.035No.s0 coatings at different temperatures.
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Fig.3-5 XRD patterns of as-deposited and annealed (a) Crys;CoosNoas and (b)

Cro.51Co.22No 27 coatings at different temperatures.
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(a) Cro.5000.04No.46
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Fig.3-6 XRD patterns of as-deposited and annealed (a) Crys520004No4s and (b)

Cro.4500.28Np 27 coatings at different temperatures.
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Fig.3-7 Change in full width at half maximum with temperature of as-deposited and

annealed coatings, CI‘N, CI‘().465B0.035N0,50, Cr0,51C0,22N0,27 and CI‘(),4500.28N0,27 coatings.



Fig.3-3~Fig.3-6 BIOETOEIED X FralHr 22— 45842, CiN(200) D
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Fig.3-8 Change in mean grain sizes calculated by Scherrer’s equation taken from

as-deposited and annealed coatings with temperature, (a) Cr-B-N, (b) Cr-C-N and (c)

Cr-O-N coatings.
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(c) Cr-O-N
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Fig.3-8 Change in mean grain sizes calculated by Scherrer’s equation taken from
as-deposited and annealed coatings with temperature, (a) Cr-B-N, (b) Cr-C-N and (c)

Cr-O-N coatings.

3. 3.3 MBI DRBEDESEAL

MMBNC LD RO Y I — A S k%, Cr-B-N, Cr-C-N LT Cr-O-N Z&EIZ-D
WT, FETL Fig.3-9(a) ~ (o) 12T, D 7=012, (a) ~ () DA TORHIZ,
CiN BRDRE G R L ThD, AR RE SRR Db E B D E > Ty — AR S
(I E B WFEBI LS, IR EE D B FAC AR SRR DRI KR EL 2D &
By —AESH AR TL W5, 2236, S EIOMSHRBRIZH T HERORESIT,
HV 2000 THJ 6.5~7.0 u m TH 5,

9 CIN EIEOSE | IEARTOESIL HV 1860 Th-o7=4%, 773 KNHAHE MK T
LAAsH, 1073 K TiX HV 1330 =T FL7=, Fig.3-4(a) & Fig.3-8 DFERMNE, 773 K
U B TR ZDAE SRR DIE R, MRS ) OfEf, ZL T CiN @ CroN ~D 53 fi
2L T, RIEDOBEE N REAL FLIZEZE Z DD,
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Fig.3-9 (a) ® Cr-B-N £ H.oE B &0 b D72V BTl 473 K T CrN R
DOEZEFEEETER TL, Z0%1T CN EIEOMEILIFIZF CIREL(LEZRL TWD,
—J7. B EBEOZ K 2 FEIZ DUV T, 773 K PBES2ME FLIGD 5723, B ®HS
ZWNEEE ST E < MBUCIDEES MR FLCh, £ RIZRBERITE DLW,
1073 K T CrN FZEE LD L5 2 5 DORESZHMERFL | Cro494Bo.006No.so F I TIL HV
2500 Z/RLCUND,
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Fig.3-9 Change in micro Vickers hardness of as-deposited and annealed coatings with

temperature, (a) Cr-B-N, (b) Cr-C-N and (c¢) Cr-O-N coatings.
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(b) Cr-C-N
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Fig.3-9 Change in micro Vickers hardness of as-deposited and annealed coatings with

temperature, (a) Cr-B-N, (b) Cr-C-N and (c) Cr-O-N coatings.
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3.3.4 TEM XA HMmsa keI
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RN KEL, FFRCIEEIZED CroN R CrOs DR FTHNIAAAEL T T il R B [F]
PG ZITBN 2D T b D EHEER S D, ZORESERIEEDIE K E Fig.3-9 IR LTS
DX T IERSKFHEL TS, #E SRR N R ELRIVUTERIE N B EG IR 528
FENHILTND, F2 As-deposited D FZIEIZIT S W EMEFR RIS ) DMEAET 275, N
B2 DR IS I OREMDPEZ LT &S HEME T THRKO—2EE 2 5
2
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AHERFL TV, ZRHDZ 81T, EHHREITRICH kS, INEEITHE TY 7R
BT NEEAE L TR, FTo, BRI LD BT AR Y ML TE7en
o7,

RIZ, Fig.3-10(c) {2789 Cro,51C0.22No 27 FIED YA As-deposited TrIFikdi &Ik
FAZHAR 72 BRRAE IR A DIR B Ak & e o TIY | H AU EE M & AT 70 J8 I 72 4
DINREAER S TS5, INEVE TH 2 ORISR E R RIT R o7, SoliZe ik
re ORARITHEEFS LT, F72. As-deposited O Rz IEE[RIERIZ, #B5> BB IR 72
FRbBLEISND, FEmPIRAD LK ELIR S TWDILITHIGL T, INEE O FE 1A
PV 7 RPD AR Y PRIZZEALL T D, AT CrN ARSI CrsCo FHH0[H]
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PrARY MRS NIz, ZOZEITNEIZEY Cr(C)N & CrCo 12 fRL TWND I 7R
LTHEY, XFBREFrORERE L TWHEEHIZ, BN FLIERIRES 25
ZEMNTED,

B2 12, Fig.3-10(d) 127" T Cro4500.28No27 FEIEDOEGA | As-deposited TILAsO72
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BRI U R E—RIFEAE BB TR,

VL EDFERNG | 5 =0 R OWMEDZ W Cr-B-N 5L Cr-O-N FZFEIZIB T,
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As-deposited Annealed at 873 K for 1 h

(b) Cro.465B0.035No.50

Fig.3-10 TEM cross-sectional bright field images and selected area electron diffraction
pattern of as-deposited and annealed at 873 K for 1 h (a) CrN and (b) Cro.465B0.035No.50,
(C) CI‘o.51C0.22N0_27 and (d) CI'(),4500_23N0.27 coatings.
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As-deposited Annealed at 873 K for 1 h

(¢) Crp.51Co.22Np27

(d) Crp.450028Np27

Fig.3-10 TEM cross-sectional bright field images and selected area electron diffraction
pattern of as-deposited and annealed at 873 K for 1 h (a) CrN and (b) Cro.465B0.035No.50,
(C) CI‘o.51C0.22N0_27 and (d) CI'(),4500_23N0.27 coatings.
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3. 3.5 A=V RS FHEHH
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DR EEFZOREDFAR L THEBIIZEBL TWAZ e DroTo, A2y ZL—h
MOFHET DL TOMBIXIZIE 40 nm THh o7z,
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Fig.3-11 Auger electron spectroscopy depth profiles of as-deposited (a) CrN and (b)

Cr0.4500.28No 27 coatings.
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(a) CrN
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Fig.3-12 Auger electron spectroscopy depth profiles of annealed at 873 K for 1 h (a)
CrN and (b) CI‘(),450().28N0.27 coatings.

63



3.4 #&

PVD 7 —20AF T —TF 4 74 E%Z MW, CN, Cr-B-N, Cr-C-N BL W
Cr-O-N FZEZAERIL | b2 KK H THIEAL 72 IRF D 22 TE M PSAIRE AR 2 3~ 7 i
KU T OZEDRB BN,

(1) CrN F2EiE, 773 K LA BB I o ThE SR ASHLARAE L FER A5 24 il 5 1)
PR~ LT, 51T, JEMEFR RIS IR 52 812 k0| BB S 23 K &<
K F L7z, 72 CroN ~O 4 fiEb iEsd Sz,

(2) 5 =R OWMIZEY, Cr-B-N, Cr-C-N BL Cr-O-N FEO MBI L A5 Sk
OB RKEMEOMK FIHISAI, 26 =R OWMENZNEEZ O ENKE
WMETANZ S 572, FFIZ O BDZ\ Cr-O-N Tl MBI LD SRR LA S D
ZALD b/ NEL A EIOFRBREEH CROMEME R m W2 EAbhoTz,

(3)TEM HBlEICLY, 3B =JuRE2WIMNT 2L, P OB R A INEVE THHERFS
ITNDZEDHGENER ST,

(4) TEM 52 &4 — Y = VRS FH T2 EY , Cr-O-N BTN AT Cnm A4 —4 —
O JE B R 70 19 3 L 23 im WO AR IS R LTI AU KD E O TN EE S PR T
NTNLZEDR DT,
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Table 4-1 Chemical compositions, average grain size, hardness and residual stress of
CrN and Cr—O-N coatings prepared by the PVD arc ion plating method with different

gas flow ratios using a Cr target.

Coating Gas Composition Grain size  Hardness  Residual stress
(mol%) (nm) (HV) (GPa)
CrN Nz CI'(]_50N0,50 54.3 1860 -0.40

0,/ (N;+ 0,)

5% Cr0,5000_04N0,46 42.6 2060 -0.45
Cr-O-N 10% Cr0.4800.13Ng 39 24.1 2200 -0.95
20% Cr0.4500.28Ng 27 13.5 2335 -0.90
30% Cr0.4000.47No 13 11.2 2290 -1.07
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IZ7 B—RTHI(200) DEIPTE— 27721 B B0, FRlb¥7e S oo Bl
— IR I 2D 0T,

Fig.4-1 @ (200) B =226 FEJfs a0k d (nm) Z Scherrer DLV RD 72
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77

T, IO S 2R E L4 B Table 4-1 (23, ZIEPO O &MY 2 512D
IVTHESIE EF-U. Croas002sNo27 IR T HV 2335 & —2%&/RLT-, EHIZ 0 EAHY
.72 Cro.400047No.13 BIEDOY G BT HV 2290 &35 FR T L7z,

IHIT, Cr-O-N RO TR IS N &7l LT 45 % [FIUL Table 4-1 779, &2 TDRZ
TRIITEREFR RIS IR, IR D O JREEDSHEZ DT D3V TER B I /16 N
F203, OFREEDY 10 mol% PR L DL EDYREEIC/R D&, £ 1.0 GPa TIRE —E LT,
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Fig. 4-1 XRD patterns of CrN and Cr—O-N coatings with different O content. During

deposition, the substrate table was rotated at 2 rpm.
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05 pm!

Fig. 4-2 Cross-sectional FE-SEM micrographs of (a) CrN, (b) Crys5000.04No4s, (¢)

Cr0.4800.13N0 39, (d) Cro.4500.28No 27, and (e) Crg4000.47Nop.13 coatings.
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Fig.4-3 Raman spectra of CrN and Cr-O-N coatings with different O contents.
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Bright field image Dark field image

Fig. 4-4 Cross-sectional STEM bright field and dark field images of the Cr.4500.28No.27
coating. The white arrow in the bright field image indicates the growth direction of the

coating.

Fig.4-4 (T3 HHEFIZE1F5 Cr, O ZLC N @ EDS w7 DfER% Fig.4-5 12
RT, ZORERND, Figd-4 OUIRER T RO HWRROE 3 X IR R IR D E<
INOZEFPRE MR &N DT, ZOZEIE, K40 nm —EEHIDO KL, FD
HORE B NROLEHHICH S TULED, UL EORERMNG AWK S K
Mz AERIEY) (Cry05) THHEE 2 HID,

73



—————1 50 nm oK ——————50 nm NK

Cr O N

Fig.4-5 EDS mapping of the Crj450028Np27 coating corresponding to the STEM image
shown in Fig. 4-4.
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Bright field image Dark field image

Fig.4-6 Cross-sectional TEM bright field image, dark field image, and selected area
electron diffraction pattern of the Crg450¢238No 27 coating. The white arrow in the bright

field image indicates the growth direction of the coating.
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Fig.4-7 Cross-sectional FE-SEM micrographs of the Cr—O-N coatings deposited at
different table rotational speeds: (a) 0, (b) 1, (c) 2, and (d) 4 rpm. The oxygen flow rate

was retained constant at 20 vol%.
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[T EAEET RO DT,

76



A Substrate
O CiN
/_(,3 —~
= 8 |
> o
o
= O
} Cr-O-N 4rpm
% Cr-O-N 2rpm
b Cr-O-N1rpm

Cr-O-N without rotation
CrN 2rpm
,CrN: JCPDS 11-0065

P b

35 40 45 50 55 60 5

20 /degree

Fig.4-8 XRD patterns of Cr—O—N coatings deposited at different table rotational speeds:
0, 1, 2, and 4 rpm. The oxygen flow rate was retained constant at 20 vol%. XRD pattern

of CrN coating deposited at table rotational speed 2 rpm is also shown as a reference.
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Fig.4-9 Schematic of the deposition geometry, showing the positions of the four

substrates in the PVD chamber without table rotation.

O~@DDHA T CRIES Iz B IEDAE A Z EPMA THIEL72#E R &, IRE % SEM
THIE L7zt B Table 4-2 1R $, P ARRPUTEXS T DR RO TIL, Cr& (N, O)
DEBPIEFE 1:1 OFIGIZ72->TEY, BBRIREIL 20 mol% Thod, LInLEDMD
BT O IEQO~@TIX, Cr L (N, O) DEAFIF 2:3 12720, EEDOIREN 6 mol%
LUTIZREIE T L, Z7a L8264 (Cr05) DRI 72> TVD, BERIZOW T,
ZRPUCERTTHEEDOIFH 43 um THOHZXHL T, KEQ~@DIZ oW TIEZEN
Zi 13,03 2L T03 umEigoTRY, BIEBFNOHENDE LITIRNDINLEIT D
& AR BB FE DMK T 52 &b o7,

Table 4-2 Chemical composition and thickness of Cr—O-N coatings deposited at

different positions in the PVD chamber without table rotation.

Position Composition (mol%)  Thickness ( z m)

@® Cro.4600.20N0.34 4.3
@ Cr0.4100.56N0.03 1.4
® Cr0.4200.54N0.04 0.3
@ Cr0.4400.50N0.06 0.3
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Fig.4-10 Micrographs of the carbide insert coated with Cr-O-N coatings: (a) position(D,
(b) position®), (c) position®), (d) position@ and (e) table rotational speed 2 rpm as a

reference. The oxygen flow rate was retained constant at 20 vol%.
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Fig.4-11 XRD patterns of Cr—O-N coatings deposited at different positions in the PVD

chamber without table rotation. The oxygen flow rate was retained constant at 20 vol%.
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Fig.4-12 XRD patterns of Cr-O-N coatings deposited at different arc currents (150 and
80 A). The substrate was placed opposite the vapor source on a stationary table. The

oxygen flow rate was retained constant at 20 vol%.
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5 E Cr-X-N FEE(X:B, C, O) D&M

5.1 #&

AR GTHNZ LD NP BEFOBEFEIZIL, AT DEERCUE & <V E DR
B LI LW BRI 7R BERETZ VT T RM N E AT 2K oM A D3 B 535
LRI S B EERE DL RENWZ LN D> T D [5-1—5-8], Fig.5-1 12, A#ta
B4 B DI R B ORE A X 2 7~:97[5-8], Fig.5-1 (a) I3 T H LM R DRI T~
PR EREE ARSI, IRENL O TEMENE M+ 2ET /LT, Figs-1(b) 13T
HMBE DL YRR T 27072 B E A IC LY BG4 (WC-Co) DA T
AUV =D)L IRNE R T HET L THD,

AT — AN FIIENE THY | T DOARIEE LD pH 1X 5.0~6.0 13 ZN[5-9],
0 AMEIHNC I 2@ REFEIL, AWM RO &8 s NESALFHIERIC
B KI5 28 TR EDEE 2 D, EEEOUIHIHICIE, HHENEB X
UMb F R EEREBL G L RIR IS & TR0 AL P RI7ZR BEREI I BRI 2R R D E T Lo
TRES LD,

(@) (b)

Cutting tool
(lower potential)

Wood (Work piece) Water (Solution)

Work piece
(green wood)

. -y
L1 Electric
§ current
2H* 2€+H,

++
M 2H* 2€+H,

Machine system
(higher potential)

Fig.5-1 Schematic drawings of corrosion reactions during wood cutting, (a)
macroscopic reactions between a cutting tool and a machine and (b) microscopic

reactions within WC-Co materials [5-8].
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552 BT, CINIZIERR DO = JLF A INLT- Cr-B-N, Cr-C-N, Cr-O-N D
B SO EEFENE LN S TR O R E A FEM L 72 ZHUDDFREIL . AMBIENIC T 5
WL 7R BERE IS D B 2 HND, LINUERIRE BIEEFE~D R EIT, D
M AT ZHE L CTRETT 22N TEEEB 2 BND,

PERANDITND CIN ZIIE, BKRROIEFIZE WA OIHI, S EVLFH
IRE B EFEDOEIG DR EVEREEITIW T, MR M3 LM EFENE 2 455 TIE7e< |
=T T LTEIR PR HEY R WIGE DB [5-10], 1o T, CrN BEDI A
ZIDICWM ESHDI LT, a—T 4 T ELUTRMIN T R OTEREZ M) ESH
DIZDITI I ER TR T D,

PVD {51255 CrN IEDFAVE AR IR I 31T Hifit &AM L 72 SCHRIL S 27>
R, BB 8 0 DU X2 JE IR & D B IR 1S D3 B M 1T 5e 2
MIHRLNTRY, ZEHED TN EM OB R 25 & 2§ RO K a2 45
7= RN RELIRDEHESNTND5-11—5-17], Fi=, 5 =R EUMLZ
Cr-X-N R Z 2O T, il 21X Cr-B-N FZJE[5-18], Cr-C-N K E[5-19], Cr-O-N
FZM6[5-20—5-21], Cr-Ti-N Z[EE[5-22 ] O B MEIZBE 28 &5 2305,

L7200, B7225 3 SR EZTRMLT- Cr-X-N Rz [A +0 B B ROl P&
RS UT-F R BIXIEE AL BNV OMBLIRTH D, SHIT, FEM O OFEN
7R\ BZ IR B RO T AP LGRS & O FE BE A& ~ 7= S D e,

VL EDZEDNSLARTETIE, HEKD CrN R BIZ kU T &P AL S B 4 BR S 5
57128, CiN (Z3EE R D =t R EWNMLT- Cr-B-N, Cr-C-N, Cr-O-N & f5#za—7
A7 L, BEHEKTEIR NI DI B EAHER D CrN L a4 224 HiY)
ELTe, Eio, BREBEDOAACWAIAERE D | T AEMEIZE DI EEZL T D%
EBRELTZ,

5.2 EBRFE
5.2.1 #pHER

CrN, Cr-B-N, Cr-C-N 3L Cr-O-N IO ER G IESCE M 70 81%, 552 E 2. 2.
1 AUBHERICIL 72 O LRI TH D, HWVZaEHE Table 5-1 1" G5 4 fJH
DEETHY, K5 Z R ICBWTRINES KD SV EFEEZRATL, KB ORE
1359 6 um L7 DI KRIEEL T,
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i B P REAT FH OFUBHE Fig.5-2 IR T892, 23— 4 7 IV TR VAN iR %
Peot UIBHIR (T DIA AU T4 R SARR SR L T U BB IC D ~ A% v 7 & fili L
Tco A—T 47 SNIZEIZOWTH, BEBtORZ I Z T Va BlE T~ AX 7 LT, 8

HL7-3B o miEIL. BBLE 30~45 mm® D& ThHh o7,

Masking

Coated
Cu wire

Cu wire

Fig.5-2 Schematic drawing of a specimen for electrochemical measurements.

Table 5-1 Chemical compositions and surface roughness of CrN, Cr-B-N, Cr-C-N and

Cr-O-N coatings prepared by the PVD arc ion plating system with different gas

mixtures using a Cr or a Cr-B target.

. Composition Surface roughness

Coating Target Gas

(mol%) Ra (1 m) R, (1 m)

CrN Cr N, Cro.50No.50 0.236 2.770

Cr-B-N  Cr-20%B N» Cro.465B0.035N0o.50 0.282 3.403

CHy/ (N, + CHy)
Cr-C-N Cr 50% Cry.51Co.22Ng.27 0.224 2.464
0,/ (N+ 05)
Cr-O-N Cr 20% Cr.4500.28Ng.27 0.233 2.409
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5. 2. 2 BT 515

FENE DTt R G327 IR (25°C) OEMHEE HIZ VT ATy
a A%y (2R E T % AW CHHE RO 3 fil E L B R L A v B — 4 v A 5y St
Ea LTz, ARBRISIRIT. YRR /KIERIE (1 N, pH 0.22) LFERE/KIZETL (1 N, pH 1.52) TH
%o HE DT, 2 —T 42 7 L TWRWEREE &4 O AT OV TH RIERICHIEL
770

Oy RN E OWE SR EL UL, 5 HEE 4 mV/sec, fit5 BN #iPH-0.6 ~+1.0 V
ThHD, MIERNIKEHE IR 30 53 FHRIEL , 380 A% 30 73[R 7V 7L
Teth, BRI AZFANLKT THomlllEx1T -7, 2 BB ITE /AR
(Ag/AgCl) EAR (fafl KCI) & H >, xfiE L C A4 B A v 7z, JIE S E OB
% Fig.5-3 \TR7,

I, 53 il E DY 6 LRI C KR ERNE IS E 2 XU b A e —2 A0y
HDOWEZAT T, KB HITEEE 30 43 MRIEL , fF A A% 30 55TV
L7ct% ., HUNAZ L 10 mV, J8EE O 100 kHz~1 mHz THRIEL7Z,

Oy BRI E BT 2881 2 e D R i IR RE OB A0, B2 DAl Wr i O £21213 SEM
(AAE -, ISM-5910) Z IV, F72 53 Bl & Fii % 0O alBk O KRS ORI 1 0D J=y B )
IRAELRR DT IZIE, EDS (H A#EF-, JED-2300) 2 v 7z,

Working Potentiostat
electrode

.

N, gas Salt bridge

Reference

ne_= II electrode

Acidic PC FRA
aqueous III

soluiton

@ Ag / AgCl

)

Specimen ) Counter
electrode

Fig.5-3 Schematic drawing of electrochemical measuring device.
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5.3 ERERBIVELE
5.3. 1 SRRHEROBIE
R KRR BT 28 FREZ IE D St 2 1 E L7 fE % Fig.5-4 1O, £
T A M OIS A BAITH0-0.20 V T, £ TOEEIY R @R BN E R,
BEFBED 0.20 u Alem” Efich KED 72, CrN, Cro.465B0.035N0.50, Cro.51C0.22No.27
FBED Croas00.28No27 BTN T IS BTN R B EITBITTHLEbI1C
JERBRBEEL M/ hSUWMEIZ 25T, -0.3~0.7 V. OHPHCTRENEEZRL, FEHIC
M B MEIZ R, FTH Croas0p2sNo 27 IEOIE BB D b E<, R EREELA
ERERFFE IR N b/ NSNWZ DD, 4 O B B Gl bt & PEA B &
S 250 — 7. CrossBoossNo.so SN 0D & A FB 56 E L AN B HE LR 2B 3 FE A
DEIEDENIDDURENZEND EHFMHEMED LY. Cros1Co2Noor FIEIZDOU
TIZ, CIN EIRELIZIZRIZE DI BYEEE 2 Db,

1.E+05

7

1.E+04

1.E+03

Cro.465B0.035No.50

1.E+02
Crp.51C0.22No 27

1.E+01

\ \HH‘NQ\\HHHH T TTTTT T TTTT

—] @ ]

1.E+00
0.2\ 0.4 0.6 0.8 1.0

-0
1.E-01

Current density,i / pA/cm2

Cr0.4500.28No .27

1.E-02

Cro.50No.50

1.E-03
Potential, E / V vs Ag/AgCl sat. KCI

Fig.5-4 Polarization curves of WC-Co and CI‘N, CI’().465B0,035N0,50, CI‘().51C().22N0,27 and

Cro.4500.28Np27 coatings in 1 N hydrochloric acid solution.
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WRAZ RS KRR TP 380 DA RZ D 3 A el B 2 1 7 L7k % Fig.5-5 1R,
FPHEE A A A O R EMITH-028 V T, £ TCOREI B ERENERL,

JEEEIRBES 1.80 u Alem? Lich KED T, HEEKEIE TOM RLRBEIC, 2T
D R ED G B ENIZEM DTN AR TN RICBITT LI, BARER
B THUNSUWMBIZ o7, BRI KIS OY%E TH-0.3~0.7 V O TRENEER
AU FEF T RMEIZ B, F72. CrosssBo.ossNoso FEIED B 86 i 4 FE L AR B RE LR
FFEIMEENLORZEOZ LD L KRENZENDS, EHFMHEMENLDERIZES
2% Croas00.28No27 FIED G BB D b < JE BB IRE L RE R L IRFFEE IR
LR/ NSO ST ISR BT LA LARRFETTE CrN < Cro51Co22No 27
BED N ERERAIT RO > T, HiFR I JOWERE K HE C J i h 2 1
ELTZ R AR EAM 36 JOVS R I D JE BB LS R B O fE% Table 5-2
IZEEDD,

Table 5-2 Corrosion potential and corrosion current density of WC-Co substrate and
CrN, Cro.465B0.035No0.50, Cro.51C0.22No.27 and Cr.4500.28No .27 coatings inlN hydl‘OCthI‘iC

acid and 1 N acetic acid solution.

Hydrochloric acid Acetic acid
Coating Corr(.)sion Corrlosion curret;t Corr(.)sion Corr.osion currer;t
potential (V)  density (u A/cm”)  potential (V)  density (u A/cm”)
WC-Co -0.200 2.100 -0.280 1.800
Cro.50No.50 -0.070 0.079 -0.120 0.020
Cr0.465B0.035No 50 -0.060 0.155 -0.230 0.058
Cr0.51C0.22No.27 -0.025 0.140 -0.035 0.027
Cr.4500.25Ng 27 -0.020 0.037 -0.020 0.018
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1.E+05

1.E+04 //
C\E 1.E+03 WC-Co %
E E
= 1.E+02 i
; é Cro.465B0.035No.50 Cro.50No.50
% 1.E+01 \
C =
o - ,
2 1.E+00 R T
g 0 M4 06 08 10
© :

1.E-02 >

Cro.51C0.22No 27 \Cr0.4500.28N0.27

1.E-03

Potential, E / V vs Ag/AgCl sat. KCI

Fig.5-5 Polarization curves of WC-Co and CrN, Crg465B0.035No.50, Cro.51Co.22No27 and

Cro.450028Np 27 coatings in 1 N acetic acid solution.

A ¥ K ONEBE /K VAR Hh ~C o il i il #% D 430 R i SEM 5 E% | Fig.5-6
(a) ~(e) 127, £7 Fig.5-6 (a) DEFE AT DUV TIL, eI JOWERRK I L
HIT, SRR E $ DR T O M AR EL 2o TERY, A H —D Co BMEFEHIIT
WL TN B 2 BIVD, SRR KR DG O J RS ITIRELS WCHLF 23
DZEHL TWDEIIZ R D, Table 5-2 (2T JOIT, HERA/KIEIKIC I 1T DA 4D
G REIREED SN, B KR OZNEDKRENZEDD, Co DFREMNIVIL
Mool BF Z Hivh, £o, SRR E ATV T, EDS AT IS KIS 45K
A D Co BAE I LT=E2A, WIERTTIL 6.0 Wt% Tho7=D A3, HElE KA L CHE
B 7K VRIR C o i B E 72 11, ZE T 1.4 wi%k 2.3 wt% 72> TN =2 enh,
INAE—D Co DL TWZZ LN DD,

WAZ ., Fig.5-6 (b) ~ (&) {Z7/" T CIN, Cros5Bo.03sNoso, CrosiCoaNoar & O
Cro450028No27 FENED LA 4 HR iR E A $4 C R ISR I O LI I D78
577, CIN R B IED T A A L 7= 257 D SCHk [5-13, 5-15—5-17 123\ T,
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BEERAMFEDOENLVENK 1~4um THHIEND, FEIZRey 7Lyl ik
TDRMENOIEMDBIERL T, KRR IEDO AL o 72 FIBEA AL T D
DEZEZBND, DFED, FIEDZDE DD EMEDOFAT TIda, B DO RO
L TSR Z N, 7272 LA BIOBLES T, LN &=L & I 0 4y
()70 R D2 E B IR S o T2 b b R 6 pm SRRV L d
HOT, Fb ETET DI KMEDTFAED 3 MR E O AT KR E I BE KITL T
WZEEE 212\, Ko T, Fig.5-4 & Fig.5-5 (R0 Wl & O Bl Febf o £

DFCEENITE A ETRNEIEDI B MEZ IR SR U TR RIZ L 2 Bbivd,

CrN RZJBEIZHTL T Cr-X-N I (X: B, C, O) D72 555 =5t 8 08, B KA ¢
O R WED T B PN S F - % [ RIS S L= BT CTTHY, Cr-O-N FZ i
DR MEDERD CeN EIEIZxF L T2 Tidze<, Cr-B-N & Cr-C-N KL NS
ZENRBBMNER ST,
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After polarization test in After polarization test in
Before polarization test hydrochloric acid solution acetic acid solution

(C) Crg.465B0.035No.50 (b) CrN

(d) Cro51Co22No 27

(e) Cro.4500.28No.27

Fig.5-6 SEM micrographs before and after the corrosion tests of (a) WC-Co and (b)
CrN, (c) Cro465Bo.035sNoso, (d) Cros1Co22No27 and (e) Cross0028No27 coatings in 1IN

hydrochloric acid and in 1N acetic acid solution.
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5. 3.2 BRALZAE—F A3 NHIE

R KSR 8T 2B Bkt &5 R RO BB A B — & AR DT A
AT vy Fig5-7 ([, PO BT, @Rk E L kL= 77 &4
ALTWD, ETEBEFER IOV T, & Bk oo 78 8ot = 1 AR JE i Eidsk o /[
SWFHFEMEF M O "o RbTc, BEMEM OERDNEES S KIEOB &I
T HI|PLEB X DTENTELOT, A OIPUE A EO L T b
D T/NSNZEDR DD,

WICHEFEEDO T AF AN vy b e BAE Wb A &M O7 vy bR T
Y. Cro4500.258No27 BIEDH:-H DEAED R REL D BRIV EEIMENDT
EERIELTUND, RIZ CrN FEEE, 2L C Cro.51Co2oNo27 FEIEEWINIEIZ M D]
INEL72Y) | Cro.465Bo.03sNo.so BIED I b/ NEhr o7z,

2.5E+05 ‘ ‘ '

= WC-Co BEROS T
—A— Crg.50No.50 | 2E+03
-2.0E+05 I —e— Crj45Bo.035Nos0

—8— Cro.51Co.22No.27 -1.B+03

N —0— Cr0.4500.28Np.27

g 15E+05 |- - -] 0.E+00

G -5.E+02 5.E+02 2.E+03 3.E+03
~~

N

-1.0E+05
£

-5.0E+04

0.0E+00 T T T ‘
0.0E+00 5.0E+04 1.0E+05 1.5E+05 2.0E+05 2.5E+05

Re Z / Q-cm?

Fig.5-7 Impedance diagrams of WC-Co and CrN, Cr465B0.035No.50, Cro.51C022No27 and
Cro.4500.28Np 27 coatings in 1 N hydrochloric acid solution. The inset shows enlarged part

of a high frequency region.
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IRICHERR KBS HRIZ F5 T DA E bt & & TR IR D B R A B — 2 o AR DS
AFANT Ty M Fig.5-8 \R$, AL FENIZIX, &8 E A IR T 7 %
AL TWD, T OV TR, HEE ToRs ReL FARIC & 8 Bk o 7 &
PR AR E BB O FF A D — R RS, BEMEETNOBELR, DK
JRPTOMEE LTI, BN il 9~ 2 SRR KRR R LIRIBRFE R LT/ S,

FHREEO T AF AN By e 50 Wb A EE IOy MRL TN
., R KSR CORERLEEA_BEZF DT ay MNIEHOTE S FTEL TR T,
Cro4500.28No27 IO OBELD b KE W | JERITXE T P K=<t
PERRWEZZ B, CrN BE T Cro51Co.22No27 BIEDOHUFTITL AL RIL ThH o7z,
Cro.465B0.03sNo.so BED - F OHAERIT Cro51Co20No27 IEDZNLIZEF T THDH3,
A —F U AOKERHE | Z | 1ZFEE I NSh o7,

-2.5E+06
—a— WC-Co

|
|
|
—a— Cros50Nos0 !
|
|

2 OE+0@ | ~® Cro4ssBo.ossNoso
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Fig.5-8 Impedance diagrams of WC-Co, CrN, Crg465B0.035Nos0, Cros1Co22No27 and
Cro.450028No27 coatings in 1 N acetic acid solution. The inset shows enlarged part of a

high frequency region.
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A E W8S 4 ORI #IE, Fig.5-9 (ORI 7775 — (LB —H R
BB U, BREMEM EFFEME M2 3 CE MBI E S X 5D, R TR,
Re IXFEATS LT, RUITHRPL, Co IXdEX —HEE A&, ZL T L ZAF VX AT
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AL A

Rsol m

||
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Fig.5-9 Equivalent circuit model for WC-Co substrate.

Fe— IR A A T HEMOEMEIE L Fig.5-10 OITRSND[5-23],
Reol IXAMRIRBL, Re X IEDIRIT, Ce ITEEDE XA & R IXEM BB, 2L
TCylIBR _HERETHD,

Rf /?ct

I‘?sol ’VV\’ lVV\I
|1 |1 [
Cr Cal

Fig.5-10 Equivalent circuit model for substrate/ coating material

Cr-X-N FIROB A1, IE 7T — 2D SIE T (Ro) IRIFF G TEDIRL /ML,
R BLOWE OBLEENOS FEIITEM ETRIZET IO RN T 13H ED
fAAELWEBbhbZ el RIEREIZBITHAESILFISITZDO TRUNE |
FEE ST AN O SV A BTSN LT, BRIRO B f 12k 9 588t (R) & CPE
(Constant Phase Element) & HifdiZ2 it H1|[a & EE 2 HZ LN TED, Z OB %
Fig.5-11 27”9, RelZEIEDOIEST, CPE ILEFHE R TH D,

R
AV

[rpE]
1CPE]

Fig.5-11 Equivalent circuit model for CrN and Cr-X-N coatings system.
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RCIFH| DB DAL —F A7 1%, R THE2 HID,

1, 1 _I+JwRC (5.1)
Z R 1 R
jowC
- R (52)
1+jwRC
ZITH TR ol TAEEE (0=27f) THD, SHIZELT,
2
1+ (@RC)* ~1+(@RC)
Z':Lz (5.4)
1+ (@RC)
2
w__ WRC : (5.5)
1+ (@RC)

SRS 7 LEBISY 2O BRI FOES I,
2 2
(z'_Ej +z~2:(ﬂj (56)
2 2

RC WA OBMREE O ESNAA LB —F AL, #HE i RIS ol
Bhasix. L (R2, 0) 8RR &5, ZDOLEDALE —H L AARTNLDF A
AN vy e Fig.5-12 1R T,

Fig.5-12 Nyquist plot for parallel R and C circuit.
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F72, M OTHRDEREL fnan [FEL T OBEFRE RO,

1
2rtf

max

RC =

(5.7)

ZZ T CPEDA LY —HF L AZcpp 1 ECPEEETECPESE HipA WV Tk ko iz
RIhb,

Zcpe :W (5.8)

ZZTPIROBIDfEE LD, p=1 DEEZppldas T o —DA LB —H L ALFRIT
12720, BRI W TTIZCE /272D, Fig.5-1112x 3 RECPEA IS & U 7= 25l [1]
HEOGEIZONWT, A E—H LV AANT NV DFAF AN By MeFig 5-1312R8 7,
p=1DKf, HHF IR TOF 1y MIFig.5-12L FIU RS20 pOfED NS85
ZEEMOEBNTLD S 5 TLD,

Z”

Fig.5-13 Nyquist plots for parallel R and CPE circuit when p=1 and 0.5.

FRRE LA 245 R I DWW T 2 E U Fig.5-9 & Fig.5-11 (R 2 {fi[a] T h—~
T4 T4 7 UTRD UM% Table 5-312F L0 5, HEER L OWHRKIEK T ES
BHIZFWTH, Croas0028No27 BEDOIRHUE D e RESTHEVEICENDEE 2D, E
72 CIN & Cr51Co.22No 27 FEIEDIEHTEILFRIFRE THDD3, Croa65B0.035No.s0 FIEIZD
W KA Theb /INSVWME T, BERR /KBS Tl CrousOo2sNo27 BLEIZIR
WTREWIEGUEZ R LT,
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Table 5-3 Values of fitted parameters of the equivalent circuit for WC-Co substrate and
CI'N, CI'().465B0.035N0.50, CI'().51C0.22N0.27 and CI'().4500,28N0.27 coatings mlN hydI‘OCthI‘iC

acid and 1 N acetic acid solution.

RCU Rf ( Q sz)

Coating ——
Hydrochloric acid Acetic acid
WC-Co 1.65%10° 2.15%10°
Cro.50No 50 1.95%10° 2.66 X 10°
Cro.465B0.035No.50 3.16x10* 3.48 X 10°
Cro.51C0.22Ng.27 1.14X10° 2.25%10°
Cro.4500.28Ng 27 2.63%10° 5.52X10°

5.3.3 B

oy hm h R s K ORI K IS T CO BRI FA B —Z 255 HEIZ BN T,
Cro.465B0.035No.so FEIEDMEMENML D B LIV A DHE R L7e > Tz, B2 OIHELH
ELTIEX. % 2 FD Fig2-4(b), Fig.2-14 (b) =L T Fig.5-6 (¢) IR T EHIT,
Cro.465B0.03sNoso FEIEHIZIZZH DRy 7Ly "BFIET B2 D L -~ T
HORMBNKRERS>TNDIEE REUGED BRI O L IFAET DTERE R
51D, Fig.5-14 12 Cro65Bo.03sNo so FLNED W il B A7~ , Ry 7Ly RS D
HHUZHDIAEN T IOITAFEL , £ O FEEBIZIZZER BB 526005, 12721 |
R A ETRIE T HL970 0 7y 7RI ML THD DT TIER W, Rey 7Ly
NMIZERIREO BB EL, ZO%REIY DR IRNENE B S TRELTOZEN
HHILTND 5241728 ZEBRD D HITHITITAR IS TEILMIT /2> T U IR RE
DB DFET HEEDND, EBRZ, Fig.5-14 12777 CroesBo.03sNoso FEIED
Wi A4 EDS /3L CllE OB LRy 7Ly "o A iR L7225 Rey
Ly MO (Cr, B) By O &I, w5 O PEEROZ &Y 10 mol% e L% -7, Zh
BOBH DG | Croa65Bo.03sNoso BTN B MEAF FHWHIERE RIZR> Tl
ZOINDDN, BNEZ DS DD EMERE SIE) DO E TITHEE ITHRFETE TR,
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Fig.5-14 Cross-sectional SEM images of Crg465B0.03sNoso coating. The white arrows
indicate large droplets embedded in the coating. It is shown that the region under the

droplet is not fully filled with the coating due to the shadowing effect.

RIZ Cro4s0028No27 BUBEDH AL b B AL/ BL R & U Tl 2 08 B 722 80/
HIENEZOND, F 4 ELOREHR[5-2511235V VT Croas00.28No.27 BB Ak g b oD H
W7 —7 NV OEERIZEY | BRLEAY {Cr(ON) } &7 E /T 7 2D b 7 2723 8 7Y
IZHRDIREND nm A —X —DORRFIEZ AL WD ZEaWms LTz, 7Lt
TEIER S B RN ST MO TR, W T BT 7 AD (L7 v L& 7038
FNZAFTET HDIEN, ERICHH T DT ELTHEREL . D Cr-X-N I~ T
Cro.45002sNo27 RRIEDM A MZ RLLTN5HEE X HILD,
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(1) W 410D Bl B FoAS & b2 LI F It &R T B <L S dh il E (s 315 %
JEREIREE L 2 Hi/hEL BRULFEALE—Z A RB IR TDE R
THEPIOMED 1~3 HiR&Eh-T,

(2) 3 R HE AR E L2 3T DT I B SO AR BN BB R 2 7R L7243, Cr-O-N %
D RERE IR FF R FE LI R R D b /N S<L KO BRI END LS
2 %o WT Cr-B-N FZIED RN ERE SRR TR B D3 b K &L LoD B0 it
BYEICH DREFR LT oT-, Cr-C-N B TlE, CIN RS EIE RIS Dl
=57,

B)BRALFEALE —Z 25 HEREIZLY , Cr-O-N B IEDO B £33 DT OfE
BHAREL ON BEWCr-C-N ZIENIFIERETHHER DI T,

(4) Cr-B-N 2D R BN AELRIRF EE 4% FE LG A BRI FEE M D B IR HE R0 K &
poTHEO—2LL T, RIEFORay 7Ly MR IEFICE W20 | KHEFES K
ELRBILERIIEDE R A LIMFIETDIENE ZBND,

(5) Zr B ph B E & b A = 2 HE E B O ORI T IV Th,
Cr-O-N FIEDMH EMED b EALDME Rl oTc B LT, /e aigsE{bin s
2 AL D3 JE IR IR S LA BIALRR I L2 O C FRlo 7 m LB L O JE
DB T T ELTHEREL TVHEB 2 HD,
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#6E Cr-X-N KB (X:B, C, O) DAMGIYIH:RE

6.1 ¥

552 B~ 4 O T, CiN EIEICH 3 656 B, C BLO O ZIRINT 5L T, %
B RL D BHIA L S AR 7% B I 7] OB KIZ KO SO EEREME 3 F) B L, SO IV
b B9 572 AMEIHIYERE DA LA CEHT LA IR LT, Fm AR I
BITDMEMEIZOWTH, FFIZ Cr-O-N KIEDME M RAF THY | R BIHNZ IS T
DI BEEFREO TN RN DD ATREMEZ R L CE T,

%1 EOFFim Thilk _7=191Z, PVD IEIZED CiN 2 —TF > 7 A O KK BIHINC
BIOLMFFEIT RO EIE[6-1 —6-8 1SV TERY, FEERIZEEN THEM LS TS
[6-9], 72721 BAKRFBDIFFITE VAR L, /=T 4 7V AR — R0 5 EERHEAR
(Medium Density Fiberboard: MDF) &\ o7 E 72 AR E R ELOYIENIZ BV T,
CiN RO BRI KO EEREME A 10> Tldel, a—T 1 V2 LI R B EY
ARG ELHLZEN RSN TNDL6-10—6-12],

BT ClE MDF SOl [a] 4 A7 K78 —R (Oriented Strand Board: OSB) ZYJH| 7%
A EEL T, CIN IZ@JBOH =R 2Lz CrAIN[6-13—6-16], CrSiN
[6-17], CrWN[6-18]72 L Ml & R IZa—T 1 7L, NIEBEREL BRGS0
ERD CIN FIEL BRI LT b DO IRESI, a—T 4 7 LW G L~ L
M EEFEMEIZBIL T— B ORI ARSIV TND, LU 6, (kD CrN ZEb Lk
LT, BRI EEFENE ) LR RITE/hE AT ER B THERL
STV, FEBEREO BN RSN ETHEND, B A OUIHIIN T4
®GLUT2 PVD IZKOBVE BEOAFZEE BN TIT L AL BB, SHIT, CiN SR
IZIEEB LR D B, C BLU O UL Cr-B-N, Cr-C-N 3L Cr-O-N Z DA
FETHIPEREZATFEL 7511 Cr-C-N R B DHEAI[6-19—6-21 13 5721F Th %,

UL EDZEINOARETIL, A OGIHIIN LIz T, CiN 12RO =t
FEUMNUTZ Cr-B-N, Cr-C-N, Cr-O-N Rz —7 127 UIc N DI EEFEME DS
PERD CIN IREEHEG L TE D INTEIDMFET D2 A2 HYE LTz, EHIT, ZiLE
CRRAR L C &7 A5 Tl B D Bk A AR PR SO T A & it B M D B3 | BIHIMEREE & D
JOITHBRH LD EE L LT,
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6.2 EFRTE
6. 2.1 BBHER
CrN, Cr-B-N, Cr-C-N BL T Cr-O-N RO ERGIESCEM B2 813, 2 =D
2. 2. 1 HTHBLIEBDLFEIL ThD, HWilBHE Table 6-1 I~ &5 4 FHO
FIETHY, F5F =t RICBWTRINEN KD SV R EZEAT, FREOREEIX
6 umEiRHIINIUTIZ, 72720 . TEM B ORI, £ 1.5 p m DJESELTZ,
Flea—T o 7% BERNORT EZ S AT NIRAIZLOE S 528
T RSP EDOT—T 4 T HRETDHEEHIT, v —T R AR LTz, DX
X% Fig.6-1 |23, 3 <WVEET NI —T 4 7SI TWAZET, YIHNCIVEREL
THHERDB L X —TIHEFFTED LV A IR SH D [6-22], FERIZ KT 1 2 B
PELCHATTZATV, BIHIEERIZHET 2RO NSO SEM B E% Fig.6-2 (T 7,

Table 6-1 Chemical compositions of CrN, Cr-B-N, Cr-C-N and Cr-O-N coatings

prepared by the PVD arc ion plating system with different gas mixtures using a Cr or a

Cr-B target.
Coating Target Gas Composition (mol%)
CrN Cr N, Cro.50No.50
Cr-B-N Cr-20mol%B N, Cro.465B0.035No.50
CH./ (N, + CH,)
Cr-C-N Cr 50% Cro.51Co.22Nog.27
0,/ (Ny+ 0,)
Cr-O-N Cr 20% Cr0.4500.28Ng 27
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Rake face

_ Grinding
Coating Coating

WC—-Co / WC-Co
substrate//// substrate
=

4
/

Fig.6-1 Schematic cross-sectional drawings of the coated carbide insert for the cutting

Clearance face

test. After the coating process, the coating on the clearance face was removed by

grinding to create a sharp cutting edge.

(a) (b)

e T AR o Rl
S = >

T,

ake face =58
i 4 (coating)

i) ¢
=

Fig.6-2 SEM micrographs of cutting edges of (a) CrN, (b) Cro465Bo.035No.s0, (C)

Cro.51C0.22No27, and (d) Cr4500.28No27 coatings after grinding on the clearance face.
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6. 2. 2 ARMETHIFRER

GIHERBR = B HI 28 46 mm THLEND 2 ML —F—E VT,
FTWAIEL 207 ThD, [N —T 07 LTSI N 2 AT | £ ive st
THAEIZ, NAEEHI> TN G- LW LT B RR N A N T ADTDIC
BOfHT 72, BN O RN AIL 557 ThHoH, —F—E v AT AhE
LGl A O BR %, Fig.6-3 ORAXIRT,

Router bit
Rake angle -
0 Wedge angle
Bolt .

2l

Fig.6-3 Schematic drawings of the router bit and the cutting edge, showing hook angle,

S Glearance angle

Coated
carbide insert Wood

wedge angle and clearance angle.

GIHIERBR 13, NC v—&—8 (X7 T = X —T 54 X%, NCF-374) Ti1o72, /v
— & —"y M 18l () (CERO AT #RAIRE XY 7 — 7 VICEE LTz, FEiliolE]
HRET 6000 rpm C, BRHIM T —7 /L DREVFEEIT 1 m/min Th D, GIVIALEE 20
mm, E7ZHT M A~OUIHIZESZ 5 mm &L, UIHI G 20T R EIHIE T & EEZ A8
AHIAZHR0IR LTz, Fig.6-4 [ZHIHIGRBR O Ea—F o 7 LT8R N O B E A 7R
R

BEHIA X, TR LTARB E LT T 1=V 22 ek (Pinus sylvestris, SRz b
H 0.45~0.55, B/KE 11~15 %) ZH=, Zhud JAS #iE %M C, STORA
ENSO OA—ARN 7 T ClES L O THD, RIS, ERBOE WA EL T/
X DO4HF (Chamaecyparis obtusa, & FZEEH 0.41~0.45, F7KE 50~90 %) & V7,
FIENOTHEIE, 300X 105X 1000 mm, 120 X 50X 1000 mm TH D,
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Work piece

Fig.6-4 Schematic drawing of the endurance cutting test using router bit with carbide

inserts, and a photograph of the coated carbide inserts.

FTEDYIEIM B2 M T L%, L—F—E v b N A BB 14 5% H kL
SHERE (13, SV-3100) THIEOWRTEIRZRE 5281280, <V D F 5k
%R (Ry) LEEREHTIE (Wp) 25 L7, Fig.6-5 I F e85 (Ry) LEEREHTE (Wp) O
EFE T, FUIHI% O N EEFEREOBIZ2ZIX SEM (H A 1, JSM-5910) %
N, BIHI# OBEFEL 7= B O Wi 2 TEM ( H S 3UERT, H-800) (2 0BT,

Cross-sectional W: K
view Face

Coating

WC—Co
substrate

Back

Fig.6-5 The definition of the edge recession (R¢) and the wear width (Wy) of the cutting

edge.

HFEDEEFEIRAEDUIHIE ) LU S E IS E DI BT D057, 2 FifH
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DHEHII I BN THRAL BT A RIR D& oo T Be B D R4 O CHIHIERBR 217
W, EE(REER) ISR EIHIE ) ZRE T HeEbic, UIHIWEE T V2~ A
RAT—7 (F—x A, VHX-900) (CEVBIZEL  MEIEmEICHOND N D EmSE T
L7z, ZO%HEOUHISRME ERROMAKEREFRIC T3, BIVIAL&EL T
BIEI 48 46 mm 23 CUIHIL QEZEEIM T LTz, ZOUHEIOEXIX % Fig.6-6 |27~
T V=8IRS 1Z A7 /L — X (Picea glauca, XUFZLEE 0.35~0.40, B /KFE 10~
15 %) T 5,

Work piece
(Spruce)

Fig.6-6 Schematic drawing of the cutting test using router bit and carbide inserts to

measure cutting power when cutting Spruce.

6.3 ERBERBIVEE
6. 3. 1 BRMW T U<V ptr OIHIFER

BRM 7 T~V S b 2 OIHIR R C 150 m I U 7= 14 0> 45 Fl K oD 1) S EEAEIR AE
EAHAT, ZOREERD SEM G H% Fig.6-7(a) ~ (d) I~ T,

FT WT OB I TH KT R OB AL 121 20~30 u m DEEREDEAS
R TE, T<WVWE DO —T 4 7B ICEVEON TR E D EIF TR > TWD DN
DD, A—T 4 T III R R & B 7 R Kol X R B2 572, Croas0028No 27 B
ORT T DOEEFEME I b /NS, W CIN RO EEFENE A3 —F KEV S, Zfth 2
HIA O IR DO EEFENR XTI R FE Th o7z, I <WE O RIEO M efFEiE, BIEIcEk
DEEBROIE MR CEDN, FIEIZ LD REIGEV T ALILR N,
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(a) (b)

| kE
BERENR

Fig.6-7 SEM micrographs of worn cutting edges of (a) CrN, (b) Cro465B0.035No.s0, (C)
Cro.51C0.22No27, and (d) Cro450028Np27 coatings after machining red wood glued lumber

150 m.

eV T, 150 m BIHIE O R S im SR A E L7 fs R % Fig.6-8 (a) ~ (d) IT7RL,
ZDFERINGRD TS UNHE D N e % B EEFER IR OE% Fig.6-9 ICELD 5,

FTHEBERZ T 58, Wb T <WIOa—T 17 Ot EFEMICES
0. HEDTRITL v — AR IZAL TN, ET2. CrosssBo.ossNoso, Cros1Co2aNoo2s ZL
T Cro4s0028No27 FEIEDEEFRERIT, WT b CIN KIEOZNED/EL, BT
Cr0.4500.28No27 IEDEFERE D IRH D IRV D D DD, SHICHE%IBEL T2
&, CrN BRO%IBE 21 pm L KELS, RN T Cr-C-N, Cr-B-N, Cr-O-N i
VOINIH T o7z, £ 9 <WE O RIROBEFER 2 L § 2L, CrIN BIEAY 17um &
b REL, EOMD BIEDZIITH) 11~13 p m TREZRANTRD T,
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ZIHDFERING | BRI ARIM E L COBRM T B~V £ 2 O L1254 . CiN

(ZIEE RO = IeREIRINUTZ CrossBo.03sNo.s0, Cro51C0.22N0.27, Cro.4500.28No 27 FZHE
IFOF S CrN ZBEE D THEEREME AN &< . IHEMITIE D EE Z b5, -, B
AR OEIENCIBNT, TERANHIL TS CrN 2B A~ T BT AN ED ) E
THRERDREINT=DFD TTHY, ZOHTEH O BBV Cra50023N027 F2IFEH
HNCTHDHZENHALINEI 2T,

.~ A%500
x 500

Rake face
(coating)

Clearance face

-/
Ay

Fig.6-8 Cross-sectional shapes of worn cutting edges of (a) CrN, (b) Cro.465B0.035No.s50,

(C) Cro51Co22No27, and (d) Crgs0028Np27 coatings after machining red wood glued

lumber 150 m.
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m Edge recession

Cr0.4500.28No 27 [ m Wear width

Cr0.51C0.22No 27

Cro.465B0.035No.5

Cro.50No.50

0 5 10 15 20 25
Wear amount / ym

Fig.6-9 Comparison of the edge recession and the wear width of CrN, Crg465B0.035No.50,
Cro.51C022No27 and Crg450028Np27 coatings after machining red wood glued lumber 150

m.

BN T J0~ V2L Rk % 150 m BIHI | A7 L — 2% GIHI LT IRe O BIHIE) ) 21 E L
Toft % Fig.6-10 12 d, EIUHIMEDOHEEL T, M LLIEAM DO EEL
Fig.6-11 (a) ~ () I1ZR L, HIEL 7o\ @ &% ik U7 % Fig.6-12 1237,

GIHIEY & T 28 W IO B IEOES R 21TV CIN RO E) /)
DY T K &<, CrosssBoossNoso & CrosiCoxnNoar FIEIZIFIERL TH D28,
Cro.450028No 27 BRI A B2l L0/ D UARWB) 1 EZ 7R LT=, F72 Fig.6-11 (a) DRH]
(R O REPNLHZRE OUIHI S E LRIE LIV S S & T 58, CiN 2
N2 31T 23U Em S A3 e R EL, CrosesBo.03sNoso, Cros1Co22Noo7 (B W TIEIFIZA
HEC, Cro450028No 27 FZIED RV B S I /NESh o1z, ZIVGEIEIEY /1 &Y @S ofs 3
13, NEDEERE R L EFEL 7o N W IR O R L I<—EL 7z,
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1
| Cro.50No.50
—0— Cro.465B0.035No 50
= 09 | o Cro51Co.22No 27
f - 9= Cr04500.28No.27
o 0.8
2
O [
o
207 |
= i
O
0.6 .
Cutting power
0.5
0 2 4 6 8 10 12
Time /s

Fig.6-10 Cutting power comparison when machining Spruce. CrN, Crg465B0.035No.50,
Cro.51C022No27 and Crg450028Np27 coatings were used after machining red wood glued

lumber 150 m.
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Fig.6-11 Cutting quality comparison when machining Spruce. (a) CrN, (b)
Cro.465B0.035No.s0, (€) Cros51Co22No27 and (d) Cro4500.28No27 coatings were used after

machining red wood glued lumber 150 m.

Crp.4500.28No 27

Cro.51C0.20Ng 27

Cro.50No.50

0 0.5
Average burr height / mm

N
N
(@)

Fig.6-12 Average burr height when machining Spruce. (a) CrN, (b) Cro.465B0.035No.50, (€)
Cro.51C0.22No27 and (d) Crp450028No27 coatings were used after machining red wood

glued lumber 150 m.
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6. 3. 2 EE/KEL/FOUHIFER

WA, Ea KR /52 OIHI & 45 m 1 T U7 O 4858 52 5 0D F) Se BEFEIR RE 2 7Y
=, EOFEFD SEM B HE% Fig.6-13 (a) ~ (d) 1T~ 7,

FT . WTNOREHZ W CTHS I OBEEFEA 121 15~20 u m DEEFENREH

RTE, VDT —T 7T B ICLVEL N TR E D EIFIZR > TNATE
L EBICHAIEDT—T 4 TRTENDINTEFEL T2 LI2ED, DRI T0D
ZEBDMD, 122U, =T A T IIRENT e 7 ORIl B e Kl A,
HIZRVN, Cro4s00.28No27 FIED KT T D EEFEIE A b /NS, HIEDa—T 107D
FEREIT D D7\, T ML 3 FEFAED RO EEREIR o —T 12 7 OEEREE F Je D L
FTFEFRFIZRZ D,

OIHIFT R 45 m THL0S, BRINT T~V b % 150 m BIHIL 72 1% D R 5% (Fig.6-7)
FOEEFEENREL AMITE ZNDHK D NP O BEFEIC K& B E RIFL T
BYACFRIRIE BIEFED SN IEF (ITRENZ LD DD,

(@) (b)

Rake face
(coating)

Fig.6-13 SEM micrographs of worn cutting edges of (a) CrN, (b) Cr.465B0.035No.50, (C)

Cro.51C0.22No27, and (d) Cr4500.28No27 coatings after machining green cypress 45 m.
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eV T, 45 m BIHIER O R el ik 2 e L7k R4 Fig.6-14 (a) ~ (d) 1T 7,
ZDOREFRINOIRD T F etk iR B L EFERIE OB Fig.6-15 (2R LTz,

EPREWE IR 2 e 2L BN T I~V R 2 OIH L 7- % 5 (Fig.6-8) & 5
20 WL ITKOWE N EDT—T 4 T BIENDIINTEREL T, AEORITH
F i VTN, 72721 Croas00.28No27 D BERE R It oD B IS L~ THIHANT
INSNWZENRDDND, HIT Fig6-15 OfE Kb Nk iBEa 3258, CiN,
Cr0.465B0.035N0 50 3 . TN Crg 51Co 20No 27 B IR D £ IR EI T 408 20 1 m Al #E TH DD,
Cro.45002sNo27 RO IR EIT 13 pm /NS oo, Fo, <V OEFER I
BT DL Cros1Co2oNo27 BUIEA 28 1 m Efeh KEL, CrN' & Cro.465B0.035No.so BRI FAY
20 p m TIXIXFSE T, Croas002sNo27 FIEIX 17 pm &—F/NSholz,

: x 500
Rake face L500
(coating)

Clearance face

)//

Fig.6-14 Cross-sectional shapes of worn cutting edges of (a) CrN, (b) Cr.465B0.035No 50,

(C) Cro.51Cp22Np27, and (d) Crp450028No 27 coatings after machining green cypress 45

m.
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INHDOFERNG | EEKER/FOYIHIZIBU T, KD CrN 2B SE D R
DEEFEL CLEWFEAE BRI Cro65B0.035No 50 33 T8 Cro 51C0.20Ng 27 FEIRIZ D
T N SE D BEREITANH] TE TRV, LU, Croas002sNo27 FEREZ I XS M A
FeD R REDFEREN D7 BIEMBEFREMEA AL QD EE 25, BT TRLIRE R
CIRIBRIC, B EEFEDT L NE G /KR DO AR DOBIHNZ IS T, HEKRD CrN BRIt
L CHABDNTA 2he Bz R L 7= DI3D T T D,

@ Edge recession

Cro.4500.28No27 [f m Wear width

Cro51C0.20No27 [

Cro.465B0.035N0.50 |-

Cro.50No.50

0 10 20 30
Wear amount/ ym

Fig.6-15 Comparison of the edge recession and the wear width of CrN, Cro.465B0.035No 50,

Cro.51C022No27and Cro450028No27 coatings after machining green cypress 45 m.

G KEE /X% 45 m GIHIR . AT L — 2% ORI L7 RED BN HIB) ) 4 E L7 &
R% Fig.6-16 (TR, £, UIHIME O EL T, M T L2 A OEE% Fig.6-17
(a) ~ (DIRL, PIE LT m S & i U7 it 5% Fig.6-18 12”7,

£ GIHIEN ) & Hie DL Cros1Co2oNo2r BUIRDE) J1 23 BN D 2L D < |
CrN & Cro465B0.035sNoso FEIEIZIFIE R ZE THY . Croas0028No27 FIEIZ IS EY ) &
LTz,
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—a— Cros0Noso
—o— Cro465B0.035No 50
> 09 | & Cro51C0.22No 27
x - —9— Cr04500.28No.27
o 0.8
=
(@]
a
8 0.7
5
@)
0.6 Cutting power
0.5
0 2 4 6 8 10 12
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Fig.6-16 Cutting power comparison when machining Spruce. CrN, Cr465B0.035No.50,
Cro.51C022No27and Cr450028No 27 coatings were used after machining green cypress 45

m.

%72 Fig.6-17 (a) DRENR T L7\ URLEPINL B EOUIHI W E 2 i 558, R°
1ED Cro.51C0.22No27 BIERD SV E 03 ch KEL ., CroasO02sNo27 BIRDZ D3 ich /S
2372, Fig.6-13 & Fig.6-14 (TR LI, Cros1Co22No 27 BEIL T <V O EEFERT IR
W REN, BERELTZ Cro.51Co.20No 27 RIED H Fe DR % Fig.6-18 (T3, flih.
M BDET O HE DO EEFEHRIL T WA D NS T2 > CODHEIPHTHD, <A
INELTRAUE ST DU TR ORI FIN KR ELARDZEN D> TNDTEN
5[6-23—6-27]. Cro51Co22Noo7 BIEDOEIAIE) /173 b KEL720 Wil F et B gs
EBITT O DEEFERE 23 et /NS Cro.4500.28No27 FIEO GIEIE) 71 23 et /&<
VASOY =N

DFEY | @EKEL /X EUEIL BN BT, BIEIE) ) S OIEI - O R1X
N DEERE R LEEFELIMrm Ik E LRI B o7,
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(2) (b)

ek bl o 80 B 03, Ayt

." " J (’} \, g
b

(© (d)

Fig.6-17 Cutting quality comparison when machining Spruce. (a) CrN, (b)
Cro.465B0.035No.s0, (€) Cros51Co22No27 and (d) Cro450028No27 coatings were used after

machining green cypress 45 m.

Cr0.4500.28No 27

Cro.51C0.20Ng 27

Cro.465B0.035No.50

Cro.50No.50

d

o

0.5 1 1.5
Average burr height / mm

Fig.6-18 Average burr height when machining Spruce. (a) CrN, (b) Cro.465B0.035No.50, (€)
Cro51C022No27 and (d) CroasO028No27 coatings were used after machining green

Cypress 45 m.
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Coating

Rake

WC—Co
substrate

The region that rake [
angle becomes smaller. /

Cutting eage

Fig.6-18 Schematic drawing of the worn cutting edge, showing decreased hook angle

due to the wear width of the coating.

T2 AREBIELTEER 1.5 1 m @ CrN 38X OV Crg 4500.28No27 FEEIZ DWW T, &
GAKER /XA 7.5 m GIHIL72t O RO KL EWHZ TEM (IZX0BIZE LI RA
Fig.6-19 (a) & (b) IZENE IR T, P ORI, HEDOIEERT, £ Fig.6-14
DA FEWHE IR TRULIZIDNC, N I N I DR EREL THveh <2 > T
D3, Croa50028No27 IEIXELEZDEARD 1.0 um BLEHY | BEENTIZ DTV
DA, Fig.6-19 (a) LB BEENOL LD, £2 Fig6-19 (a) FEDOFHITRT LD
(2, CIN FZHEED FHED 5 6 um FREE OFPFHIZISVNT, F dRI AR D R K C 500 nm F2 &
DREZITHRALL TOD DR TE T, NPTl TERENZNR R EL
PRONERSY TIE, AR 100~200 nm D KES72 572, ZHE T Fig.2-16 <° Fig.3-10
TRLUTELDIT, CN IO b IR AR OME2Y 100 nm FREE DS DL D>
STz, o T UIHIF O A FEOREN EF- L2212k, CrN B REORE SR ALK
LU ATREMEDN B 2 B,

— 5 Cro450028No27 B IEIZ DU TIE, Fig.6-19 (b) HEX O G EIZ R T X2, FDOiK
HZ2 AR A & W R 7 R AR AR XL BOEI O A SEIZB W THHMERFS LTI, KRS
TR BN B LTRR IR RSN e o7z, BIEIS: S HIR A3 R —TH DT80, H
SeDIRFE EF-SCUIEI N7 OFBNT CiN RIREFIL THDH, Lo T, 5 3 B T/RLEZ
Cro.450028No27 FEEDIMHEE, D EVIRFED EF UIZBREE T CHRM MR S %
HEFF CEDREED, UIHMEREIE VN E U ERN DO — o728 E 2 b5,
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(a) CrN (b) Cr.4500.28No.27
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Eory| Substrate Vg Substrate

Fig.6-19 Cross-sectional TEM bright field images and selected area electron diffraction
pattern of the CrN and Cry 4500 28N 27 coatings after cutting green cypress 7.5 m. White

arrows show the cutting edge of the coated carbide inserts.
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6.4 FES
CiN (ZHEAE RO =t R &L= Cr-B-N, Cr-C-N, Cr-O-N EfEza—7 7

L7z A CERBICAM ZEIHIL, IEFEMESIER D CrN S gL TE DI T

RHDDFHAEL, LLFDOZ LB ST,

(1) BRINT BV M 28I LT 2 A, 5B =t EBZ2IRIUT CrosssBo.03sNo.so,
Cro.51C0.22No.27 Z LT Crg4500.28No 27 B IEOEEFEEITUVN T4 CrN D Z 1L
DINEIPoTe, ZDHITh, Croas00.28No27 BIEDMEEFEME D e RAFIE ST,

(2) EE KR /X EYIHI L7282 A, Croas002sNo27 FIROEREETIT CiIN LD
/INEL Cro.465B0.03sNo.s0, Cros1Co2No27 FEIEIL CrN FEEE RIS LILRED) -
70

(3) BRI T B~V £ A BN I D35 | L2728 B EERE D B8RS B ) Tl e v 7
. CIN I L0 ) B 70 B S S0 1 BE FEME IS LD CrosesBo.ossNo.sos
Cro.51C0.22No.27 Z LT Croas00.28No27 FEBEWT 418 CrN LD EEFE &1/ a<n
HTEN DT, 220 ZOH THIMEMEITEND CroasOo.28No27 BUIEOEEFE
BERERH/NSNZEDD LIRS B EREL O DOEIG TREL TWHIE
MO T,

(4) B E 7K /U D LD 7 b W70 B EERE D S B D IR T R E LSRR 72 55
B B IEO BB 2B M X0 WA R A @ <20 | TR MICEND
Cro.450028No27 BIEDGIHIPERE DS feh B < W AN 72288 SRR BEREME (BN D
Cr0.465B0.035N0 50, Cr0.51C0.20No 27 BIZI TN R D3 72N e D3 0o T2,

(5) Cro.4500.28No 27 FZ I XM EEFENE SR MED EBHHE CrN ZEIVENST-0 | 18
LTEARMZ L CTEKRBEOE AR OUIHIEBEHIZBWN T, RAFRMEREE T
HZ LMD T,

(6) B4 O R llrii > TEM B2 80, YIHNC R ZIRE ERIZXY, NI
CIN RIS R O RAL DS E TODZEDVRIB S LT, 7Rk S S oD
HMEFFE\ND RO BV 1, DIHIPEREIC B A R FE T RERERES 2 D,
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KIFFETIL, PVD 7= AF TV —TF 4 7EICED CIN IZHRB R DR = i#%
IINLT7Z Cr-B-N, Cr-C-N LT Cr-O-N K FEAAFRIL | Z O OB REE, A,
Mt SRR R e &2 R RIC IR D2 A2 B E LT, E5IZ, Cr-B-N, Cr-C-N %5
FO Cr-O-N BefiEzfia L 7= BIH| TEOARMEIHIMEREA TR AL . 7EKD CIN LD
23228 C L AR T M R 4~ F AT RBZ2 8T LW IR A R L7z, BATF
BETHEONTMAEELD D,

1T T AFFEOE LU T, AN T A A ~OREERIN TR HMMmEN)
WRIEZ DT80 ERMEHZI TS CrN R EO I B/ HMRE M L3RBT
WHZERIR AT, Fio R UIHNC I T2 N B O BEFEIE L . 2 ETOARM
INTH AN ~OFR LD FEFHAF] 2R, Cr-B-N, Cr-C-N 331 Cr-O-N K ED
REMESOMOAE Rk 2 R A~ D B 2R LA ZE B B AR~ Tz,

55 2 B TIL, CIN IZIEB B O = iR AWML TC Cr-B-N, Cr-C-N BX W Cr-O-N
BefEAAERIL | 35 = 0 R OWM BRI DG fa Al BESCRREIGJ) . £ LTt EERE
PEZR L ORI E D ZE (LT ~D LB IC, TEM BIEIC KA RAIMLRR E OFE B A
ATLTc, ZORER ., WTHOMAUZIBNTH N7 bl CrN OfE fa i G 2 > TWVD 3,
= JC R OIRNINENE 2D Lt AR B IO L3 D L LB I EMRFRRE IS b L |
TR O SN EH3 52 b 2R Uz, £, RO TEM 85250, %
SILREWINT DEAERE LT DL BEO Cr-O-N B 138 B 7R
KRR DAL T DZEZ BN LT, SHIT, BREEEFRERBRICIY | Cr-B-N, Cr-C-N 5
F N Cr-O-N BT 70h CrN LD EEFEME BN D 282~ § L 4b12, Cr-B-N
BRI S D3 e i D28 D FRICTHEREME DB NS LA R LT, TRHDHRE R,
B DRMTIE C X0 LA TD 7RSI C R 0D = 5 AL SRR OB b 23 ¢
HTEZMHBLINILT,

953 IR AMUIEIA AW ZEEBELSGA . NIERED EH4 08
B P COMECHLRO L EMNEE THHI AR, Cr-B-N, Cr-C-N BLW
Cr-O-N FED KRR BT DM EMEZ A LTz, ZORR, 7E2RD CIN KIETIX
773K LL_ EOMBTHE RO KAL, XD FZEL T CroN A ~D 3 DMEEL M3,
B IR REOEIMZED W NO B FEICB W TH S SR OB K EH SO T I3
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HEI, WIEDRZWIEEZ DI RIIRENZEEZISLNI LT, Cr-C-N FEREIZDW
TIE, 1073K DHIEAT Cr;Co ~D 3 EBILZ > TNDIEE IR LT, FFIZ O BO—F
2\ Cr-O-N 2DV TIE, 1073 K ETMEAL THEIESOE FIFEEALE AbivT
TR DAL /NS EN DTz, ZOFERIE, A R OREND HHCldik b it
BUPENREWZEE R LT, TEM BIZORERNOG | 5 = u R 4RI 5L 8% T
WA P72 AR DHERF SN QD ZEZ R LTz, EBIT, A — Y =B ED
RS H M HTIZEY | Cr-O-N B JEl i i 13 3 L 2 R FE R L T L C
1Y, ZOEBIREEDMEE CHHERFSIL TV D ZEE LN LT,

54 FETIL, 5 2 BE 3 B OBIEIENIZ Cr-O-N AR DRI 70 JE 1 i i
HEGICHERNCH A~ 2O E I IE O HGRFE A R LT, Cr-O-N FEZEIZAEH
T —7 NVOREEICEINT S nm 4 —F — OB EE AL QL%
O, BRR IR RN L WIEE T OREEIXHE /0D 8% /R LT, STEM #lziL
EDS 34Tk, B2k RR X, o E/y JOEE R IR E 3w, ERIBEDMK
WZENR DT, SHIZ, TEM BlERET~ o o riZ LRI I X7 B 7 7 2
DI AL THDHEZ L HLNII LT, RO R AT =X LEL T, FM A
TP THDIRHTIL, R ER 7 a NBEALY) Cr(0, N) BIERSIL, AT
EM DRI D1 S0 IR B S or WG BT, B PRI R E R m L
BRALM DT RSN D Z LMD K2 8T nm A —F — O JE M 2 AR AT Rk &
NHZEZALNILTZ,

55 W CIX, AMBIHNCB T DRI 728 B EREA~ O BT 5720 | Rk
IKEHELHC CrN, Cr-B-N, Cr-C-N BL O Cr-O-N FZ Bt &t 2 A L 7= Rzl
ATz WO R AT A 4 bt L SR IE R IS AL B AF THY, FLES
FEDFIBEZR ST F AL W2 eZ R LT, BB ORI E B L OER( LT A e —
B ARGy IERE DFERND MO FZEE T Cr-O-N FZ IR0 & 2 5B i 5 FE & AR B
BRI IR EIR A L N b /DS B BTSRRI R RENWZEEZ LU,
ZOHERELUTIL, 52 B~ 4 EETIORLTE Cr-O-N RO 7a Afgzibiy &
7 LR D3 JE B AR IR S VO BAELAR I L o0 D T Fricrmn Ak D&
WG ENCKT T DT ELTHRREL TWHEE 2 bivTe, #ilZ, Cr-B-N KR E £%E
T SR BN REAL IR FE RV L DML D FE LD R EWE R A2 o 7o DI, B
Fay 7Ly hBRIEFICE W0 | REFEN KELRDIEERMIGED AR 0 LB FAE
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THIDTHHI AR LT,

%6 T, 55 2 L 3 B CENT IR LT R BEOR I R S it 2, 21 C
B 5 EORLIEERBEOMEMEOR R FE X . CiN, Cr-B-N, Cr-C-N BLW
Cr-O-N iz CREICAM 2 U LR O MEREA LSRR U 7ol A b 7=, &5IC,
B2 B D # R PEO BRI 23 . BIHIMEREE & D IOITHIEIR S DO E LN LT,
HLE U= A ZOIHI L7356, CrN 2SRz LT Cr-B-N, Cr-C-N, Cr-O-N oD
FEEFRERITWV T NS/ NSWZEE R UTe, WL T AR 2 UIH 5355 121E, FIED
SROMEFEVE DA LM RO W AT 522 a R T, #REL T, A7z
BEOHTIL Cr-O-N RO EEREMED b B ALz, — 5, M KBEOARMZEIHIL
72354 . Cr-B-N, Cr-C-N FZ RO EEFE & IE CrN IR LRI RZECF — o R sinLr-
NRITRONT, Cr-O-N KIEDEREEITZNOLVHENZ/ NS NI EN DT,
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R THHIEDRENT-, £z, UIHIIZIITHEEREL 7= CrN R o o> TEM 7
TR, HEDIRE EAICEOAESRI O AL EE TODZEAZ7RL | B D
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DEIRBIZL S TRIEFHEDO R R D5 B LR WG E R HLZ L BFETHED
%\ Cr-O-N R BRI EEAENE, MHEVEZ L Clit L b IENDZEND, KA IHI
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JEL | BB R AL PR R E O )5 % RIS U TN T AL 52 L3
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W ZVED 2 TREMEZ L L7, 512, Cr-O-N ZIEIZRFA O nm A4—4 — D
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