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Abstract

The Cr-CrN-CrCN black hard thin-film was prepared on 316L stainless steel by pulse-bias mul-
tiple-arc ion-plating process with high-power Ar ion beam bombarding. The surface morphology,
hardness, adhesion strength and scratch resistance of this black hard thin-film were studied. The
results indicated that this black hard thin-film is bright black and uniformly distributed that not
only with surface hardness up to1820HV0.025, the surface roughness up to 0.01 um; but also with
the excellent adhesion strength and scratch resistance. Therefore, it is an ideal decorative
thin-film for watch cases.
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1. 518

TR 77 S BN 1) AV € e AR R H I 5 | 23 DOIRER, JF BBk R BT R P I P RS . R,
FR AN B &5 oA T30 9 R = i RO 3, TN B iR 2 (e S5 M R
HEWARF MG A 72RO TR AN IZ TR 2 % A0 46 JoE B R4 O S 401 R s B4
VERERIEER, ZHTFR) HILHRAE 3161 NEHMAMIAFR T EIRE R IR 2 . Tk TR T [ 5t
RO, FEBEAIEMRZEAE N —FRE . BEE. £l BENREHEZHEREESZ. B, F N2
I 2 A LS S T4 (BH AR I S e ik B T 25) TiC, CrC, TiC + C, TiAIN, DLC CE &I B IR) 2 [1] [2].
IR A[3] [4] [5], RA = BIAR HE T SR 4 Byt AR 75 X RIRE v LU B4 A ORI P E e V200
TE TR KITORLT G 1) [R I S AN BRAR DU R o 70385 308 B AR I 2 4 Bl B A 4 i it b it
TR, AU SRR FReE, BN IURE (R FIERE 2, JFrT R A N Ry, A
PR TP BE  BUR . BBEID, BT EGE R E B JE RS ) Ak R )1 (6] [7] [8]. W 7T &K IR[9] [10] [11],
T R R AT R AL B 4, FER T R S TR ARG T RSk 2 W I Re &, [
JECRT DAFE AR B AR B BT A R A I 254, I LB SRR 2w DU e 280 5 ) 2 T £ 3 PR )&
FIREER RGN, W S R O 5 M R B, T BRSO TR IR . AR SR ik O s 225 40 [ 4
Z N T L ZAE 3161 AEEN T Mz 316L AEANFR5E il % 7 Cr-CrN-CrCN B 5, JEOT5T 1 she
A B 1S RIS 122 o A T o = AN R R s e 4
2.

K FH Fok i s 2 o0 B B 22 IS 18 1 25 4F 3161 ANE54M (45 mm x 16 mm x 0.46 mm) Az 316L N4
Fot L% Cr-CrN-CrCN B Bt ARHE IR BE 22 M MBS R) AR ADUAEI R 7 JEEIE, AN ST o] 46 o i s
Cr-CrN-CrCN IRZ & i 1 fiw, HTZS5EH: 1) TR =R T, B S WFRIM0
PF AR B TR R AR VE 4 J8 1B VR 18 A IE BE L EAT R INTE D bRl . BB S AN Sl
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Figure 1. Schematics of Cr-CrN-CrCN black hard thin-film applied
to watch decoration

B 1. FREIHA Cr-CrN-CrCN B & REER KRR SR EE

WA K E T, 2) TARIE TERSZMH: O BIEASENF R T4E T RN HF
RFF P NI E N 2.0 x 102 Pa; @ i 3) Ta-HCD LA S N HI N B, JE74E Ta-HCD 1
ML UG 42 LA 100 A, Ta-HCD Y5114 55 85 1~ v /I F 2 U T4 3 1 B 38 0 2 = N L i 1) 150°C
@ RFEF NI B A TN 5.0 x 1073 Pa, % Ta-HCD HLFA FELI A 100 A JFX6F A% it o v ke
J£-600 V5 @ JF)3 mgi& @ Cr FARIIEE, FE#hi B EA i A 100 A, TEmBES ) &1 flm g
FALREMER N & TARRI; 1EYES 200 TAER Y 5 min, FFORFF 2 = N IRE AR 300C. 3) Cr
B EHE: O BNER Ar <, JHRFER B EAE N 5.0 x 107° Pa; @ 1% Ta-HCD Hi-FH HLI
9100 A FEXE T ARt Ak 57w 200 Vi @) B30 4 NBATK Cr 84, FE4i B EL iR A 100 A;
@ FKZ MY N 5 min, FFRFFESENEEAET 300C. 4) CrN d¥EEHl#&: © @A
N S &N 400 mL/Min. SEE & Ar SRR N A S N EASE N 20 x 10%Pa; @ {5 4 4 Cr
AR HE ELA o 80 A; 5 Ta-HCD HL-FHEFEIR N 160 A F5 TAF i infik b 7l 5 -200 V; @) CrN i fix
I Z B TR TAERT D 45 Zrh, FROREE OB A0 % AR FEANE T 300°C . 5) KM (B
JZ)CrCN il % : @ [ BN Ar, Ny Rl CoHy s FEARRR R B B2 5 P HLA5FE A 2.0 x 107 Pa; [AJH,
i Ny S EIFEA 400 mL/Min, FFEERFF —FH R E LA CoHuN, = 70%:30%; @ RN FF)E 4 44l Cr 1A
PROIEE, FEfzm) IR HE s A 80 A B #4H Ta-HCD Hi T M HLIRT Ay 160 A FFX6F LA it o ik e 74 e — 200
V; @ Cr(C, N)HEERS B TR TAERT ]2 90 238, FFORHF N4 B 2% 55 N IR AN 300°C. 6) &
REEE Ar B TR S AR © XM AiE)E Cr BINEEA, JFiEid & & TN Ar SHOREE R S A
HAEE N 20x 1072 Pa; @ %4l Ta-HCD HL-FAE I E N 160 A 3% T4F M in kb 47l -200 Vs @ &5
THRTHIREEIEHIIE 2.0 KeV, TAEREA 10 204 AR5 5 2 = IR AT 300°C.

RF ULTRASS B3Iz & B e85 (TR [ Zeiss) /M FF b (2 T AR TS, 5 29 ) 36 BUAR SEZ it A
St T2 P8R 6)Mil45 Cr-CrN-CrCN B B2 B RE G A FIFE S B, 5T i Ae Ar B 1 22 i RSO AR i
JRF M VERE I E R . SR X-MAX50 ZYRE A (S [E Oxford) 7 HT K it A 2 1 JZ AL 7 B 5« R H
HXD-1000TM/LCD Y % 7 X i Aokl FE 10 ot 19 3% 1 A 2 (HV0.025) . 31 F H A& MITUTOY0SJ-410
FURELAE S 00k A5G IR 5 P 2 TR R B2 . SR FH CMI-700d B2 il €A (I AT 2 35 R0k ) 5 1 o5 0 £
FEARbR, FERIH VHX-500FE B0k i (1 4% KEYENCE) R AR i BE #5050 f5 1R TS0 .
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3. BR5WTiE
3.1. SHRRLARL

K 2 251 7 IR7E Cr-CrN-CrCN IR I FE i 8 o AL 2(b) WT %1, Cr-CrN-CrCN I JZ 73 4 = AN 6
4%, CrCN KJZ. CrN I ZA1 Cr B)iK)Z, HBEZE RS 4. CreN K2 EE N 1.20 pm, CrN
AE R E R A 0.90 um, Cr RJEZEMEEZH 0.20 pm, =F HIMJEREZN 2.30 um; XB2/E1E 1
Tt 345 T 316L A4 A Cr-CrN-CrCN R A IR Z e R A B . MK 3 AT
A, AR ERFE TR Cr, C &N, HS (BRI 8) 707204 64.71%, 24.76% /2 10.53%.

EE), TR

CrCN: 1.20 pm

i 2
T CrN: 0.90 pm
T T(fr: 0.20 pm

Figure 2. The pictures of samples coating with Cr-CrN-CrCN thin-film (a) 316L stainless steel watch cases and sheet coat-
ing with Cr-CrN-CrCN thin-film, (b) Cross-section morphology of Cr-CrN-CrCN thin-film for sample Aon 316L stainless
steel sheet
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Figure 3. The EDS spectrum of Cr-CrN-CrCNthin-film for sample Aon 316L stainless steel sheet
[ 3. 316L AN#EA £ Cr-CrN-CrCN SEREHES A BFRE EDS AEil
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3.2. MEEMERE
321 REKE

145 T 316L ANEEEN T b Cr-CrN-CrCN A i A Fl B RIHII (0S4, ARG . SR
1 AR, SRR GRS B O IR i B AXTRE S A GRS L AR 10%, 4E AR
1820HV0.025 H. R, f# 4% 0.01 pm. 8] 4 Z5 1 7 Cr-CrN-CrCN £ AL 5y A A1 B E O 5 SEM
FE o ML 4 BT 0L, GRS S A R IS W R B R RURE, 17 7 YR RSASE i B 3 T ) A WA % 1) 4 K S
TEAE, XFUERE Ar 8 TR TN AE Cr-CrN-CrCN 6 2 5 ) 22 Th i B2 W AR T . PRIk, s
Ar B )% T RUSAE Cr-CrN-CrCON A T I (10 4 2 32 T € 3 BN o 2R T A2 25 0 v o SR THIRE M
FEBR R FRAR,  RPJHCSR T 0T 235 2 TR AP A0 o 2B MR v 2 R R K

Table 1. The colorparameter, hardness and roughness of Cr-CrN-CrCN thin-film surface for sample A and B
F 1. Cr-CrN-CrCN EEH M A 71 B REKN G FSH. HIKEEFERE

B tBESH MRS
PERETEPR RTREE HV0.025
L a b Ra(m)
Fedh A 30.40 0.70 1.70 1530 0.04
FEdh B 33.50 0.60 1.80 1820 0.01

EHT=20.00kv Signal A=SE1 Date:16 Oct 2016 w

l}pm EHT=20.00Kv Signal A=SE1 Date:16 Oct 2016
WD=5.5mm Mag=10.00 KX Time: 14:54:41 WD=5.5mm Mag=10.00 KX Time: 14:55:26

Figure 4. Surface morphology of Cr-CrN-CrCN thin-film on 316L stainless steel sheet (a) sample A, and (b) sample B
4.316L N £ Cr-CrN-CrCN SERERY R E 5T (a) 4 m A Fl(b)# & B

322 HEBE

545 H T Cr-CrN-CrCN H: B SRR i A Rl B 28 150 K % B RS 5 I IR T 3 . A& 5 WL,
A S B O RL R He JR (1] 5(0)) 8 BTG REL, IR E iR B RIVE S5 A RILR, o] LUHE IR =456 718 HFL(BE
FE bR AELE & R S5 ) s SR MEIRAE it A NI A S R (] 5(2)) i LA BON I IR ERIVE LR . B, &
BE Ar 58735 o N A B T Cr-CrN-CrCN A3 3 v IS (1) 45 i %

HR¥E 1SO 27874-2008 Metallic and Other Inorganic Coatings-Electrodeposited Gold and Gold Alloy Coat-
ings for Electrical, Electronic and Engineering Purposes-Specification and Test Methods X} Cr-CrN-CrCN #f FE Ji&
ESEA JATIR: BRET A FI B ) ihak 907, FEES B B AL B (R 4 )RIEEIRIAT R 4
BB EE HNARE, o] S AL RS R tH A . R, RURBFEARIMER: K6 4t 7k 1(a)
Jrn—B 316L AMFNR SR S5 /F R, HRmEE R HIRESE. &, . ZUREARI
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Figure 5. Surface morphology of Cr-CrN-CrCN thin-film after 150 Kg Rockwell’s indentation on 316L stainless steel sheet
(a) sample A, and (b) sample B
[ 5. 316L F#E £ Cr-CrN-CrCN SEEER) 150 Kg & FCEIRZ SR ()M A F(b)kEm B

Figure 6. The picture for one piece of 316L stainless steel watches case in Figure 1(a) after bending and torsion test

6. —E% 316L A EMFFRMA(E 1)F)METHAMRKEERE

%o B, ZE IR S AN S S S RIT. TFRCRIA[12], EA T8 Cr &R I 414 500
HV~600 HV, 1 525 5 1-9% Si 5% Cr & J@ )2 (1)# B2 v ik 1000 HV, [Klith Cr &2 vTA &0/ CrN it
PEZ SR 3161 AN a1 FE 72 Frid ) N .7 [RIEE,  CrN ki 2 I et 78 AT B 4K Cr-CrN-CrCN
FEREZ R BN R 7, A& 5 Cr-CrN-CrCN A3 B i 2 B AR 0 1 J i - L5677, 1X2TE 3161 54N
Feth b & BAA mR A FE A R 455 771 Cr-CrN-CrCN A FE L2 (1 Gt

3.2.3. BrHEITEMERE

EFREMAMBI L FE T, B TR ERE, 25 R 2 MR I AR A A BRI .
Jukar 4 Cr-CrN-CrCN B[ B IAE 1 RE, Bevt i Tk : Jeds 540 7 b Cr-CrN-CrCN & e i [ 52 78
ACEETH b, & ARSI E S A (URD) R EAE SR T b, PR RSN 1 Kg OB R7E | A b, KF
FLEh B 5 A R R EG, AEIRFIEN 1000 K. SR, KA VHX-500FE RUGHD & (H A
KEYENCE)JS K 200 5 R AE G f5 R R TR, WSREZ 2B H THERIGISR. K7 4HT
JEE PR I0 5 TSR T R TSR, m) LTRSS i A SR T I BRI, T AR S B A B
BRIGIE, XK ERE Ar BT & 5N A RS T Cr-CrN-CrCN 6 5 I (1) 2 T [ & AL PE g
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Figure 7. Surface morphology of Cr-CrN-CrCN thin-film after scratchresistance test on 316L stainless steel sheet (a) sample
A, and (b) sample B
& 7. BrEITENIRE 316L AEESWA L Cr-CrN-CrCN S#EIERIRE R ()4 A F(b)# 5 B

4. #hig

SR I O s 25 0o B A 22 SIS -9 T 27E 3161 ANERAN A [ 316L AEE4NZ5E L% T Cr-CrN-CrCN
TR, FFRIETT 1 R RE Ar BT RSO A B R R RE RS R, A3 AN R SR

1) mife Ar B AR OO B R TR R R R L A TR R R S, R
LT I RSRE L ) DA

2) Fmifie Ar B TR B R B TR RS 3161 B ANAEAR 14 AR

3) mifie Ar BT SE RN A R 1R LR 0 2R T B R AE T A

EHEUmHE

AT TAESRAG A B E AL RV B): FRIEEAMH SRS & 3R TH T RERS 45/ 9 KA )
W R (No. Y F-2016-01).
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