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DLC (Diamond-Like Carbon) £ &%, /57 7 A
NDspREBETAVEY ROspIEGEHERDY
ENT 7 ARFEBETH DY, — M ITDLCHER I3 K EE
¥, AEREE, H2ANY T7H, SEE, HEE
HRTFRARB B E DR EFR > TWW527. DLC
51213, a-C (Amorphous Carbon) FRED A, & 7
DA % fii 2 7z ta-C (Tetrahedral Amorphous Car-
bon) M, AEAKBFIEICEN/za-C:H OUkFE{La-C) &
BREMPHHY. JAIIINET, MAMEE LT
% Herafin A Sta-C:H (kFEAbta-C) BEDBFAFEIZE D #H
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<0.03DBIKEBRBARNHEBRTH I LEHAL TW
2 LnL, TORBICETZ AN LITD®
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LB RIEETH DO 1223 Z 315 DR 2 Rk
TEL0[REMNH 5.

TIZTAMETIE, BEFERTA RTA VBN
ATBEOHEMHMEEEZRESIE L2010, &H
No/O2iE & H ALl ~ & ERIRICE U Tta-C:H
BORNTAAO P —BEEMRAN, TNETICHEL
7 BKEBRE KR O R NAFERA Z i 7.
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EEBRTIE, ta-CHEa-C:HZE L /2. EMi,
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(AHEBRESNTFT—IA4F > TVL—T4 27
HEE M-500) =M\, a-C:HIICVD (Chemical Vapor
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-50 VEL THBEL 7=, B AT A1 ArE 30 scem & [
FL, CHs fiife% 11 scem& L7z, a-C:HIZ, Fv
SIN—NIECsHe T A Z B A L 725 E 1310 Pak
BAHEDITHRE L. £/, BREEL1S5KV, HRE
WS0A, 74 I AKNEFEIAV, 74T XA NEHR
30A, 7/ —REESOV, 7/ —RER06A, V7T
LIHEESOV, UT LU YER6mAE LT,
oA RO — /KO MIT, RENERERLR
(LA FSRVik ) # (Optimol#t#ISRV-IV) ZH W T
R E VT X V1T o /2. KI3ITSRVRBR O R [ %
R, BRI L 7ZSUS3043 ) >4 — & iE6 mmiZ & A
YECRAVY—TUMKL, >V ¥ —{lmoktE
il NS mmE/2 B KDY PEE0.5 mmT DI
WOL~E. T4 A28 mmDELHBITEDLDIT
L 7=, BBANc, 7N EAFY O TI050M
HEF IR EIT Y, EERBNTIONELE RS/
7= RS, A hO—2 1 mm, IR#EKI0Hz, &%
FEEEMEION, RES0 C & LUEBRERZ605,
120 FEHAIL 72, BRI, OMXHEE2% RHTEH
BERGNALZEZR IR I2FHA, QREZEEL
IELFMEKR, WO TIFo2. &1,2 ITiBRO &
QOEREKEETRT. 2P, BEMEIONKOREK
NIV FEIEPmax=99.3 MPaTH 5. BRI, ¥
SEM 8 (LeicalLEITZ DMRM) % H W T % %
R, BEBELOLEEGREZL - —F
N ERAMEE (/) 74 b BRAMAN-11) ZHWT,
532 nm, BBH RS mW, 51004% & U T4
Uz MRIEX~ 1 707+ 5143 — (EPMA (H
AETHIXA-8500FS) ) ZRWTHIEL .
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#1 SRVidBh o A AiE @
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Time .. ..
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30-35 2.5 7.5 7.5 2.5
35-60 0.0 10.0 10.0 0.0
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EEETHEAMOIOME TOERREOEEEE
FELZ. ta-CHEO$E131=0.133, p=0.119,
13=0.114, ps=0.096 & pns=0.057 & 755 —FHa-C:HD
A1E=0.175, 12=0.162, p3=0.132, p4=0.099 & ps=0.056
Elrorz.

X513 Condition BIZZE % S BEFE T AL ZE100%0 5
0%F TEILEH/- & EDDLCE R - O EBRREKZ

#2 SRVik B O HAHEE ©

Time [min] Humidity [% RH]
0-20 30
20-35 50
35-50 70
50-65 90
65-80 70
80-95 50
95-110 30
110-120 50

EPMA SEI  15.0kV x50 100pm WD11mm

X6 Condition AlZ %t % ta-C:HIE D &K [H
(60431%)

x50 100pm WD1imm

EPMA SEI  15.8kV

X7 Condition BIZ#9 % ta-C:HIE D &
(60431%)

RY. RBRBEBRBROERTADOADOFHLATIE, B
BERBOIAWICHE D UBKEBIAKNFERL -,
N/OHREE A AL Z WA 8 2 E ERERMNEML
2. BREOLERMDEMT % & & HICEBRERIIRA
IZHML TWz. N/OAR B ST AL &2 AT S EFTD
10 TOEZERBEOTEHEEZGE L MR, ta-
C:HIE D 35 13 111=0.020, p2=0.079, p3=0.119, pa=0.193
Eps=0.213 & 72 %5 — F a-CHD 8 & 13 11=0.018,,
12=0.071, p3=0.078, ws=0.084 & us=0.111&72>7=.
ZHR N ZOFEIFEE H T Nitrogen lubrication)
ELTREZEZ LW —F, BENTADHFEITE
BUEFRBAEZIMBEANE L TREEZRIEZTZ
EMREINTWSCID, LRNoT, AEBRTIE
ZHR N A DFEMEICL S Nitrogen lubrication] D 2%
WCXOEBBRENMETLEEEZSNDN, RN
ZDHFEI K DEBILFRIGAHE L TOREICX
DEBRBENEMLEEEZLNS.
INSOMEREICIDANZALZRZL .
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ECROBICRISAEZ D, BEEAEENEAL TW
. TO®, EFRNAEEATHIETHNIARE
DERIIMEEL 72 WEH TEBIKERE TICEER
BUOMETTE7an>72. T ORI, Condition BDH;
BTRYDICERNTAEEATHIETHIAR
BITAER L, BEREZAKNEH L. TLT, B
RHAAZBBEATHZEWLE>THNIAREDOEA
THBEL 2D TEEEEN LR L TV,

X, ANZXLDSEZ D EEBRITHEB O,
TOBICRIEINEZ HINE D NEHKRT 27-0I1CX
Wm0y FI4Y— (EPMA) RKHEBRZT->
7=. K6, 712Z#1< 1 Condition A B X TXCondition B
BT H5RBRBO-CHER®T LD RETFHEZR
9. R DMK TN K D FEE R, IEFEEEL,
HEVOIrERMELZ. K3, 4 12TNTH
Condition A & Condition B®D EEFE K Bi 1% Dta-C:HIE D
KMEIZBIT HEPMAEE ST RN S BRI N ¢
EREEZRY. RIERATIE, SHE LT
ORI ZIR Uz, SHBREFICBWT, EHH
BEfTEY Z T 5 ETEMITITERENE KL

TWBHDT, BIERIENEI >/ ENHEREINS.

RS LEFRHFITBNTETNTNDOEDNF M
BEREREZRT. MBE TROWE L & BEREmE
NS ERAREZEFE L /= £5% 1 5 & Condition AD
56, a-C:HE IS ta-C:HIE X 0 FEfE U 7= SHEVN BB T

FATIEAT - KRB - SEIRIRTG - ARAHR

7%3 Conditon AIZ BT % ta-C:HIE F [ D JoE Bk

(6057 #)
Atom [%]
Element On-wear Off-wear Wear de-
track track posit
C 84.6 86.6 86.6
(0] 0.6 0.6 1.3
Fe 7.5 6.3 5.1

74 Condition BIZ BT 5 ta-C:HIE 1 D JTE fL K

(6053 #)
Atom [%]
Element On-wear Off-wear Wear de-
track track posit
C 14.0 87.1 41.2
(¢} 29.6 0.5 19.7
Fe 38.3 6.1 25.5

BN DERABAKRENWI ENbho72. X5 T,
a-CHE IJta-CHIE X D EFESI NPT N EEZ SN
5. —7, Condition BDO A T, Condition AD W
R E72 0 ta-C:HIR I3 a-C:HIE X D BEFE L 7= IR Y
XD REWZ ENDMho .

SEB TR LZERRROEHEEZA WS 5
TTHRARLUEEBELZ. K8, SICEDBEWVIIBITS&
No/OHRE H A TOEBGEERZRT. KM8EHIN S

KSSRVIMBREDT 4 AV BRI & —KE (605 1%)

Condition A
DLC film

ta-C:H

Wear volume
[m?]

a-C:H

Wear volume
[m?]

3.861x 1077

Cylinder

Condition B

Disk Cylinder

00um S00um_

2.076 X 1077
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# Z 5 & Condition AldCondition BOWBETH S H
DDEN/OURAH AT B WTHE L - EBFRK
MBI ->TWVWS., ZHREIERBFICL> TRINICEAT
HLHADREBEIKFET S EHRINS. K10IZDLC
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ODREBIZIVESNTEEERENRELRSZ E0D
M5, TNETIT, BEERIIY U TR R
75774 Mb, (LEMHEEERIDORT THE
INHEBEZLSN TS 19, SEIOFERIL, ta-C:H
Ea-CHEDEENKRELS B2 5-DI3DORTF
DEBNRIDH-0I1C, BEEREOELORIZ S
EEZONS.

3—2 MMBEZEA{LI VL EEDOSRVEAER

1112, 12043 A O SRV iR 5 T #H 5 2 FE 2 30~
90 %RHD M TAEIL I Bz & & Dta-C:HIR R & D
BEEOBRBEA(LETRYT. KINIBWTHERRIKE
FEBRENEML =, Fy N —HNICHMNRE Z
30% RH 590% RHE T20% 3 DM &, T D,
FHERRREICHD S/, 2O WERGK
BFALTOWMARL TV, HXBEZKTIE®ETD
BEEREAEEN LR LT, Lo T, REBEREKICE
W, AEXHEE DS ta-C:HIE R+ O BEBA I RIF
THEEINEL, DLABRUCHBECHEAARRE
EMIREICRBITOIRES DEICRDIEENRETNE
EZLN5.

Z D#EFITHR U THHR E % B 4 30, 50, 70&
90% RHT—@EIZL T, 1B OSRVikEBRZFfTo 7=,
K121 HEE N —E & L 7= & & Dta-C:HIE D E#
ORBEEZETRT. MI2ICKD, WTFNOREICH
WTH, o LU OEE TRWERRRERL

=N, BEEEDITHRAICER T HHEMMAR SN/,

T, BEARICXDEMEFENEML 2D &

Graphitization
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-\ dangling bonds

Friction coeffcient, u
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K10 {2E DZE{bIicxt 9 5DLCHE R 1 D
BOEBIOTOMEIERD

EZONDN, FMIRHTHD. £z, BEOK
T D ERREIIEMER 2 273, AHHEE
70%RHD EZH/RBBENEEL 2>, ULEDOKDIC
AR T, ERARIIEKEEHRBE TR
EORBRERIERICEOLL XD BEBREOE
LZERIBNT END otz RO LY E
FEX 72 & DMl AOA BN EY IR R EOC T T REIC
DWNTIEHARALZEANEL, 5BOBETDH S.
4 #E
EXRMBABANALOREBREEET 27201
FIEE2% RHCERBEREG T AL A ELE
A CSRVARBRZFE L 7=, T DR, L FD3HD
WRICES -,
(1) EBREHADOHEE CEBRBENEDT 5.
(2) BER N ADFE CTEBEENHEMT 5.
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FOHFEELTENLT 5.
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Diamond-Like Carbon (DLC) is an amorphous carbon consisting of sp? bond of graphite and sp® bond of
diamond, existing in a form of a thin film. From the previous discoveries, we found that deposition DLC film
through the Cathodic Vacuum Arc plasma (CVA) method being able to produce more conventional DLC films.
Based on the observation, the side-production of droplets was able to be reduced and the hardness property of the
DLC films was able to be preserved without much decrease. In addition to these, through the CVA method, the
production of hydrogenated tetrahedral amorphous carbon (ta-C:H) film is enabled making it most suitable to be
applied for medical equipments or devices such as guide wire and artificial joint. Compared to the other types of
DLC films, the tribological properties for the ta-C:H film deposited by CVA method are still have not been
researched.

Previously, using Schwingungs Reihungund Verschleiss (SRV) test machine which is a type of friction
abrasive tester, a test held under dry nitrogen gas flow atmosphere, an ultra-low friction coefficient phenomenon
(1 < 0.03) occurred. However, under dry oxygen gas flow atmosphere, this phenomenon did not occur. With the
objective of clarifying the reason behind this phenomenon, various factors are taken into consideration.

In this research, the effects of nitrogen and oxygen gases on the frictional behavior of specimen coated with
ta-C:H film are investigated. Specimens of a cylinder (¢15 mmx6 mm) and disk (18 mmx18 mmx5 mm) were
coated with ta-C:H film through the CVA method. The ta-C:H film coated specimens are then being set-up for the
SRV test in a closed container. The experimental condition inside the container this time was divided into condition
A (N2/O, mixed gas ratio : 0% = 100%) and condition B (N»/O, mixed gas ratio : 100% > 0%). The SRV tests
were conducted with 10 N load, 10 Hz frequency, 1 mm stroke within one hour each. The specimens were then
brought for surface observation and analysis (Raman spectroscopy, EPMA : Electron Probe Microanalyzer).

From the results, the presence of nitrogen gas caused the friction coefficient to decrease while the presence of
oxygen gas caused the friction coefficient to increase. As a conclusion, the frictional behavior of the ta-C:H film
depends on the presence of the nitrogen and oxygen gases.

Keywords: Diamond-Like Carbon (DLC), hydrogenated tetrahedral amorphous carbon (ta-C:H), Cathodic Vacuum Arc
(CVA) method, Schwingungs Reihungund Verschleiss (SRV) tester, tribological characteristics, effects of nitrogen and oxygen

gases.






