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Study on Friction and Wear Performance of Ion-Plated
Gold and Silver Films

By Yukio MIYAKAWA, Makoto NISHIMURA,
Masataka NOSAKA and Yuzo MIYAWAKI

ABSTRACT

The sliding friction properties of gold and silver films deposited by ion plating, with varying
depositing conditions, were examined under various conditions and compared with those of
vacuum-evaporated and sputtered films. The ion plating apparatus used in this experiment was
basically a diode system consisting of two electrodes. Pin-on-disk type friction testers were
used in the sliding tests.

The experiments were also carried out to clarify the running performance of angular contact
ball bearings (type #7204 C) lubricated by ion-plated gold and silver films.

The main results obtained are as follows.

(1) The throwing power of ion plating is caused by the scattering of the evaporated particles
through collision with argon stoms, rather than by the movement of the evaporated metal
ions through an electrical field.

(2) The throwing power of ion plating depends on the evaporating velocity of plating metal, the
distance between two electrodes, the applied negative potential and the argon pressure. The
high throwing power is obtained at the evaporating velocity of 10—15 mg/s, with an interval
between the two electrodes of 120 mm, an applied potential of 4 kV and at an argon pres-
sure of 5 X 102 Torr for gold, and 2 X 1072 Torr for silver.

(3) In ion plating, vacuum evaporation and sputtering, the adhesive strength of a film to sub-
strate metal vitally dependent on the temperature of the substrate surface during film de-
position. Film wear life becomes maximum at the particular temperature of the substrate

surface.

(4) The plating metal in ion plating has a higher kinetic energy value than those of vacuum
evaporation and sputtering. Therefore the ion-plated film should provide far better lubri-
cation performance than vacuum-evaporated and sputtered performance. Nevertheless,
vacuum-evaporated film exhibited the best lubrication performance, ion-plated second and
sputtered third; all three deposits made under optimum conditions. This result indicates
that the adhesive strength of a film depends primarily on the temperature of the substrate
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surface during depositing the film, rather than the kinetic energy of the plating metal.
Therefore, the merit of ion plating is to provide good adhesion of a film to a substrate metal
close to that of vacuum-evaporation, and high throwing power.

(5) The sliding friction properties of gold film are markedly affected by the sliding metal com-
bination; effective lubrication of gold takes place, when adherence between gold and sub-
strate metal is strong, but adhesion between gold and rider metal is weak. On the other
hand, the influence of the sliding metal combination on silver film is relatively small.

(6) Both gold and silver films in a vacuum provide far better performance than in air. However,
the atmospheric influence on a silver film is more remarkable than on a gold film. Silver film
exhibited a higher friction and shorter wear live in air than gold. Ontheotherhand, friction
in a vacuum was as low as that of gold film, and did not rupture even after 10° times re-
peated traverse, while gold film exhibited an endurance live of 2 X 10° repetitions.

(7) Wear life of gold film increases with an increase in relative humidity in air and reaches max-
imum in the relative humidity range of 2050 %. Above 60 %, wear life gradually decreases.

(8) The temperature limit of gold and silver lubrication using steel as the substrate metal was

about 200° C. Prevention of diffusion is necessary to produce effective lubrication above
200° C.

(9) When gold and silver film was applied to the ball bearings, the bearings with a cage ceased
to operate in a short time due to film wear. Ball bearings with a full component of SUJ 2
races and gold or silver plated SUJ 2 balls exhibited the best lubrication performance.

(10) In air and a vacuum, the longest running time to failure of the full type ball bearings lubri-
cated by gold was about 1500 hours at a revolutional speed of 2000 rpm under a thrust
load of 1kg. However, reliability was poor. Moreover, running time to failure in a vac-
uum decreases markedly as the revolutional speed increases from 2000 to 3000 rpm.

(11) The full type ball bearings lubricated by silver provided very short running time in air;
only several hours. On the other hand, the running time in a vacuum was much longer than
gold, and reliability was good. No break in the silver film on the balls was found even

after a total 800 hours operation at a speed of 2000, 3000 and 4000 rpm.
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SBT3 177, 178 WRL & & 9 K[E&E2000
rpm THE 2 106 CTHEE F A 27 0 2L EETREICZ
s DITXI L, SREB TR 193 IK/RL & L 9 T 2000
rpm T 350 B, 3000 rpm T 250 B§fH], 4000 rpm T200
BEMHIEt 800 B5HLEE: L € 3B E e L LHER(SU
J2+Ag) /ANR(SUI2) KHBRLTEEIA+2, B
ZTEEECRRKEN, 800 B EGREFTHT I bL
THbeFLRPPRKELBANKEEND -0 bs T
ERNARIZSEELS L L, #ELLANG~DHED
BEIMPE I NEAEWBEEAFER I A TETO
ArzOErHT bbb EELL N,

4198 1 800 B EE R O NG, MRONB TH 5o
SMERITIL 2 FERENE > Tnh B205, RARICIIEI T
BEWSoBEEAERINTKn S, Ll £EHBICHE
THLEDBEA L, BBBTHZOE»EHLLT
RESHOEE A GEE TH 5205, SEB KT 5 L[EREA
e bt LTEMER(SUT 24+Ag) /ARKR(SUT 2) #
ELTw» b

8.6.3 ME(SUS 40C+Ag)/RER(SUJ 2)

RO OIS H IR 186 ~ 189 KA L7z & 9
210~ 20 BRI CTEEB L 1 2 ARBLEELRRELZ o
DT L, FEEETEE 1931T/R3T L 94 2000rpm T
410 B5RS, 3000rpm T 240 BFREER L T3 RER &0
COBETERICIEEA AR TR, BRICRE
BN AN, TABEE A2, BIXEE MK (SUJ
2+Ag) /RNE (SUT2) 1t 5 LAHETD 5,

SBIER THMARLL AABR~FHIBELIT (WK
BHKMOEREZTH LD RV, EEBEEHOE
LVt L O3 EE B R TEHBEEICRY 5 28, fEBA%
UBBALTIZTOERETT L 20 (FERILE
FELTW» Ao

8.7 FEIEOER
AIAYTv—F 7%, RETERLAT V¥a2 3
EHTOEED, HEPRH T HHTHAELBELH KT
L DIWEBT T, EAERIEIDEDLSD TS
5o
1 7r¥27F@%T% 4, FTEBTLLEIHER
DOBCE, BrAArTv—F 7L, BEGTER
THEAT LD IV, MIZHHLLTERT v 2
(SUS440C) L h 3 BIREZ o a3 THM(SUT 2) 258
LTwn b,

(20 &7 %27 EWMTOEEE2000rpm. R 7
ZMETELkg TR TEERP, AEZPOREIRAHA
E5f 1500 K E LB BT O BT T &b

Vo L LZRH, AZHPL tMTOHARERFE
Ko 0% $EBREHREKRT 5, 2 L AZESTCOHE
% 3000 rpm WIS 5 & 8T ORIA RSN 80085k
@Y L, ¢EBAEBREOTILICH L THFICHER
Td 5o

) #BR7T ¥ 7 FWTOERPORARHIE
BHTLCHEBRLTHEC AL Z W EEGNn. ThiTH
LEZ D TR 8T OMARERIEEICEAL, €BBL
b AEWHASRMERT, SLUHAREOE LD E 2
EECLE{BRMrD D, BLAZPTHERT Ch
#tEREE AT, ¥ AFBRAAZD T 4000rpm O M
B¢ 3 EEETTREC, 2000 rpm T 230 B§f], 3000rpm T
170 B, 4000 rpm T 400 B5fEIET 800 BFH E e 1 &8
Bo@liEL Thin,

4) BEEREPCHEAINDLC HHbET OB
SBAFEL T bo ERPLAZPOBHTCERIND &
AL EEREeILEBRVWE, LD 23 KA(EH
HITRT %o

EIE B &

ARAREA AT VT 4 ¥ 7 OBRBEABEEEL 1 A
YTv—7 4 v7%, BROFERHTRSTETY
BEBHELLLN, AZZRFIU X, 2 Y I
KBLE, AbKKA A Tv—7 7%, SETHEHRE
LaT7 27 58S oOHETBHL T 5O ER
1T >%ko XDE4 DBROFMLCONTHEEDORER
THRNEDT, TZTHEEZER LI LOTRI T L
T 5o

1) AAYFTv—F 4 7HAZRECR 2~
JICHEBLTO2 3 b hBHEELRKEND, COKEZR
D23 bbb A MEINARRBEFOBERICH > /&
BICLBEND L bE, NEES AP CEARERFHH R
AFEBRLEE INL LRERL Tni,

(@) A AT v—F 4 T BEELEbDC
2RE - s OXRREE, EREER, DOEE, T
WEHH AENCL s TEILT 5, 2D HEELREL
AR AREER 15mg s BEREEEZ 120 mm,
HMMEBEG ALY, TATrd 2RENAETHL TE 5%
1072 Torr, SRICXI LT 2X1072 Torr DEHLERT
H5bo

() 4 ArHro— VB ERREOEBLCAT
RDSDTH LD, FBCERDBEL AT 5L, Lk
DoTA A K= VEMIC I - TROMNERFOXR
BELSBREINL, 1 AT Vv—7 47, ATHEAE,
223, 2 I EROWTRICEN T IEBREDA A
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RS- VEMKI s TEARAIND, BoHGdd2
bA AR A= VEESET ETI T AETETLR
DL, BoSE&rBERETAA A F - PEMAH
FET Do Lah-oTHBEOERE HEAML X/ T4
DRBOMEFOEREBE TS 2,

) BREEFOI DA ¥—QHABEKETL eV ML
T, 2,207 TH10eV TR AHODKISL, 44
TV —TF 4 7 THEI00 ~E1000eV KEZFEL, 2D
EWRAR 222 ) V7Y > TERERICRIND
ROERINABEOEFICHT AHERERKE W L
nbNTnd, LHELEOEGERRETLEFR =}
BT LA AT v—7 > 7 &L ATEES
LURS, 2V GROBEBEEEARBTLES A~
Tv—T B AREBSELTRE T, x4
2 BNV EBE D TEIDSEL{H b, 2DLH
KAATv—F &R, BRESESE L5+
yaA- VEECEOS GURRER D, o DEED
MEOCEE, BEOoSanRAS i nwictd, £F
ONBEBERERETO DT A v ¥— DRI b b H&
WOBE ERICL L THERL OMEBIEEL Th
Lo LANKSTAASTVv—F 4, IZDERDAA) 5 b
REZEERLBERSOEBEL I LaBLDE D
b HIFEERENEZAIDBHE NS B,

By AAyTv—F BB OBEBEMHL 1A
V—F v IEBLERRA A K- FEEIKE 5T
ZiLL, EoBGeBRET A1 4 2K 3= FEFHN
FET b0 kK LRBEOHSERICT T 56 ERE L&
BlerdalonTHELEL OBELK LD S, REL
EBEDABEOA A K= FICLBPWER, LFHR
ROZLIEGE L Tnbo

6) SEOEEHUIEBSEMAEbEC L - TK
BICEIL L, €L THEBLOMNE L, WorToH
FEBLELELOBOBEO L WALE bEH{EN
BRI EVWEOFG T 545, FErnTI 20
RABRITHY, SBERCHRT L LEBSEAL2a LY
ORBAFECD % e

1) %, BEOBEBRFHIFRAKICI > TKIBICEL
T 5, ERIZERF CIEEE L BEEEHK 500 [B CHMT
THOC XL, BEZPTid 2000~3000 Bl K 4 5, 68
BR SR TEe B L TEBREMNIEZIKKE <50
~100 ElOBE L EEBCELEN T4, L LEEPT
ASELESOVENEBREL RT L LI, BOHH
HEeBrbodE L CHERLEELEZDR, 60,000
BT EOEHEEL 2o &, BLIZBSPIDIE
EHRTT BB LR T, AP TRE LD b8

HT R TW D,

B SEOEBRHUHIZEZVEECL > TKALES
EXT bo BREOFGEIAAREBESEMT BHIC LAt -
THEERL, HYBE 20~50% TR KE %D, ZhllET
QAEMEEOWMEL I H % > THIT B, Lichis
TEIPCEEOEBUEL FMHET AL 2 KEEOELES
ERTHLEBHED Lo

(9) SEOEARAEBEFEAI&IME L THEBL LA
LEE200°CANT, REXSEL D THEE: DB
HAERIIC(hAHZHL D IPTEN,

0 7r%.>F@xtrs, STHEBT L 20 HR
DHWE, WA A Tv—7F 7L, BEHSENR
THERTHONLV, BIZHHELTHRT V28]
(SUS440CH I by miRE 7 o o ZM(SUI 2) 538
LTwa,

1) &BEB7 %2> X@TOE&EH 2000 rpm, X 5
2AMIELkg KT HREEP, AZFORELRABRA
Bl 1500 Frfilc F L BBROR BT h L pid
e L LZERH, AP L 3T omARENIIEE
K6 D8 ERRH KT 5,

12 BB 7 ¥ -7 EEWMTOERFTORARRMIE
REITECHBR L THEAZLAWREEW. chis
LEZF TA@ZoMARBEIEECEAL, £BRL
D EWIRARHERT. 3L RHARBROIL % 233F
BRL{BHKYr 2D, BLAZRPTCEEX T Nk
HEE £ T o & < WS D 3000 rpm I $1T 8% D
AR EN0RRI TS 2 DK L, 888 Tid 4000
rpm WEHENT I RFEHIOERLTIEGE TS 50

BhRDZEHh, RERCBNINBEZEBAFFED
HHEH, RAEEZEZ L UKERINBOERICE BH
DELXRT 5o
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