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Effects of Nb or W Substitution on Properties of Co-Mo-Cr-Si Alloy with High Wear Resistance.
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Synopsis : Wear resistant Co-Mo-Cr-Si alloys have been used for various applications. In this study, to improve its wear
resistance some of Mo content in typical Co-Mo-Cr-Si alloy was substituted for Nb or W and the effects of these
substitutions on various properties of centrifugal cast ingots were examined.

As a result, some of Mo content of laves phase composition (CosMo2Si) was replaced by Nb or W. In
microstructure observation, coarse primary crystal of laves phase was observed in Nb substitution alloy.
Eutectic structure in W substitution alloy was coarsened. Nb substitution alloy showed higher Rockwell
hardness and lower bending strength comparing with Base alloy. On the other hand W substitution alloy
showed lower Rockwell hardness and comparable bending strength to Base alloy. The wear resistance of Nb
substitution alloy was improved comparing with Base alloy by Ohgoshi-type abrasion test with 0.099, 0.78 and
3.62 m/s in sliding speeds. The wear resistance of W substitution alloy was improved comparing with Base
alloy only with 3.62 m/s in sliding speed.
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1. 48 MICBNZEEELTHERASINGY .
—75, LavestBld, BFH¥EEM.2:1PEELKDATE
HEFEMEEZET2CoBERII, GR- ARTIUN T EBEENSHDABEEZEARE LI-EBEALEYTHY,

VIOVINIVT, RERRS, BLWABTERINTD. MgZno (C14) &, MgCuz (C15)&, MgNi» (C36) B4 MD3F&
Fio, BERFOMFRAREICIVERINBEMHEL DEENH D" . CosMosSils, AstEEAMo, BitE%Co&
TRWhWoh IS, BHEE, ARMHEELTERND L, Com25%%SilZEH: L 7=Mo (Coo.75Si0.25) 2 & EEIR T =
ned. INoCoBEEIIWMERMNEDI-DICHET DM SlavestBTHW® , RARBEEZE T DMgZnETHD.
BHRICKIREL2BREICHETED. Crk, WRKkEYZ AT TS, MEREYE, MRESICENI/ZCo-Mo-Cr-Si
FICFIBE T 5Co-Cr-W-CHEE, Co-MoREMMZEEIC BEICHITDMo%END, WICRFLET1/2BL, £5ED
A9 2Co-Mo-Cr-SiGE£ThHd" . ZEFGICEEES X DlavesHDER EZ(LIED 2 &
Co-Mo-Cr-Si&a=Ild, BEHETHDCosMooSi (Laves EROLEEEMES, FHMEIL/Z. Nb, WDEFHEZIIZEN
) DMEE, CoEBMTBLIUCosMoSIDHEENSKED #n1.43, 1.37ATH"Y), CosMosSIDATETHDMoD
BESEBEEL?, LTFIZRT LDICCosMoSInET S 1.36AE EBABALY. &7z, BLTETH2DCo (1.25A) &

BHNEEHICKY, BEZICIIRONGNWER BEES DEFEFFELE, NbA1.14, WA1.10TH Y, MoD1.09
MZERT ZENFONTIVD. CosMozSild, ERICHNT B L, mxERstlavestBZEM T DRFHEZELEDIE

EvH—2EEH1000~1200HVIZEETHD I ENHME WE (1.22)% [3EW. =512, CosMoSiEEHRMDMgZn;
FHREUNMENWEEZZONY, EBI2, BRICBNTES BPDLavestiE LT, CosNboSi® KUV CosWoSi® DIbE

DETEAVNELY, MoRBIEMETR T DI LICLDE gtk o dlaveslHDBEENRESINTLND. Ino
CHEBEREAETDEEZONTIVD5 9. CosMoSin'a D EMD, Co-Mo-Cr-Sig®IcH1TDdMoD 1/2%Nb, W
ITBEDZOLOEEFHNS, Co-Mo-Cr-Sig®ld, BEPLK ICBIR 9 D52 ET, Cosz(Mopx , Nby)2Si, Cosz (Mo(iy),
UBRICBVWTHBNREARIETH, WMERE, MRS Wy) oSiD#ER =BT DlavestizERTEDEE X .
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F7=E 512, Mo, Nb, WIZCorDESAENZENZNEX
‘), Co-Mo-Cr-Sig&IC BT DCoEAEARDATE (Mo,
Nb, W) D&SEBELELIDEEZON. JhitE
B0, LaveslBEREC I VOMEBEELTDEEZD
n, INONMEWMRSMICEEET D EFEI N LA
LA, BEICCo-Mo-Cr-SiaEICHNTHEBRO—E %
Nb, WICBL, BHMICRIZIHEEERSLIAITIZE
ARERSNIER. 22T, A#HETIE, Co-Mo-Cr-SigE
DMoD1/2%Nb, WICEB#RT DI LICEKD, I 7O,
BRbAFME, MMM ESSUOMERMEANDEE % EiR %]
IHZEEENELE.

2. RERFE

2.1. BFEMDIERELERS

A ZR L, BEASESIA CRAZFEEERL,
ASHBIRLEE L. ARBREIZH200g9T, ¢35X%
20mmEBEDHEM Z B/, (FRLUIOROBEMDEREK
BERES T IAVEAD KD (ICPHIT) #ER%ETable
1IRY. KERMECo-Mo-Cr-SigETHhdCo-29%Mo-
8.5%Cr-2.5%Si (mass%) %IE>/=#mkH'BaseTH Y,

EFtbTBase®MoD 1/2%&NblZ&E: L /=#m A Alloy-1,
WICBHE L /= AAlloy-2THD. F/=, ERLIHEN
&, WIFnosERECo (FCC) &CosMoSin' S
BT EEXBEIR/NY —IZTHER L. B, DIBRTIEHR
BlZ2%Table 1\ IRTED T .

Table 1 Results of ICP analysis of test ingots.

Co Mo Cr Si Other
Bal. 2729 864 2.86 - mass%
Base

Bal. 17.88 10.44 6.40 - at%

Bal. 14.62 8.11 2.78 14.15Nb mass%
Alloy-1

Bal. 9.62 985 6.25 9.62Nb at%

Bal. 13.05 7.44 246 24.68W mass%
Alloy-2

Bal. 9.79 1030 6.30 9.66W at%

2.2. SBiEM ORI

ERYtETMd S7c0, HEMH O UCHER
BZRBL, SEMIZED IV OEBBESJOEDXA T EE
feL 7z, BAEFIEIIEBRAZRIRO73KTIhREEL, 18

Low magnification

Base

Alloy-1|

Alloy-2

Fig.1 Back scattered electron images of Base, Alloy-1 and Alloy-2 test ingots.
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MEE/ABRATRER] CHM@LC. BHpSEoLTOY
IO T)UEES, HUraE, a2l L s mirsaEld
HEM D D2 X2X20mmZEDABRAZIFRL, XREIE
BE10OmmOD3 R T EER (CCTEHE L /2.

MERMIE, RBEXERHARKRICT, MFMELT
SCM420 (¥J90HRB) M) T %L\, BHEMFEEGT.8N,
EFEE200mCEEEEZ0.099, 0.78, 3.62m/sICE
fE=8FHmL .

188, —EBOFHIICIS B & LINIEBASGECHD
Ni-13%Cr-3%B-4%Si-0.6%C-5%Fe (mass%. MF,
SF-5&£8Y) OELHB\BEMZERL V.

3. REBEHKRBIVUEE

3.1, HEMOBEBBIU B

Fig. 1ICBBEMDSEMICEDEBELSLUVUBREEXRTIHE
ELIEREEBFBETT. WTOHBEMENREERE
BHSEDIBHRMEBTHD. BEXTHEELERFEF
BhobhbhdLEDIC, Alloy-1ldBase, Alloy-2& L8 LA
BHEOMEMNEXADEBAZ VEBE L DTS, F/:,
SEETCEE LIERFEFGNOOHD K DICAloy-213
Base, Alloy-1& EbER LA SEBAELN.

Table 2ICRHIBFHICHITDABMHEEREBHEDEDXSY
MiER%ZRY. EDXDHHER EXBEITHRREN S, REET
BIZH T DBaseDEEMEIFCosMo,Si, kEHEIdCo (FCC)
Th'), Alloy-1TOBAEMIIMoD —EHA'NbICEB I L /=
CosMozSi, [k&#fl3Co (FCC) THDEEXHND. Fz,
Alloy-2BEEIEMoD—EH'WIZE 1 L 7=CoszMooSi, X
BMI3Co (FCC) &EZxoNnD. 158, Alloy-2MEREME(IC
ITBEE (Grayl) &X@EE (Gray2) H'RHHNDHY,
Znl3Co (FCO) IZBITBDWEERITICEDEDEER
5nd.

Table 2 Results of EDX analysis of test ingots.(at%)

Co Mo Cr Si Other
White 53 30 7 11
Base
Gray 77 8 12 3 -
White 54 13 7 11 14Nb
Alloy-1
Gray 77 4 15 2 2Nb
White 53 13 8 9 19W
Alloy-2  Grayl 75 6 12 3 SW
Gray?2 74 5 14 4 3w

Ml L ez HEAyoaemld, FEFLeicsiTCo, Cr,
SiE&H L UMo, Nb, WDEEENBMNEZETHDZ Eh
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5, Nb, WEIZ K" CosMoSilc BT DMoD—EBHZE
ZHNb, WICBB S n/z&EEAoND.

—7, Co (FCC) DMo, Nb, WD &EtE (at%) I,
Base, Alloy-2(ZxFL, Alloy-1AMELY. ZHd, Collitd
SNbDEARAY, Mo, WKW H/NE W EICERTDEE
25N, ZHNICEDT, CosMoSIDHRPBLVEREN K
ELBDICEHEEIND.

RICERIEAF 1% ST L /=, BR1biB=(3Baseh’1.8g/m?,
Alloy-1£'3.2g/m?, Alloy-2h'4.7g/m2TdDf=. Base&
teEz L, Alloy-1, Alloy-2(3973KICHNTEBRIEYEER L
PIMERARD DN,

3.2. SHFEMOEMIEYT

Fig2lcZRBEMDO VI VT IBIDHRERT.
BaseDiE = II57HRCTH2DIZHTL, Alloy-11360HRC
CHEML, Alloy-21354HRCERTLTLNVD. Alloy-10MDE
IHAEBMLUAEERIEG, FigITRLULEELSICEER
CosMoSin'Z i eshEEZx BN, Alloy-20BIAYMETL
-1 HIIBase, Alloy-1&IFEGY, HRBEICERKT D
CosMogSin'h iz eh&EEx BND.
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Fig.2 Rockwell hardness of test ingots.

Fig. 3ICZEBHEMDMITAEEZRT. Base&Alloy-2(3 4}
nESORFEEAERL, Aloy-1DHFEE IS LY
KFLSF-5&@FETH o/, Alloy-1DMiTEE H'Base,
Alloy-2& b8 L, BT I 2DERERIL, Fig. 1ICRLIzEHY,
Base, Alloy-2& b8 L CosMooSintlEXiE/=hEEx 5N
5. 2L, MERSEE L ORLBEETHERINT
\BSF-5EBETHDI=, ERUTRELITEEITHEERL
ThaEEADBND.

Fig.4lcEBRES AR Y. Base& thE LAlloy-113£8E
BTeESEZRL, Alloy-2I31073KEREE|INVES %
~UT. &fz, SF-5b&LEERL, Base, Alloy-1, Alloy-21d,
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BRECOEY H—IESIIENEDD, BRELERICELR
SEIETANEL, 873KUETIENTNESVEZR
L7z, 2DOEDIC, BRICBWTHEIETERA NS N &
IF, CosMooSiZBEMHE T SHCo-Mo-Cr-SiGEDHHHT
H'J), Nb, WBHBL/-GETHIDHMZH#HIFL TS E
EzoNnd.
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Fig.3 Bending strength of test ingots and SF-5(ref.).
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Fig.4 High temperature Vickers hardness of test ingots
and SF-5(ref.).

3.3. HIEMOHERE Y

Fig. bICTREREMEHBRDEREZ/RT. i L1z EERE
EHEICHUVT, Alloy-1i3Basell tEREBN-THERE ML AR
9. Alloy-2|3EEREAH0.099m/sTlIBasel I LE i E
FEMENL DN ZDMOEZRRE G ClIBasedk W LEN
f=MEFEMARY. /=, Base, Alloy-1, Alloy-2D 91
HEERENO0.78m/sTLERENEZEL BRI D. MU
T, 0.78m/slZH I CBasezfl& LEEEFEENBAL
ER &, 3.62m/slZ B L) TBased L E #% & H'Alloy-1,
Alloy-2 £ EEBR L CRIBICIBI L2 RRICDUNTHEIT T 5.
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Fig.5 Specific wear rate of test ingots.

Fig.6lCBaseDEEERE TITD/- KB EFEAREZD
H/FEYIORBOEF/A—-—TJvA 007 F>4%F
(EPMA) IC&BFel0DVY Y EVINRERY . BIERERE
0.099m/sTIIHEF ) VI RE TODBZ BRI AERHON
f=. ODBNERNI TIZOLASHCFeDAN RH TN, $KDERL
MHERESNTINDEZEA25NS. Alloy-1, Alloy-2TH
BFRICZOBRFNBEINTSY, ZOBERETIIHD
BEIC KW ERREAEBIN, vAIL RBEREREIC
BRLTWDEEZOND. BH, TOEE®RE0.099m/
SICBNT, EEHEEZEFO YOO TIIVES (Fig.2) &8
BICE>TNDIEND, MERMEISE UEEMDES A
YR THDEEAOND.

EEREOQ.78m/sTIIMHEF) VI REIMNBEMILER
Sy (Fig.6). Alloy-1, Alloy-2THBRRIC Z DFFH
BRINnk. LIz >T, BEEREO0.78m/sTIIEF
Z &Base, Alloy-1, Alloy-2MEH 7L — MH BEIZEER
Ldl, JETRERMNMGEL, LERENMEALTIND
EEZOND.

BEEEE3.62m/sTIE—HODE WHUNRBHON
(Fig.6), Alloy-1, Alloy-2TEHBEIRRICZ DIRFHEEIN
=. LhL, ZOMDTEDY Y EY I TEEERES.62m/
sTl3Base&Alloy-1, Alloy-2ICI3KEREEMR SN,
ZNSICDUNT, Base, Alloy-1, Alloy-203.62m/sT®
BEY 2 ITREDFeS XU CoDEPMAS M AFig. 7R
9. BaseTIIMBF) v IKRAIHABRE 7L — MDETET
HBCoDFHFENDENDIZIL, Alloy-1, Alloy-2TIEH8
FUIRAIICABR 7L — MNDETRETHDCoN'30%
BEBHIND. /-, Fig.8ICRHEMDERERES.62m/s
TIIE AU ERAZBRBDHABH 7L — NORAER
9. BasellIIMF) VIMDERD ThDFeh b3 hIc
HHond. —7, BasellyFLAlloy-1, Alloy-2(dt8F ")
VIDEMN THDFehsdBRTL—MDERDTHD
Col tLIIBRBEICKRAICRBDHOND. ZDLDIT, Kl
RERABREOBF v IRAEEABH TL— FREDS
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0.099m/s

Fe

Fig.6 Iron and Oxygen distribution mapping by EPMA on frictio
after Ohgoshi-type abrasion test.

Alloy-1

Fe

Co

Fig.7 Iron and Cobalt distribution mapping by EPMA on friction ring surface after Ohgoshi-type
abrasion test at 3.62m/s in sliding speed.

M SEREES3.62m/sTldAlloy-1, Alloy-2idM8EF!) > DEFRZ, BABOHRRTERELGICUIRL, BERE
IRDERBRTL— MEAANRESNIBENHEER BOMmEmZMELBRREL/Z. fl& L TBasellHITDERR
HICEELTWDEHAESND. COBBNDHFENERE HSDMEDORHNEFEZFig.9IC7R Y. BaseDEEKRE
Rz E7hOVYAIBICEfLSE, 3.62m/slcHlTD BRICIS, Fig.QIC R T LDICEICHRMELYREBZTET D
Alloy-1, Alloy-2DIEEHEEZE TS B EEAOND. IV IONBHRBOON. ZDKDBITYIIZDNT,

5T, BERES.62m/sTORBEOEBA L — b BRHEVMODERREIMMRSDEE CHEELCHER,
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Base

Fe

Co

Fig.8 Iron and Cobalt distribution mapping by EPMA on sliding surface of test ingot after
Ohgoshi-type abrasion test at 3.62m/s in sliding speed.

«<Sliding direction
—— B s Sliding surface

Crack

100pm

Fig.9 Cross-sectional back scattered electron image of friction surface of Base ingot
after Ohgoshi-type abrasion test at 3.62m/s in sliding speed.

BasellI323A AR oNT=DIZXT L, Alloy-1H77,
Alloy-2h 2K THY), LEEREDIEUE—HTDIENLD
Mofe. TDLKDIT, BEEREI.62m/sICHNTIE, ME
FEMISWUEBERAIDOERNGIRIEN RN THDEER
o>nd. iz, Fig 3lICir@EERLI=LDIZ, Alloy-1,
Alloy-2D#rIEE ISBaseEBAEU T THDICEM DD
SYTEEREDI Y AN BaseL WEL DKL, LT
BEFEEH/)0. LN DT, Bases & LAlloy-1,
Alloy-2 |3 B DERFZEHMAMELS, BEEEICEE T D55k
SAODMED Db DEHBEIND. 2D &I, Fig.7, 8
ICRUEBERBOBBMDERICEY, BEFEENE
THoOVAIRICBRLIEZENEELTNDEZZON
2.
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4. F&H

Co-Mo-Cr-Si&&MMoD 1/2%Nb, WICBIRY B2 &
IC&KD, T UOMEM, BT, BmPSERIOWEREY
NDOEELEEBR L. ZORRE, BONMEEZMT
|IZRY.

(1) CosMozSitHMDMoD—EBHNb, WICE# S fi/zLaves
HAER LTz, NbEBHRT 52 & TCosMoxSiDH) &R
KT DHEEAMNEON, WEBRT DI ET, #
SEEHN AT DEEN R SN .

NbB#IIEE A'E) L, MIFEEAMET L, WERIIHE
SHAME T LI, INoDZE1blE, MBOT A X, £/
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ESJUHREBOELICEELESEDEEA DN
.

(3) RBAXEFARBRICH\T, NbERII2HBRE LR E &
HECTRELAMERMZRLI:. WBIRIISERERES
ICBNWTREFLMER M ZR L. =5IC, KEE
RABRROABRFOEFRSREN D, SEFERERIC
HITDNb, WEBDIHEFEEEICIL, HF ) TE
DEEFRBOETHAZEL TS LRI N,

M ED#ERN5Co-Mo-Cr-SigEMDMoD 1/2%ZNb, W
ICBII D EICED, T TOMEE, BRI, Bmps
IC5ZA2EENBEONERY, =51, TNOTERDER
IC&VY, FEERICHENTRLEZLAHUTHOMERM
ZRLESBDIENTRETHD I MDA DT,
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