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Effects of Additive Elements on Properties of Co-Mo-Cr-Si Alloy with High Wear Resistance

I Rz B iz

Toshiyuki SAWADA and Hiroyuki HASEGAWA

Synopsis: Co-Mo-Cr-Si alloy with high wear resistance has been widely used for various applications. In this study, in order
to clarify the effects of additive elements on microstructure, mechanical properties, oxidation behavior and wear
resistance of Co-Mo-Cr-Si alloy, centrifugal cast ingots of this alloy system including additive elements were
examined. V, Cr, Mn, Fe, Ni and Al were chosen as additive elements to Co-28mass%Mo-8.5mass%Cr-
2.8mass%Si alloy. The amount of additive element was 5at%.

As a result, Rockwell hardness decreased by addition of Mn and Al. Bending strength decreased by addition of
Mn and Fe. From the observations of microstructure and fracture surface after bending test, it was considered that
coarsening of primary laves phase caused the decrease of bending strength.

Weight gain by oxidation test at 973K increased by addition of V and decreased by addition of Al. It was
considered that these oxidation behaviors were affected by the oxide content on the surface layer.

All ingots except that with Al showed the local peak in specific wear rate by Ogoshi-type abrasion test around
0.78ms" in sliding speed. The peak values of the ingots with Cr, Mn and Fe were higher than that of the ingot
without additive element. On the sliding surface of the ingots with Cr, Mn and Fe, adhesion amount of oxide was
lower than those of the other ingots. Therefore, it was supposed that generation and drop of oxide on sliding
surface caused wear phenomenon at the test condition.
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Table 1 Results of ICP analysis of test ingots.
Co Mo Cr Si Other

0,

Alloy-V Bal. 2848 829 2.8  4.66V  mass%

Bal.  18.65 10.02 599 575V at%

0,

Alloy-Cr Bal. 2834 13.56  2.66 mass%

Bal. 18.56 1638 5.95 at%

0,

Alloy-Mn Bal. 28.09 856 3.10 3.70Mn mass%

Bal. 1836 1032  6.92 4.22Mn _ at%

0,

Alloy-Fe Bal. 2833 856 273  5.08Fe mass%

Bal. 1861 1038 6.13 573Fe  at%

Alloy-Co _ Bal. 2890 8.34 2.80 mass%

(Baso)  pal. 19.08  10.16  6.31 at%

M 0,

AlloyNi Bal. 2756 871 262 5.I8Ni mass%

Bal. 1812 10.57 588 557Ni  at%

0,

Alloy-Al Bal. 2694 879 253  234Al mass%

Bal. 17.18 1034 551  531A1  at%
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Fig.1 Back scattered electron images of test ingots.
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Table 2 Results of EDX analysis of test ingots in at%. Gray
point is Co solid solution in eutectic structure.
White point is primary crystal of laves phase.

Co Mo Cr Si Other

Allogy Oy 709 12 2 v
White 49 30 8 10 3V
Alloy-cr Oy 6 8 20 2 -
White 48 31 1110 -
AllogMn Y7L 9 13 3 SMn
White 49 31 7 12 2Mn
AllogFe OY_ 6 8 13 2 e
White 48 31 7 11 3Fe
Alloy-Co 0¥ 75 10 13 2 -
White 51 31 7 10 -
Allogni Sy 68 10 12 3 Ni
White 48 31 7 11 4Ni
Allgoal SEY_ 7L 8 12 2 7AI
White 48 31 7 11 2Al
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SF-5&UELBBEZRLE.
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Fig.3 Vickers hardness of test ingots and SF-5 on various
elevated temperatures.
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Fig.4 Bending strength of test ingots and SF-5.

KEXFELT,BESVIMITEEZRLUIZAloy-VE &
KU EEZ R L ZAlloy-FelZ DT, Fig.bIZEERE D
R, Fig6ICHBREOBREREEOKBEHREDERZ R

_Alloy Alloy-Fe

Fig.5 Fracture surface of Alloy-V and Alloy-Fe ingots after
bending test.
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Fig.6 Cross-sectional optical microscope images beneath the
fracture surface of Alloy-V and Alloy-Fe ingots after
bending test.
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Fig. 7 Oxidation weight gain after high temperature oxidation
test at 973K.
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Alloy-Cr

Fig.8 Cross-sectional back scattered electron images of oxidized surfaces of test ingots after
oxidation test. The points indicated by white arrows are surface oxidation layers

analyzed with EDX in table 3.
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Table 3 Results of EDX analysis of surface oxidation layers
indicated by white arrows in Fig.8 in at%.

Co Mo Cr Si Other O

Alloy-V 45 1 0 0 6V 47
Alloy-Cr 3 1 44 3 - 50
Alloy-Mn 30 1 2 1 20Mn 46
Alloy-Fe 1 0 48 0 OFe 50
Alloy-Co 2 0 47 0 - 50
Alloy-Ni 3 0 47 0 ONi 49
Alloy-Al 12 7 15 5 11A1 51

3.3 HEM DM EFEM

Fig OIC KB EFRABRDIERZ I . Alloy-AlZER( N
MOEEICH T EBEEO.78ms ' CHHEFRENEKRE
BB ENON DI &, COBEERED.78ms IHTD
RN o, LLEFEENKE O Alloy-Cr,Mn,Fe, tLEEFEE A H
B DAlloy-V,Co,Ni, Lk EFEENYVINE W Alloy-AlD3 DD
W—TICAETEDUT T, NI IL—TICE DT
BHENREOLERICDNTRFT D,

KA EFEARICHSNT,0.78ms ' RIBRDEZERETLE

47

BHEENBAEZE T OMIIIBEICEH O ,ZDEER
BiFICH T DERICISBRIEMDNE BENTETDEER
SNTND.ZITHBREOHBEMDERAICSIT DR
MZREIT DI EPMAICK DY Y EY IRz EEL 1.

2.5

—=—=V ——Cr [
i Mn —&—Fe

~—H-Co —FHENi
15 L —=—Al

Specific wear rate, Ws/10"mm?N!

/ B\
"’;_L"\I\ \\‘
1.0 v A
,/
: A\
0.5
0.0 : ‘
0.01 0.1 1 10

Sliding speed, v/ms™!

Fig.9 Specific wear rate of test ingots by Ohgoshi-type
abrasion test.
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Fig.10 EPMA maps on sliding surface of Alloy-Co ingot after Ohgoshi-type abrasion test at 0.78ms"’

in sliding speed.

Fig.11 Oxygen distribution maps by EPMA on sliding surface of test ingots after Ohgoshi-type abrasion

test at 0.78ms' in sliding speed.
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Fig.12 Relationship between specific wear rate at 0.78ms " in sliding speed and (a)maximum and (b)

average oxygen contents by EPMA in Fig.11.
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Fig.13 Effects of additive elements on bending strength and

Rockwell hardness.
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