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Effects of Ni, Cu, Mo or Cr Addition on the Properties of CoCrWC Based Powder Metallurgy Material

FEH MRz B seq
SAWADA Toshiyuki and OCHI Ryosuke

Synopsis: CoCrWC alloys show both high corrosion resistance in oxidizing acid by high Cr content of about 30 mass%
and high wear resistance by hard carbides of M;C and M,C,. The alloys have been widely used for various
applications because of these excellent properties. Some of these applications are components for resin molding
machines.

Recently, the production amount of fluorine resin has been increasing. However, corrosion resistance of the
alloys in reducing acid, such as hydrofluoric acid, is not excellent. In this study, effects of Ni, Cu, Mo or Cr
addition on the various properties of a CoCrWC alloy produced by powder metallurgy were investigated for
improving corrosion resistance against reducing acid.

As a result, the addition of Ni, Cu or Mo improved the corrosion resistance against reducing acid. From the
observation of the corrosion surface, it was considered that the solute Ni, Cu or Mo in the matrix contributed
to the improvement. Cu was the most effective in the three elements for the corrosion resistance. Ni or Cu
addition decreased the hardness and increased the toughness. On the contrary, Mo or Cr addition increased the

hardness and decreased the toughness.

Keywords: cobalt-based alloy; cobalt-chromium-tungsten-carbon alloy; additive element; corrosion resistance; hydrofluoric

acid.
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Table 1 Chemical compositions of the tested powders in
mass%.

Co Cr W C Si Mn Fe Other

Base  Bal. 2930 836 156 1.10 025 0.07

Alloy-Ni _Bal. 2922 832 157 1.10 026 0.07 5.23Ni

Alloy-Cu_Bal. 29.05 828 1.57 1.11 024 0.08 5.69Cu

Alloy-Mo Bal. 2824 8.10 152 1.13 024 0.07 8.22Mo

Alloy-Cr Bal. 34.00 837 159 1.07 0.25 0.09
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Fig.1 Cross-sectional back scattered electron images of the
investigated PM materials.
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Fig.2 Cross-sectional back scattered electron image
of Alloy-Cu at low magnification.
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Fig.3 Cross-sectional SEM image of Alloy-Cu.
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Table 2 Mixing enthalpies of the atomic pairs between Co
and other elements®.

Ct W C Ni Cu Mo Si Mn Fe

AHmix(kJ/mol) Co -4 -1 -42 0 +6 -5 -38 -5 -1
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Table 3 Result of SEM-EDX analysis of the matrix in at.%.

Co Cr W Ni Cu Mo Si

Base 72 24 2 - - - 2
Alloy-Ni 65 24 2 7 - - 2
Alloy-Cu 68 24 2 - 3 - 3
Alloy-Mo 72 24 1 - - 2 2
Alloy-Cr 71 25 2 - - - 3

Table 4 Result of SEM-EDX analysis of the carbides in at.%.

Co Cr w Ni Cu Mo Si
M:C 39 30 23 - - - 9
Base
M,C; 13 86 1
MsC 33 31 23 4 - - 10
Alloy-Ni
M,C; 12 87 1
MsC 37 29 25 - 1 - 8

Alloy-Cu _M;C; 11 87 2

MsC 37 26 10 - - 19 8
Alloy-Mo

M-C; 11 88 1
Alloy-Cr
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Fig.4 Result of the corrosion test. No corrosion was observed
in every tested material against HNO; and H,SO,
aqueous solutions.
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Fig.6 Cross-sectional back scattered electron images under the corrosion surfaces.
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Before immersion After immersion for 3.6 ks

Fig.7 Optical micrographs of the corrosion surfaces of Alloy-
Cu before and after immersion into HCI aqueous
solution for 3.6 ks.
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Fig.8 Relationship between Charpy impact value and
Rockwell hardness.
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Fig.9 SEM images of the fracture surfaces around the
fracture origins.
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Fig.10 Result of the bend test.

CullIZBEHDWMET « > FIicima. HAR1ILL=CrEk
RACMD BEMERICIRET LB D 62 <RBHBNTz. D
CrRRIEMDIB RN Alloy-CudD > v )L E—FHEMBEET
DEREHERIND,

MITREAFig. 101”9, RELSBEETH >/-Alloy-
MolZB T, Basedk 490 MPadBBRESIE T AR S
niz. MOEKBICIDINTIZ2450+£ 150 MPad&E T dh
. BaseSDORELENIIRDOOSNIEN DTz,

4. %

1.6%CZ=ZTCoCrWCREEDHIPR A DIE TR
IS I DMBRMREZELENE L. BRMICRIZINI
Cu. Mo. Cram(5at.%)DEEZEEET LI, TAT KV
A ZMARZHIPRRFE LIc M RAEM ICKDERRNSFD
NrcEREMUTITRT,

MBBSIUHBRICHTDWERMIF. Ni. Cu. Mok
MICKWUEREL. CrifRmiciWsbliz, BR@EIC
SRR DRIEMAEEFELTNDZEADY RN YD
ANBENIBHTDEERETHDEEA DN,
Ni. Cu. MoDEBEICLD VY NJ YT ZDBHER
BA. FICHBRE2AEOWEBUSREICTS LIzLH#
AMEhiz, . BHWEMAE L ZAlloy-Cud
[BREIT. Base& b L. BERICITL 1/5. FHERIC
WL1/20THolze BH. TNODBITRAEL

74

Alloy-CunBEEICISHILN RO SN, REAER
HMeROCIERBERARN O, AEEICERLIZCU
HEAMFLOEERERICE DI RS NI,
@Oy oo T)LESIEINI. CuRmICEIEL. Mo,
CramickwEmL. >vILE—EEEZAloy-Cu
ZRE. OV IV TIVESICY L CERNLEDHE
ErRonf, DvILE—HREBORERENS.
Alloy-Culd R 1L L 7= CrrmR b A i 14 B IR T 9
D, AERIUEN S vILE-FEEZRLIC
CHEINT
A)FrEEISAlloy-MoDABRHEZETHRBH SN, i
DEFEIF2450+£150 MPaEE TH Dz,

UEDRERN S RAFNRMICHSNTETERICT T
SMBERENAEICRLBEMNEAMTRIICUTHDZEHD
mofce —A. CUBN—IATETHDColcWITDREET
VHNWE—NETHDZEND. CufRifi. 7 OMEH#AR
H—{t. RILMERLZRETDERANHDEEZ 5N,
INSRENETHBRTORERICEDMADEEP D VI
E-HZEOETOERICELDEHE SN, Lich'D
T. CudmBzm@EtlL. ZOXDEITOMBEEPER
MOZZF TSI T ExMBOBRICKIDHILS
SUBMIFEZWMETESTRENEN DD,

2EXH

1) EHE&Z  MESIUMFRAE, 62(2015)4,
158.

REEESLEEDERE, TO2RXF vy, SOFEH
B5. (BX#HRBEIE=UFIA)DHPRL E1BEH)

J. M. Drapier, A. Davin, A. Magnee, D.
Coutsouradis and L. Habraken : Wear, 33(1975),
271.

A. Takeuchi and A. Inoue : Mater. Trans.,
46(2005)12, 2817.

BEST, EHKE | IUBEFRRIERR,
25(2018)1, 38.

2)

3)

B=E

Sanyo Technical Report Vol.27 (2020) No.1



