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Fig.1 Schematic diagram of high temperature tensile sample
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Fig.2 SEM microstructures (a-c) and XRD pattern (d) of as-cast alloy
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Table2 EDS analysisresults of phasesin as-cast alloy (/%)

Carbide Co Cr w C Nb Al
Blocky MC 1.5 1.1 47 158 176.9 0
Skeletal MC 6.3 177 74 154 529 03

Blocky M2»3Cs 267 33.6 312 55 1.8 1.1
Lamellar M>23Ce 193 324 389 54 37 04

Matrix 534 266 135 35 04 26
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Fig.3 STEM dark field (DF) image and SAED patterns of

lamellar M>3Cs in as-cast alloy
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Fig.4 SEM microstructures of heat-treated alloy
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Table 3 Statistical results of average diameter and volume
fraction of blocky NbC of alloys before and after

heat treatment

Condition Average diameter/um Volume fraction/%
As-cast 16.13 16.18
Heat-treated 16.48 17.18

v M,,Ci; (M=Cr, W)
¢ MC (M=Nb)
m y-Co

As-cast
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Fig.5 XRD patterns of as-cast and heat-treated alloys
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Table 4 EDS analysis results of phases of heat-treated alloy
(/%)

Carbide Co Cr w C Nb Al
Blocky MC 1.9 0.9 2.7 158 785 0.1
Skeletal MC 2.7 1.4 3.7 11.1  81.1 0.0

MeC 18.0 14.0 529 7.0 7.8 04
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Fig.6 TEM microstructure (a), TEM image with SAED pattern (b), and partial magnified image of the interface between MsC in Fig.6b (c)

of heat-treated alloy
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Fig.8 SEM image (a) and EDS analysis result (b) of incompletely dissolved M23Cs around MC carbides of heat-treated alloy
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Fig.9 Schematic diagrams of carbides transformation in test alloys during heat treatment process: (a) MC+matrix=MC and (b) M23Ce+

matrix=MsC
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Table 5 Results of high-temperature tensile properties of

as-cast and heat-treated alloys at 1000 'C

Stress, Specified plastic Elonga-  Area Young’s

State  Rm/ elongation strength, tion, shrinkage, modulus,

MPa Rpo2/MPa Al% Z1% EJ/GPa
As-cast 184 104 24.5 38 100
Heat-
203 124 27.0 35 157
treated
3000
As-cast
2500 Heat-treated
2000
% 1500
Q
-
1000
500
0O 2 4 6 8 10
Displacement/mm

EI10 SR ILZS A4 1000 C iy il b A 1) #8007 -1 7% it 28
Fig.10  Load-displacement curves for as-cast and heat-treated

alloys after high-temperature tensile tests at 1000 C
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Fracture morphologies of as-cast and solution-treated samples after high temperature tensile at 1000 'C
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Fig.12 BSE microstructures of as-cast and heat-treated samples after high-temperature tensile tests at 1000 ‘C
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Fig.13  TEM-BF images of Dislocations and stacking faults on substrate of as-cast (a,c) and heat-treated (b,d) alloy before (a-b) and after (c-d)

high-temperature tensile tests at 1000 C
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Fig.14 HRTEM image (a) and the corresponding FFT pattern (b)

of the stacking faults (SFs) of heat-treated alloy after
high-temperature tensile tests at 1000 ‘C (IFFT images
for the square region boxed in Fig.14a showing SFs on
the (111) and (111) crossed close-packed planes; Schottcky
partial dislocations are marked by red lines and slip

planes are marked by white arrows)

SR SRR LL, A B RRRE  JR
WoamEmEsE, —HPmENERRATRESZ
B LA O o I A ] A SE A 2 B N Bl B AR R R
R L P AN TTE DA TR e NG S s Bl =
HL CE 12a A1 12b),  Joidk R R AL A Ak B0 2
RIS . WHIURML, R RENS ET 4L R T AR
R B0, T AR SR RE R I A R
JREE . DIk, R DU o R T 0 A B A P AR R
a2 RS & e h b 2N ESR . B MR
BRI, fec-Co H1 Cr J 1 R I H SR ZU K HEVE )2
B SR AR, TR SR A ELAE A o I o R
TAAAAE Co J 7 Z I8 ) JR B B A, AT SRS 2 B g
BRI B 25 & P I Cr T3 K& LA MosCo BRALY)
T, AE 2a (1 BSE & F o a] DL 52 2156 25
S (R 1) AT i T X SR A7 AE WG A E 22 57, LT
EPMA JURMHAMER (K 7)) thER, HEGEK
et () [X 347 £ 7™ FL K Cr T0 3 BT o A BN A i 7] o
AT A R MEGEEN, FR, 3R MosCeBRAL
W53 MR TR B Cr 70 3R 8 2 el s it 18] [X 358 32 A% Py
AT B, MBS G SRR Cr TRIKE T
m TR, Cr i T 5RE 8RS kA M BAERE
RSB TR BURREREIR. BRI
BEINYREAL A VR, XA AR AE T RS T L KIS Bl AR A
SRRIRR A7, T — 2D (i 2 A A JE AR L B = B R
BRI, IRAEBEZS & A il 0 N ) 26 A N A 5
Lo AR R, M — D R 2 R &

X o AR S T R e AL B SR S e T A
PR IREE , B8 T B 5 S AR 2 18] B [ AR T BE AT
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3 & i

1) Co-Cr-Nb-W i B & 4 LB AW AE 32 Al i
WoEAH . $AE ST R EAAE 2 RRMBA): B
A HOR R 3 B 2RO MC (M=NDb ) L 3R MasCe
(M=Cr,W). HH MyCo TAEELN/NF)ZIREER, H
y-Co R Z4R Moz Co 28 B HEHITE K -

2) Co-Cr-Nb-W & 4 75 B UL AT A5 RIS R Ak 38 3ok
TR EZR AR 2 DMAL AR FE . MCrmatrix=
MsC F Mo Cetmatrix=MeC. ¥4 MC 7E AL B FE
BAEE AR R, TR RS RER B A
ANRABKRARAN, X T AL Sl A i i 38 5 AH K
PEMGEEAE T AR . B4 MC ML T4 MC B4
Gy RAEWAL, FEE MasCe EAR A8 R AE R

IDFAL BRI R T A 5 5l & R IE 2R MasCe
WALy, oGE TR TR MasCe 40 R RE TR
() Cr G Z 38w 1 B M v i T J5 1 IR B, 83t 1 #vidk
BEGET “RARRE” ML, AF T %
28 240, S8 7B 5 2 FE AR 1 B R 28 T
BE 77, Mg 7 A E A S & 1 Pih iR .
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Carbides Evolution and Mechanical Behavior of Co-Cr-Nb-W Alloy

Ling Chen ', Li Shangping 2, Lin Jun?, Hou Jie?, Li Yiping?, Luo Heli?
(1. High Temperature Materials Institute, Central Iron and Steel Research Institute, Beijing 100081, China)
(2. Gaona Aero Material Co., Ltd, Beijing 100081, China)
(3. AECC Guiyang Aero-Engine Research Institute, Guiyang 550081, China)

Abstract: Carbides transformation during heat-treatment process has a significant effect on the mechanical properties of superalloys. The
distribution and evolution mechanism of carbides and their effects on high-temperature tensile properties of Co-Cr-Nb-W wear-resistant
alloy during heat treatment process were investigated by XRD, SEM, EPMA, and TEM. There are two carbides transformation processes in
the Co-Cr-Nb-W alloy during brazing simulation and aging: MC+matrix=MsC and M>3Cstmatrix=MsC. The fracture mechanism of the
Co-Cr-Nb-W alloy under high temperature tensile stress is a hybrid mechanism of ductile fracture and brittle fracture, and the interface
between the bulk primary carbide and the matrix is easy to become the source of crack source. The heat treatment process eliminates the
lamellar M23Cs, which is easy to cause grain boundary migration, induces the precipitation of fine MsC particles around the skeleton MC,
improves the interdendritic element segregation, promotes the formation of high-density overlapping stacking fault bands in the matrix,
and increases the tensile strength of the alloy at 1000 °C by about 20 MPa.
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