Jul. 2026 PR TE A B 4
Vol. 46 No. 7 SPECIAL CASTING & NONFERROUS ALLOYS

WAAM-CMT ] & WC-Co 23R IN62S S & AR 54k

it 5% - 3 1 &

pittE' =4gx' 3 F ZERR' KR oM

(1. TAHBEXFHHAAFE TRFR, &M 471023;2. A &2 B MR L m TH K EREEZNRH 7O,

&8 47102353, & B A ERI=H 5 R AR AR F i 7 KA TR TS, &M 471003)
# E R M Inconel 625550458 22 il i BIRIE M & T AN E WC-Co & s I B E & UGS R R H WAL TR 570 .
VIR ZH B B T 2V o A5 ALER W] DURR ) VT8 2 TOUTHS 1% 20 £ el 8 DR S ot 38 W ok 90 A AT RS B 5 Bl Coo 5 et (T 408, R D 3G T,y
- Ni [ A Co 8135 BE T g IR -G B R 1 5 A8 T S0 3 B2 R E BE T MC B A 4y CIn NDCO 1 SR HIOHT H1 , 18 35 1 58 58 A0 38 fh &L
N o A MRMGN R T B 5 Al ING25 45 5 T 2 10% 5 75 7% Co iRE 19 9\ i i SRR AR 24 20 % , [ B Co 7 &3 N T ik &, 4 17
R AL/, 10T 2 SRR 5 0 R TR A A
KR SR HNE  WAAM-CMT; WC-Co; 4 21; 1=k ae
FESZEES TG457;TG146.1°5 XHERERS A DOI1:10.15980/].t222. T 20250279

Microstructure and Properties of WC-Co Reinforced IN625 Alloy Prepared by WAAM -
CMT
RAN Shihao', LI Jiwen', LIU Wei"?, MENG Jiahao', CHEN Chong"*

(1. School of Material Science and Engineering, Henan University of Science and Technology, Luoyang 471023;
2. National Joint Collaborative Innovation Center for Nonferrous Metal New Materials and Advanced Processing
Technology, Luoyang 471023; 3. National Joint Engineering Research Center for Abrasion Control and Molding of
Metal Materials, Luoyang 471003)

Abstract: Commercial Inconel 625 solid wire was utilized to fabricate nickel-based composite deposition walls with
varying WC-Co contents via arc additive manufacturing, and the microstructure, elemental distribution, phase
composition, and mechanical properties of the alloy were systematically investigated. The results indictate that the
microstructure is transformed from short columnar dendrites at the bottom to columnar dendrites at the top. With Co
content increasing, Co solubility in the y-Ni solid solution is increased. The introduction of mixed powders weakens the
texture intensity and promotes the diffusion precipitation of MC-type carbides (such as NbC) , significantly enhancing
the strengthening effect of the second phase. The tensile strengths in the longitudinal and transverse directions are
approximately 10% higher than those of pure IN625. The longitudinal elongation of specimens containing 7% in Co is
reduced by 20% , which recovers as Co content further rises. The transverse elongation presents slight fluctuations, and

fracture is characterized by typical mixed fracture of ductile dimples and intergranular fracture.
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Fig.2 Raw powders of WC,Co and IN625 for experiment
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Tab.1 Parameters of WAAM-CMT process

BB w(WO/%  w(Co)/%  w(ING25)/% Hf/A  HIE/V iﬁfﬁé *ﬁi’{?; ’ﬁﬁ’ﬁ{%; ?Mﬁ%
S, 0 0 0 203 15.8 8.5 8 0.2 15~20
S, 83 7 10 203 15.8 8.5 8 0.2 15~20
S, 75 15 10 203 15.8 8.5 8 0.2 15~20
S, 67 23 10 203 15.8 8.5 8 0.2 15~20

%2 ERNiCrMo-3 20 £ B 2/ 5
Tab.2 Chemical composition of ERNiCrMo-3 solid wire %
Wy

Cr Mo Ta+Na Fe Al Cu Mn C Si P S Ni

22.49 8.76 3.45 0.48 0.08 0.04 0.01 0.01 0.07 0.008 0.003 Ay
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Fig.3 Sampling positions and dimension of test specimens
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Fig.4  OM microstructure of WA AM-deposited specimen walls with different proportions of mixed powders
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Fig.6 SEM microstructure of WAAM-deposited specimen walls

with different proportions of mixed powders
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Tab.3 EDS point scanning results at different positions %

v Wy

H ONi Cr Mo Nb Co w C Al Ti
1 489 524 324 33.68 — 0.47 — 20.01 3247
2 10.56 585 6.68 59.05 0.08 0.56 14.71 0.02 2.49
3 56.67 21.67 10.33 4.32 0.24 1.67 4.87 0.11 0.12
4 5948 2190 825 2.75 0.32 1.77 530 0.08 0.14
5 28.30 13.41 2.87 28.30 0.29 36.12 18.21 0.59 0.09
6 21.67 14.09 27.07 10.51 0.19 1852 7.83 0.04 0.08
7 56.68 21.08 7.66 274 0.21 500 6.36 0.09 0.18
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Fig.7 SEM morphology and EDS scanning results of S, deposmon wall
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Fig.8 SEM morphology and EDS mapping results of S, deposition wall around WC particles
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Fig.9 EBSD results of specimens printed by CMT-WAAM process
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Fig.10 Equivalent circle diameter distribution of grains in speci-
mens printed by CMT-WAAM process
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Fig.11 Average microhardness of WA AM-deposited walls with

different proportions of mixed powders
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