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Fig. 1 XRD patterns of (Fe,;Ni;;Co,,),0_,T1, powders milled for different time: (a) HEA1; (b) HEA2; (c) HEA3; (d) Slow

scanned XRD patterns of 40 h as-milled HEA powders
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Table 1 Chemical compositions of bulk (Fe,;Ni;;Co,,),00_,T1, analyzed by EDS/BSE

Mole fraction/%

Alloy Area - -
Fe Ni Co Ti 0] \ C
Nominal composition 43 35 22
FCC(4) 43.32 35.56 21.12
HEA1
Oxide phase(B) 34.22 65.78

Tungsten carbide(C) 91.08 8.92

Nominal composition 40.85 33.25 20.9 5
HEA2 Micron-sized FCC(D) 43.93 34.52 20.29 1.16

Nano-sized FCC(E) 41.73 32.77 19.24 6.26

Nominal composition 38.7 31.5 19.8 10
HEA3 Micron-sized FCC(F) 42.69 33.40 19.84 4.07

Nano-sized FCC (G) 40.23 31.50 18.68 9.59
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Fig. 4 Bright-feld (BF) TEM image of alloy HEA1 and
corresponding SAED pattern of grain 1 (FCC)
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Mole fraction/%
Alloy Area - -
Fe Ni Co Ti (0) C
Nominal composition 43 35 22
HEALI 1 40.07 38.22 21.7
2 35.72 64.27
Nominal composition 38.7 31.5 19.8 10
3,4,5 42.09+1 36.33+0.4 19.41+0.7 2.16+0.1
HEA3
6,7,8 45.64+12 54.35
9,10, 11 41.63+1 33.49+2.9 21.84+2.7 3.02+0.5
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Fig. 5 Bright-field (BF) TEM images of alloy HEA3: (a) Low-magnified image and SAED pattern corresponding to grain 3

(FCC); (b) High-magnified image of ultra-fine grains
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Table 3 Mechanical and soft magnetic properties of (Fe,;Ni;5C0,,),00_,T1

All Compressive yield Strain-to-failure/ Compressive M/ H/

o

Y strength/MPa % strength/MPa (A m?-g™) (A-m™)
HEA1 420 - - 0.1458 232
HEA2 1352 24.5 1969 0.1387 992
HEA3 1762 20.5 1840 0.1196 1248

PIB I T BE 7B B [J]. K5 55 R TR, 2020, 12(6):
3 g:éﬁ:e 77-83.

1) HEA1 H & &8 AR AEBR B 40 ho# R I AHZH
N FCC EAH+/b 7 BCC #; HEA2 F1Ji§ & &
HEA3 H 4 & &8 R BRBE 40 h J5 By A& 10 A 41 Bk
BCC EAH+FCCHH.

2) 2234 1000 ‘C ) SPS k4t Ja, HEA2 &4
AIHEA3 P & & R AL A T TiC,  HBEE Ti dsn
M, TICHEENEZ . RAHEAL &4
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HEA3 T 465 &4 ) /1 84 FCCHTIC 41 1%, HArFCC
TN A K i 1 22 OB 4544

3) HEA2 i & & R O et 7 25 A 1 RE
HEA1 456 & B A RIF B MK ETERE, (H)E
AR GRFE AR . BEE TIC =M, MERRE S
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R 5 B 32+ 221%, 18 #1352 MPa;  Hr il /) 42 7+
327%, 1531992 A/m; M TidINE N 10% 8, #k
(1) JeE AR 3 $ T 319%, 15 %1 1762 MPa, Hriwi /1]
PEFF 2 1248 A/mo 9RFE IR 2 E R IR T ok R
o Ak DA RS B Ak, e B e
PRI A) TiC F0RE X B % (1) BEAS A FH
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Influence of TiC on microstructure and properties of
Fe;Ni;;Co,, medium-entropy alloy

LI Rui-kai', CHEN Wei-ping', WANG Hao', CHEN Qiang’, ZENG Da-hai', FU Zhi-qiang'

(1. Guangdong Key Laboratory for Advanced Metallic Materials Processing,
South China University of Technology, Guangzhou 510641, China;
2. Southwest Institute of Technology and Engineering, Chongqing 400039, China)

Abstract: The influence of TiC on the microstructure, mechanical and magnetic properties of Fe,;Ni,;Co,,
medium-entropy alloy (MEA) were investigated using XRD, SEM, TEM, universal testing machine and VSM
systematically. Adding 5% or 10% (mole fraction) Ti to the Fe,;Ni,;Co,, MEA, the bulk TiC/Fe,;Ni,;;Co,,
composite was achieved via in-situ reaction, using the combination of mechanical alloying (MA) and spark plasma
sintering (SPS). The results show that after 40 h of ball milling, Fe,;Ni,;Co,, MEA powder is composed of a major
face-centered cubic (FCC) phase and a small amount of body-centered cubic (BCC) phase, and the two TiC/
Fe,;Ni;Co,, powders are composed of a primary BCC phase and an FCC phase. Following by SPS, the bulk
Fe,;Ni;;Co,, MEA show a single FCC phase with a small amount of contamination, and the two bulk TiC/
Fe,;Ni,;Co,, consisted of a primary FCC phase with some TiC. The FCC phase in the two bulk TiC/
Fe,;Ni,Co,, exhibits a multi-scale structure consisting of micron grains and ultra-fine grains. In addition, the
volume fractions of ultra-fine grains increase as the TiC increasing. In terms of properties, the addition of TiC
evidently improves the compressive yield strength and coercivity of Fe,;Ni;;Co,,, there by leading to a decrease in
the plasticity and magnetic saturation of the material simultaneously. The bulk TiC/Fe,;Ni;;Co,, with 5% Ti addition
show the best performance, in detail, showing a compressive yield strength of 1352 MPa and a compressive fracture
strain of 24.5%, along with a coercivity of 992 A/m and a saturation magnetization of 0.1387 A -m?/g.

Key words: medium-entropy alloys; mechanical alloying; spark plasma sintering; mechanical property; soft

magnetic property
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