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Effects of WC on Structure and Properties of Spark Plasma Sintered Al,,CoCrFeNi Alloy
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Abstract; High entropy alloy matrix composites were fabricated by spark plasma sintering with Al,, CoCrFeNi as
matrix and 5% WC as reinforcement. Effects of WC ceramic particles on structure and properties of the composites
were investigated by phase composition analysis, microstructure observation, mechanical properties, and tribo-
logical properties tests. The results indicate that with the addition of WC ceramic particles, new carbide phases of
M,C and M,;C; appears in the composites in addition to the WC and matrix FCC phases. The strength and hard-
ness of the composites are increased relative to the matrix, while the fracture strain retains at 43.6% , and the
wear rate is reduced by over 50%.
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Fig.1 XRD patterns of Al,,CoCrFeNi HEA and
HEA-5% WC composites
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Fig.2  Variation curves of Gibbs free energy with temperature

for the reaction of WC with different elements
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Fig.3 EPMA backscattering images of Aly,CoCrFeNi high entropy alloy and HEA-5% WC composites
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Tab.1 Chemical composition of Al,,CoCrFeNi HEA
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e
st Al Co Cr Fe Ni w C
1 3.99 23.51 24.47 24.37 23.66 - -
2 15.00 20.77 21.44 22.01 20.79 - -
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Tab.3 Mechanical properties of Al,,CoCrFeNi HEA
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Fig.5 Engineering compressive stress-strain curves of
Aly, CoCrFeNi HEA and HEA-5% WC composites
5 Aly,CoCrFeNi B A& A [, HEA-5% WC & & #4
Bhepr WC s J5t AH 459 43 A1 78 = 005 G 4 B0 A AL AL L B
AR I PN =e v o e sl S I T RO L R G
. HEA-5% WC Z &Mk iy FCC R A0 b A 8 1y
M Co B 3BT 1 B Ak 0 A A, 23 06 52 45 b R £ 5 B2
PETHE B —E MR A M EERBL L T stk . A
4 AT W ST R AL 1 75 WC J0kL o [m] i 23 7 WC
B HEARAZ AL 1 S AR N BRI IR A bR [
R . EAEMBHMEYE TR, &2l T WC 5K R
EY?TE’JM/J\@%BE CEHALN TR SY .

2.4 [EEFMERE

7% 4 5 Al,, CoCrFeNi f1 HEA-5% WC & & ¥ ¥}
B R 4 B 0 4t R L TR 6 S A I ) R A R Rl £k
PR 4 FE 6 AT, A 5% 1) WC J5 . B & MR
JEE 462 R BSORE LG T A A e R AT o [ B 55 400 23 5 hy B AR 1Y
49% , M4 Khruschov B, & 4 44 R 1 it B 1 5
R 3 UIIRH O o B B vy o S 0 R ) L 3 5 R N 4k
M &5 RARTF G .

% 4 Al,,CoCrFeNi #1 HEA-5%WC E & BRI EBHRE R
Tab.4 Wear results data of Al,,CoCrFeNi HEA and
HEA-5% WC composites

kL FEBREC BHEE/ (X107 e mm® « N7 e m™ 1)

Alp.; CoCrFeNi 0.582 2.47
HEA-5%WC 0.484 1.22

1.0

0.8

- '
WA f W i M

gi4es|

0.4 B 0.4 ‘
02 02
0 0
0 5 10 15 20 25 30 0 5 10 15 20 25 30
e (B /min it (B /min

(a) Alp,CoCrFeNi (b) HEA-5% WC
B 6 Al,,CoCrFeNi#= HEA-5% WC 4 & # 49 B3 HE &
Fig.6 Friction coefficient of Al,;CoCrFeNi and
HEA-5% WC composites

B 7 & Al,. CoCrFeNi 3 /& 1 HEA-5% WC & &
MOBHY BB R TR A . o7 LUE B i A 4 S0 1 5 45
FTE AT . 1 HEA-5% WC &4 bR 1 52 2% 1
A 2 1 B BB X T AR R R A B WC JBURL Y
FIVERE LY . HEA JEAACR 52 45 0 ) 5 451 3¢ 18 #1547 7F
VRS RIS AR L UE B R AR T B R ES 4. HEA S
T 1H A7 AE— SO BRI M T A BE S, 6] HEA & £ 7E
R AR . G MR TE 0 AR X L, R

ok B F 4 A 7E BURL 38 B AL WCIBURL . B 48 WCHBURL 1)

(a) HEA, &4 (b) HEA, &#4&

(¢) HEA-5% WC, {& 4%

(d) HEA-5% WC, Z4%

B 7 Al,CoCrFeNi fo HEA-5% WC & & ## & 41 & & 44 SEM B
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