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Fig.1 Schematic drawing of wear test

¢ beel e fec
AlFeCrCoCu

¢ whbccl & bee2

¢ fcc O w-phase .
AIEeCrCoCuTl

Intensity/a.u.

(n]
. v beel o bee2
¢ fcc O wphase 800 °C
v Ya

20 30 40 50 60 70 80 90 100
201(9
Kl 2 AlFeCrCoCu. AlFeCrCoCuTi A }: 800 C [k
AlFeCrCoCuTi &4t XRD K1
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Fig.3 Microstructure images of alloys: (a, c) AlFeCrCoCu, BES, (b, d) AlFeCrCoCuTi, BES, (e) tempered
AlFeCrCoCuTi, BES, (f) AlIFeCrCoCu, HSEI, (g) AlFeCrCoCuTi, HSEI, and (h) tempered
AlFeCrCoCuTi, HSEI
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Table 1 Chemical composition of AIFeCrCoCu and AlFeCrCoCuTi alloys by EDS analysis (at%)

Alloy Al Fe Cr Co Cu Ti
Nominal 20 20 20 20 20 —
AlFeCrCoCu 1 (DR) 19.07 27.47 26.71 22.43 4.32 —
2 (ID) 14.20 0.97 1.01 1.35 82.47 —

Nominal 16.67 16.67 16.67 16.67 16.67 16.67

1 (DRa phase) 6.08 23.95 46.51 10.59 3.31 9.55

AlFeCrCoCuTi 2 (DRg phase) 20.12 13.16 5.94 29.72 7.57 23.49

3 (IDw phase) 5.25 32.14 19.18 14.04 2.52 26.86

4 (1D) 13.95 1.04 1.03 1,20 82.32 0.46
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Table 2 Atomic radius and mixing enthalpy of element

oairs (ka/mol) Re, T AR, HRREE, S ARER) o,
Atomicradiu Al _Fe  or  Co  Cu i ARG BRI RAN B HEE, FETHERmTNE
Al (143pm) — 11 -10 -19 -1 -30 B, H13E S AEEEE N TEA 5 Y BE S, A48
Fe(124pm) -11 — -1 -1 13 17 BRI EY . — BB T, 2 AG<0 B, W] ElE ¥
Ccr(121pm -10 -1 — -4 12 -7 W2 EI0E 4 2 AG>0 I, AREEEIEE AT 2
Co(125pm -19 -1 -4 — 6 -28 FJtE 4. AlFeCrCoCu &4 {717 Al, Fe, Cr, Co,
Cu(128pm -1 13 12 6 — -9 Cub Mt sm B, REMIRS, WMARHFEK T RAN

Ti(45pm) 80 17 7 28 9 — HHfE. tAh, ALY THRETTRMETEER, R
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Fig.6 Coefficients of friction of the AlIFeCrCoCu, AlFeCrCoCuTi
and 800 ‘C tempered AlFeCrCoCuTi alloys
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Fig.7 Wear contours of the AlIFeCrCoCu, AlFeCrCoCuTi
and 800 C tempered AlFeCrCoCuTi alloys
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Table 3 Wear parameters of the AlFeCrCoCu, AlFeCrCoCuTi
and 800 °C tempered AlFeCrCoCuTi alloys

Width/ Depth/ Wearing
Alloy . 3
mm mm capacity/mm
AlFeCrCoCu 0.718 0.3143 0.0866
AlFeCrCoCuTi 0.654 0.2501 0.0714
800 C tempered o ou 04702 0.0374
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Fig.8 Surface morphologies after friction: (a, b) AlIFeCrCoCu alloy, (c, d) AlFeCrCoCuTi alloy,

and (e, f) 800 ‘C tempered AlFeCrCoCuTi alloy
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Table 4 EDS analysis of wear surface of the alloys (at%)

800 ‘C Tempered
AlFeCrCoCuTi

Element AIFeCrCoCu AlFeCrCoCuTi

16.23 16.33 15.19
(0] 13.47 18.25 25.10
Al 9.32 6.58 5.10
Fe 27.28 22.49 21.17
Cr 12.98 9.82 8.75
Co 11.83 9.46 9.27
Cu 8.91 6.62 5.60
Ti — 10.45 9.82
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Effect of Ti Addition on the Microstructure and Wear
Properties of AIFeCrCoCu High-Entropy Alloy

Xie Hongbo®, Liu Guizhong®, Guo Jingjie?, Zhou Min*, Liu Depiao®, Mao Weigian*
(1. Guangxi Key Laboratory of Information Materials, Guilin University of Electronic Technology, Guilin 541004, China)
(2. Harbin Institute of Technology, Harbin 150001, China)

Abstract: The microstructures of AlFeCrCoCu, AlFeCrCoCuTi and 800 <C tempered AlFeCrCoCuTi high-entropy alloys fabricated by an
arc remelter were investigated by XRD, SEM, EDS and DSC. The alloys’ hardness and wear properties were also tested. The results show
that AIFeCrCoCu alloy possesses face-centered cubic (fcc) and body-centered cubic (bcc) phases. After the addition of titanium,
AlFeCrCoCuTi alloy is composed of primary dendrite phase (The g phase rich in Al, Co, Ti and the a phase rich in Fe, Cr eutectoid
structure), interdendrite phase rich in Cu and the precipitated phase rich in Cr. Meanwhile, the hardness of AlFeCrCoCuTi alloy increases.
AlFeCrCoCuTi alloy exhibits a superior resistance to tempering and softening. The wear of the three alloys is adhesive wear, while the
wear resistance of the AIFeCrCoCuTi alloy improves, and the wear resistance of 800 <C tempered AlFeCrCoCuTi alloy is better than that
of as-cast alloys. The main reason is that with the increase of friction time, the 800 <C tempered AlFeCrCoCuTi alloy generates a layer of
oxide on the surface and it attaches to the friction surface, thus improving the wear resistance of the alloy.

Key word: high-entropy alloy; microstructure; tempering treatment; hardness; wear resistance
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