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Table 1  Criterion of high entropy alloy solid solution

% 2 HEATLEEEZFMBHITE
Table 2 Calculation parameters of HEA/Tiy alloy
AH/KImol™ 6/% VEC @ 4 vy

X AS/II KT mol?

0 1.61 —-29.44 6.81 6.20 0.8 0.29 1.244
0.2 1.70 -31.89 7.30 6.12 0.7 0.27 1.282
0.4 1.75 -33.90 7.68 6.04 0.7 0.25 1.282
0.6 1.78 -35.56 7.97 5.96 0.7 0.23 1.282
0.8 1.79 -36.90 8.20 5.90 0.7 0.22 1.282
1.0 1.79 -38.00 8.37 5.83 0.7 0.21 1.282
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[ |AH|
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= -y et

b= 2et-)) 1=5
y:(l_\/(rerF)z—Fz _\l(rL+F)2—T2

(r+77 (r +77

Note: R=8.314 J/K-mol, AS-mixing entropy, ¢;, cj-element mole
fraction, VEC-valence electron concentration, AHmiXij'thi and thj
mixing enthalpy, ©-ratio of entropy enthalpy, (Tm)i-melting point of

i element, J-atomic radius difference, ri-atomic radii, ¥ -average

atomic radius, 4-geometric parameters, y-solid solubility parameters,

r_-largest atomic radius, rs-smallest atomic radius
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Fig.2 Microstructures of HEA/Tio. (a, ¢) and HEA/Tios (b, d) alloys
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B3 HEA/Tio2 Fl HEA/TIos & 42 B i 4141
Fig.3 Microstructures of HEA/Tio 2 (a) and HEA/Tigs (b) alloys

# 3 [ 3H HEAT, &&REXHE EDS S MTER * 4 TERERRESEAH
Table 3 EDS analysis results of marked zones for HEA/Tix Table 4 Enthalpy of mixing AH between elements (kJ/mol)&”!
alloys in Fig.3 (at%) Element (atomic radii/nm) Cr Fe Ni Al Si Ti
X  Zone Cr Fe Ni Al Si Ti
1 1485 2693 1070 282 2890 15.80 Cr(0.128) - 17 -0 =87 10
0.2 2 63.65 8.19 0.66 0.54 2578 1.18 Fe(0.124) - -2 -11 -35 -17
. 3 22.06 3117 9.28 3.04 28.68 5.78
Ni(0.125) - =22 -40 -35
4 6.18 1540 3237 3399 1054 152
5 1855 277 289 221 123 7235 Al(0.143) - -19 30
06 6 211 7.14  40.86 4473 479 0.37 Si(0.117) . 66
7 21.08 3187 9.05 3.13 28.78 6.08
8 3059 2020 295 081 3819 7.25 Ti(0.147) -
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Fig.7 Wear rates of HEA/Tiyalloys
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Table 5 Corrosion potential, current density and years

corrosion depth of HEA/Tiy alloys

X E(1=0)/mV lor/pA-cm™ Vep/mm a™*
0.2 -325.34 0.10 1.03x107?
0.6 -288.79 0.01 1.39x10*
1.0 -304.55 0.98 1.01x107?
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Fig.8 Polarization curves (a) and Nyquist diagrams (b) of

HEA/Tialloys
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Fig.10 Oxidation dynamic curves of HEA/Tiyalloys per unit area at 800 ‘C: (a) x=0, (b) x=0.2, (c) x=0.6, and (d) x=1.0

% 6 HEAITi, &7 800 CASIREBETHESH

Table 6 Fitting parameters of HEA/Tiyalloys at 800 'C atmospheric environment
X Slope Intercept Coefficient Equation
0.12 -0.53 0.984 Y,=0.12T7-0.53
0 0.04 1.30 0.991 Y,=0.04T+1.30
0.06 0.17 0.979 Y;=0.06T+0.17
02 0.03 1.06 0.986 Y,=0.03T+1.06
0.40 0.17 0.997 Y1=0.40T+0.17
06 0.18 1.06 0.993 Y,=0.18T+1.06
2.13 —4.65 0.993 Y,1=2.13T-4.65
Lo 0.85 27.28 0.989 Y,=0.85T+27.28
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MEENEREAFK. TiMEEE8y Bk, &
7 TiO R AI I B Wil T Ti B RS K, & 5
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M 6 FTEN, HEA/TIg ¢ & 4 HH K R H i 5 0 0.997
55 0.993, fR4E C.ELA YN G T AL IE 1 b 30 7)
SR EAL, A SR R R A I

3 & it

1) CrFeNiAISITi, (x=0~1.2)& 4 LA bee [H ¥ 744
NE, BEHE TOSERNEMN, &41 beec HIEZ, ML
a2, ERPIRA LGN, Bofh FEAAES Ti
e J1mmIITR .
2) HEAITioe & Ml i 1 ME e fie (3, JE8 Tl L U2
FEf /N 0.01 pA/em®, 4E iR FE B/ 1.39%
10" mm/a. HEA/Tiyo & &4 A MR i, RAEERE HV
SR K 9356 MPa % £ B KA 5.01 glem®, L
B R e /NN 24.01%, AL T A BE B E AR 34
mg cm?, JEMEE S E A 0.98 pAlem?, JEHEA N
-304.55 mV, EE RN 1.01107 mm/a.
3) BEAE Ti SEAHG N, FRL AN S A 1 ER
B, G Ak BB E W N, B KA 5.92>10°
mg® em* s, PLEA Ti MIIAAF TR R A S KT
e i AL P RE
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Microstructure and Properties of CrFeNiAlSiTix High Entropy Alloy Prepared
by Laser Sintering

Li Gang™®, Wen Ying™?, Yu Zhongmin?, Zhang Dongbo®, Meng Y ufei®
(1. College of Mines, Liaoning Technical University, Fuxin 123000, China)
(2. College of Materials Science and Engineering, Liaoning Technical University, Fuxin 123000, China)

(3. Yingkou Institute of Technology, Yingkou 115000, China)

Abstract: In order to verify the feasibility of directly preparing high entropy alloy using natural ferrochrome ore powder, Cr, Fe, Ni, Al, Si close
to the ferrochrome ore powder were selected as the base elements and suppressed into billet after mixed with Ti elements doped with
non-equimolar ratio, and CrFeNiAISiTix(x=0~1.2) high entropy alloy was prepared by laser self-spreading sintering. The phase structure,
microstructure, density and porosity, hardness, wear resistance, corrosion resistance and high temperature oxidation properties were analyzed by
OM, XRD, SEM and EDS, Vickers microhardness tester and electrochemical workstation. The results show that with the Ti content increasing,
the bcc phase increases and confirms the results of intrinsic parameters. Dendritic tissue decreases, petal-like tissue increases, and elements with
strong Ti binding forces are mainly present in dendritic crystals. When molar content x=0.6, the corrosion current density of the minimum is
0.01 pA/em? and the minimum years corrosion depth is 1.39>10* mm/a. When molar content x=1.0, the maximum microhardness HV is 9356
MPa, maximum density is 5.01 glcm®, porosity is 24.01%, minimum wear per unit area is 34 mgem?, oxidation rate is 5.92>10° mg? em™* s?,
corrosion current is 0.98 pA/cm?, and annual corrosion depth is 1.01102 mm/a.

Key words: laser sintering; high entropy alloy; hardness; abrasive resistance; corrosion resistance
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