Open Journal of Natural Science BH#AR}2%, 2021, 9(2), 241-246 Hans X
Published Online March 2021 in Hans. http://www.hanspub.org/journal/ojns
https://doi.org/10.12677/0ins.2021.92026

BRI EEIEBAICIFeNISISHA SN
4 BER 5T

HREY, BHRY, & B, e

Y REER, e TR, LT KR

AT BRI AE SR U B S S s, T AR
Email: m261140814@163.com

Weks H i 20214F2H8H; A HW: 20214F3H18H; KA HW: 20214E3H25H

=

R ABOLRLE K7 X H ZAICrFeNiSiFRE & &, MAKRED Howc=0%, 5%, 10%, 20%5kCEIERN
B &R, BRI BRSNS R, TR I EXN EH A S KA F R .
SRR, ERHEEEET, MABRLERENNEHEESNEE. Jowe = 10%8, BERKX, A
579.7 HV10. {Howc = 20%8}, BALESER FBILRES, EHEE&EE RmFEK.

K §Eia)

BEESE, Botked, mikBsa

Properties of AlICrFeNiSi High Entropy Alloy
Reinforced by Tungsten Carbide

Xianbao Zheng! 2, Xiangran Meng2, Yi Caol2, Xiaoying Guo!2

'School of Metallurgy Engineering, Liaoning Institute of Science and Technology, Benxi Liaoning
2Liaoning Key Laboratory of Optimized Utilization for Non-Associated Lean Iron Ore, Benxi Liaoning
Email: m261140814@163.com

Received: Feb. 8‘h, 2021; accepted: Mar. 18th, 2021; published: Mar. 25‘h, 2021

Abstract

AlCrFeNiSi high entropy alloy reinforced by tungsten carbide adding owc = 0%, 5%, 10%, 20%,
was prepared by laser sintering. The relationship between the content of tungsten carbide and the
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microstructure and properties of high entropy alloy was analyzed by microstructure and mechan-
ical properties testing. The results show that the hardness of the high entropy alloy can be in-
creased by adding tungsten carbide into the matrix of high entropy alloy. The maximum hardness
is 579.7 HV10 when owc = 10%. When owc = 20%, the hardness of high entropy alloy decreases
due to the large amount of pores around WC particles.

Keywords
High Entropy Alloy, Laser Sintering, Tungsten Carbide Reinforced

Copyright © 2021 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 8I8

[ VS T RTE 1995 AF 1 AR H m A S IORER,  JRAE 2004 4 B IROR RAAREER[L], =il
HGE—ROEEATE 5 MBS ML bk, BN EERICBURBERIL[2], mia &l E mEE. &
SRS N B W R RPUEA R R AR READ R G IR A, DR T RO L R
JEWE I — PR R3] [4] [B]. CrFeNi Rimfi &2 H AT 7808 A — Fl s il & 6k R[6], Cr. Fe.
Ni =FoRJE PR B AR ZEAR R, BREGERE R, 68 mEr] [8].

WA RAMAIESE B e R R EGE A SR T RSO T ik & & H HINER]. SiAESmiE
&R T R R PR NAE E R IR 722, B E ke Bk, w153 — e i &R ik
B FE S 5@l aEP SRR ANIRESE, SitRS5EBR NS EnfE, SElaenrh
S RS2 50 B 5k [10].

WC 2 EBERA MM, BARSREEAE S KBRS G K, WC TESiE6 &5k
RS R A Ay 85, oT DL BIEHE A RIEZIER, WC Bl b AR 3L i &9, Saiis
SRARGES R, UNIN WC Bkt il MU sl & & AR, faiaad g BAK s, |
B8 WC &rasfin, shRirAn RIS SRR ESE N, (RS S & 5 e ARG [11]. ASCEEN m G
SIS A5 22 B A AL AT I, RGEHETE T RN B X 5 8 & 4 RN ) 2 R Re s,
AT LN R A A 0 B IR AL i 25

2. SEHy
2.1 SEEMPR

SRS H A AL Cr, Fe, Ni, Si &)@ KRR AR A 99.9%, MUREEE 200 H. 21 Al,
Cr, Fe, Ni, Si GZEE/RILLBIRACE, 0 BIMATEE D Bowe = 0%, 5%, 10%, 20%MIHkLES,
AR ERN 15 g, SN NRENE 1 iR, MHAKRBEITER A, S LR AT B i 5] 2
2h BT AHIEREE, 7E 100 MPa (1 58 T fil #5068, Rl il A AT, AR 10 mm.
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Table 1. The high entropy alloy sample number and quality of each component

* 1 SREERHRSREEHIHRE

RS S Al(g) Cr(g) Fe(g) Ni(g) Si(g) WC(g)
@ 1.83 1.89 351 3.78 3.99 0
(b) 173 1.80 3.34 3.59 3.79 0.75
(©) 1.64 1.70 3.16 341 3.59 1.50
(d) 1.46 151 2.81 3.03 3.19 3.00

8 A& 50 advance D8 B X S ZRATH 73 BT X 3 M im i & e HOP0AH, 433 A B 10°~90°, FAHid 2
N 0.1%s. f#H%EE] EVO-18 F14fi LT AT A 2R3 X-max B8 WE S Tl i B A U e s -

K FH HVS-50 4 FCAE B - B RE O E 5, fir 28 10 kgf, fRFFIE] 10 so BEAMRFENNR 3 Vhd 1.,
HESOIER

K MMW-1 B 52 EE A AL 2 v 08 & 4 (1 BB B PR e, 0T S 1 )9 GCrds v kAN, 356 7724 200 N,
345N 200 r/min, WS TR 6 min.e BRSSO A 4 B JAL003N HL RSPk E .
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Figure 1. XRD of WC doping on AICrFeNiSi high entropy alloy
1. BRL$5152% AICTFeNiSi StE4& £/ XRD Elig

Intensity(a.u.)

1 AWRALES 5 2 AICrFeNiSI Ef & 41 XRD B, dtal LIS H AICrFeNiSi Eifi & 4 A Ny
BCC #H. Bfi#E WC B2 &N, WC MIfTHT IR B8, 1 HATHESE . \TFROLRE MR
ANRELE WC Bitki s 4 mifl, [R5 24 R AL B9 X 405 & 4 38R IR AR A 5T
3.2. BERBL ST

K 2 iS5 2 AICrFeNiSi =i & &M Ui (BSD)EIME, Hrsw A B/ Nk A kAL B kL,
2 4 AICrFeNiSi i & &4k n EDS #IR(R T H 0 th, %). 4547 B 5 A EDS vl &1, 14 2(a)
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BT PRS2 Sio TR T Ao thE R T AKX, SilCr, Fe, Ni &K Z/NT Cr, Fe,
Ni BAHPRA RS, FIUEH I Si oz M. & 2(c). K 2(d)BeARE0 7 i (X3 Al Si mR =T
sett Xk [ 2(b)H WC UKL FLER H ILAEAR R O, I PO BR A B RO AE o 4t S A P i 58 4
e, TR T R R . SRR, &R A SRS BUR RO S RE s, 1 2(b), & 2(c)s
2(d) WC BRI AN FLER g AR ER hr o TR B0 2 0 22 57 thon] B 5000 AR A i 7 2R ) A B A oK

Figure 2. BSD of WC doping on AICrFeNiSi high entropy alloy
B 2. BRiL$5i82 AICrFeNiSi SkE4 £/ BSD Bl

Table 2. EDS data of AICrFeNiSi high entropy alloy (atomic percent, %)
= 2. AICrFeNiSi S1E& €251 EDS BIR(RFBESEL, %)

W AETE Al Cr Fe Ni Si
(a) 1 27.26 13.31 24.07 14.32 21.04
2 13.27 27.02 21.93 24.56 13.22
(b) 3 15.68 19.96 28.25 20.57 15.54
4 23.79 20.12 16.08 19.66 20.35
() 5 25.25 18.29 17.18 16.84 22.44
6 15.75 23.05 2352 21.59 16.09
(d) 7 25.18 15.93 18.11 24.79 15.99
8 15.01 27.77 22.64 14.24 20.34

3.3. EEMNR

I 3 AT LA, BRI B A2 BN 10%00 S i &4 i HVA0 B8 BEE BN 579.7. BRALESVE N EE —4d,
WU BG4S . SR TECREERGEE, BB AN SSERREITNES, kel
FEF PP AE LI S & SR, IB 28N 20% 0 S A S BT BRSO .
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Figure 3. The Vickers hardness of WC doping on AICrFeNiSi high en-
tropy alloy
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Figure 4. Wear amount of WC doping on AICrFeNiSi high entropy alloy
[ 4. BR{Li5iBZ% AICIFeNiSi SlEA SHERE
SiaE 3 ME 4w LIEH, FEEBAEERERIGIN, AICrFeNiSi G < 1A 8 0T B B 45
BN, MBAREN 200N i EE, BTG 2, BHRE TR, R E WA K.
4. 5ig
1) Wotkest i RE I TE xRl il WC UKL, 45 7% A TR A 55X e 5 15 <o JE AR HO WD AH LA S o
2) FEEEEAACN BCC BV, H & @M R A 2 R A7 1E B AT -
3) WC 1EA 5 AR AT B RIG & & & 10REEE, {2 WC B 2888 20%I) = i & S 0 B2 4K
4) WC #:7% AICrFeNiSi =15 & 42 1 401 B 5 Bl FE B B
E&WH

I T RHEEBE 2020 4F K2 AE AT ZRrH &I (202011430084);
LT B AR 23 42(20180550025) .
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