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M AR R JR 1 ik e A Oy ) e e S R A O
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Fig.1 Potential polarization curves of AISI 1045 steel substrate and

CoCrFeNi HEA coating under laser cladding and annealing™”!
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Fig.2 Microhardness distribution of the laser-cladded TiZrNbWMo

coating before and after annealing®?
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CoCrFeMnNi coating lap zone prepared by high-speed laser cladding (c) and normal laser cladding ()=
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Fig.5 Section M0 (a) and M1 (b) of WTaNbMo coating during

depositiont®!
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Table 1 Performance parameters of some laser cladding high entropy alloy coatings in this paper
Ecorr(V)/icor(A €m?) Microhardness, HV/>9.8 MPa
. Reference
HEA-coating Structure material Refs.
HEA-coating Reference material HEA-coating  Reference material
CoCrFeNi (after

1000 °C annealing) fcc AISI 1045 -0.458/- -0.643/- - - [17]
MgMoNbFeTi;Yoss  foctbece MgMoNbFeTi, —0.326/4.521x10° —1.252/7.231x107 65045 387 [18]
FeCoCrAINiTiyo fcc+bee AISI 304 -0.23/7.3x10® >615 170 [24]
Al,CrFeCoCuNi;oTi  fectbee Q235 -0.33/7.33%10° -0.35/2.4x10”" - - [19]
NiCoCrMnFe fcc H13 >500 200 [21]
ZrNbWMoTi bee+f-TixWix 454# 700 280 [22]
AICoCrFeNiSigs bcc AISI 304  —0.271/6.284<107  —0.48/7.0<107 865 204 [13]

A IR A A=, FEr AR PR R e [ v R B2, B
& &G HEAs, n DAEPIR BEE S FE T &K % HEAS
MGG BORS, S GF M T A A, [N AT DS I A
R AR, AT B iR A 1 R
2.1 EMFIESHEESERENETHHAR

HEAs  FH T H 7R IR =il 0 55 I RO Ak 2
fe, R ZTHEPFR T ZME. FER &SR T
CoCrFeMnNi-HEA, HEJFTiEf Cantor &4, HTHALR
(BT RIS FE el DA B AE AR I R e Ry e s it B
TRV ATER T T Z 5. Lu ZBE ot K
PR¥54 (laser powder bed fusion, LPBF) R & ZiHu il ¢
TARIR (93 KD M= (293 K) T 1M i i
CoCrFeMnNi-HEA F1 2%TiC/CoCrFeMnNi (Jii &3 %0
HAEME (HEC) KIJ15tERe. ABIAT AR
7 293 K 5}, TiC/CoCrFeMnNi-HEC (f) i IR 38 5 . Fidir
FREE . FEMHER 50N 764.344.4 MPa. 1022.648.0 MPa.
22.3%0.8%; 1M7E 93 K W, JLJEARGREE. PihishfE.
ZE R 4y ) 4 1108.7#10.2 MPa. 150648.4 MPa .
24.6%40.8%, H% CoCrFeMnNi-HEA ¥ KIEIRTT. X
FERA TIC Gk Bk AE LPBF #1145 1) HEC # & b 70 A 1)
&), EEVRANMA SR A3 A o AR A I N A AT A
Bj 1k Min R348 2, AT B B8 4 (R 3508 1, 1 HL 5 40 HEA
FESAREL, HEC £ 5 B A S i s ), BARIRARTE
J& HEC FE 5 AR BLG K BORL T 22, WIER] HEC ¥ i
HA RAFHARIE BT 6E 71 . Kim 2R ok X
P AR (selective laser melting, SLM) il 4% J A7 S84k 14
3% CrMnFeCoNi-HEA, 7EAGiR (77 KD "NAI A3 ik
HER IR B R 7R FF & B CrMnFeCoNi-HEAs. i

g R IR, 77 K IS 9K E A 44KHE CrMnFeCoNi-HEA
Jee IR R B R R A 2643331 9 1150 MPa. 1450 MPa.
23.4% . X AR S 72V RE B A D 32 Bl A
NI S )5 Tp ey (AR IEP S7 = R Aty o b o P B
JEAE T B 9K A A DR I G s A AL T 8 A1 I
i R R S A 2 (Y TR
2.2 EMFIESHEESESERMNE TR

RHEAs &—325LL Nb. Mo. Hf. Ta. W. Cr. V.
Zr A1 Ti AEdE T R N ETC HEAs, HHAG a7 B (A 25 4
ARSI ER 2R B S 28 e, AERRE IR . A% RERI A i
AT HAT T R A S P AT RO 2 RE it SLM
FAR#% T WNbMoTa. NbMoTa 2% st At HEAS,
BRI I 68 B 4 bR ST i/ ELTE SO o T . v
NbMoTa =i &4 7E 1000 C N JE IR 32 & 14 ) 530 MPa.
W PR 58 5 A 684 MPa, SE1R KT 8%, FL 1000 C
N B JEE TR R 4 v IR PR TS R SR B I
GH4169. Dz125 mif A & MM H T H =Mk Tk
T111. C103. Nb-1Zr fi}f & 4. Zhang 2RI SLM
R T LRI M NbMoTa % HEAs: RHEA-01
(Nb3oMo0y,TagTigNig) . RHEA-02(NbMoTaTigsNigs), *f
HZ 0B yURSAEAT T, stieds Rk 2 fr
7, RHEA-01, RHEA-02 (1) 5 i 1t Re B R IR -
1000 ‘C F RHEA-01 HJ$i & 58 =ik 993.84 MPa, ALt
Wi TR T 37.8%, il 6b Fix, RHEA-01 &
1400 ‘C N zhA&Pi K58 E miA 1015 MPa, RHEA-01 [/
BPUESE A M REAL T i HEAS AU 4158 7K
2.3 #EMFIESHEE X0

SLM i FHEAHIE T E8ES. RITE RSN



%1

AR WOLH M )36 BOA ) % vl 15 <2 (BT 70 J - 107 -

R 2 ATRELIRE THAEMHIE RHEAs BT E M BEXTEE
Table 2 Comparison of compressive properties of RHEAs
fabricated by laser additive manufacturing at

different temperatures

Temperature/’C ~ Alloy  Yield stress/MPa Stress/MPa Strain/%

RHEA-01 1277.35 1597.62 9.50
25
RHEA-02 1750.46 2277.79 15.00
RHEA-01 1131.42 1207.21 8.00
600
RHEA-02 1279.34 1669.75 28.42
RHEA-01 693.34 150.53 10.00
800
RHEA-02 756.92 1033.63 28.00
RHEA-01 724.45 993.84 10.00
1000
RHEA-02 554.61 651.36 11.00
1800 F -=—NbMoTa(VAM) &
~—RHEA-01
1600 | —+—RHEA-02
©
S 1400}
£ 1200}
5
& 1000
S 800f
> 600 [
400 1 1 1 1 1 1
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Fig.6 Comparison of compressive properties between RHEA-01 and
RHEA-02 (a); dynamic compression curve of RHEA-01 at
1400 °C (b)B!
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Progress in the Preparation of High Entropy Alloys by Laser Additive
Manufacturing Technology

Zhao Yanchun'?, Song Haizhuan', Wang Xiaoyu®, Wang Yuanyuan®, Ma Huwen®, Feng Li*?, Liu Jianjun*?, Duan Wangchun*
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Abstract: At present, the traditional design concept of alloying materials based on enthalpy change is approaching its limit, while new metal
materials based on entropy change design have a large degree of freedom in the design of medium and high entropy alloys. Therefore, the medium
and high entropy alloys make up for the shortcomings of room temperature brittleness and metastable crystallization of metastable materials and
continuously make breakthroughs in performance. Laser additive manufacturing technology differs from traditional processing design and
manufacturing concepts, providing new possibilities for promoting the development of advanced alloy materials and has become a key technique for
linking materials and products. In the present paper, based on laser additive manufacturing technology, the research status of high-entropy alloy
coating prepared by laser cladding technology, high-entropy alloy prepared by 3D printing technology and high-entropy high-temperature shape
memory alloy prepared by 4D printing technology were described from three dimensions of 2D, 3D and 4D, respectively. The key technical
problems and solutions in the current research were discussed. Finally, the preparation of advanced alloy materials by laser additive manufacturing
technology was summarized and prospected.
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Corresponding author: Zhao Yanchun, Ph. D., Professor, State Key Laboratory of Advanced Processing and Recycling of Non-ferrous Metals,

Lanzhou University of Technology, Lanzhou 730050, P. R. China, E-mail: zhaoyanchun@edu.lut.cn


https://kns.cnki.net/kcms2/article/abstract?v=3uoqIhG8C44YLTlOAiTRKibYlV5Vjs7iLik5jEcCI09uHa3oBxtWoPCtAIzELEvz4S15X0J8ZAfH9HrX1gnhS0_C7mDhbGv5&uniplatform=NZKPT
https://www.sciencedirect.com/science/article/pii/S0264127521000150
https://www.sciencedirect.com/science/article/pii/S0264127521000150
https://www.researching.cn/articles/OJf99ba23c67eb5e26
https://www.sciencedirect.com/science/article/pii/S2213846319301828
http://www.baidu.com/link?url=NOFBiID-MwmnRBh65vlYXULAGIAch0RvQ6XkF9EvZp1FZ3gS5BWiMIppSAl30gwUlkpjt-T_b5gcuOmM5HrfQxGocYvltOC6t1IlEm6sWz5EZF5BgcU6DG7n83r8g_SQZPm_cWKQI0v9IOC1wgWtfIn_IiYtU3veaKiCgKoQiClUbxiHLhZJwLdSan-9WyQdXwqGWMCBzJ6ph_KBoIVWZsRvzIe93O8l9baCCRYN_uUOSZimCKS9r5-zvePYmQbojmJjAYbIpPIrFiaOUFRfSL8cOF8fxeiylnQ3RIVmvx0tQj39o-o4MQUAscWr_TGyFZl1ZXx0U6jEXm8zxNBbYa
http://www.baidu.com/link?url=NOFBiID-MwmnRBh65vlYXULAGIAch0RvQ6XkF9EvZp1FZ3gS5BWiMIppSAl30gwUlkpjt-T_b5gcuOmM5HrfQxGocYvltOC6t1IlEm6sWz5EZF5BgcU6DG7n83r8g_SQZPm_cWKQI0v9IOC1wgWtfIn_IiYtU3veaKiCgKoQiClUbxiHLhZJwLdSan-9WyQdXwqGWMCBzJ6ph_KBoIVWZsRvzIe93O8l9baCCRYN_uUOSZimCKS9r5-zvePYmQbojmJjAYbIpPIrFiaOUFRfSL8cOF8fxeiylnQ3RIVmvx0tQj39o-o4MQUAscWr_TGyFZl1ZXx0U6jEXm8zxNBbYa
https://navi.cnki.net/knavi/journals/JGDJ/issues/j6HAoO1nZAwZ3ALru69wc-BRxzw1ewTWk2ZedOD-Q5Nw3AvcilfsX_oFXTkSnQWc?uniplatform=NZKPT
https://kns.cnki.net/kcms2/article/abstract?v=3uoqIhG8C45S0n9fL2suRadTyEVl2pW9UrhTDCdPD67B9LOzyXydzNFrWV2ZzaOgY-aagSK9ImcTwrtxAJcc8kCKV5odBwJG&uniplatform=NZKPT
https://www.nature.com/articles/srep46707
https://kns.cnki.net/kcms2/article/abstract?v=3uoqIhG8C44YLTlOAiTRKibYlV5Vjs7i8oRR1PAr7RxjuAJk4dHXol9h7QHsDZVt7ps427dWW4fqVpPtYq8sPF_n2giQH8XN&uniplatform=NZKPT
https://www.sciencedirect.com/science/article/pii/S1005030213001254
https://www.sciencedirect.com/science/article/pii/S1005030213001254
https://kns.cnki.net/kcms2/article/abstract?v=3uoqIhG8C44YLTlOAiTRKibYlV5Vjs7i8oRR1PAr7RxjuAJk4dHXol9h7QHsDZVt_9Hxaz7iO141k5BiQ0yyo5mw5kXzCzG7&uniplatform=NZKPT
http://www.rmme.ac.cn/rmme/ch/reader/view_abstract.aspx?flag=1&file_no=20200491&journal_id=rmme
https://www.sciencedirect.com/science/article/pii/S1359645413005041
https://www.sciencedirect.com/science/article/pii/S1359646219307122
https://www.sciencedirect.com/science/article/pii/S0264127522006104
https://www.sciencedirect.com/science/article/pii/S0264127522006104
https://www.sciencedirect.com/science/article/pii/S0925838819323011
https://www.sciencedirect.com/science/article/pii/S0925838819323011
https://www.sciencedirect.com/science/article/pii/S2214785315005805
https://www.sciencedirect.com/science/article/pii/S2214785315005805
https://www.sciencedirect.com/science/article/pii/S1359646220302359
https://schlr.cnki.net/en/Detail/index/GARJ2021_1/STJD9094542C180A9D76EDD6549DEDE00AB4
https://schlr.cnki.net/en/Detail/index/GARJ2021_1/STJD9094542C180A9D76EDD6549DEDE00AB4
https://onlinelibrary.wiley.com/doi/10.1002/adem.201800941
https://onlinelibrary.wiley.com/doi/10.1002/adem.201800941
https://kns.cnki.net/kcms2/article/abstract?v=3uoqIhG8C44YLTlOAiTRKibYlV5Vjs7i8oRR1PAr7RxjuAJk4dHXovusO5xEtLy3vVIEX3g_avaY9iw2wfSgzFCuP-orbmq_&uniplatform=NZKPT
mailto:zhaoyanchun@edu.lut.cn

