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Abstract : High—entropy alloy is a new type of alloy developed in recent years, solving the problem of only one or
two main components in traditional metal materials. Through significant increase in the number of components,
sluggish diffusion effect and severe—lattice —distortion effect are achieved in high—entropy alloys. It is easy for
high —entropy alloys to obtain ideal tensile strength and fracture toughness, which are particularly suitable for
welding to improve the service performance of welded joints. The application of high—entropy alloys in welding
field has broad prospects. At present, many scholars at home and abroad have tried to apply high—entropy alloys
with multi—principal elements to the welding field. Therefore, this paper summarizes the development and re-
search status of high entropy alloys in welding field, from the aspects of welding materials, welding methods, mi-
crostructure, hardness and mechanical properties. And the key scientific problems to be solved in the application
of high—entropy alloys in welding field are provided. Finally, the prospects for future research direction in this
field are proposed.
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Tab.l Statistical summary of the welding process and mechanical properties of the welded joints for the same high-entropy alloys

. . Tensile Tensile
High—entropy alloy  Thick- Welding H.a rdness h.ardness strength of strength of Elqnga— Strength Fracture
to be welded ness in BM in WZ . tion .S . Ref.
/ / method JHY JHY BM joint /% coefficient  position
fmm i /MPa /MPa
CuCoCrFeNi 1o laserwelding 455 160 183187 470 4213 262 090  Basemeal o,
: (LW) : : : (BM)
CoCrFeNiMn 2 LW 15343 20846 362435  349+38 36.7£0.2 0.96 / [25]
CoCrFeMnNi 1.5 LW 321x1  189+1  1130z5 650£10 2.5 0.58 Wf(’lgé(;“e [26]
CoCrFeMnNi 1.5 LW 129 173 688.9 350 / / \/ [27]
CoCrFeNi 1 LW 160~170 175~185 636 585 26.5 0.91 \/ [28]
CrMnFeCoNi 2 LW 144 187 560 530 / 0.95 \/ [14]
NiCoCr 4 LW 150~180 165~205 544+72 525436  85+15 0.79~1.19 Fusion zone [29]
Friction stir
CrMnFeCoNi 1 welding 144 21045 560 550 / 0.98 BM [14]
(FSW)
CrMnFeCoNi 2.1 FSW 158 259-290 / / / / / [30]
AlgsCoCrCugsFeNi 3 FSW 150 340 589 1037 37 1.76 BM [31]
CoygFessNixCrag 2/1 FSW 160 260 658 650 /' 0.99~1.37 WZ [32]
Electron beam
CrMnFeCoNi 1.5 welding / / / 565 30 / Wz [23]
(EBW)
CoCrFeMnNi 1.6 EBW / / 633 617 27+48 097 BM [18]
CoCrFeMnNi 1.6 Argon arc / / 633 530 15+3.7  0.83 \ ¥/ [18]
welding
AlysCoCrFeNi 25 A;i‘f;j;“ 280+5  232+10 810+20  689+20  56+2 0.81~0.89 BM [16]
Transient
CoCrFeNi 2.5 liquid phase 110 146 572 429 / 0.75 BM [33]
bonding
Transient
AlysCoCrFeNi 5 liquid phase 135 497 / 45~247 / / / [34]
bonding
i Diffusion
AlCoCrFeNi,, 5 i 292 289~299 / 648 / / / [20]
welding
Direct acti 14.2
Aly:CrFe, sMnNigs 8 ”f)”c active 177 185 / (Shear / / / [21]
razing
strength )
AlCoCrFeNi 4 Brazing  400~500 320~450 / 687+23 / / BM [19]

Note: "/" indicates that no relevant information is provided in the reference.
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Tab.2 Statistical summary of the welding process and mechanical properties of the welded joints between high—-entropy metals

Material 1 # Material 2# Thickness Welding Hardness in H.a rdness  Tensile Tensile Elongation Fracture
o b lded 1o b lded / thod BM/HV in WZ  strength of strength of 1% i Ref.
o be welded to be welde mm metho THV BM/MPa  joint/MPa o position
Diffusion HE?éOI‘53~
CoCrFeNiCu 304 SS 30 welding 304 S,S' 190~200 / 430~500 / HEA-BM [44]
(DW) ;
193~233
CoCrFeMnNi 1060 Al 30 pw A0 gh0 1000 105 18 Al-side [40]
oCrFeMnNi HEA: ~180 . side
304 SS: ~
CoCrFeMnNi 304 SS 30 DW 210; 180 / 585 50 HEA-BM [39]
HEA: ~160
CoCrFeMnNi C 30 pw w80 / 224 32 Cu-side [38]
oCrFeMnNi u HEA: ~180 u-side
9.01 GPa
Als . 4.85 ~ 553 .
(TiZrHIND )os Ti,AINb 5/2.5 DW GPa (Nanc')ln- / / / / [43]
dentation)
Al 6.82 GPa 55.6~777.1
5 Ao .
(HNDTIZn )os TC4 52 DW / ( Ndn(?ll’l / (Shear / / [45]
dentation) strength )
. Duplex HEA:164; HEA: 466;
CoCrFeMnNi stainless steel 1.5/1.5 LW DSS: 248 / DSS: 800 470 / / 1371
. Duplex HEA:320;
CoCrFeMnNi stainless steel 1 LW DSS: 250 168~180 / 584 8.2 W7 [36]
. . 150+30/
CuCoCrFeNi  AlCoCrFeNi 1.2 LW 500~700 210+30 470/190 166 / HEA-BM [46]
6.03 GPa 207~454
AlCoCrFeNi FGH98 5/2.5 Brazing / (Nanoin- / (Shear / / [47]
dentation) strength )
CoCrMnFeNi 304 SS / Brazing / / / 514.9 / W7 [35]
CoCrFeMnNi 1060 Al 3 CMT / / / 70.5 / W7 [41]
. 15.721.4
AlosCrle sMn-— co61 Al 8 Active / / / (Shear / / 21]
Nigs welding
strength )
HEA:160~
CoCrFeMnNi Cu 3 EBW 190; 130~190 240 198~215  12.5~30 BM [42]
Cu:70~80
Argon  HEA: 178;
Aly,CoCrFeNi 304 SS / tungsten arc 304 SS: 180 145~160 HEA: 327 590 38% W7 [48]

welding
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Tab.3 Statistical summary of the welding process and mechanical properties of the welded joints by using high—entropy
alloys as filler materials

Hardness

Tensile

Tensile

Material 1# Material 2# . Thickness Welding Hardness in . . . Fracture
1o be welded to be welded Filler metal / thod BW/HV in WZ  strength of  strength of -
o be welded to be welde mm metho THV BM/MPa joiny/Mpa  POSItion
304 SS: 200, 304 SS: 851;
304 SS  SMA490BW CrMnFeCoNi 1.5 LW SMA490BW: 400 SMA490BW: 859 BM [53]
165 556
CrFe 304 SS: 200, 304 SS: 851;
304 SS  SMA490BW . 1.5 LW SMA490BW: 320 SMA490BW: 769 W7 [53]
N12.4A10.5
165 556
. TA1:130;
TA1/Q345 TA1/Q345 CrMnFeCoNi 3 LW 0234:186 841 500+10 117£12 W7 [56]
304 SS: 304 SS:
< CoCrNiMn 200£10; 1 083+34;
304 SS  SMA490BW Al Tio:Sio, 1.5 LW SMA490BW: 200~320 SMA490BW: 698-711 WZ [60]
160+8 576+22
(CrMnFe), 304 SS: 190, 07 304 SS: 850; _ Q235-
304 SS Q235 (CoNi), 1.5 LW 0235: 94 125~293 0235: 248 473-544 side [54]
. (CoCrFe TC4: 350; ..
TC4 304 SS N .G, 1.8~2 LW 304: 200 WZ:200 / 89-161 Ti-side [61]
CoCrFeMn-
304 SS 6061 Al NiCoZn- 1.5 LW / / / / / [55]
CuMnsSig,
. Laser
IN718 IN718  NiCuCoFeMn 1.5 . 250 304~410 / / / [57]
Brazing
38.8
. . Al: 80~110; .
Al Cu CuAlSnAgBi / Brazing / / Cu: 209344 (Shear Cu-side [62]
strength )
Ti/ /l
ZrB,-SiC-C GH99 FeCoNiCrCu 3 Brazing / / / (Shear W7z [52]
strength )
. 58~216
ZiB-sic Nb o CoReNiCE g ing / / / (Shear /59
CuTi,
strength )
High
TA2 Q235  CuAlSnAgBi ~ /  requency / / / 195 B235- 69
induction side
brazing
. Diffusion Cu: 60;
Cu Ti CoCrFeMnNi 5 welding Ti: 160 140 / / / [49-50]
Vacuum
Cu 304 SS  CoCrFeMnNi 30 diffusion / / 150 \V4 [40]
welding
Resistance 144
TA2 O0Cr18Ni9  FeyCryNiyCuy 1 spot / / / (Shear W7 [51]
welding strength )
Resistance 202
TA2 Q235  FegVyNiyCuy 1 spot / / / (Shear W7 [51]
welding strength )
$275J2  S$275]2  AlCrCoNiFe ) Argon arc 157 593 / / / [63]

welding
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BCC #1057 1 43 e M 3 509, 5L 4% X 1) fif J3E i
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Fig.2 XRD patterns and microhardness of the weld zones
for various dissimilar joints of 304 SS/Q235 CS welded by

[54]

using (CrMnFe),(CoNi), filler metal powders

Liu 2% H CoZnCuMnySig, A1 CrMnFeCoNi
BRI T R LI T 6061 #5445 304 RN
() f1 S b 4 R AR, R B R 22 TR R T A AR 4k
HBIE BT = W AN, BB 6 S 3 10 K A% Fe-Al &8
AL A0 = A i A KR e S TR AR N A i) [X
JUPAFTE Fe-Al 48 RALG 9, midE S mifk iy Al-
12Si AR 45422 3k A0 0 A ) X AEAE K Fe—Al 42
JEEALE Y, K 3 it . HAh, CoZnCuMnggSio,
CrMnFeCoNi W5 Fft (5 52 45 3k 78 408 & 4 A7 7 — 1> 58
JEHN 10~20 pm AEARA X, Z KA Y&
TG R, 7= T Ok 9 (0.74~1.02 wm) i Fe—Al
SIRAMLE Y T Al-12Si FERHT 5823k i Fe—Al
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Fig.3 Microstructure and element distribution of Al/WZ interface in Al-steel dissimilar metal joints™
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1k, R FE DABE AT X (~160 HV) $2 T 22 57 4% X
(~260 HV), Ff48 H CoiFexNixCry = 5 4 15 4%
X 1) S SR FE 45 & Hall-Petch JC &2, Al WL | 3 1 )58
PR BB AR TE R R A 0 v T DL R 4 IR
o4 /IS ffoRL RT3 2 e 0 G 4 O 4 X I et
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Sokkalingam 5" 5Y T AlysCoCrFeNi /& % & 4 7
SRR 42 S o R R AR AL A, B A X A
JE R 232410 HV IR T B4 X 28045 HV, X & H
TSR P REX TR N AAE TR K,
il AR 5% XA A B A T B R AR, B IX BCC 5
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MR PR 2.2:97.8, Al UL K48 X N BCC
A 2R R A2 R R A X R R T ~
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TR, R P Sk O B CBE#F X 321 HV T
R MR8 X 1 189 HV , H AR 422 #A iy A X A5 4% X ¢
THORE 3 S AR /1N 800~1 000 “CAR IR 1 h B9 48 )5 #4
Ao AT DAl R A IXORE R 2R R, T R A XA
WA R, i 208 K KR S XA 3 W v T RE R X
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Fig.4 The effect of electron beam welding and post—weld
heat treatment on the microhardness of cold—-rolled
CoCrFeMnNi high—entropy alloy™
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P} EEUSE 3 B T AR E CoCrFeMnNi B & 45 Cu,
KPR A XA 5 R 130~190 HV I T R i & 4 Bl
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5 S o 4 e o) AR T S R R A L R B
SEAT A A MR AE X 180 HV, 1 5 I BUF R
B B0 KR 5 Dy 168 HV, {H A 48 XA AR AR T
CoCrFeMnNi =4 £ 4 Ko BURH A 85 40 BE b 1) 168 32 i
(43 50k 320 HV 5 250 HV), {HZ 0 48 5 #ukb 2
Jii ,CoCrFeMnNi 15 % & 4 BE A 09 2 00 3 20
Bef: 7T 2 DX 8 J L AN AR &) 5 iR, X AL

A CoCrFeMnNi = 5 & 4 5 BUH R 65 90 5 Fh 4 )&
PG S, MG XA A0 A S 0 Rk e A
ANTA] o OBURH A 55 509 X I A5 4 J2 ) b F Al PR 4k 3
A B B T T B AT Ak 260 HV (5 = A 4
Xof I AR SR 0 B 5 LR AR AR, 2000 164 HVEY, i
A A B R 9K IR A s A A S
Ry RS A, RS
ST A2b B EE (AT 3K 6.0 GPa, Du ZW1% B Al

(TiZrHfNb )os 55 Ti,AINb " HiCK 42 F 1 &b (14 B 15 {0
ik 9.0 GPa,
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Fig.5 Effect of post—-weld heat treatment on the
microhardness distribution profiles of the welded joints
between cold-rolled CoCrFeMnNi high—entropy alloy and
duplex stainless steel™
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Ak 2 143 R 45 AR 4 T IR I A e 0 T S B
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PP K 9 B R BT IK 97.5%, X FE M TH T
FOIR R i B K IR R R (S AR
F S AR 4 IX SR RS B in 471 Sokkalingam SR
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i TRE A AT R, A BRE B B Sk 1 B b R B 2
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Fig.6 Tensile properties of the GTA welded joint of
AlysCoCrFeNi high—entropy alloy

Nam 55 HOGCHR 858 5 L35 CoCrFeMn-
Ni A 4 W3 Sk U o B2 J I A5 A5 e 1 42 3k
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A BEA R AR B SR R AL 90% , HLF 4
Xof 42 3k HURL R 5 ) A R, 432 Sk P ke e 4 4 b
O, (R IE I RETE — e R iR e Rk
ROPLR B (R B AR A 2, Shaysul-
tanov ST T CoCrFeNiMn =540 & 4 P FEEE AR
Fepe Sk BRI PERE , & B i TR 8% ok RO A9 12 3%
AL, S P sim B fe s AT 35 698 MPa, 5 TR i
FERY 683 MPaj {H 2 3k Wi 2L 4E b 3y 319% , ALK B
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MHRFE ) —2F , Lin PUESE T Alg;CoCrCugsFeNi i
T By G 0PI BE 4B AR 4 Sk i A R RE & RE A IR
FERIRLSE 2 581 MPa, 1M A543 43 S 3L RE A BL A
SRR 589 MPa, (HAXTE S X HUA /N f
S B AT A 1 037 MPa, M, % B AlysCoCr-
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ek Iy 2 ne i o AR

42 BREEE5HESEREELNNF R
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A2 B X e RA R ) S o G S A Sk BB o B
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R BEEAR L, A a5 G S0 R A B AR
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FHEERIF] H B F AR DB T CoCrFeMnNi 5 Cu
1) S P 4 T % 2, R B P S O o P 0 4 Sk R A
PEREA 2, MW A EE B R 0.6 mm B 23k B o
JEIR BN RAE 225 MPa, 2454243 4 1 200 mm/min
AF 7 e 32 R BT 24 A AR A% X, AR R RO
1 000 mm/min 1 800 mm/min i 32 FE W 24 78 4 ]
XN F MR A% B CoCrFeMnNi 5 Cu 94 06 42 3k
58 B HEIA #] 224 MPa,
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MPa s ] P, 37 H50RE 42 1 3 0 42 3k B 1) o 3 A o
PERIVERT 76 5 MPa JE ) F 24454 T2k 950 CAR
& 60 min B 4L B9 P10 B IR B i RAE . % 2 fwn
A A SRA S5 AR R kR ik, X
T AR ZEUL B CoCrFeMnNi 5 1060 554 4 9 B
FERSL TR SR N 105 MPa, 33k W 247 i 54 hy
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43 EREAEEENREEZHBEEEINNE
4 B8

e W A A VR o AR AR T TR R L Y )
PERE 5 B KR AR B DDA DG, YRR A R R S A AR
B, 323k P03 AT 3k 700~860 MPa, Liu Z551% Fi
FF CrMnFeCoNi iy {5 4% 3 76 b4 RHE 42 304 A 45549
5 SMA490BW BT, 42 kB4 i AT ik 859 MPa,
WA TEBEM K AR W 2 YRS A BN Cr-
FeNiyAlg BF B2 SLPTHI5R BN 769 MPa, A7), Liu 55!
R IR KA A TR 5 E I 1 AT DA ek A 1
L5 KE) 52 M A5 4% DXRH 25 0 ) o) A0 DX R A W
S AR Sk A B R AN K, HE Sk R E R
698~711 MPa, PRI FE AR 70 KR 4% [X K AR W 5 iF5E
PRI 2o A 45 AR A T SR AT R ) BCC 5 FCC B IR
JCE I B i X S i A B A S e SRR R 2 )
BCC 5 FCC JE .0 2 #BAS RE fff 1 45 422 3 4R 15 Fe (£
PIPLAPsREE SPUA s, 2 BCC 5 FCC B Mo H
Fri By 505 B2k 2R G D1 2E e i fER,

e G AR A A V2 AR G O ST
R BN IO S B A/ B A S R 4 UL
Fe Sk Ty MERE I B 25 . X B AR AEILL CoCr
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A3 AT b3 SR A R R 4 Sk 1 S MR R
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