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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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1
Tah. Statistical summary of the welding process and mechanical properties of the welded joints for the same high-entropy alloys
High—ent I Thick Hard hard Tensile Tensile l
1ghentropy 4.0y teR Welding areness Harcoss strength of strength of onga- Strength Fracture
to be welded ness in BM in WZ S ion . o Ref.
/i Jm method JHY JHY BM joint 1% coefficient  position
/MPa /MPa
CuCoCrFeNi 1o laserwelding o, 160 183187 470 4213 26.2 0.00  Base metal [24]
’ (LW) ’ : : (BM)

CoCrFeNiMn 2 LW 15343 208+6 362+35 349+38  36.7+0.2  0.96 / [25]

CoCrFeMnNi 1.5 LW 321+1 189+l 11305 650210 2.5 0.58 Wf(’lvdvé()’“e [26]

CoCrFeMnNi 1.5 LW 129 173 688.9 350 / / Wz [27]

CoCrFeNi 1 LW 160~170 175~185 636 585 26.5 0.91 Wz [28]

CrMnFeCoNi 2 LW 144 187 560 530 / 0.95 Wz [14]

NiCoCr 4 LW 150~180 165~205 544+72 525+36 85+15 0.79~1.19 Fusion zone [29]

Friction stir

CrMnFeCoNi 1 welding 144 210+5 560 550 / 0.98 BM [14]
(FSW)

CrMnFeCoNi 2.1 FSW 158 259-290 / / / / / [30]

Aly3CoCrCugsFeNi 3 FSW 150 340 589 1037 37 1.76 BM [31]

CogFexsNiygCray 2/1 FSW 160 260 658 650 / 0.99~1.37 Wz [32]

Electron beam

CrMnFeCoNi 1.5 welding / / / 565 30 / \¥/ [23]
(EBW)

CoCrFeMnNi 1.6 EBW / / 633 617 27+4.8 0.97 BM [18]

CoCrFeMnNi 1.6 Argon are / / 633 530 15+3.7 083 \ 4 [18]
welding

AlysCoCrFeNi 25 Avii(f:lln?gm 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

Alg;CoCrFeNi 5 liquid phase 135 497 / 45~247 / / / [34]
bonding

AlCoCrFeNi,, 5 Diffusion 292 289~299 / 648 / / / [20]
welding

Disect acti 14.2

AlosCrFe, sMnNigs 8 “bec actve 477 185 / (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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2

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.ardness Tensile Tensile Elongation Fracture
0 b lded 1o b lded J thod BM/HV in WZ  strength of strength of 1% . ef.
o be welded to be welde 'mm metho JHV BM/MPa  joint/MPa o position
Diffusion HE‘]%OI.B”
CoCrFeNiCu 304 SS 30 welding . 190~200 / 430~500 / HEA-BM [44]
(DW) 304 SS:
193~233
CoCrFeMnNi 1060 Al 30 pw A0 g00o1000 ) 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 g / 224 32 Cu-side [38
oCrFeMnNi u HEA: ~180 u-side  [38]
9.01 GPa
Al; . 485 ~553 7 "
(TiZrHIND )os Ti,AINb 5/2.5 DW CPa (Ndn(?ln- / / / / [43]
dentation )
Al 6.82 GPa 55.6~777.1
5 RS )
(HNDTIZr )os TC4 52 DW / ( Ndngln / (Shear / / [45]
dentation) strength )
. Duplex HEA:164; HEA: 466;
ColrkeMnNi- o inless steel /12 W nssiogg 7 pssisoo 470 / / 1371
. Duplex HEA:320;
CoCrFeMnNi stainless steel 1 LW DSS: 250 168~180 / 584 8.2 WZ [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 / Wz [35]
CoCrFeMnNi 1060 Al 3 CMT / / / 70.5 / WZ [41]
. 15.7+1.4
AlpsCrle Mn-— 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% WZ [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

Material 1# Material 2# . Thickness Welding Hardness in H.ardness Tensile Tensile Fracture
to I lded to b lded Filler metal p thod BW/HV in WZ  strength of  strength of ition Ref.
o be welded to be welde mm metho THV BM/MPa joiny/MPpa  POSItiO
304 SS: 200; 304 SS: 851;
304 SS  SMA490BW CrMnFeCoNi 1.5 LW SMA490BW: 400 SMA490BW: 859 BM [53]
165 556
CoF 304 SS: 200; 304 SS: 851;
304 SS  SMA490BW e 1.5 LW SMA490BW: 320 SMA490BW: 769 W7 [53]
Ni,Alys
165 556
. TA1:130;
TA1/Q345  TA1/Q345 CrMnFeCoNi 3 LW (0234:186 841 500+10 11712 WZ [56]
304 SS: 304 SS:
CoCrNiMn 200£10; 1 083+34;
304 SS  SMA490BW Al TioSio, 1.5 LW SMA490BW: 200~320 SMA490BW: 698-711 WZ [60]
1608 576+22
(CrMnFe), 304 SS: 190; g7 304 SS: 850; _ 0235-
304 SS 0235 (CoNi), 1.5 LW 0235: 94 125~293 0235: 248 473-544 side [54]
(CoCrFe TC4: 350; .
TC4 304 SS Ni) o C, 1.8~2 LW 304: 200 WZ7:200 / 89-161 Ti-side [61]
CoCrFeMn-
304 SS 6061 Al NiCoZn- 1.5 LW / / / / / [55]
CuMny,Sip,
IN718 IN7IS  NiCuCoFeMn 15 ¢ 250 304~410 / / /5T
Brazing
38.8
. . . Al: 80~110; . .
Al Cu CuAlSnAgBi / Brazing / / Cu: 209~344 (Shear Cu-side [62]
strength )
Ti/ s
ZrB,~SiC-C GH99 FeCoNiCrCu 3 Brazing / / / (Shear Wz [52]
strength )
. 58~216
7rB,-SiC Nb C"EGNI.CY‘ 4 Brazing / / / (Shear I [59]
uTi,
strength )
High
TA2 0235  CuAlSnAgBi ~ /  equency / / / 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 WZ [40]
welding
Resistance 144
TA2 0Cr18Ni19 FeyCryNiyCus, 1 spot / / / (Shear W7z [51]
welding strength)
Resistance 202
TA2 Q235  FegVyNiyCuy 1 spot / / / (Shear W7 [51]
welding strength)
S275J2  S275J2  AlCrCoNiFe Argon are 157 593 / / / [63]
welding
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Fig.1 Microstructures in the welding zone of the dissimilar joint of SM490BW steel and 304 SS welded by using
CrMnFeCoNi filler metal powders™

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



8 2022

b 9 lmJO
[53]
FCC
’ N Sample 5# BCC
o B Sample 4#
2.2 g Sample 3#
, Sample 2#
Sample 1#
o ,Sokkalingam 116 , . . . .
40 50 60 70 80 90
A105C0CI'F€‘N1 FCC+ 20/(°)
BCC s . (a) XRD of weld zone
FCC , BCC o
H CuCoCrFeNi  AlCoCrFeNi 320k Sample 1#
Sample 2#
,CuCoCrFeNi FCC ,Al- 2801 Sample 3#
CoCrFeNi  BCC+BI : ol Sl &
BCCa z 0235 CS WZ
’ £ 2001
B2 M CoCrFeMnNi < HAZ
Z 160}
, Cu/ T 304 SS
Fec ’ 120}
. CoCrFeMnNi 80p . . . .
-24 -1.2 0.0 1.2 2.4
s . Distance from the weld zone center/mm
(b) Hardness distribution diagram
53 ' 2 (CrMnFe),(CoNi), Q235
o pme, ° 304 XRD 4
Zhang ™ Ti/FeCoNiCrCu Fig.2 XRD patterns and microhardness of the weld zones
7SC GH99 , for various dissimilar joints of 304 SS/Q235 CS welded by
using (CrMnFe),(CoNi), filler metal powders™!
o Liu ™ 5 (CrMnFe), Liu B CoZnCuMngSi» CrMnFeCoNi
(CoNi), , 6061 304
BCC FCC , BCC ,
FCC , Fe-Al
o BCC , o
BCC , Fe—-Al , Al-
BCC 50% 12Si Fe-Al
N 2 ° N 3 o y COZnCuMno_gSio_z
BCC FCC , CrMnFeCoNi
JLiu B 10~20 pm ,
CrMnFeCoNi  CrFeNi, Alye , , (0.74~1.02 pm)  Fe-Al
SM490BW 304 s ; Al-12Si Fe—Al

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



, 9
. 118 pm™, . . ,
w7  Unmiced zone BM-AI WZ Unmiced zone BM—AI
WZ BM-AI
10 pm 10 pm 10 wm
(a) CoZnCuMnygSiy, joint (¢) CrMnFeCoNi joint (e) Al-12Si joint
S100f AT 5;:100‘ E 8ot Al
£ | Al | £
< 80L T 80F <o
t: 60: W7 Unmixed ZOH%M—AI t: 60t Wz Unmixed ZoneBM—AI ‘: sl W7 BM—AL
g 40t g 40t g
220 =20} o0t
=T : g
o . |z . . . . 1=
-20-10 0 10 20 30 40 -20-10 0 10 20 30 -15-10 5 0 5 10 15 20
Distence from the WZ/BM interface/pm Distence from the WZ/BM interface/um Distence from the WZ/BM interface/pm
(b) CoZnCuMnSi, joint (d) CrMnFeCoNi joint (f) Al-12Si joint
3 - / 151
Fig.3 Microstructure and element distribution of A/WZ interface in Al-steel dissimilar metal joints™
3 Sokkalingam 1 Al sCoCrFeNi
3.1 ,
1 232410 HV, 280+5 HV,
[24,68]
CuCoCrFeNi , BCC
, FCC 24:76 BCC FCC
, 10— 2.2:97.8, s BCC
20%0 Zhu 321 CO]GFCQSNizg ~
Crag s 17.2%"', Nam CoCrFeMnNi
s (~160 HV) s 321 HV
("'260 HV ) o C016F€23Nizgcl‘zg 189 HV .
Hall-Petch 321 , - 800~1 000 C 1h
o ’ 4 o

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



10 2022
CoCrFeMnNi
400 As welded
PWHT-800 C
_ 350 PWHT-900 C ’
= PWHT-1 000 C
# o
S300+
E , 260 HV;
_“gs 2501~ s 164 HVPT,
22001 ,
g
= 150|- ,
P [43]
100l | | | | | | 6.0 GPa, Du Aly
-3 -2 -1 0 1 2 3 : :
Displacement/mm (TiZrHiND )os Ti,AIND
(a) Broken line diagram of microhardness 9.0 GPa,
350
321 BM 400 As welded
300 WM PWHT-800 C
> 350+ PWHT-1 000 °C
250 =
5 = 300} =
2200 190 180 S Fusion Zone =
¢ 166 160 147 % « DSS
£ 150 144 133 =20 5 B
£ S T =z
<100 - = 2001
E E
.2 2
= 50 < 150t
0 - 100 ! I ! ! ! .
As welded PWHT-800 PWHT-900 PWHT-1 000 A T IECEE T CEET
Samples . . . . . . .
(b) Samples Histogram of microhardness Distance from HEA side/mm
4 CoCrFeMnNi

126]

Fig.4 The effect of electron beam welding and post—weld
heat treatment on the microhardness of cold—rolled
CoCrFeMnNi high—entropy alloy™

3.2
2
e CoCrFeNiCu
304 ,
190~200 HV, CoCrFeNiCu 153~
180 HV, 304 193~233 HV,
42 CoCrFeMnNi Cu,
130~190 HV,
(160~190 HV) Cu (70~80 HV) , Adomako
136] CoCrFeMnNi
180 HV,
168 HV,
CoCrFeMnNi
( 320 HV 250 HV),
,CoCrFeMnNi
, tel 5 o

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

5 CoCrFeMnNi

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>

3.3
3
o Bridges P
NiCuCoFeMn
93 HV,
304~410 HV .
) /
JLiu B3
,304 /SMA490BW
,CrMnFeCoNi
, 304 , Cr-
FeNi2_4AloA6 304
0.75 ., Liu ™ BCC FCC

http://www.cnki.net



11

BCC FCC 9:1
BCC 125 HV 295 HV
( 2(b))s ,Liu P
5 CoCrNiM-
HA]06T103SI()1 304 /SMA490BW
s \%
~165 HV ~220 HV®I TA1/Q345
, Ti
, ~841 HV,
Q345 4.5 Bo
4
4.1
1
, 80%
o Wu I8 CoCrFeMnNi
83.7%
97.5%,
- Sokkalingam '@
Alo_sCOCrFeNi

’

689+20 MPa,
(a)), o

81%~89% ( 6

, BCC

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

24% 2.2%, BCC
, 6(b)

(B )9

[16]
o

800 -

600 -

400 -

200+

Engineering strain/MPa

Welded Sample (TW)
. . . Ba?e Meltal(BM) .

0
0 10 20 30 40 50 60 70 80

Engineering strain/%

(a) Tensile stress—strain curve

T™W
< 8 000} BM
=
~§6000— N
18]
g
g 4 000
= A
< 2 000} 1 ¢
=}
= IB 2 ¢
0 1 1 1 1 1

0 200 400 600 800 1000 1200
Flow Stress/MPa

(b) Work hardening curve during tensile process!"!

6 Al sCoCrFeNi

Fig.6 Tensile properties of the GTA welded joint of
AlysCoCrFeNi high—entropy alloy

Nam © CoCrFeMn-
Ni ,
, 90% ,
, %61 Shaysul-
tanov ™ CoCrFeNiMn
s 698 MPa,
683 MPa; 31% ,

http://www.cnki.net



12 2022
o Lin Bl Aly;CoCrCuysFeNi [ CMT CoCrFeMnNi 1060
s , 70.5 MPa, Tsao
581 MPa, el Aly;CrFe; sMnNips 6061
589 MPa, , 15.7 MPa,
1 037 MPa, , Aly;CoCr- 4.3
CugsFeNi Hall-Petch
, o=0y+Kd ™", o, 196 MPa,K 644
MPa - pm" , , ,
o , 700~860 MPa, Liu P
4.2 CrMnFeCoNi 304
SMA490BW , 859 MPa,
5 2 ; Cr-
, . Wang FeNiyuAlg 769 MPa, JLiu @
CoCrMnFeNi 304 ,
515 MPa, B3940 , ,
585 MPa, Adomako P67 698~711 MPa, o
CoCrFeMnNi BCC  FCC
200~225 MPa, 2 o BCC  FCC
42 CoCrFeMnNi  Cu , BCC  FCC
s 5:5 (54
s 0.6 mm ,
225 MPa, 1 200 mm/min / s
, o 41 CoCr
1 000 mm/min 800 mm/min o FeMnNi Cu 304
40 CoCrFeMnNi Cu , 150 MPa,
224 MPa, o 2 CuA1SnAgBi
, TA2 Q235
o Peng , 195 MPa,
Als (HINbTiZr)es  TC4 0235 o B FegVyNiyCus
, Als(HINbTIZr ) s , TA2  Q235.TA2 0Cr18Ni9
TC4 55.5~777 ,
MPa , 202 MPa 144 MPa,
, 5 MPa 950 C o Zhang P Ti/FeCoNiCrCu
60 min . 2 ZrB,-SiC-C GH99 ,
° 71 MPa,
401 CoCrFeMnNi 1060
105 MPa, , )
1.8%, Al s(CrMn 80% o
FeCoNi)qs , ,

(€)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

500 MPa

http://www.cnki.net



H Al ’ 4
120 MPa, s .

[1] ZHANG Y,ZUO T T,TANG Z,et al. Microstructures and
properties of high—entropy alloys[J]. Progress in Materials
Science,2014,61:1-93.

5 [2] MIRACLE D B,SENKOV O N. A critical review of high

1) Co—Cr—Mn-Fe—Ni entropy alloys and related concepts[J]. Acta Materialia,
2017,122.448-511.

[3] LAURENT B M,GOUJON P A,MONNIER J,et al. Mi-

crostructure and mechanical properties of a CoCrFeMnNi

, Co—Cr-Mn-Fe-Ni

high entropy alloy processed by milling and spark plasma
© ’ sintering[J]. Journal of Alloys and Compounds,2019,780:
304 AL Cu o 856-865.
NN [4] JIN X,BI J,ZHANG L,et al. A new CrFeNi,Al eutectic
, high entropy alloy system with excellent mechanical prop-
erties[J]. Journal of Alloys and Compounds,2019,770:655-
661.

[5] LI Z,PRADEEP K G,DENG Y ,et al. Metastable high—en-
tropy dual-phase alloys overcome the strength ductility trade—
off[J]. Nature,2016,534(7606) :227-230.

[6] GLUBOVATZ B,HOHENWARTER A,CATOOR D,et al. A
fracture—resistant high—entropy alloy for cryogenic applica-

2) ’ tions[J]. Science,2014,345(6201) :1153-1158.

o [7]1 ZOU Y ,MAITI S,STEURER W et al. Size—dependent plas-
o ticity in an NbyMo,sTax;Wos refractory high—entropy alloy[J].
Acta Materialia, 2014 ,65.85-97.

[8] TSAI M H,YEH J W. High—entropy alloys:a critical review
[J]. Materials Research Letters,2014,2(3):107-123.

3) 9] , )

[J]. ,2021,35(17):17031-
’ 17036.
° A WU Z G,LI X,LI Z T. Research status and development
’ trend of high entropy alloy used in dissimilar metal welding
s [J]. Materials Reports,2021,35(17):17031-17036.
o [10] TILLMANN W ,ULITZKA T,WOJARSKI L,et al. Develop-
4) , ment of high entropy alloys for brazing applications[J].
Welding in the World,2020,64(1):201-208.
[11] WAY M,LUO D,TULEY R,et al. A new High Entropy

/ Alloy brazing filler metal design for joining skutterudite ther-

moelectrics to copper|J]. Journal of Alloys and Compounds,

2021,858:157750.

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



14

2022

[12] LUO D,XIAO Y,HARDWICK L, et al. High entropy al-
loys as filler metals for joining[J]. Entropy,2021,23(1):78.

[13] LOPES J G,OLIVEIRA J P. A short review on welding
and joining of high entropy alloys[J]. Metals,2020,10(2):
212.

[14] MIN G J,HAN J K,KANG M, et al. Microstructure and
mechanical properties of friction stir welded and laser
welded high entropy alloy CrMnFeCoNi[J]. Metals and Ma-
terials International ,2018,24(1):73-83.

[15] KASHAEV N,VENTZKE V,STEPANOV N,et al. Laser
beam welding of a CoCrFeNiMn—type high entropy alloy
produced by self—propagating high —temperature synthesis
[J]. Intermetallics,2018,96:63-71.

[16] SOKKALINGAM R,MISHRA S,CHEETHIRALA S R,et
al. Enhanced relative slip distance in gas—tungsten—arc —
welded AlysCoCrFeNi high—entropy alloy|J]. Metallurgical
and Materials Transactions A,2017,48(8):3630-3634.

[17] LI P,SUN H,WANG S, et al. Rotary friction welding of
AlCoCrFeNi, ; eutectic high entropy alloy[J]. Journal of
Alloys and Compounds,2020,814:152322.

[18] WU Z,DAVID S A,LEONARD D N, et al. Microstructures
and mechanical properties of a welded CoCrFeMnNi high—
entropy alloy[J]. Science and Technology of Welding and
Joining,2018,23(7) :585-595.

[19] LI H,SHEN W,CHEN W et al. Microstructural evolution
and mechanical properties of AlCoCrFeNi high —entropy
alloy joints brazed using a novel Ni-based filler[]J]. Journal
of Alloys and Compounds,2021,860:157926.

[20] LI P,SUN H,DONG H,et al. Microstructural evolution,
bonding mechanism and mechanical properties of AlCoCr-
FeNi,, eutectic high entropy alloy joint fabricated via dif-
fusion bonding]J]. Materials Science and Engineering,2021,
814:141211.

[21] TSAO L C,CHANG S Y,YU Y C. Direct active soldering
of AlysCrFe sMnNigs high entropy alloy to 6061 —-Al using
Sn—Ag-Ti active solder]J]. Transactions of Nonferrous Metals
Society of China,2018,28(4):748-756.

[22] ZHU Z G,SUN Y F,GOH M H,et al. Friction stir welding
of a CoCrFeNiAly; high entropy alloy[J]. Materials Letters,
2017,205:142-144.

[23] WU Z,DAVID S A,FENG Z,et al. Weldability of a high
entropy CrMnFeCoNi alloy|J]. Seripta Materialia,2016,124:
81-85.

[24] . CuCoCrFeNi [D].

: ,2017.
WU X P. Study on laser weldability of CuCoCrFeNi high

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

entropy alloy[D]. Shenyang : Shenyang Ligong University,
2017.

[25] KASHAEV N,VENTZKE V,PETROV N, et al. Fatigue
behaviour of a laser beam welded CoCrFeNiMn—-type high
entropy alloy|J]. Materials Science and Engineering:A,2019,
766:138358.

[26] NAM H,PARK C,KIM C,et al. Effect of post weld heat
treatment on weldability of high entropy alloy welds [J].
Science and Technology of Welding and Joining,2018,23
(5):420-427.

[27] NAM H,PARK S,CHUN E J,et al. Laser dissimilar weld-
ability of cast and rolled CoCrFeMnNi high—entropy alloys
for cryogenic applications[]J]. Science and Technology of
Welding and Joining,2020,25(2) :127-134.

[28] ZHU Z G,NG F L,QIAO J W et al. Interplay between mi-
crostructure and deformation behavior of a laser —welded
CoCrFeNi high entropy alloy|J]. Materials Research Express,
2019,6(4):046514.

[29] ZHU Z,YAN S,CHEN H,et al. Unprecedented combina-
tion of strength and ductility in laser welded NiCoCr medi
um entropy alloy joints[J]. Materials Science and Engineering :
A,2021,803:140501.

[30] ANAMAN S Y,ANSAH S,CHO H H,et al. An investiga-
tion of the microstructural effects on the mechanical and
electrochemical properties of a friction stir processed e
quiatomic CrMnFeCoNi high entropy alloy[J]. Journal of
Materials Science & Technology,2021,87:60-73.

[31] LIN P T,LIU H C,HSIEH P Y,et al. Heterogeneous
structure—induced strength—ductility synergy by partial re-
crystallization during friction stir welding of a high—entropy
alloy[J]. Materials & Design,2021,197:109238.

[32]ZHU Z G,SUN Y F,NG F L,et al. Friction—stir welding of
a ductile high entropy alloy: microstructural evolution and
weld strength[J]. Materials Science and Engineering: A,
2018,711:524-532.

[33] LEI Y,SUN J,HU S P,et al. Investigation on the mi-
crostructure and mechanical properties of CoCrFeNi high—
entropy alloy joint bonded with BNi, interlayer[J]. Journal
of Materials Processing Technology,2021,294:117144.

[34] LEI Y,HU S P,SONG X G,et al. Transient liquid phase
bonding of cast Aly;CoCrFeNi high—entropy alloy using Ni/
Zr/Ni laminated foils[J]. Journal of Alloys and Compounds,
2021,871:159504.

[35] WANG G,SHENG G,YU Q,et al. Investigation on regu-
lating inter—granular penetration in CoCrMnFeNi high—en-

tropy alloy and 304 stainless steel dissimilar joints[J]. Ma-

http://www.cnki.net



15

terials Science and Engineering:A,2021,800:140291.

[36] ADOMAKO N K,SHIN G,PARK N,et al. Laser dissimilar
welding of CoCrFeMnNi-high entropy alloy and duplex
stainless steel[J]. Journal of Materials Science & Technolo-
gy,2021,85:95-105.

[37] ADOMAKO N K,KIM J H. Microstructure and mechanical
properties of dissimilar laser lap joint between CoCrFeMn-
Ni-high entropy alloy and duplex stainless steellJ]. Materials
Letters,2021,288:129354.

[38] s s s (CoCrFeMnNi)/

[J].
,2017,53(2) :84-91.

LIU Y L,LUO Y C,ZHAO D,et al. Study on interface be-

havior and joint properties of (CoCrFeMnNi)/copper vacu-

um diffusion bonding[J]. Journal of Mechanical Engineer-

ing,2017,53(2):84-91.

[39] , , CoCrFeMnNi/

[7. ,2016,46(12) :122-127.
LIU Y L,LUO Y C,SHI Y Y,et al. Vacuum diffusion
welding of high entropy alloy CoCrFeMnNi/stainless steel
[J]. Electric Welding Machine,2016,46(12):122-127.
[40] . )
[D]. : ,2016.
LIU Y L. Study on diffusion welding of high entropy alloy
with dissimilar materials of aluminum, copper and stainless
steel[D]. Lanzhou: Lanzhou University of Technology,2016.

[41] . CoCrFeMnNi /

CMT [D]. ,2016.

TANG S L. Interfacial reaction of CoCrFeMnNi high en
tropy alloy/aluminum melt and its CMT brazing [D].
Lanzhou : Lanzhou University of Technology,2016.

[42]
[D]. : ,2017.

ZHAO D. Study on Microstructure and properties of elec-
tron beam welded joint between copper and high entropy
alloy|D]. Lanzhou : Lanzhou University of Technology,2017.

[43] DU Y J,XIONG J T,JIN F,et al. Microstructure evolution
and mechanical properties of diffusion bonding Al
(TiZrHIND )os refractory high entropy alloy to Ti,AINb alloy
[J]. Materials Science and Engineering:A,2021,802:
140610.

[44] s s , . CoCrFeNiCu 304

[J]. ,2021,57(12) : 1567-

1578.

LI J,ZHAO H L,ZHOU N,et al. Study on vacuum diffu-

sion welding of CoCrFeNiCu high entropy alloy and 304

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

stainless steel[]]. Acta Metallurgica Sinica,2021,57 (12):
1567-1578.

[45] PENG Y,LI J,SHI J,et al. Microstructure and mechanical
properties of diffusion bonded joints of high—entropy al-
loy Als(HINbTiZr)es and TC4 titanium alloy[J]. Journal of
Materials Research and Technology,2021,11:1741-1752.

[46] s s .. CuCoCrFeNi

AlCoCrFeNi [J].
,2017,25(4) :25-30.
WU X P,ZHANG W Q,FU H M,et al. Study on Mi-
crostructure and properties of laser welded joints of dissim-
ilar high entropy alloys CuCoCrFeNi and AlCoCrFeNi[J].
Materials Science and Technology,2017,25(4):25-30.

[47] LI S,LI J,SHI J,et al. Microstructure and me chanical
properties of the brazed region in the AlCoCrFeNi high—
entropy alloy and FGH98 superalloy joint|J]. Materials Sci-
ence and Engineering: A,2021,804:140714.

[48] SOKKALINGAM R,MUTHUPANDI V,SIVAPRASAD K,
et al. Dissimilar welding of Al0.1CoCrFeNi high —entropy
alloy and AISI304 stainless steel[]]. Journal of Materials
Research,2019,34(15) :2683-2694.

[49] DING W ,LIU N,FAN ], et al. Diffusion bonding of copper
to titanium using CoCrFeMnNi high—entropy alloy interlay-
er[J]. Intermetallics,2021,129.:107027.

[50] s s , . CoCrFeMnNi

Cu/304 [J].
56(8):1084-1090.
DING W,WANG X J,LIU N,et al. Diffusion bonding of
Cu/304 stainless steel with CoCrFeMnNi high entropy alloy
as interlayer[J]. Acta Metallurgica Sinica,2020,56(8):
1084-1090.

[51] ) / [D].
,2015.

GUO J B. Study on resistance spot welding of titanium/

,2020,

steel plate with high entropy effect[D]. Xi’an:Xi’an Univer-
sity of Technology,2015.

[52] ZHANG L X,SHI J M,Li H W et al. Interfacial microstruc-
ture and mechanical properties of ZrB,SiCC ceramic and
GH99 superalloy joints brazed with a Ti-modified FeCoNi
CrCu high—entropy alloy[J]. Materials & Design,2016,97:
230-238.

[53] LIU D,GUO R,HU Y,et al. Dissimilar metal joining of
304 stainless steel to SMA,BW steel using the filler metal
powders with a high—entropy design[J]. Metals and Materi-
als International ,2020,26(6) : 854-866.

[54] LIU D,GUO R,HU Y et al. Effects of the elemental com-

http://www.cnki.net



16

2022

position of high —entropy filler metals on the mechanical
properties of dissimilar metal joints between stainless steel
and low carbon steel|]]. Journal of Materials Research and
Technology,2020,9(5) : 11453-11463.

[55] LIU D,WANG J,XU M,et al. Evaluation of dis similar
metal joining of aluminum alloy to stainless steel using the
filler metals with a high—entropy design[J]. Journal of Manu-
facturing Processes,2020,58:500-509.

[56] LIU D,WANG W,ZHA X, et al. Experimental investiga-
tion of butt welded Ti/steel bimetallic sheets by using mul-
ti—principal powders as a single filler metal[J]. Journal of
Materials Research and Technology,2021,15:1499-1512.

[57] BRIDGES D,ZHANG S,LANG S, et al. Laser brazing of a
nickel-based superalloy using a Ni-Mn-Fe-Co-Cu high
entropy alloy filler metal[J]. Materials Letters,2018,215:
11-14.

[58] AZHARI S H,SARKARI K M,NADEMI B A, et al. Dis-
similar resistance spot welding of 6061-T6 aluminum al-
loy/St=12 carbon steel using a high entropy alloy interlay-
er[J]. Intermetallics,2020,124.106876.

[59] YANG Y,WANG G,HE R,et al. Microstructure and me-
chanical properties of ZrB, —=SiC/Nb joints brazed with
CoFeNiCrCuTix high- entropy alloy filler[J]. Journal of the
American Ceramic Society,2021,104(7) :2992-3003.

[60] LIU D,WANG W,ZHA X, et al. Effects of groove on the
microstructure and mechanical properties of dissimilar
steel welded joints by using high—entropy filler metals[]].
Journal of Materials Research and Technology,2021,13:
173-183.

[61] HAO X,DONG H,XIA Y,et al. Microstructure and me-
chanical properties of laser welded TC, titanium alloy/304
stainless steel joint with (CoCrFeNi) n—xCux high—entropy
alloy interlayer{]]. Journal of Alloys and Compounds,2019,
803:649-657.

621 . / [D].

,2012.
JIA C. Study on high entropy alloy for welding aluminum/
copper|D]. Xi’an:Xi'an University of Technology,2012.

[63] VOICULESCU I,GEANTA V,VASILE I M, et al. Charac-
terisation of weld deposits using as filler metal a high en
tropy alloy[J]. Journal of Optoelectronics and Advanced Ma-
terials,2013,15(7) :650-654.

[64] NAM H,PARK S,PARK N, et al. Weldability of cast CoCr-

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

FeMnNi high—entropy alloys using various filler metals for
cryogenic applications[J]. Journal of Alloys and Compounds,
2020,819:153278.

[65] NAM H,PARK S,CHUN E J,et al. Laser dissimilar weld-
ability of cast and rolled CoCrFeMnNi high—entropy alloys
for cryogenic applications[]J]. Science and Technology of
Welding and Joining,2020,25(2):127-134.

[66] FAN Y,LI P,CHEN K, et al. Effect of fiber laser welding
on solute segregation and proprieties of CoCrCuFeNi high
entropy alloy[J]. Journal of Laser Applications,2020,32(2):
022005.

[67] QIN X,XU Y,SUN Y,et al. Effect of process parameters
on microstructure and mechanical properties of friction stir
welded CoCrFeNi high entropy alloy[J]. Materials Science
and Engineering: A,2020,782:139277.

[68] s s . CuCoCrFeNi

[J1. ,2017(9) -
234-237.
WU X P,ZHANG W Q,FU H M,et al. Crack analysis of
pulse laser welded joint of CuCoCrFeNi high entropy alloy
sheet[J]. Hot Working Technology,2017(9):234-237.

[69] NAM H,PARK C,MOOM ], et al. Laser weldability of cast
and rolled high —entropy alloys for cryogenic applications
[J]. Materials Science and Engineering:A,2019,742.224—
230.

[70] SHAYSULTANOV D,STEPANOV N,MALOPHEYEV S, et
al. Friction stir welding of a Carbon-doped CoCrFeNiMn
high—entropy alloy|J]. Materials Characterization,2018,145 .
353-361.

(1984—), , ,
o E-mail :1dj515@126.com,

http://www.cnki.net



