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WE.: N TG PR CoCrNi 5 4 4 1 215 M BE (9 52 m ML A A ATL B, SR FIOG IS M BER T4 T Coy gs-
Cr, 355 -Nig 055 -Mog o136 TG0 DG AR AT 7 WA X AT St 0 T BURATST 3 4E R TR 40 3O
T3 REPLAAEEHLXS CoCrNiMoy, o5, HHA SEOGTIRAS RS MBI 3 FORE T & S A LURMEREIFT T &
fE, BRI BOGTIER CoCrNiMoy, 5 G A AETIRAS AR BRI D b B /5 24 B AR 8 B THT O 7 T 454, DUARAS
T, A& &R, B RORARAT , i NAFAE TSR A A AN R 2540, & 4 i B R IK, (R Aok R VRGBS, & &
8 AL T DAOUERE 308 2 AR K2R BOROCUURRAS  Ja IR BE R 1 132. 88% , ihr ik BEB = 53. 78% , JEAH R TG it
AR s TR R 2 TR A LS | 1aURE 2T HH BUBR BE 9A K 2854, HCJSEFE 24 2 100m , BBV ARTE 2 i A7 A R o 0 oK 28 | S g
GaEA RIFNLEE 1A MERe, B UTRRAS i ARSRE  Phr s B 53 48 & 220. 09% F1 96. 22% , FEAH R 0 ;i 2754k,
I T RSN R 1 45 9 KA B R T 254, AT A R T Mo 487% CoCrNi W& 4 0 1 22 L BE
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Study on the effect on microstructure and properties of CoCrNiMo, ;3
medium-entropy alloy in laser deposited by post-treatment

YANG Wuhong' ,DING Xu' ,FANG Jinxiang® ,YANG Xiuye' ,ZHAO Geng' ,WANG Jiaxuan',HE Haotian'
(1. School of Mechanical Engineering, Guizhou University, Guiyang 550025, China;2. College of Mechanical and Electrical En-
gineering, Kunming University of Science and Technology, Kunming 650500, China)

Abstract: In order to study the effect and mechanism of post-treatment on the microstructure and properties of medium
entropy alloy in CoCrNi, the medium-entropy alloy in Coy sg5-Cry 3085-Nig 355-M0g o136 Was prepared by laser deposition. The
microstructure and properties of medium-entropy alloy in CoCrNiMo, ;s under laser deposition, hot forging and hot forging
sandblasting were characterized by optical microscope, scanning electron microscope, X-ray diffractometer, electron backscatter
diffraction, 3-D surface profilometer, and universal tensile testing machine. The results show that the medium-entropy alloy in
laser deposited CoCrNiMo, o5, has stable face-centered cubic structure after as-deposited, hot-forging, and hot-forging
sandblasting. In the deposited state, the grain size of alloy is coarse, because of microsegregation, there is a substructure with
uneven distribution of elements in the grain, and the strength of the alloy is low, but the plasticity is good. After hot forging
treatment, the grain size of alloy is significantly refined, and more annealing twins can be observed. Compared with the laser
deposited state, the yield strength is increased by 132. 88%, the tensile strength is increased by 53. 78%, and the elongation has
no obvious change. After the hot forging sample was sandblasted, the surface of the sample showed a gradient nanostructure with
a thickness of about 100m, and there were a large number of nano-twins in the plastic deformation layer, the yield strength and
tensile strength increased by 220. 09% and 96. 22% respectively, and the elongation did not change significantly. Through
thermoplastic processing and preparation of nano-gradient surface structure, the static properties of medium-entropy alloy in Mo-
doped CoCrNi can be effectively improved.
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CoCrNi P44 )8 T CoCrFeMnNi 15 144 (1 V.
%, 5 CoCrFeMnNi =i A 4 J5MLL, CoCrNi A 4 HAT L
IR 245 RE , YA T AL 300 5 A 057 565 Vi % Ak B ATL A
A AR R, Ak AHXEF CoCrFeMnNi
A4 MHE W, i1 FeNiMn & 4: VA& CrFeCoNi &4,
CoCrNi £ 438 H ELAT 5 vy A Jit IR ok 88 A 32
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Ut A5 SR A RS B KA SR B4R 9 CoCrNil &R P
T 4, (EL AT FEAS B ARG SR B 17 B0 T o — 26 42 o o
FE AR

O L2 H 16 CoCrNi TR 4 4 1 il £ R R 4F
DT R TAE, WENG 45 AW il OGSl B
B v AR I3 CrCoNi HYR A 4, %o il 3% 52 1 1Y
G & WO IR BEIEAT T HIFSY , 45 SR B PR
Prhram e | Jim R A R AR 853 51Dl 873, 5MPa,
620. SMPa il 44. 8%, L4k, Hifth 4 F w5t £, ¥4
ST /A 4 R B HE 3% 25 8 I A LB
AEY ) XUE 28 Al ad B2 B U o b 1 4 1 25 D
TFLb CoCrNi T & 4, A T I A &8 IR E
310MPa, 1M 900°C # 4L J5 4b B /5 J Mie 5 B2 34 m 1
100MPa, CHEN %5 A" % 51 b CoCrNi FPf A 4
B 5LIS , Ji IR BE A SOOMPa, LT 28 A
I8 T B ELS ISR T CoCrNi iR & 4 1 40 5 v fig
(RFER BIFSE 245 SR R | 0 v LG A 4 AR 3 3k
1570MPa, H¥1E HAT 5% AR RERHE ., CHANG 55
NIRESE T R A 4 CoCrNi BRI Mo JC 2 Ji %o Hibk:
RERYSZ I | 25 SR LB IR0 Mo JC R Y CoCrNi FH A&
SRR B R RB A XA I 7 Lk CoCrNi
TG A LT, JE R 98 B 7] 38 600MPa, [A] B AR 4F T
BEEPE, g5 LR, A MR R OB S
il 28 52 ARG FI T £ R AF T REL R A9 CoCrNi &
& IAVEAR I S5 S AL BT B mT R R A R A R
J& AR IR R 5 5 s Mo B4 TEIRIIE & 4 B
UFSAPEETEE T, AR R, (HR OB ITR S 4
Mo $87% CoCrNi & 4 ISR AT A 7843, Ji Ab B 3O
YU Mo 824 CoCrNi & 4 IR A R w4k, 28
HARTEALEE BT CoCrNi A 4 B AR S P AR I 4 5]
PERE (A 23 BRI AN 5], R, ) 3 1 Ak
XS T CoCrNi R 4 J1 24T st i i o8 B B %2

ARSCAE R O TR R il & Mo B 24 F
CoCrNi HY &4, JTFiFA T IR S G + i b 3% 1T A 34
X A OGBS P B AR b A 55 3 FlORAS
THLRMEREI AT T RAE TS TR T 2044
HLURIF 2447 (R S M B A R ALEE

1 3£ 1§

SE R AT FVS20B NS ARy Bt , Stk
THTFHIT LI TR th B b I OIC T, LA PR R BR AR 0 4R
PR B LA IS5 A LR AT 5300 5 =22 )i e I JC K T

FEMR R ARG T . R AR5 ik il & 3K08 B
KEKIAE R 45um ~105pum ST 73 EOR T 0. 999 (1948
BRIEA A N 5B, 422 B3 24 CoCrNi+Moy o5 (R AR N
JRER MK w) ((Coy, 355 Cr 355N 3255 M0g g136) s PROLHE B 5
5 SR YLS-3000 6 £F 6 7, Mot Th R oA
L2kW, B 66 3 H 28 2. 8mm, U] % E N
19. 5kW/em? , 33 %8 600mm/min' ! | OB A1 2
EIEEE RN 0. 6mm, & 18 45 B ZE A FE 4
1. 7mm , 35334 2R 4 10g/min, 2% 3 77 2 2R F 5] 4l 2%
H, MERRO OB S B HERR 4 id BRAE AR 3
BT, il 4% 593 R SE S8 70mmx 50mmx 14mm B
AR, PRI 1 R,

Fig.1 Bulk sample deposited by laser
il £ AR R ot 3l ot 8 VDR U0 I R g, — B AR P
BWOCTURRAS, ¥ 75 — 8 4 A f it 4 L, O e O 2
1050°C , Z4E0RE 900°C ,36% 1Y T F 4Ll 5 Bif 5 Fifs
SR i PR 0 TR ISP 53, — 3 23 R A e i ek
PR, 53— 50 VI AR 5 A TSR AR B
P E6 AR GNT1000Y FHCHLE il F 8 A 5
REAP AL 1A 1Y 2 IR PR Ve RE AT I 1t 52 4%
bl ANSI/ASTM E8-2008 , Fi fifl b 28 # K 2y 1. 2%
1077, M TERLAR AR T i KB N T, P AT B
14mm , 58524 3mm, JE O 2mm , FH Bk A6 ik i 404 3K
BRI BT 2= 2000 H K iaURE FH Bk AL ik 00 408 2=
2000 H , FRRA G AT G, 76 440 B0 ML 2
RMTCIR ST, HEATIE Dl J pd ik el TR W2 (HCL) Ak
TSR (HNO, ) FAARFR L 3 = 1 FC 0 8, JB8 et s [ A 30s ~
60s, 2R J5 i % 006 2% 4 0 B 3 BE ( optical micro-
scope,OM) ZEISS SUPRASS 1 Hi %% ( scanning elec-

tron microscope , SEM ) FIFETEIY (energy dispersive spec-

trometer , EDS) 3 1 10 14 f5OWE 45 #4) 5 £ FH JEOL JSM-
70001F 34 B W As b A 7 H 3 B AT 5 (electron
backscatter diffraction, EBSD) S g , KAE AL R £ xyz vax
ST A i Ak B ZR L 5 1] (rolling direction, RD) (%L
{F 85 1] ( transverse direction, TD) . %L1 1 325 7] ( normal
direction ,ND) , 1a0FF i 26 U1 EI U1 AL S5mm X Smm X Imm
WA SR A RS AR SR Ta A TR RS B, i ik
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VAL D6 LA 25 B e T sk A 1o ) B Al S22 i ]
D/max2200PC 7Y X 5 28 fi7 54 ( X-ray diffractometer,
XRD) XHAFEBEAT AR 37, S B AR i YB/T 5320-
2006, S gt F P AT A A EE VL 150 ~ 1200, 3945
N 3°/min; ffi | Bruker Contour Elite K %Y 3 4 & 1f
T ASONT 1R 2 TR 3 A T LS N 704

2 SRS

2.1 EREEHIREYAR

&1 2 2 Mo #£7% CoCrNi Hf & 4 WOLTTRRS S A
AT R XRD B3, PG 4 SRS 18 o W 5g
Wi | Y57 A T 0 ST /5 ( face center cubic, FCC) HLAH 4%
) T HE S O MR ORISR A
A PEPLIU R X B T HOCTUR I b 5 40 1]
B [T A Y, PR AL F | FEO0 I m] 2 5 s | X
FARAA B T 208 MR 25 ) v, 386, Mo 8 9%
CoCrNi HVA& 43 T8I Lo 7. 5 AH AV S W A 1ol RS £ O 7%
IS, & 1R Mo Jf FERE K T HEILR R
AR AT RS 0 [ AT A 5 i B D DXL TT BB Mo Y [T ¥
EC Y R e Ve DN 1] 5 G

(111)y ——laser deposited state
—hot forging state
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Fig.2 X-ray diffraction patterns of laser deposited and hot forged Mo-doped
CoCrNi alloy
Table 1  Atomic radius of CoCrNiMo

element atomic radius/pm
Co 116
Cr 118
Ni 115
Mo 130

P 3 A Mo $84% CoCrNi "R & 4 78 OB TR |
PERAIPR IS T S EU B T4, K4 Mo
%% CoCrNi &4 EBSD il Bl ( ILIE] 4a~ & 4c) DL S AR
7 B AR AT AT BT (UL IE 4d ~ B 4f) , BBl 3a AT
W, B & OIS AR TR A4t |
7 [A1E [ (W RRAE | AR TT o A 38950, T Am T
AENITR A S, A B TT R R AR 4

10pm

SO
o twins

500nm

Fig.3 Backscattered electron images of Mo-doped CoCrNi alloy in laser de-
posited state, hot forging state and hot forging sandblasting state

a—Tlaser deposition state  b—hot forging state  c—hot forging

breaking state d—hot forging sandblasting state e—area A mag-

nification of hot forging sand blasting state
F RN 10wm 5 4%, 3X M4 b 3 S 5 (E T
AEdn T HoAt B 2 o 26 5 3 8. A 4a AT L,
BWOLTIRGS R &4 dkDHLK R ] EBSD 45 R 431
YR R (grain size , GS) ZJ°~ 477. 478 um, H1¥] 3b
FE 4b AN, PR B 4 ik i AL, B 4 ok
PIRST 42, 258 pum , Ff AT DIOWLER 31 K 5 1R K22 i



a6t Aol

BRLL  JE AL EOETTRL CoCrNiMoy, o5 A

GHAETERER R 745

40 L d average GS: 477478um | 12[ e - average GS: 42.258um | 16} f average GS: [[7.700pm
30} ol
s b S 8 2}
$ 20} 3 5 4

< i 5 g

al !

0 .,-.rlrlrll—l HH H x L 0 " I_I . Gﬂﬂﬂﬂn x |_||_.| IV . A

0 200 400 600 0 40 80 0 10 20 30

grain size/pm

grain size/um

grain size/um

Fig.4 EBSD inverse pole diagram and corresponding grain size distribution histogram of Mo-doped CoCrNi alloy under laser deposition state, hot forging state

and hot forging breaking state

KR TZA SR T2 R A
B & E s AW N4 ), B 2 B RN, 48
EARBE R AN, TR T KEERARBE R 2R A, Ji5h,
T8 TR RS, BOLTRRE T ko
RRR MG, kKIS G XRD 7 91553
Bral i, FRHR J5 A RE 25 1) Sk i 2 e . I 3 IR
de Ay PBBAAE A T 2L 1Y HOH H 1RO U
LA G RO B, T AR B K e i I AR 22 i, SR B R
RHIAPEASIE (AL Sk 57 5 o B8 + 222 5 R R 2R A 1R A7
T, TR SRR T O 37 7 Sk ], S Bh v B Rk it
17, X TP I AR T8 O O A 4 A5 R R I8 Y R
U7 HTIE Af AT, BT EBSD HAR G 1 ok
R R 17, Twm, 3 X — 8RR LY, A 4 SO 1] v
DIORES BRI 2R 5 IR T8 A8 28 f 1 S8 FEAE A o L+
ik 5 9%, H AT R U R AT S e PR R E R TR
100nm ZEA7 1) TS B A DR R 8 IR S B S B et
B AR 1 25 5, 0 R A0 A AR, e A oK 22 5t o LA R
Ao Bl 3d IR SRR R | SR T A
1%, AT LVE R 2 BE 2R 100pm, K 3e
FEE 3d A ORI, 0T LLE AR TE 2 5 306 B
AR, HASTE 2 A R 9K 2E g i), e T
WA AL S, i N R B R T, 42U
4tk , i T Wb PR R A AT R B 4 K
FEFR I 2 BRE,
2.2 N1EFTERE

2 AR T LT Mo 82% CoCiNi i £ 42
SR VA il e =

Table 2 Data of tensile properties of samples with different processes

yield strength/ tensile strength/ elongation/

specimens MPa MPa %
laser deposition state 219+29 450£13 39+5
hot forging state 510+40 692+56 3243
hot forging sandblasting state ~ 701+28 883+5 35+2

5 AR T2 SR RE TR g 1o AR il £
FTUAE ) OCUURRER S, AR IRas B R om B 3
B, 43 591K 219MPa+29MPa il 450MPa+ 13MPa, %E
TN 39% 5% , PEBALFR S, R4k A4 Jie AR HL a8
Pu b ok B W2 R, 43 314 S10MPa + 40MPa Al
692MPa+56MPa , 1 fii ZEBE Gl B AT 5 FAHR AL B S P AT
FIE TP AL B WA RL R B HE— 204 | O HLAE A S
T PRSI T2 9. 4% , 730 Jg 98 5 0 98 1 () it
27+,

1000

800r hot forging sandblasting|state

500 hot forging state

400

200 laser deposition state

engineering stress/MPa

0010 ~ 20 30 40
engineering strain/%
Fig.5 Engineering stress-strain curves of typical specimens under different

processes
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Fig. 6 True stress-strain ( solid lines) and stress-hardening ( dotted lines)

curves of typical specimens under different processes
M 1 S AEL P, b7 28 B b 2 i 2 TR A5 1 185 o 1 528 26 Dl
%, 5 22 4 % 5 % % (twinning induced plasticity,
TWIP ) #R AS R ALA T A3 ) 3 S R kg S PR AR T ik
e Y IR 50 S N2 A UL AR I 575K v/ p = SU Y IV
2.3 itig
B 2.2 A AR S Mo $82% CoCrNi T4 4
B et I 5 B R v T 24 133% , M BR U7 58 JE (ultimate
tensile strength, UTS) #5124 54% , KGRI AL FR S
Jet Al B RN e o e R AE SR S LA I — 2
37. 5% 27. 6% . & 7 OIS AR 1 RN
FER A, SR /N B BOR TR A
S VLN EE SR B U I 50% , TR ) /N A
BE PR S L2 37% , S5 2. 1 W 4L GURAE
RN OIS A &k iR, B K a Al
RH T BRI /N A B A A, DRI & S 5 Ak T i A i 32 1)
TRkARH A R, BN TS, ARG Sk S A fe, B
A1) SEPEAF R BR MR AE Hall-Petch™ SE &, i AL HR 4L
EXT A AL B Jee Al iR B A S 2 1 DT AR, R U S R e R ik
FPETE; DA DR A AR Xt o R4S 1) S P O I, b
BB R BB BN 3T, XTI S 2 1 b
WA DR At Jee R it R A A IR 3R T 4
FF AR A Z )5, S A AR I 175 B2 5, R R
R P
8 J& Mo $82% CoCrNi Hi & & WO IR A
SRORNAR B M D R R BT T S Y 3 dE R EIE S, an A
8a FIE 8c FT 7, 16 LR 25 R HAEE 7 1 o B 37 1 iy
HIZRTHLEE B R, ~0. 033wm, P WE bR A3 AL
Rl O E AN v T U s ey 1D
NME, WNE 8e i, RIHMHBEFE R, = 1. 422pm,
 8b A 4O RN 1) 3 R mIEsR A, %
THHLRE E R, = 14. 17, P i URE R R AR A TR H
HRE . R T VR N R AL

——— >

Fig.7 High angle and low angle grain boundary distribution of laser deposi-

tion state, hot forging state and hot forging tensile fracture
R Lok 1 AR B R HEIR T S R (HR 0T
RS RRE RO B e 4% [ S Pk, 28 AR A O 5 1R SR vl i)
ARSI PEAE R WL, 0ok S BN AR AR EEOLTT
PUS B SR AT A AT & FL P AR HEN, P 6 rh i AR
R A 3 A g I 2 S A (ELR 2 1Y, 0 S o i P
PR | AR Ak , I ELA% 1] S P B, e i 2R A
11 o0 S B R AR AL B R AT S A 2 W P o, dn & 8d
IR & < ARECRTIRT S SR IRHLBERE R, = 2. 748 um, LI
PR oS I A 4 Hh S B30 SR B i A 21— s A ]
1, FERTRLJE IR 5 HE R 8 B 25 SR TR AT $ T, A4
BHGIE A TF I AR, P 8 & S PR b 4T
WiE Y 3 4R ML AL, R R E R, = 2. 672um,
HiPEl 8 RIRD, WERb 55 i fid Re b 22 A S BUR R
I AR B AT A B H DA AR e PR R I Ak
PR B ORL R T A A S AR T A — R A8 2T Y
BRARIEN I, I H., WO ol A3 282 1T FE 1UAoh J3E 722 i
P&ty iR N AR B KT, 44U A0 AL, (L5 % T
L IVE LR PN STIPSE R SA T IR PN B SN Y e
e, e, & AR ms 2 2 2 im Ak, e 1A IR B
I, AR B IR PRI B 2 A JEIR T i RAL
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Fig. 8 3-D surface morphologies of Mo-doped CoCrNi alloy samples prepared by laser deposition, hot forging and hot forging sandblasting before and after frac-

ture
a—Tlaser deposited state before breaking

breaking e—hot forging sandblasting state before breaking

AR AR R . WD Ak B B 5iR B2 SR A W] 2 A4
FET, [RImE, Bt A — 2 A3 e

3 & it

BT R $1 % T CoCrNiMog o5 A
& B T WOCTURAS AR R AR s 2R 1H ERD 45 3 Fif
TEF N RS fbERE .,

(1) A AR O BT L 2 | foRDRL R 55 A 3R
CoCrNiMoy, o5 "R 4 9 FE BAIR , L Al i B2 o dr
5 B K AE AR 350 A . 219MPa ,450MPa 1 39%

(2) #HJ5 , CoCrNiMoy, o5 VIR A 4 i by il 25 1
S AL, OO AT S , & 4 412 AL S oE 4
el SRy Sl it TR0 A 2R B RLER ] A T A
AT 7 0] 22 A 1 5 R AR s &
S 1 M5 32 B L5 85 B B AR 43531 K . 510MPa,
692MPa F1 32% .,

(3) AR R M D W] A 2R THE AR B 5 AL
S50 iR AL Z ] T AR A S MY fEA
S YA PR ETEE T, 582 46 = AR 0 5 B IR 4 ) T
SUWEAE R R, OGRS, & 4 8 IRkoR B 1 =
220. 09% , HLHL50 B $2 55 96. 22% , HARFR T 8w 1y hn
THEfkRETT .
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