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Table 1 Chemical composition (w/%) and stacking fault energy of Inconel 625 alloy and model alloy
. . Precipitation Grain boundary .
Alloy Solution strengthening element strengthening element  strengthening element Other  Substrate stacking fault

energy/mJ m

Cr Co W Mo Fe Al Ti Nb Cc Si Ni
Inconel 625 21.77 8.79 3.68 0.2 0.2 3.6 0.042 0.12 Bal. 229.4
Model alloy 16.5 17.0 6.0 - - 255 24 Bal. 113.0

Note: stacking fault energy of the alloy is calculated by the software, which is the stacking fault energy of the alloy solid solution

Grain boundary

Grain boundary

Grain
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B

100 pm 300 pm

1 BKEE4 SEM B
Fig.1 SEM images of alloy after annealing: (a) Inconel 625, (b) M1 alloy, and (c) M2 alloy
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gy. Herr, BRI Ni FERFEARITER, Cr fE AHE MM
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TR, v, ATIRIEE&RTHE (TD) HE3hH
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Fig.2 Schematic diagram of SMGT
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GG BATRAE, R0 IR By 15 kv, 5
EFH (RN 1.6 nA. fERAERT, Nl RrERE D)
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gh ARl ARL A (K 3b) TN, AR R E R
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Fig.3 Microstructure evolution and hardness distribution of Inconel 625 alloy: (a) the gradient morphology of the alloy after SMGT;

(b) hardness distribution in different depths of the alloy section; (c) gradient microstructure composed of NG layer, UFG layer,

DT/SB, DS and CG; nanocrystalline (d), deformation twin/shear band (e), and dislocation structure (f) correspond to NG, DT/SB,

DS zones in Fig.3c; (g) CG (coarse grain) zone in Fig.3a
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SR M BRI EE, SERAEE—BER
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ZH AR EON AT 45 R (DS), Tl 3¢ s . 7R R
80~250 wm 4b, BEAE RN AR RESEIE N, A LUE 3
REMBVHLR, FEHRNLRGR . BEZEG(DT)
FABY )T (SB)ZH B, 3 2k 45 #4 #E AR L 95 BT 4] 77 17) 43 A7
Wik 3e fizso [AIIY, KETEARZE G I H I EE AR T L
e o G T A A, E S oYE S ' A v § 475 W) YA
RIRE A 7K S Z BT 3G 0, 24 U0 R 77 ik 2R 5 R Il SR
VIR J10F, 22 SO R 28 A 1 (1) 28 A48 R {111}<112>9

Pam P2, AR AL A A R AR A AR AR . B
B B SRR, AT A SR T BT ) 5 R 43 A
e bl B AR, HEUERECE, Wi 3¢ UFG X ET
Mo fEEEZRIN 0 ~ 80 pm ALH) SEM T &R MR 45
FIRRAE, HA]LUE B KRB R L, b e DU &
SRZRAETRIZIP BT, HHZERR R TR
g/, IEBNGRK RS, @il 3c H NG X3 AIE 3d A
INe BLAh, TEIRRE XL 5 A B KB IR G B
1w, HRSFERCKGE LT
2.2 MESHEZHNMREEETK

M & 44 SMGT Ab 2 J5 1) 20 23 SRR FE 7 AT i
PANE 4 Fioc. B 4a F14b 435108 M1 AT M2 & 4
FEMLIES, i o 2k X I A 4 A R B S AR
NENAEIX (HSZ), ZXIRAE SEM T &R MR 1G4
FREAE, B M1 AT M2 44 NG 2243518 9 Al 16 um.
BELR LT KON AR X (LSZ), fEi% X 1% A& FI W
RMEG RS, BRI SRR, WER| 5 AR H 5
VI AR, HERAAZERAAEE, W 4a 1 4b
Fis. GEMESAAE 4c A 4d TR, M1 &4&&E
JEHE R 5.8 GPa, W& & T M2 4411 5.6 GPa, {H&
FIARMEE Y 4.1 GPa, BEKT M2 4411 4.5 GPa.
SMGT )5, M1 A&EERERMEMINT 1.4 5, M2 &
EWINT 1.2 1%, &R IZMEEILE 5.7 GPa £ 4L E
HURT, (H M1 A& DR R AR, B AN LS
FERILLECOR . 75 M1 &4, HIREERT 300 pm B,
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Fig.4 Microstructures (a, b) and hardness distributions (c, d) of M alloy after SMGT (GS-gradient structure; D-GB-deformed-grain

boundary; HSZ-high strain zone; LSZ-low strain zone): (a, ¢) M1 alloy and (b, d) M2 alloy
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WM G 4E (ML A4S GBI G 5 5 5K,
BARAR T FIE, RS2 R 2 R A R ZL AR T 1) X 3800
FERMNES (M2 &4 HE, itl2 MM &4
XoF T 2R THI o FBE 45 4 1) ) % 2% A AR R S

M & 44 SMGT A3 5 i 38 J2 SO 20 238 78 A
AL AL B 52 5 Inconel 625 &4 A, M &4 E
JEH, HAMER R, WK 5 fiok. B 5a F 5b 45l
& ML Rl M2 & &R A g, HAHZERIRALL,
b 5 AR (38 0, # R WKL (CGDL JEARZE (DT,
AN (UFG) B4kl (NGY. mE 1/ A, M &
S 58 S A 20 23 D A IR B P AR kL, (R B A AR
(R 3G I, 2H 2R R AR e . DAL Bb R, AR
FEZRMH 70 ~ 300 um &b, AESMEMAX, HLF2E
AR R it N B B R AR AR . IR X 2
Kol gm o GL AN G2, 2 AN AL 2 [A] 1) s S B vl O
FLWE A o S 43 A A B AS [R] R T AR 28 &, 2 Twin 1
HTwin 3o IX2 RN AN R [7] 1 83 KL 6 28 B ) A
FHTE, MR T A AH I, WA A AT B A — A d kL
AR — Ak, B DA E F— &5 2 A4
e B 2R A A AR E] s S — T, 44 (P
TER T 2 S RmE, BT SR & m e, AL A 5 1
FA BTS2 RS — B, AR A & SR T RS
R RIS YIRS (o) TR R B ) AN [s] T AH 22 1R K
DRI, % i R 5 AE R I A6 A8 T8, 3230 BCHUIA] 19 R

(G2, A ¥k 4591 e kAW, WK 5b fim. BT
% A P ORLEDR  E SRL BT, BT LB AR
T 0688 55 LI 3T R A BV R BC &, W 3 e kL
W AR TR, Bak BRI E . — Bk,
TEARJZ e fee S5 & R, BTRI AL B e fE{111}
T v # A BRI AR S5 4, SR 5 T8 B R AR
f TR WO B 2 RAE S, AN [E A AR TR 2R S A
A2 T A4k iR 27 28, 8 M A 4 rp th R B 18025 T
B, 4l 5b Fros, fER— ki, BEAE A2 13 W
Hahn, ARG R R RN, B RGN, R
fe AR X, A8 i SRR & i SR IY B U007 ) R AR AR T
A8 iy R IRARCSRIR B A i s it i IR (1] B, A
BLIEAR TE i A 4 C-22HS v W0 52 31 A AL I 4 290
[FI, BEAE S R AS 4k SE 0 N, 4R ) KT 28 d B
FS RIS LTI, A G AN TR R8T PR 2R AR AR T 2 4 s
1, B 5b B Twin 1 F1 Twin 2 s, 6 — &kt
2 M AR A R, R HAME R, AT
pcRL Ak . TERER I 0~70 um 4b, AFRASX, gk
BB/ . fEREZR I 50~70 pum &b, KP4 T B
P77 1] B AS T AT, AE TR A N30 4 AT 5 i 25 FE T AR A8
MRME RS, SREE K 2 S EH R T
¥, FrClgd ™ Em AR A (R R, s mT BAE IR
AT A, A 5w & e B, JF B AR T
HEMY, EEERE 15~50 um 1 0~15 um 4b, 7£

K5 MA&EZ SMGT J5hhE 4
Fig.5 Gradient microstructures of M alloy after SMGT: (a) M1 alloy; (b) M2 alloy; (c~f) enlarged images of corresponding areas of c, d,

e, f marked in Fig.5a and 5b
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W oAE, MERZREM, AE&HARATEIT &
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Fig.6 Deformation mechanism and properties of alloys with different stacking fault energies
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1) KT HLUMEEE (SMGT)ALHE ) Inconel 625,
M1 1 M2 & < 73 50 i1 4%t 450,300 A1 250 pm 5 K
PSR, RIZWE S8 7.6, 5.8 A1 5.6 GPa.

it

2) A ZHiRe fec S & SEHYIRIL &M T
() 6 B 2 2L A AL AN TR o 78 o )2 4 R BE R 45 0
Inconel 625 &4, Bl AR W8, HAHOW
G5 K6 AR AR AL T 32 0 DA i 43 F AL 1] 5% A8 O 28 A

BLL s AR Z HE BEAR E S5 M M 5 v, B A2
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Architecture and Microstructure Evolution of Gradient Structured Nickel Based Alloy
with Different Stacking Fault Energies

Ma Yuanjun'?, Ding Yutian™?, Yan Kang'?, Gao Yubi'?, Chen Jianjun™? Wang Xingmao™?
(1. State Key Laboratory of Advanced Processing and Recycling of Non-ferrous Metals, Lanzhou University of Technology,
Lanzhou 730050, China)
(2. School of Material Science and Engineering, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: Using Inconel 625 alloy as a reference object, based on the alloy design ideas of interface control, a model alloy with lower
stacking fault energy was designed by Thermodynamic software. The influence of stacking fault energy on the evolution mechanism and
grain refinement mechanism of nickel-based alloy with gradient structure was studied by surface mechanical grinding treatment (SMGT)
technology. The results show that 450, 300 and 250 pm thick gradient structure layers were prepared in Inconel 625 alloy M1 and M2
alloys by SMGT, respectively. Moreover, the evolution mechanism of the gradient structure of different alloys is also different. For the
Inconel 625 alloy, with the gradual increase of strain, its microstructure refinement mechanism gradually changes from dislocation
segmentation mechanism to shear band and/or twin segmentation mechanism. However, for the M alloy, the deformation twin splitting
mechanism is dominant. Therefore, the design concept and the corresponding microstructure evolution mechanism can provide a reference
for the composition design of low stacking fault energy nickel base wrought superalloy.

Key words: nickel base alloy; stacking fault energy; gradient structure; microstructure evolution; grain refinement mechanism
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