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B A AREIE S A (GBCD) (5N, 45 T W], GH3625 44 i FHRFAE 43 A (K Uik 3 B2 50 5k 1 45 o 3o B o JE e 1y =37
S ST, (RN 3 B2 VA AR I A AR K A IO SE I s GH3625 & 4 IR SCSL i F L A5 it 255 vA 2% T 28 A9 385 17 S »
Bl 1B KR I FE TN, 4B 4 TE e=35%, 1B KRN 1120 CHRIE 15 min I, € SCSL # 5t L9 il $2 5 F 63.16%
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GH3625 5 b Jh 15 A9 BR AT 5T 5 P £ 56 [ 6] B it
/s 7] (International Nickel Company, INCO) ‘f =
Inconel 625 &4 WSl EAT HIWE SR, TFR %G
S0 H B T R T AR E AR R
(0 H AT R R0 T R v A R R DL [ s e A T
&M G4, B2l Mo Nb b itk oo £ 1 [ %
SRALAY Ni-Cr &4 1% A 4 4E 600~900 CHREE
b AR T B AR I 2R 0 2 1t BE AT 1R e 1R i g ke
(D W& TN R A s A P WIS R = s P A R 1
TR BRAACHURI R B 2 S50, 2 s RS
Wi A DA R A T A R S 2 (1 g 3 A S0 i
5 Ay 0 A R IR A% A o RN 7L B ) SR AN T4 =, k)
GH3625 & & &M B L5461k R A J8 i fie 10 sk B
. Bk, ik GH3625 LR s
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TEZ Sk m AR, SR g Ry 5 1t T o 2 Y
Wi iy AT Bl . ¥ T A it S A 1 O 2R 45 I 5 DL
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#2#| (Grain Boundary Design and Control, GBD)” #f
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% Inconel 690 & 4 fih FHREAE 43 At Ko Fuf & F I ok 1) 5
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LGB KT ZF Ni-Cr-W R il & 8 i FURRIE 20 A 1)
M, RMASAENEIEE (e=10%) FH45 50K
TV, TR LT N AV, R A 7 LU A1 A
R K Gk B i KA e REEE (e=70%) N
G5 vt 50 BT R I TV RORE, AR5 v B B AT it R 2K I [R] SE
K S IS ks o AR BRI IT T A TR Ak FE G
Incoloy 800 & 4xifif J&5 iV G A1 ) 4 PEREIKI 52 ), R IR
B4 980 CHRME 15 min KXW FL 5% )54 980 C A
15 min, &4&H 3" A pIE R E, AR
JE3 il i g RV S S SR 3 2 e, Bh o R
IRt P & AT B, TS AR AR A AN K

GH3625 J& T{RJZ45 e, M0y B R AR AR
SEARTE il A 4, DRI mT DL b T AR R Ak HE R AR
G4 TK TCSL b At tesl, Mmii— i m & &
WU AR P e S G kv g . H O R R 2D ) T AR
S ARAEEEXT GH3625 A 4 dlh SRR 2 A 34T RS
58 AWFIAEANLAS GH3625 & &b M IR HE R,
ity Bh A4 WU 8% v 7 75 U AT S CEBSD) FHEY ) B4 12
AR (OIM) WU T B AR J b Bk A 45 5 4 h
PR A S EL 9 & i SR HFAE 3 Al ( Grain Boundary
Character Distribution, GBCD), A& GH3625 &4
ZAr M REANI B Tt e PR AR IR S HE
1 % Iy

LI MR N GH3625 & &b KM, ALk
gy O #, %) HM: Cr21.77, Mo 8.79, Nb 3.75,
Fe 3.68, Co 0.19, Ti0.40, Al0.21, Mn 0.2, C 0.042,
Cu 0.06, P0.006, S0.0006, Ni 4. K THIFRIEA
FAAAEEEXT GH3625 & 4x b SR IE AT 5, B4k
7 [ A0 2R S R A R M D) @6 mmx9 mm (1[5
FERBE, fEEMAME T L 107" 57 78 T3 R 5 5ol Js 4
35%. 50%A1 65%, Bifi JGBEATIE K AbHL . BF5T & B,
BRILAR TE il A A SRR AE o0 A A T R A T A
R TE RS CSL A S SEBLI . Rk, GH3625 &4
(107 A8 Yk 5 A T 5 et RS Y L, LR R )
502k 1080, 1100 A1 1120 °C, fREGHS A4 15 min, B
Ja S

K U DT VR AR, FAAY B s 20%
H,S0,+80 %CH;0H (ARILL), 7 20 V H ¥ F it
2130 s. FIH AL EBSD Ff {4 /] Quanta FEG 450 %44
YR S T BB (SEMD A 2 T X
BEAT I, PP KN 2.5 um, FHIXECH 1000
pumx800 pum, WA IFARE T UM HL 759 Kikuchi A5
Tk, ARGS9 KA EE R . WAL
$RH HKL-Channel 5 3450 BT b B1, 05 R 48R H

Palumbo 1 Aust FIFRHERICAGL=15° 2, Hd1, Al
JEFR S T sE BRIl B CSL B 5% R S ARk JL T X
) CSL M I G R 2 T 1) 5 K 22 £ 55D A 5 i 288
Mo A, Tl EBSD $ORIEHE T dichn 2 8] ) H 1a]
Z WA KR KO A AR A0 VF S SR R N
WL PRI OG 2R o AN S R AE 4G Kikuchi A7 AL FF
(AR € FIILE 95% LA L.

2 HERESH

2.1 GH3625 & &mAFMESHHIEM

1 JANTRIA A8 JE 5 GH3625 A 4 /E 1080 C IRk
15 min (1) 5 FLFAE 0 A B o iR AT, A AR TR RS
GH3625 &4k ZCSL @A, 7 e=35%I,
GH3625 & 4K TCSL & Ft Lh il 24 55.20 %, Horh =1
H 337%, T3 M 44.36%, T9+E27 N 2.99%, HAbAK
CSL N 4.48%(& 1a); FEAAZZIIE N, GH3625
A A% SCSL &b Ft Lol i i/, Horb =1 8 St Ll
Bl 5 ¥4 A2 T 5 1) 38 0 i 28 (B 1d) . X RO AR
NIRRT A A B SN, AR BT
TEAR BRI, A & AEiB KO R b DN % 5 0t
TBRE, R 23 5 BERB RN, 8
S, BAAERIEAS RN, A e G R,
SEHIE CIAIC SCSL i SR 43 78 42 1) B i & A2 it 9t
BB A il — M IR A B i AH(HAGBs), i #3k =CSL
fi LI EE AR B B2 RNy, VAR SR I R
WA R %, AR i, XL
TEAR P2 RN B A (W) AE 3B G FE R
ghin iz RO, DRIEAR [ R K 4PN, /N B
fi IR VL R B I 0, M S A S TR A
B 22 /N1 15° B d AL, o 2 /N S R A
(LAGBs)P™,

B 1d BT LU, GH3625 &4 23" ALt
BIAEFEARAK CSL dy St o 85% LA b, ot A2 i,
GH3625 & 4 i FURFAE 23 A B D0 A 32 8 2 k15 45 i
AR R 23" dl ARSI . XA B GH3625
B e PR Z A e R0 ST T &R, AE S BRI
BIGHS, ACJZH R RN AT B B8 BT, R T
WARHAT AW # . TSGR T B e, (H A BEAS
TEAS S S IRE, (R R R AR AR AR Y . AR AR
fi P 2R IR D BAS A RS S, TR dl ik R
BRIV AZRE, by il SRR KIS A P 1 AT A% 2 Ik O
), AR AR, AR GE k2R RO,
T O S 7 it AR 2R A i T A {11, R K 2R et by BEAA
i LA H<111>/60° [HLR 225 R, IXIELF & £3 EAL
HEEXR AP, Xt SEE la~lc 23 SA
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Fig.1 Effect of cold deformation on grain boundary character distribution of Inconel 625 superalloy annealed at 1080 ‘C for 15 min

under £é=35% (a), e=50% (b), e=65% (c) and grain boundaries type (d)

Bl R JE R . RIS, GH3625 &4t 3 & A th il 5
TO+E27 i S EL A AR GF B N G FR, 2 E3 i At LG
I, Z9+E27 i St LA X 8 . X T RS
i BE I TH /O S 7 4 JE 48 1 TR AR AR A 3, S I 4% 1) A
FRFAE R 7 AR IR KA, T IR R K AR
)BT 5 52 I R D0 R, X G5B K i A B g 2 7 2R
H 2 F 2 A0S,

Kl 2 WA AETE 50%1) GH3625 & 4 EA Al B K ik
BENPRUR 15 min B8 FURAIE AT B . HERT AT, AE
1080 ‘C 4% 15 min I, GH3625 & 4 ki K~F 4 10.87
pm, FRA PR AR EOR 92.38 %, G&ARKET
AT AN, A 4 I SCSL b Sl 53.78 %,
Horh 214 5.43%, 23 4 42.77 %, £9+227 K 1.61 %,
HARAK CSL 24 3.97 %(K 2a); BB K 1T,
GH3625 A& iipi . % SCSL & At Lu il Je B s
T SRR BB N, o S S LA Rl A R
UL EE 1S 0y AR (B 2d)s 3B AR 1120
‘CI, GH3625 & 4 A P4 b A2 500 96.24%,
VLR K T &N FEE&RETATE . X2

B Sk ¥4 38 T AR B 15 K (6>20%) I, %) T )2 i g SIS 10
GH3625 & 4 il o 2017 235 B2 AR w5 (1 7 it i 4%
T I HH AL A8 TF 5 R RS R T K Tl T 4
R0 RN, AR KRS (1180~1100 °C) At
HEIEREC, FHa R AN HFRRERERR A
PR, AT A SIS AN 5 R AR AT A R K K P R 2%
s A AR KU (=1120 °C) $8 i i P00 g v
S8 BT 45 I TRV 0, 5 T BRI 1 5 2 Lt R
RSFIAY, I 5 e A SR R A 45 ks & A KR,
Bk, fEA AT &g I, 38 B FE KN R] ( AH
AR FH S W 45 SCSL & 5 EL i (4 IS

B 3 g AN ] AR B S AN [l B K BN GH3625 &4
B AR IE S AT . PTLAE S, E A KA,
GH3625 &4 X3 il St Lo o) Bl v A48 T 2 1 488 i i ok
/I, B IR IR E B T 3 (B 3a); A &b 29+527
i I Lo B VA AR T S I gd -, 4 e=35% I R
KU (R TH T AR, 24 = 50% I Bl AR R i T s
i T+ (B 3b)s GH3625 & 4 (I SCSL i St L il bt ¥4
AT i (1 356 o v B A B R ) T s i 1 (P



+ 3588 « WE @ EElS TR 48 4

Cal e ﬁ\ s %
G S| Y
bealg

%ir
S et

_\g‘c"; B D
A
Y ,‘?"’fb’"“'

o=

NN
gl
Garas Al

™

=29 x27
< & 607 S Overall low xCSL
Eres 8 50t
n? -.f ,‘ g 40}
N i) = 30
_', | N , = h =) [
: 1"7}'3' S 5 20!
el Siing s EaS <hei
\;\\:%N A8 % I
B 0 £ 7
N A 1080 1100 1120
T, T
i ‘\‘ 3’. 7 Temperature/C

Y] —3 m—0 ¥27 Other low XCSL =mmm Random boundary

Bl 2 Bk EEXT GH3625 & <8 A dh SRR IE 23 A 1Y) 5% 1
Fig.2 Effect of annealing temperature on grain boundary character distribution of Inconel 625 superalloy (¢=50%) held for 15 min at

1080 C (a), 1100 C (b), 1120 C (c) and grain boundaries type (d)
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Fig.3 Effect of cold deformation and annealing temperature on length fraction of X3 (a), £9+X27 (b), overall low XCSL (c) and the grain
size (d) of GH3625 superalloy
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3¢), & 4 I ARRE RSBl v A8 T B 1) 38 v sk ), IR
KA JE I TE (e 3d); 24 e=35%, T=1120 C,
=15 min I, &4 MK SCSL §: A LLlik, b 63.16%,
Horh 214 2.74%, 23 N 54.28%, X9+327 N 2.58%,
HARAK CSL 4 3.56%(& 3), H.BHA VA28 JE B3 i,
it SCSL fhFtLefl 52 MR #y . k%1, GH3625
A G b FERFAE 23 A 2 BB A AR T R K4
Wi WEAR, FEWA AL SUREAE A AT I R AR 2, Wik
MERTRE . MRHEIR A ZURA . ZUR LA N T3 Ik
AUl BRI 2 RE R A R K2R L
HHE, T3 A EL B A s B R A R ST
IR, MRS IR b S, LG CSL & A Ll ek
E RN
22 EhHAE

MBI B AR b, 2 A8 i R M s B
3" 1) 0% ZR b R ) A R — BR D SRR Oy it bz [ %
F2 i S T RE(GBE) A B4 561 i J I 4 43 A ) S e 140491,
Hr(29+227)/23 WM E, ZEEMRIERBER
Iy, RIS 23-23-29 5k £3-29-227 (1) = X5 AR K T
BEML b 7 0 48 B PR, AT T A S 0 R ik R 2
LU, A T OMORE BB b ) kR R J o i e

)] e.—y3 30  m——Y)7

U O T U O BT R SR I SR, 4y
BT T A8 TE 65%1 GH3625 & 4:4E 1120 CiE ‘K 15 min
1) it - RF AE 3 A B R R FE A5 T TP ok B i K
. 4 WA 65%1) GH3625 & & F 4 1120 C
1B K15 min B M ARRLIC ) 20 A T SHREAE 23 A 1
S dmobr A% T AR T AN ) R 08 g S . anlsl 4 o,
Kl 4c B 4d 73900 4 B 4b v J7 A DS TR T IX gk, A
4b T LUE Y, B 4e T A~W SRR T d ok AR T
W B 4d I 1~10 SR TR % 2 . divki A
RNAVFZ 23" i dt, R £3-£3-29 5 £3-£9-327 —
XA, W 4c B AL B C kARG £3-29-327
SRV Hy I K ARLR B £3-23-29 = 3 At
Bl 4d 1. 20 4 Gk 7. 8. 9 FRILAA 6. 74 10
B KRG BRI £3-23-29 — Xk St o X ERRER 1) = SR A
Wt LA T2 B R, ARAR dfoRL 2 ) #2237 1 b At
MR R “ A 23" ) 0% &R Aok ) TR IR B
a4,

IR, R R TR I A 2 AN A AR IR AR B
AT 0T, nTAFHBLU RS R, Wk 1 pin. AR
1 LURH, AN SR RN ok 2 8], B 237
B e R, Xl T GH3625 &4t Rk E

Other low XCSL === Random boundary

Kl 4 GH3625 & &8 M0 dbobr B 23 A7 B . il SRR AE 23 A7 B R didobar A% TR I PR AN [R) S 78 ot 0t I

Fig.4 Orientation distribution of the grains (a), distributions of grain boundaries (b) and different types of grain boundaries figures of

grain-cluster I (c), and 1I (d) of Inconel 625 superalloy tube (¢=65%) annealed at 1120 ‘C for 15 min
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Table 1 Grain boundary misorientations in grain-cluster I

and II
Nong—::ijnascent Misorientation C]COSSESt DeAVéi(tj,()m’ Cluster
A/B 59.98°[111] 3 0.11 I
B/C 31.56°[011]  %27a 0.31 I
A/C 38.92°[011] 29 0.08 I
c/D 59.87° [TT 1] =3 0.25 I
C/E 59.92°[111] 3 0.16 I
C/F 59.97°[111] 3 0.06 I
C/G 59.99°[111] =3 0.09 I
C/H 60.69°[221]  X17b 2.86 I
H/I 59.98°[111] 3 0.14 I
H/J 59.99°[111] 3 0.07 I
H/K 39.06°[011] 29 0.03 I
JK 59.89°[111] =3 0.05 I
H/L 59.99°[111] 3 0.12 I
H/M 59.92°[111] 23 0.05 I
M/N 59.91°[111] 23 0.06 I
H/O 59.95°[111] =3 0.06 I
o/P 60.00°[111] =3 0.08 I
H/O 59.95°[111] 23 0.06 I
P/R 38.84°[110] Y 0.2 I
P/Q 59.78°[111] =3 0.33 I
R/Q 59.94°[111] 3 0.06 I
M/R 40.23°[131] £23 1.34 I
M/V 51.04°[110] x11 3.54 I
unv 59.92°[111] =3 0.07 I
S/IQ 56.83°[111] 3 2.30 I
SIT 59.96°[111] 23 0.13 I
VIW 59.90°[111] =3 0.05 I
1/2 59.98°[111] =3 0.05 11
2/3 40.94°[011] 29 3.35 I
3/4 59.95°[111] =3 0.11 i
1/4 38.93°[101] 29 0.13 1l
1/5 59.89°[111] 3 0.04 II
4/5 59.90°[111] 3 0.11 I
1/6 54.44°[011] Tl 1.10 1l
6/7 58.04°[111] 3 3.81 1l
7/10 38.89°[110] Y 0.14 II
6/10 59.98°[111] =3 0.11 11
7/8 59.93°[111] =3 0.25 i
8/9 59.95°[111] 23 0.05 II
7/9 38.96°[110] 29 0.07 I

BRSO L7 e s, AT AR ORI R TR 5 5 TE 1k
J\EJ(#%\EIEI%’ i SHIE AL I AN ™ 2R 3R KA e, O] R

AR B 2 AR AT R AR R A, AT A
AR K (28 EEO, e Z M 2T 237 [ H R 5%
Fo BBAN, dORLIATRE RO RT B 237 i SRR Bl v
A o B30 i ) A TR R R AR T e i

3 & 8

1) GH3625 &4 %M Ik ZCSL & S 1 b il Bl A
V7R T S P B i g )N Bt AR L RE IR T v T 3
WA /NS TG BN T e B K B I e A8 AR TE 2 IR
TCSL fn4t, ik SCSL &Sl e=35% Rk 4
1120 “CARIE 15 min 5 KAE A 63.16%.

2) GH3625 &<t L T ki ATi%, 7 SR A %
WSR2 TR A 37 IR G R AN, ok A %
JUSFRIN 5 B37 i F 0 250 B o 4 78 T 2 1) 398 o v ik
s, A R L T T v T
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Effect of Thermo-Mechanical Processing on Grain Boundary Character Distribution of
GH3625 Superalloy

Gao Yubi, Ding Yutian, Chen Jianjun, Xu Jiayu, Ma Yuanjun, Wang Xingmao
(State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals,
Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: With this prerequisite that the chemical composition of GH3625 alloy will not be changed, the high temperature microstructure
stability and service performance reliability of alloys are improved by optimizing grain boundary engineering (GBE) and controlling the
microstructure of alloys. The effect of thermal-mechanical processing on the grain boundary character distribution (GBCD) of GH3625
superalloy was investigated by the electron backscattered diffraction (EBSD) technique and orientation image microcopy (OIM). The
results show that the optimization of the grain boundary character distribution (GBCD) of GH3625 superalloy is mainly achieved by £3"
grain boundaries formed during the recrystallization process, and is mainly affected by the cold deformation and annealing process. The
length fraction of low XCSL grain boundaries in GH3625 superalloy decreases with the increase of cold deformation, while increases with
the increase of annealing temperature. Meanwhile, the length fraction of low XCSL (coincident site lattice, <29 by Palunbo-Aust
criterion) grain boundaries increases to more than 63.16% after 35% cold deformed and subsequent annealing at 1120 °C for 15 min. In
addition, large sized grain-clusters appear in GH3625 superalloy, and boundaries have £3" misorientations inside the grains-cluster. The
size of the grain-clusters and the amount of £3” grain boundaries inside the grains-cluster decrease with the increase of cold deformation,
but increase with the increase of annealing temperature.

Key words: GH3625 alloy; thermo-mechanical processing; grain boundary character distribution; grain boundary engineering; low XCSL

grain boundary

Corresponding author: Ding Yutian, Ph. D., Professor, State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals,

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



