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Table 1 Chemical composition of Incoloy825 alloy (/%)
Fe Ni Cr C Mn Si Co Al Ti Cu Mo
Bal. 42,5 20.0 0.02 1.0 0.1 0.8 0.18 0.82 2.0 2.6

Deformation
Keep warm 120 s

Deformation temperature:
950~1150 C
Strain rate: 0.001~1s™
Height reduction: 60%

Temperature/'C
10 Cls
Water quenching

Time/s

1 R4S R

Fig.1 Schematic diagram of hot compression tests
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Fig.2 Stress-strain curves of Incoloy825 alloy under different
deformation conditions: (a) strain rate of 0.01 s and

(b) deformation temperature of 1050 C
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Table 2 Constitutive equation parameters of Incoloy825 alloy
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Fig.3 Plotting curves of different parameters
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Fig.5 EBSD grain boundary maps of the Incoloy825 alloy under the deformation of 60% and stress rate of 0.01 s at different
temperatures: (a) 950 C, (b) 1000 C, (c) 1050 °C, (d) 1100 ‘C, and (e) 1150 C
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Fig.6 OIM maps of the Incoloy825 alloy under the deformation of 60% and stress rate of 0.01 s™ at different temperatures: (a) 950 °C, (b)
1000 °C, (c) 1050 C, (d) 1100 C, and (e) 1150 C

[ 25 (SR 28 A1 R A H 1) 25 (L0 £8) » AEARAS TR FE R (K
6a), A ITC T A& T J 46 &b T BRI 38 2 ki 3 (B 7a),
M B Z R 39 BitE i 2R R S
15 [A I B 4G 5 5 5 AN I o X SR I R R AR T
A% T CDRX /& DRX M) EZAZMLS] . 7EH S TE
E T (E 6c), AU A5 R 1) 22 Al BB 1) 22 #1043
N 70). RE TSR IRIRE N CORX ML
B SS. MAE SR ILIRE T (B 6e), 5848l F4s i
(1 iy S BRI AR SRR P R (B 7€), At A R e 2 A R
PR ) 22 ARG o IX SR B R 3% 0 B A8 TR 08 10 T &
CDRX WAL EI IR #2255 . Guo 25 N\ P05 g3 4 4
R SBT3 T RIS 18 .
NTAAFAE TR E T RS E AR s, m
K 6 22 T Incoloy825 & & TERN AR E A 60%, KAF
My 0.01 s i, NG E T AR A A DRX 1 &
AL 8). B 8a nf LLE R BEE L EE T,
£ BE s FLIZ kD, K A R G FUE TS £ . X R B
FRPERIT ST, /N B R ) KA B R AR T e
T AE e A8 TR B /0N 0 o T AR B2 B S 0/, X o
WG AIER] 7 CDRX i il 5 1 T 5 177 980 555
AT DRX 2 HE 1t F 28, Xt i
HEWRBE. MESHRERENA R, ISHERNS
IR TG (B 8b). XA R A A 1 I A A 4L Y

RESE I, R 5 RO R B R A R SR, ZhAS T
SE AR AR R RN . SR A 2 X3 2R
Ve RS INEFS RN, MEENSHYS R
SR 23 28 S M N, 3 285 B A R 3 &
PGk dh iR b, LB A ORI 22 00 (R I 43 A
T X TAREHE R RR UL, 2R I 3h A&
FEE R EE A TN . 23 S RLIK 28 A VR B T A4
A dfoR AT 5 B0 AR 138 0, DBl 45 ARt
HHEEALE . Sm 3 225 7E Incoloy825 HiR &
SIS EL R 2 E R .
2.3.2 ik F AT LRI TG B

K 9 NFEA LB N 60%, IHE N 1050 CF, NAE
A 0.001~1 s ) Incoloy825 & 4 MM L. |
BT LG e, 78 RS i 2 o 20 405 AR 5 7 A 3l o5
PR, M RiAR R 1 s (8] 9a), R 7EE S
JE A6 i S = 5 T AR BB IR D (1 ) A T4
bi, [F TR SR AR E ., IX R PR AR (N AR
R, GERFRALTH, FRTHEHELER. WK
(1N A5 A S RL AR T . 4 AR R 0.1 s (] 9b)
W, USRI 5 ST SR S £ . 7R AT 2 0.01 s
(B 9c) I, /DB hr K 1) 78 T2 it Rl I 4 78 /0N 114 25 il
FgE SRR, 2RISR HE RN 0.001 st
(K od) B, HARTEADNEFLEBRES. HiBHAM



* 2068 - Wi MRS TR H5L%
20 25
- - L, point to point a - = L5 point to point
—— L, point to origin —— L, point to origin
161 - L, point to point 20F---- L, point to point
@ —— L, point to origin —— L, point to origin
S 12t 15¢
s
2
5 8r 10+
g
4t 5}
O s i :‘..1‘_. "" ‘“’"“’” C - . 0 y a r" el o e "|.~ :"‘
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
12 — 2.4 —_ 0.8 —
- - Lg point to point c - - = - L, point to point d - - - - Ly point to point e
10— L; point to origin 20 | — L, point to origin —— L, point to origin
. - - L point to point *7| - - - - Lg point to point 06 - = = = Lyo point to point
2 —_ i gi — Lg point to origi +9 [ Ly point to origi
\\C, gl L, point to origin 161 g point to origi o Point to origin
2
£ 6f 12} 04} It
2 K
S H
2 4t 0.8F " b
E LYY 0.2 ¥ N .
o U 4L e &
0 ,“W",.‘ o LT e 2 ,"' S ey, : 0.0 O L v LY 0.0
0 10 20 30 40 50 60 70 80 O 10 20 30 40 S0 60
Distance/pm Distance/um Distance/um

7 XTI 6 H Lo~ Lo T ELE I HR v B 2
Fig.7 Misorientations measured along the lines marked in Fig.6: (a) L1, Lo; (b) Ls, La4; (¢) Ls, Ls; (d) L7, Ls; (€) L, L1o

1.0 :
—eo— LAGB:
0.9} —i”haces
gosr | —
So7f T
2 o6l \
S 051 >
o
£ 04} /
<
& 0.3 A/A .
0.2} .
01 1 1 1 1 1
950 1000 1050 1100 1150
Temperature/'C

K8 fEALE
HAGBS; (b) 23 boundaries and DRX grain
SR RLAIAR S AL SRR S BERAEIRE Y 1150 °C
i, HIRGEAA SR AELE 0.01~0.001 s 2 A,
10 9 Incoloy 825 f&jift & < £ M AL & 60%.
IRZ 79 1050 C I AN [A] B A2 3 N SR OIM &l

BRI LA 2, 7R N AR R T (K] 10a), KHJR G 0 57
at-rE, R 0EEG AT . XK

DDRX J& DRX [IJEAZHLHIH55 » 5 X5 v ) AR

Fraction

—— i b
1.0} . gg;oundarles o .
—— grain /
0.8F o
0.6F
04f o«
I/.
0.2} /
0 O . ./
" 950 1000 1050 1100 1150
Temperature/C

9 60% 1 ¥ A8 1 2 0.01 s7 AN [F 3L R A A DRX 1943 31

Fig.8 Fraction of boundaries and DRX versus temperatures under the deformation of 60% and strain rate of 0.01 s

! (a) LAGBs and

HE T (A 10b), SERHKMEHASEHRIEZ, [
I AE 546 dfORE N T DA B 2 B KA B S
AR X SE IR R B LE AR BRI N A H E T DRX
(T L] T DDRX A1 CDRX 3t [FI1E ] o 24 78 4% )37 4%
AR (& 10c), JRUA & R BEER A, EL SR
JUFEABIRAKAERR . RUEMPAZER T
DDRX & DRX W3 ZHTEAZALH o 24 1E AR B AR



%6 FRERIEE: Incoloy825 &4 A AT N 5 H 4 AR * 2069 -

9 ANIH]MLARIH 2R 7R B 1050 “C AR T & 60%[1 Incoloy825 4 4 EBSD i 7t
Fig.9 EBSD grain boundary maps of the Incoloy825 alloy under the deformation of 60% and the temperature of 1050 ‘C with different
strain rates: (a) 1 s, (b) 0.1 s, (c) 0.01 s, and (d) 0.001 s*
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Fig.10 OIM maps of the Incoloy825 alloy under the deformation of 60% and the temperature of 1050 ‘C with different
strain rates: (a) 1 s, (b) 0.1s™, (c) 0.01s%, and (d) 0.001 s
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4 A AR A - TR R LI =3 225
RN NS F LSRR ZME, wH X3
25 R T 1A HEBE BRAR T A 4 0 B T RE R A
ST REIRE . X5 CIRIRIE m — 5B, dgkar
U, 23 28 ff B 5T Incoloy825 & iR & 4 1Y 2H 41 5 1 Re A
HAEEBTE .

3 & it

1) S 77~ AR T 4 B A A2 B AL - SR A - AR E IR
Bt FE . AR AR FR N 0.01 s A £k FIE N
1050 °C i R A% 33 % 54 0.001 0.01 s g il 2k 22 1y i Y
(R Zh 25 T 45 AR AIE o 7 1050 “C IR R A8 3 2% 5 0.1 A1 1 s
(10 i1 28 22 30 > B 6k 1) 2 25 (B S AR AE o

2) M WA KDL Incoloy825 & 4xIAH N /15288
5T A AR &, A S IS B 383.95 kd/mol,

& =1.937 x10°{In[sinh(0.08)]}**" exp(—_383‘95)

RT

3) AR R ik AR b BE AR TR R I T e BN AR
(IR, ZhAFRLS MM & RIZHE . R E K
FEMNAEZF R, CDRX /& DRX M EEZILE], B
F5 78 T P T T v B, AR R BRI CDRX 3 J ik
59 . Incoloy825 & & & X KL 58 4 8 & B 45 a1
1100~1150 “C#1 0.01~0.001 s 2 Ji] .

4) AR Ik A AR R () T kR AR TR
(R BEA, /IS F B O S 320 T 1) K JE R Ak . BE L 2%
il =3 R A EEa s, HEaEfn. 3 48
i F 5 S AS F 4G LA R E A .
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Microstructure Evolution and Hot Deformation Behavior of Incoloy825 Alloy

Zheng Yuewu, Chu Zhibing, Li Yajie, Qin Fengming, Wu Jiaqi, Li Yugui

(College of Materials Science and Engineering, Taiyuan University of Science and Technology, Taiyuan 030024, China)

Abstract: The hot deformation behavior of Incoloy825 alloy under deformation of 60%, temperature of 950~1150 ‘C and strain rate of
0.001~1 s was studied by hot compression test. Based on Arrhenius equation and Zener-Hollomon parameter model, the constitutive
equation model of the alloy was established. The microstructure evolution of the alloy was studied by metallographic microscope (OM) and
electron backscattering diffraction (EBSD). The results show that the percentage of dynamic recrystallization (DRX) increases with the
increase of deformation temperature or the decrease of strain rate. DRX includes both discontinuous dynamic recrystallization (DDRX) and
continuous dynamic recrystallization (CDRX) during hot deformation. With the increase of deformation temperature or the decrease of
strain rate, DDRX increases and CDRX decreases. In addition, with the increase of temperature or the decrease of strain rate, the low angle
grain boundary gradually transforms to the high angle grain boundary. Simultaneous random distribution X3 twin boundaries tend to
homogenize, which also promotes the dynamic recrystallization.

Key words: Incoloy825 alloy; hot deformation behavior; constitutive equation; dynamic recrystallization; microstructure
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