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Fig.2 Flow stress curves of new-type alloy at various strain rates and different temperatures: (a) 1050 C, (b) 1100 C, (c) 1150 C,

(d) 1200 C, and (e) 1250 C
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Fig.3 Relationship among related parameters of new-type alloy during the hot deformation: (a) Iné -Ing; (b) Iné€ -, (c) Iné -In[sinh(ao)],

(d) In[sinh(ao)]-T*, and (e) InZ-In[sinh(ao)]

£=1.195 x 10%[sinh(0.079 775)]** -
exp[520 034.2/(RT)]

(1D

Z=¢exp[520034.2/(RT)] (12)

AR T WO RE A2 RAEM B B TERE ) 1 E B S
H, HAEUEBR/N, BAM R R TR L. OF
W R, BFEA GHA975 & &M Udimet 720 &
G 3 TV B0 BE 4> W 9 665 I 1552 kd/mol©4431, A
W F0 I 2 1) & & BT IS BE 4 520.03 kd/mol, B 2
KT Bk 2 B & & IBOERE. A& MR,
XEERZBTHAEG S yMHERIGE AlL Ti TRM
TEBMUL Co mREFER S, Bt GH4975 I
Udimet 720 & & B A ER M ERALTERE T, 5 T#idE
BRI

Bl 4 RoRB 8 G &0 E R ) Sl 5 R H
Arrhenius A5 24 1 545 1) 1) FUN A 2 18] (1) 06 &R o SilE
a0l & dh & iRt sl 1, WX
1 Arrhenius A< 4 A5 Y i AE R ME B . AT DL, S
{E 5 TG 1 26 VA 5 R % R® W0is 0.978, BEAKF &
PR R, MHAERN 1.01, KA FRTESRE
B e BT AR B B B A SE I, 0B AR AR
B8 405 350 L b 485 0 3 28 A 4 1 A 4 AR T B A
2.4 MMIE

IR A R TEAT N 5 B T S 4 ]

KAMA T HE, BES LB E W S b RLE AN A 22
AT T R G AR A, D9 e bR IS T2 A
G TE IR A T — A G ik B, BT
B A FRHEE R ST A N T R AR RS R A e AR R
T2 IS T,

MBHE AR T R R v B AR BRI B D (P
HY S AR FE O Th 3 (G FIGHOU &5 H4) Y6 A8 FE BRI
R Q) W, AR N:

P=G+J :J.Oé o-dé+_..0(r édo (13)

N
o
o

w
o
o

200+

R?=0.978
slope: 1.010
= Date point
Linear fit

0 100 200 300 400
Experimental Peak Stress/MPa

100

Calculated Peak Stress/MPa

o

K 4 3B 408 E B SEE 5 Arrhenius R FIUIE 1 2% &
Fig.4 Relationship between the experimental values and the

predicted values by the Arrhenius model



1

ENGREE: — TR Ni-Cr-Co 6 & MR TEAT S A AR <253 -

AR T AR UK R m g TP LE G NI ZIE
e, &N

81, _a(na)
m—C——L;—[aané)

. (14
aG ]L,T

K 3 5 EARLANERERLA T Jimax HEAT B 1AL )5 5 2]

DZEFEH R T n, RN
J 2m

”:meini (15)

THERAEH R B AR TR T 7% T8 56 A 7 AR 5 e
SE o UNASE—EN, p (H5R RN AR ER
] O% R ] LA D AR O R R o . n (B, 3
HA AR T 3o 4 R 2H 208 A Cn 3 45 Te] 52 R Bl 75 P45 D
HAEMBRMZ, A& THEREmg. R, #AL
TG Cns 4. AaRBT IRy R Ls) & T8
WK, WH, REXEp EETREERS, LA
BRI WA S IR AR R AR X

BNAS AR o, AR AR T LR IR -

£ = 8In[m/(m+1)] m

olné

A (16)H,  &(&) NN AR T AR AT IR BE I ek E, AR
KRy MR RPUR A T m ATk, MNA R ER,
TE 7R T Uk 55 0 87 738 5 28 A) B 1~ THD b 2% 1) 9 A8 R AR
FiE S ERR AL, AR EMRERRE.
E(&) <O M IX I H B A R Ao

AR A 1 B 0 2 Th ZRFE AU R I b RI RT3 3
MR TE . B 5 B A SERAZEN 0.6 HH
INTE. BRI AR AR, SHEEL R
ERRINFFEHCE . aTLESE, I TERPFEE—D
WA RFGDXFN— A S TR FEROSR X . AR AR X%
N B4 9 9 B 1050~1100 °C . A8 3E %4 0.01~1 st
Z I, BRASE RNy 0.01 s, AR IR kS E
1050 C. & &N Lo BZ ke FZ X . shak, mA
REBEXAEY THS @S ERTCCEX, SHHIEARD)
RAERBRM S, B &AL RELr, REXE
DR FERRCR M R & o = V) R AEHUSOR XA TEAR
TR N 1175~1250 °C. AR % 4F 0.006~1 s it
W, 1% X R K D) 2 AR RS2 9 45%, WKl 5 A ¢
AT ios. — ORI, n EHBR, MEHRE S KBS
Meidh. RPERXBPNARM L 22X, S&4E
XN BT R IR i TR x TR i A
&, BTG 5T M R R BUSR N 30%~50%1.,
BRI, ¥BA S @ I RFBEREX 2 RS FHE
di AT 5 AR #n T IX [
2.5 HARET
251 FHAFHEKAER

<0 (16D

o D) B FE IOk e X IR P Y5 B D 1175~1250 °C
AR R YE D 0.006~1 s, fok p fHILF] 45%. &
6 NH M A R AR IR Y 1250 T BRI R N 1s™
B AR B0 223 1 6 H A [i] FR 730 AR SR A [R] 1 o A4 X
o Bl 6b s 20t R B X I A AR R B A T A
bm AR AT R AL f kL. Horf, EBSD X 4rBhAS
T2 o 2H 2 3 FH B B 22 A B B R - T R kL <10
AT ik 17,5 R BN 2 - 45 di ok >7.5< H1 [&] 6a, 6b
AFLLE W, Y I R )32 5 A T RO R 4 )N 1) 2
Higmkn, 1R D> BB TS ORLTE TG kL A
TR Meah, AN AELE /D &SR Y kL, i
A& T K W46 &R o o] B2 25 P 45 R % A B
B, W T Eh A ES . B ec R EE. KEM MG
2 2k oy M R on KM FE A (0>15°) . /Il BE 5
(=215 Fy3 Z= g (AR5 Ak 2 [\ 17 78
60x111>4: 4l 2 ). K 6¢, 6d A LLE H, hAHL
foAn R R KA A, Bk | oA, R
AN B RAR P A AR RNAN . S Fas&
oo B R OR Y3 2R dh A, fSA L pn) 22 AR S Rl
3. XA TY3 AN RS S SA K,
KA FE b ST AR AR %, (AN 22 5 S R g 3
IR AR B S BT B, W IR Bh A 45 4 2.
252 AEABK

AR R F X AR F 36 B AE 1050~1100 °C 2 8] [
AR AE 0.01~1 s 2 A . M AFEF N 0.01 s,
B B WCSAAE 1050 C. B 7 AFT A &R AR E
N 1050 C. MARHF N 0.1 s I H A, 7T LLE
H, AEERERBXIEREHARL T, KREHH
K 1 S R B A0 /N ) T4 kLA, AR R ST 4y
MRAIE] (K 7a, 7Tb), X2 SFERA LR FER
Bl [FEE, ABTE SR A A7 7R RS/ RS o, et
RSP TR, i — DU & SR AR KA X E)
AHE4mARA T KE (K Tc, 7d).

lg(efs™)

_30 L L
1050 1100 1150 1200 1250
Temperature/'C

K5 #HAEESENEREN 0.6 I HINTE

Fig.5 Processing map of new-type alloy at the strain of 0.6



- 254 - Mol B A RS TRE #5514

0.25
d
0.20
2 0.15
&
>
& 0.10
[T
0.05
0.00 .
0 10 20 30 40 50 60

Misorientation/(

200 pm

K6 WMAESAERILIERE N 1250 C. MASHER A 15 I RHOW 4L
Fig.6 Microstructures of new-type alloy at the deformation temperature of 1250 “C and the strain rate of 1 s™: (a) orientation distribution;

(b) recrystallized fraction; (c) grain boundary; (d) misorientation distribution

200 pm

0 10 20 30 40 50 60
Misorientation/(<)

K7 HRASEAARIER A 1050 C. MASER N 0.1 s™ N A BT A 4
Fig.7 Microstructures of new-type alloy at the deformation temperature of 1050 ‘C and the strain rate of 0.1 s™: (a) orientation

distribution; (b) recrystallized fraction; (c) grain boundary; (d) misorientation distribution

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



1M EXGRE: —FH A Ni-Cr-Co JE & & IR AT Ay S LA S - 255 -

Kl 8 yHi I = Uy ] 7a th L2k AL R A2 (70 A 14 A H 45 SR TEAZ BE R . SRR I 3B
HE LG, M5 SRR, SR wra et Wik, MESRRENTE, &&nhs
P A R A ) 2 AR PR L 109 T8 BB H B [

R UL 0 R PR R BB BB S anoorgn :
5 40~50 um AbHR A ZERRER R NEIL 65 L or
SEMCIRATGIS, Sk P G R B LR, c B
KABE Ay, KL B 5 T R I, T g 12y
SEAE kR, 50
253 EMEBEAMLRE L YA g o i

9 JoRHT A SAEMAEER A 0.1 5T, AR S A
JE T WA GUEAE . AT LB, RIS RET (1100 ), 0 ™ I 50 e 7080
BERET AR S ELE G, VIR RN T R o —— -
G T7 R R, (U /b B A R A8 RS 40 3 ij"-mmwm
A1 A FILE SR (P 9a, 9b) . B AT IR 1 7 1ol
f (1200 °C)H, A &M FEL MR E3En, K S 10l
BT R B A5 T A R AR (1 9e, 9F). XA g s
o T 2 A T 45 2 — PR RBOE L 72, TR P g o |
fir 53 B A FT RS IR T K, B S T4 0 ) =4 n
TR, sk, ARG (1100 T, 4141 2L fpn e
e KRN T (55.3%), TR 2 R 21.8° 0 10 20 30 40 50 60 70 80
(B 9c, 9d). AL B TH (1200 C), /M Distancefjum
JEE A B B B 31.9%, S H E ) = 1 n B8 Hu 2yt 7a B AL AT A2 (5 A
34.3°( 9g, 9h). FiL & &AL LR P3S4 &S Fig.8 Misorientations measured along the lines Al (a) and A2 (b)
B R T 1 T A R K 2 AN B 8 T T marked in Fig.7a

Misorientation/(<)

o

10 20 30 40 50 6
Misorientation/(<)

9 WA SIERAZEEN 015, ANRBELE T A5

Fig.9 Microstructure evolution of new-type alloy deformed at the strain rate of 0.1 s and temperature of 1100 °C (a~d) and 1200 ‘C (e~h):

(a, e) orientation distribution; (b, f) recrystallized fraction; (c, g) grain boundary; (d, h) misorientation distribution

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



* 256 ¢

Wi & RARLS TR

51 %

T4 SRR LR

FE i A S TE AR T R (0 30 45 F 4 R TR AZ AL
HELHE R S B A 45 AR BB S A A 2 Rl
HI59, np oc 1 9g Sk BTk, ARFEABEE T,
e REC S B R, RIS HEL R
TR AR E S S A B SR N E T SAtcg B
ML KA B ST A Ok, & &AL TR IR BBk &,
KAE SRR R ks, &Aco HExee
i 7 151

Kl 10 LA ZE USR] 9a Al 9e H LR 1) 40 A L A%
I AZ TS (1100 °C), il P A & 5 A 1) Ja) 38 B 1) 22 /)
T3 R B A Z ] 10° (& 10a, 10b),

TR T ki b BR300 3463, WA & &
XA &AM T REELEE TSR, T IREH
I mi A 4, AEESEEA LR IE IS S ES,
M 1 22 BN 25 P 45 ol & HUAE Dy — Pl B B 45 2 A B
HRIEME B, BRI T E (1200 C),
PRI i A 1 ) o6 B 35 9/ (I 10c, 10d) - X H
TR E R S, FRE W R s B 5S, 15/
£ b 5 LU &b % 3l % 2 A8 D K A 2 s IR D
BEAR
254 Rk RAFELIR LA

Bl 11w A S e IEEE N 1150 C. AF M
IR T HSEA . ATV, (R AR R &

18 12 10 7 P
16} — Point to origin a —— Point to origin b — Point to origin ¢ 6 — Pointto origin
al " Point to point 10} - - - Point to point gl -~ - Pointto point [ = pointtopoint
T} 8| >
S 10} 6 4
g g 6r
g 4t o
g o g of )k
0 o e, MY 0 VN s e A e N L 0 o T e
0 20 40 60 8 100 120 0 10 20 30 40 50 60 O 20 40 60 80 100 120 O 10 20 30 40 50

Distance/um Distance/pm

Distance/um Distance/um

10 HFZEVE M 9a B4 BL. B2 Al 9e F Bk C1. C2 {4 A
Fig.10 Misorientations measured along the lines B1 (a) and B2 (b) marked in Fig.9a; C1 (c) and C2 (d) marked in Fig.9e

20 30 40 50 60

Misorientation/(<)

20 30 40 50 60

Misorientation/(

Bl 11 B8 G SRR TR B 1150 °C o AN [ AR 2 Y 2 SR AR

Fig.11 Microstructure evolution of new-type alloy deformed at temperature of 1150 ‘C and strain rate of 0.1 s™ (a~d) and 1 s™ (e~h):

(a, e) orientation distribution; (b, f) recrystallized fraction; (c, g) grain boundary; (d, h) misorientation distribution
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Hot Deformation Behavior and Microstructure Evolution of
New-Type Ni-Cr-Co Based Alloy

Wang Xingmao, Ding Yutian, Gao Yubi, Yan Kang, Ma Yuanjun, Chen Jianjun
(State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals, School of Material Science and Engineering,

Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: Hot deformation behavior of a new-type Ni-Cr-Co based alloy was investigated by thermal compression tests under the
deformation temperature range of 1050~1250 °C and strain rate range of 0.001~1 s™. The electron backscatter diffraction (EBSD)
technique was employed to investigate the effects of deformation temperature and strain rate on the microstructure evolution of the alloy
and nucleation mechanisms of dynamic recrystallization. The result shows that the flow stress decreases with the increasing of the
deformation temperature and the decreasing of strain rate. The Arrhenius constitutive equation and hot processing map of the alloy were
established based on the hot deformation data, and the hot deformation activation energy was calculated as 520.03 kJ/mol. The optimum
hot processing interval is at the temperature scope of 1175~1250 °C and the strain rate range of 0.006~1 s with the peak power
dissipation efficiency of 45%. The fraction of dynamic recrystallization increases with the increasing of deformation temperature and the
decreasing of strain rate. And during dynamic recrystallization, a large number of deformed grains are replaced by fine equiaxial grains
and a high frequency of Y3 twin boundaries generates. The dominant dynamic recrystallization nucleation mechanism is grain boundary
bulging, which is a typical feature of discontinuous dynamic recrystallization. In the low temperature and high strain rate region,
continuous dynamic recrystallization characterized by the rotation of subgrains is detected. However, continuous dynamic recrystallization
is just an assistant nucleation mechanism for the alloy.

Key words: new-type Ni-Cr-Co based alloy; hot deformation behavior; processing map; dynamic recrystallization
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