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Fig.1 Microstructure of as-cast new-type alloy
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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

Arrhenius B % % ok %R,
BRI I KB
é=Ao"
B N AT KT
e=Aexp(fo)
TEFTE MK T
g:A[SInh(ao-)]”exp(—%) (3)
s REy, XNE@), X EZERN
Arrhenius ¢ &, A8 B U 5 AR I AR BN 7 AR A0 R
. AAh, iR EAMER 7 Zener-Hollomon 2% Z
KK s AR Tl BE AN R AR S B R R, Z SR
iV e

(DO

(2

o=0(Z, &) (4
Z:éexp(g) (5)
RT
F X GARAK() 152
Qs "
Z—gexp(ﬁ)—A [ sinh(ao) | (6)

X(@1~6)F, & NNABEK(sY); N /1 (MPa);
Q AR LA B AR T A 5y B2 FE (R B0 e (k/mol) ;s T A48
LR E(C)s R ONSARHE %0(8.314 J mol™ K™); AL Al
Apv Ny oy Mla. BRSIRIE TR RS $

¥ 2 (1) A0 =X (2) 5 12 B R 0 B e A9 R AR T R
HESHZ PR R:

Iné=InA nInc (7D

Iné=InA, +fo (8)

AR AR A 47 SI2 56 BT A9 A [R) 2% A 1 Ve AEL 82 0 s
22l Iné-Inofl Iné -0k R, W 3a, 3b ffrm. KH
B3/ AR B AT 4R 1 1R VA 1T B 5 SR ER IR
R R AT 43 ny=5.026, £=0.04 MPa'.
a=pIn;, T A#3a=0.079 77 MPa™.

XA (3)HILEL H R H, 152]50(9):

. : Q
Iné=InA+nIn[sinh -
né=InA+nin[sinh(co)] T (9)
BB, 53
_ dné | alIn[sinh(ao)]| (10)

aln[sinh(ac)],  an(/T) |,

3 2] Iné -In[sinh(ao)]~ In[sinh(ac)]-1/T Al
InZ-In[sinh(ao)] 1% R M 46, FH /D Rk AT 4
PEEIH, 40Kl 3c~3e Aron . i@ i LA THE AT 15, n=3.559,
AR T BOE e Q=Rnb=520.03 kJ/mol, A=1.915x10%,

W oh AT B % I AR X & T R K
Arrhenius R H0C R, TSRS HN AL A 4 00 VR T AR R AR
B Z 25050 508



252+ WA &RBMES TR %51 %
0Ot a| Of b| Of c
-1t 1t 1t
2} 2t 4 2t
~ 3t -3t -3t
B -4l = 1050 °C,n=5.615| 4| ] a4l
= e 1100 C,n,=5.459 ofe/a/ of u = 1050°C, p=0.0228 1050 C, n=2.714
-5t s 1150 °C. n.=4915 S5t e 1100 C, =00327 -5r e 1100 ‘C, n=3.516
6y v 1200 °C,n,=5.063| -6 4 507G, fF0048 ] gl 4 1150 C,n=3.799
Ny v 1200 C, 4=0.0510 v 1200 C, n=4.178
TR A e 12570 °Cv.ﬂ1:4-0.78 Tp e e = e 1250°C,=0.0522| -7f¢ v£& @ * 1250 C, n=3.588
35 40 45 50 55 6.0 65 7.0 0 100 200 300 400 -1 0 1 2 3
In(6/MPa) o/MPa In[sinh(ao)]
" d e
2t 48t
v A
11 - 45+
§ . ‘ 42}
£ 0 =
% -1t . = 0.0015s, slope: 15.700 39f X
e 0.015s" slope: 15.123 R'=0.975
4 0.5 slope: 18.072 367 = Datapoints
2F o e Linear fit
v 1§ ,slope.: 21A402.

0.66 0.68 0.70 0.72 0.74 0.76

TYx0°K?

33 ; : : :
-2 -1 0 1 2 3
In[sinh(ao)]

K3 i ae AT R PR S IR K 5
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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
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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, ) 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 }'3 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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