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Table 1 Chemical composition of Mo-Nb single crystals
Mo Nb C N H O Fe Si Al
/% ng/g
Balance 3.1 <50 <30 <10 <30 <1 <l <I
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Table 2 Orthogonal experimental parameters
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Fig.3 True stress-true strain curves of Mo-Nb single crystals at different deformation temperatures and strain rates:

(a) 1100 C, (b) 1150 °C, (c) 1200 °C, (d) 1250 °C, and (e) 1300 C



ERE] JK - 3CEF: Mo-Nb W I RVIRTEAT M A TR * 209 -

F#3 ARELREHT Mo-Nb B RHIEERN 11
Table 3 Peak flow stress of Mo-Nb single crystals at different
deformation conditions

Peak flow stress/MPa
0.001s' 0.01s" 01s' 1s' 1057

Temperature/'C

1100 221.11  245.10 253.63 266.75 324.58
1150 203.71  236.57 257.62 285.76 291.71
1200 177.10  230.63 241.93 264.34 296.66
1250 140.57 194.24 231.7 261.73 303.27
1300 110.94 186.61 218.39 262.68 321.18
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Fig.4 Peak flow stress vs deformation temperature for the

Mo-Nb single crystals at different strain rates

(a0<0.8, Hr o NN JKFZH0, WA 8k 3
KR

n

: 0
&= Ao, exp(—ﬁ) (1)

Hrh, & NNAHE (s, ¢ HWENS, 4, Fl n
5 RGO I M OREE B, RO R R R B
(R=8.314 J/mol-K), Q N 5M KA & A KL TEHE
fie (kI/moD), T AZEXHEE (K)o

MAS N S HI I Cao>1.2), TR dE 5
o e R
Q2
RT
FCr A, B B oAy 53 B TG SR R R 4

Sellars %} Arrhenius 57 f2#ET 715 1E, K H A& #H
AT O AR TR EE T (X i iF 5% R Bk 4k 1
FHAO R TRARAT 1>,

&= Aexp(fo)exp(——=) (2)

&= A[sinh(aa)]”exp(—%) 3

Hrp, A RGN, a INIIKFESH, 0 N iR
B, Av on n BAMEVEE, SMEESG, SEET
Ky G AT 2 A s SLES L RGE Y, R AR AT 5T 40
F G I 0N 1E 5% B A 37 Mo-Nb i A4 R Ay
Ji e

i B Mo-Nb HL A BHE VR TR RE T, € F o il
A (2). 3), JFEEEEERE (0 SHE (T
Tk, (D) ) G)PLHE R, 755

0

Iné =Ind4, +nlno +(- =) (4)
RT
lné=1nA2+,[)’0'+(—&) (5

RT
Iné = Ind4 + nln[sinh (oo ) ]+ ( - 0 ) (6)

RT

e 3 AR A TR S A R I UEAE Y. ) ooy A
e RAKXGHMAG) T, UAH o, -1né |
X R, WE 5a. 5b s,

WA @)%, ny B Sa thEERRE, K
I 5a 1100, 1150, 1200, 1250 F11300 C 5 4 H
LR EE, TR n=18.797. R, XJE
5b th 5 KRELMRIERFYEY B, THE A p=
0.0781.,

o By Z AR K a=B/n,, Bl 0=0.04153.
B a EAAK(6), 15 In[sinh(ao)]-Iné KA MLk,
sl S firas. a6, B R o .
K& 5¢ 15 4 HRPRIFAME, W43 5] n=0.42174.

MK 5c nJLLE W, In[sink(ao)]-1né £F &bl

O o - INE



+210 ¢ Fifq < JE A RL S LR 47 %
5| = 1300C | = 1300C = 1300 C e
* 1250°C ¢ 1250 °C * 1250 C
1200 C L 1200 C , L 1200 C .
O 4 lisoC L 1150 C A 1150 C y
~ 1100 °C 1100 'C 1100 ©
w2t
&
[=]
— 74 L £ 4
-6} / / / /
A A * A *
48 50 52 54 56 58 100 150 200 250 300 4 6 8 10 12
In(o, /MPa) o ./MPa In{[sinh(ao)}/MPa}
K5 Iné 51Ino,,, « Ome Al In[sinh(ac)] 116 R
Fig.5 1Iné vs Ino, (a), omu (b), and In[sinh(ac)] (c)

R, Ut B Mo-Nb LM BHE Sl s 4 TR AR R v, i
BNV IECT I v S vl TR S W ) I Al ]
Arrhenius X R 3,

Zener!'" 2 H] Zener-Hollomon Z ¥k ik THI &
RIOCER,  Z kA il A2 I AR T 38 [R]

Z = gexp (%) = A[sinh(ao)]"

M NHEEON, BoEfERE XA, R G
(OA— &M, XU(T)WILE B R H, 1350

0 _

InZ =lné+==
RT

D

In4 +nin[sinh (ac )] (8)

TE45 5T AR A AT N, R AE— 8 AL TR IR B2
DA, AT BE(Q) IR FFIE E , RGN (7) P45

In[sinh(ao)] = A'+ B'[(1000/T)] (9

¥ o ~ av T AKX QO , UAH
1000/7- In[sinh (ao )] K&, WK 6 Jrs. dilE 6 w4,
Mo-Nb 5 & 75 /5 Wi 28 vk AL i A2 v, 1000/T AN
In[sinh (o)) FF & E KR

P, Mo-Nb 5 f 77 il B3 PR AR T ik ft e, W
N TR TR AR I g G FE I I8 A T TR R O AR

—
N
T

—_
(=)

\

A
/A/ .
/ *
4 4 1s
105"
0.72

oo}

0.001 s"
0015
0.1s"

-1

N

In{[sinh(a 0)]/MPa}

~

064 066 068 0.70
7% 10° K"

Bl 6 1000/T 5 In(sinh(ac)) (1% &
Fig.6 1000/T vs ln(sinh(aa))

=l sexn[ L2112
o f(sexp(RTD JiA) (100
2.3 MRIBERRAEHTIZRKE
SEENGTIEF
(11

ol

A i 18T ¥ 23 A7, G SRSk A3 Mo-Nb H 8 IR AL 5
B A av n A Q, EATLLH(11)2KE 7R Mo-Nb i
TEAS T 78 R AR Y ) A8 4k

X (6) P I K ik 5y, 45 51 :

_ | dné | .|dn[sinh(aa)]|
¢ R|6‘ln[sinh(aa)]|r | o) | ()
. \ Aneé . dn[sinh(aa)} o
I\‘(lz)q:‘ 4] WT PL K Wa 75

%5 In[ sinh (ac) ] - Iné #1 1000/7- In| sinh (ac) ] 5% % i

LEHIRL R SR I Sc A 6 T 5 4 ELERRTR 1031,
Bix 2 MRERMEAARA2), Tk AR O b
0=202.93 kJ/mol.

H1 1l 6 F1 U(6) 7T 401, Ind-Q/RT g In[ sinh (ac) |- Iné
KRHLMNBM, ¥ O Ry TACNT KA 5 MEE T
RNE AME, BUPMEME R 4=4.54x10%s7",

B, K45 80 Mo-Nb  Hu & ( 44 BE 5 5 b
A=4.54x10" s'; ¢=0.04153 mm*N; »n=0.42174 ;
0=202.93 kJ/mol.

¥ LIRKRB MR EE AL av ne Q FRAKQ),
B[ AT 45 2] Mo-Nb 5 5 75 42 Tl B X [H] 1100~1300 C
N AZ A 0.001~10 57 B FEFEE N 50%, F IV AE & 0.7
G AT HEAT il 28 TR B PR A8 I ) AR ) 7 e -



551 5K %% Mo-Nb i AR TEAT i AR TR « 211 »

§=4.54x10" [sinh (0.041530) " exp(—202.93)

RT
I EAME N AT R S Z 4 -

P éexp[zoz.%)
RT

k(7). TR

a=24.08m{[2/(4.54x104)]2’0“‘2”“ N

\/I:Z/(4'54X104):|2/0.42174 +1}

2.4 [EHEMHSBMELR
Kl 7 S48 T 5 i) Mo-Nb it bR 4 A 21 21,

Bl 7 ATLAE 76 1150 F1 1200 C 44 F AT G ke
il A RS R LT R AR I A R B L, X
PR YA W BT B = AR 1, T 1250 CARTE Ji5 (R
PR ) S B Wk, AR 1300 CA&AE R AR TE 1
B AR R A I S 240, AT T CR R BT (1 PR i
YLZNEE Ry, KU AL i 1 A8 T e B A i 1) 9
AT A R o KRS SCHR[6], 4 o i 26 BB PE AR T I
TR R TN R 2 2, W B L P I e T HY A% W A
L W A A T RS T R ) R RO, I AR B
Ny PRUAEBPEAR R R S RO e i, 3 304
19T, SO RS T AL RN 2 — . Rk, T
T S BRI X35k Ay A7 465 ARG At S5k 7 22 A v PO it A i 2

K7 ANRAZTE AT T ASTERE L I S 1
Fig.7 Microstructures of deformed specimens under different conditions: (a) 1200 ‘C/0.01s™, (b) 1150 ‘C/10's™,

(¢) 1250 "C/1 s, and (d) 1300 “C/10s™
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Hot Deformation Behavior and Constitutive Equation of Mo-Nb Single Crystals

Zhang Wen'?, Zhang Pingxiang'?, Li Laiping®, Cheng Jun®, Hu Zhongwu®, Gao Xuangiao®, Zhao Bin'*
(1. Northwestern Polytechnical University, Xi’an 710072, China)

(2. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: Isothermal compression of the Mo-Nb single crystals was conducted on a Gleeble-3800 thermal simulator in the deformation
temperature range of 1100-1300 °C with strain rates from 0.001 to 10 s™', height reduction of 50%, and true strain 0.7. The results show that
the deformation temperature and strain rates affect the flow stress during the thermal deformation of Mo-Nb single crystals significantly.
The true stress-strain curves exhibit a peak flow stress, flow softening and steady flow behavior. The constants of Mo-Nb single crystals,
such as the activation energy Q, and the stress exponent n, were calculated. The constitutive equation was established based on
hyperbolic-sine equations of Arrhenius type.
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