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Fig.1 Original structure of the specimen before compression
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Fig.2 True stress-strain curves of specimens tested at various strain rates with different temperatures: (a) 1000 C, (b) 1100 C and (c) 1200 C
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Fig.3 Microstructures of the specimens compressed at 1000 C
with different strain rates: (a) 10 s*and (b) 0.1 s™
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Fig.4 Microstructures of the specimens compressed at 1200 C
with different strain rates: (a) 10 s* and (b) 0.1 s™



4

B MRS SR EIRATRAT TS

* 1053

é = Alsinh(ao)" exp[ )Uﬁﬁﬁ@jﬁ@) (3)

_Q
RT
A, A, Ay Ay BIIRS AR TR B TE K I B a=p/ny
NN IEE € RNRARIRE (s, o NN T
(MPa), QNEUEHE (kimol), RNSIEN ¥, &T
8.314 Jimol, THRAXTEE (K.

P (1) A (2) By AIVEL B SR S 2R 1 1]
AT ny A B AE . ng PP351E N 17.618, B [1°F3{E
79 0.034, H I a=p/n,=0.002, WK 5 fimx.

FE16 9 AN [F) AR T B T 9 A% Joft 2 5 W 7 g 22 [ 1)
Wl ESZ R R, Ko {H AT 3R4S)0.002.
HILE LRI, EBADLIXMT, HEZEIR
UF AT G 2ot 0 R A S5 2 T AR BE R 18 ) $
Hn, ATUL, RLTAREON AR T B AR, R,
L AJHREGE)N, R HREUY T 3548 912,03,

7 T ARSI T i R AN AR N ) 2 []
RN IESZ K R o S5 RE W, B LIIEHEN, EE
JSE 7 PR i T 5200 #5781 B B 7 31 K R] e 4
R 2R R ARG 6 A 7 ARG %A ST
A TGS g N 577.63 kd/mol

ACHRIEH, R, C-103 &4 fifaEh
2.87, Nb-1Zr &4 A1 Nb-OW-1Zr & 4 ()5 H1H8 500 3R

6.6

= a
65| —

64l —
< 6.3F o
o
\B L)

6.0 ;

—=—1000 'C, n,=23.7754
59+t / —e— 1100 C, n=16.7786
5.8 A —a— 1200 C, n,=12.0989
-3 -2 -1 0 1 2 3
800

—=—1000 C, =0.03656 b
—e— 1100 ‘C, p=0.0354
—a— 1200 ‘C, p=0.02976

700} /

Leol —

o

= .
500 /.?A
400 } '/‘

In (ds™)

5 AHITED o B (a=piny)

Fig.5 Plotsof IngvsIn £ (a) and o vs In £ (b)

6.0/15.5M, K, MAEBESAEFHEE TR
RRMIK R RSLIA SN FEHRX12.03, £HT
ZEEhEEICRRZ . FAh, N A BOIE e
79350~450 kJ/molt*?, C-103. Nb-1ZrHINb-9W-1Zr &4
1173 T 0 8 43 Il 374 371F1354 kd/mol™®, 5NbftH
PEOE RE R, R IR A R EORYE T AR &
S AT L AT A &R A RS R = T-Nb i H
PEosiEEE, FEFERAEESTHW, MoZ4 @t R %
SEALIER, XESTRAES GHABIRFIRIMLE GRETD K
FNbILR MRS, NG SRR, 54
SICRIR T2 455 35, IXFE R N AR i
SRIET MRS, MG & s fE K.

2.3 E&xEE

K4 Zener-Hollomon %304, wr 45

Z = Alsinh (ao)]" 4
X3l (4) PIA 53 HR E R0 HL
InZ =In A+ nin[sinh(ao)] (5)

FIH BB AR e fingg, 83 ZE MInZ{E , 13 2]InA
18 534.67. i1t 2 InZFIn[sinh(ac)] 1] ) B % £ K
(E18), XHBATEMM GG, WIHZSH G EEN T
Z B KRN:

0.6} ./
S 0.4
S
=
02
=

\

—=— 1000 C, n=13.2477
—e—1100 ‘C, n=12.884
-0.2 —a—1200 'C, n=9.9259

o
00k /
B A

-3 -2 -1 0, 1 2 3
In (&s™)

K6 In[sinh(ao)]5 In & B R &
Fig.6 Plot of In[sinh(ac)] vs In &

0.6
0.5F
L J

or /
ool / ’
0.2 a ®
0.1F —8—0.15"
0.0F o . ——1s

] ./

In[sinh(ao)]

—A—105"
-0.1

-0.2
-0.3

0.68 070 0.72 0.74 0.76 0.78 0.80
1T

B 7 In[sinh(ac)]'5 UT KIKLRK
Fig.7 Plot of In[sinh(ao)] vs 1/T



* 1054 - Wi 4 JE ARl 5 T 3545 %
. 3467 s 12.03 577.63
E=e sinh (0.002c exp| —————
} [sinh (0.0020) ] p[ =
I R References
M“r [1] Leonard K J, Mishurda J C, Vasudevan V K. Mater Tran[J],
a2r n=1173 2000, 31: 1305
~N InA=34.33
£ 401 [2] Yonosuke Murayama, Shuji Hanada. Science and Technology
38 of Advanced Materials[J], 2002, 3: 145
36} [3] Zhang Mingjun(3kBi %), Guo Xiping(¥f= *F*). Rare Metal
34 . . . . . Materials and Engineering(%: & 4 )& #4 ¥l 5 T.#2)[J], 2008,
-04 -02 00 0.2 0.4 0.6 0.8 )
Infsinh(ao)] 37(6): 984
[4] Zheng Xin(#F fik), Bai Run(4 iid), Wang Donghui(E % %)
K8 InZ5 In[sinh(ao)]HI< AR HE et al. Rare Metal Materials and Engineering(# 85 & Bkl 5
Fig.8 Plot of InZ vs In[sinh(ao)] TF£)[J], 2011, 40(10): 1871
[5] Wang Feng(F %), Zheng Xin (8 fik), Bai Run (4 3i) et al.
InZ =34.33+11.73In[sinh(0.0025)] (6) Rare Metal Materials and Engineering( ¥ & 4 J& #1 ¥ 5§ T

MEIBTI B, Z {H BE A N ) (38 K3 K. 78
BANBRSHIEE N, InZ Hin[sinh(ao) 155 & RIFHIZ
PR R, WA KNERINAE S 5811.735134.33, 55L
Brit SAE BN o« 245 UL, XU IE 5% B BA K 7
LR AR U MR %A & v IR 46 AR T AT 9, HeFk

3 & i

1) ARG Nb-Ti-Al & 4 7E &l A8 T AR B
3%} i FE RN S AR R ZE I O U, BRI T, R
AE R FEARAR B SR s Bl RLAR S R G K, AR B iR
K

2) AT E &80T EAR, £
1000 CAZEN;, FELIZhAREE NE; £ 1200 CE
TEm, FFaG LB A5 B 45 4

3) & Zener-Hollomon Z47%, L& &4
LAWIEEVF

F£)[J], 2011, 40(11): 1972

[6] Xiao Lairong({4 3k 2€), Li Wei(Z= &), Xu Liangliang(¥Fix
) et al. Materials Science and Engineering of Powder
Metallurgy (4 K 16 S kLR 22 5 T #2)[J], 2011, 16(6): 843

[7] Cai Xiaomei(ZZ/Mig), Zheng Xin(# Jik), Li Zhongkui(Z=
%) et al. Rare Metal Materials and Engineering (%4 4z J& #4
kL5 TA)[], 2012, 41(6): 1094

[8] Mcqueen H J, Yue S, Ryan N D et al. J Mater Process
Technol[J], 1995, 53: 293

[9] Kreuss G. Deformation Processing and Structure[M]. Ohio:
American Society for Metal, 1984: 109

[10] Rao K P, Hawbolt E B. ASME J Eng Mater Techno[J], 1992,
114(3): 116

[11] Frost H J, Ashby M F. Deformation Mechanism Maps[M].
Oxford: Pergamon Press, 1982: 44

[12] Titran R H, Klopp W D. NASA Technical Paper, 1727[R]. 1980

[13] Satoshi Inoue, Jun-ichi Saito, Masahiko Morinaga et al. J
Phys: Condens Matter [J], 1994, 6: 5081

[14] Zener C, Hollomon J H. J Appl Phys[J], 1994, 15(1): 22

Hot Deformation Behavior for a New Type of Nb-based Alloy

Cai Xiaomei, Zheng Xin, Bai Run, Wang Feng, Liu Hui, Xia Mingxing, Wang Hui
(Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: The deformation behavior of a new-type Nb-based alloy was researched in the temperature range of 1000~1200 <C and the
strain rate range of 10"~10 s™ using a Gleeble-3500 machine by hot compression. The results show that the flow stress is controlled by
both strain rate and deformation temperature. The flow stress decreases with the increase of temperature, while it increases with the
increase of strain rate. The high-temperature deformation obeys a power-law type equation. The stress exponent n is evaluated to be 12.03
and the apparent activation energy is 577.63 kJ/mol, and the constitutive equation that reflects how the thermal mechanical parameters
influence the forming of material is regressed.
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