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Fig.2 Schematic diagrams of sampling method (a) and

experimental scheme for compression test (b)

4 0.35 pm. EBSD 45 {8 ] HKL Channel5 {47
ML

2 FERESH

2.1 BENH-BENTHESH

3a~3d AyiEid Gleeble S5k 1S £ % AT iR
FHE IEJ& (B - B8 A8 i 2608, B m s,
I T 55 ) T v R S A TR 2 ) AR ARG T PRI, 7 A 3 2 R A1
SRe S AR RA NS 5 1 A T e o o A A S N
N7 3 JEL A B i P U R R o A (R L RN B AR R R
N F7- BN A8 2k 200 3 MORFIARAE, #hZRFF &
B EREH DRX RA ML mAZ N 2. Aok
RIA, HESIELTEYIIABY B2 20n T840 sz,
N7 AR )38 T R 38 o A8 WA N g, [RIES S A A T
T FNEERS 22 0 BT & 57 9 5 SO B8 2% FE 1 A, B R
HAEE (DRV). B NARFE N, DRX 5] &%k
BOSLANBT I 5, B AGAE 5 0 T A Ik 2P, I
AN SMEIE BB K . 24 DRX SRR FIHALME R &85 3 5
LI, AR S B AR 3G T 22108 T B .
2.2 IERMNE

B TR A5 db e 15 R AE I A B 7 vk 2 o M 4 15
ARSI, eh ] 3 TT R, VT %A 550 C



HTH R ESE: Zr-1.0Sn-1.0Nb-0.1Fe & & AR TEAT N KB A P45 i T g T . 2601 *

400 400

DOy a b

g M

g 300+ 300+ P N2 SO on~o~o~o~w.,a'

é 5 4

& 200 200

) —=—0.01 ,51.1 e 0015t

= 100} Y | 100 —-01s?

lost —a—15s .
v —~—10s
0 L L L . 0 L L L L
0.0 0.3 0.6 0.9 12 0.0 0.3 0.6 0.9 1.2
400 C| 400} —=—0.01s7q

——0.15"

g —a—1gt

s %00 300} —- 105"

g

£ 200 200}

3

= —=—0.015s"

F o0 gie 100

—a-1s?
L +E|.0 st

0.0 0.3 0.6 0.9 1.2
True Strain

0.0 0.3 0.6 0.9 1.2
True Strain

K3 Zr-1.0Sn-1.0Nb-0.1Fe & <= 7E AN [Fl B A B2 AR 8 < 2 IE i A 3 I 4 e B 45 2R
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(1, 10s™), 600 C (1, 10s™) LR K AEHLI G,
PR 38 5T B 25 T 45 S AR R IR AN A 2 1 T O b 46

25 T 45 i R A TR X B (1) AR 4 Bk R B 25 45
I FEREAR,  HK /N BT A RE AR T 3o 78 rp R AR B
SRS . BHEIGRNA & 5EMENA &
BEHRMEXR:

&, =Ce, (1)
b, o BUE VO BEE % N 0.6~0.85. ASHF 7K A it 5
I A A 2 AR b 1) T 3 SR I S AR 5 UG (i R AR 1)
KR,

Poliak 1 JonasM 4t 1 — it il i 37 3h 1 2% 4 #r
i el R VA N E SR G R S R WA L % N ULl e
B AR, RN IR A X BT
00l0e-oth 2k b /IME B 6ol 28 LRI, Hdb o
NESEN S, e HESERA, I TR ON:

(%), @

Kl 4a fT R NS TR E 700 °C, N A A 0.01
s G A IR G LN - BN AR il 2, T BN )
-E N 2R AT R T, R 3RAF AN A AR 2 0
XoF N [ N 348 o A AE 9 A b il B AT 3R 45 m A 4L
NS ML, W 4b FraR, IRAR i AR AL -

2 A3 K F 2, BRI R 0-otfi 2. 7R3 1
BrE (Stage 1), I TLAEALAR ELMEREICES . £
2 [fr Br(Stage 1), W1 T zha& M4 &I, Tk
REF BB ARZEE . 5 3 BB (Stage 1) & X R
it A AR R AL BL

M 4b A LUE A ) 0-olth 4 B A BT [
P31, O RET x b A AA b B O e sl 2 7 45 A T A
IS FIE o MR A B3 ED6S BT 12 A8 T 26 A1 1 IR O A
- F0 1N A2 2 B AT 3R AT W 5 N A (B 6o AN IRT AL T LA
A HEERN 1 EHop. XN T 6ol 5 0=0 HLNK
m BRI & SRR TR AL 5 B R ik 2P, B
BRI GRSEHAT, TR ONT 0, Hizk
fKIFJEFEAR, HAELERE S, OZ#i i 0=0 H £,
H0-oi 265 0=0 F A, WU 08 7y - 30 AR iy 2 i3t
AT NAR, KB 58 s A F A5, shaS M as iR
I BUR T 95%. H1IE] 4b AR, AZARTE AR T Hh 2k
TR NAE, Ha SRR e S g . B
B BAENF KA NN O-ohi LW 5 . K
5 R, B SR IR TN T o B T R A
AR AN P AR, A T SRS R AR TR 2% AR T
iy 5 2 AR, 5 0 R B2 26 1 T PR 02 g - B 7 72
LRI F]BRAT I N AR, W3R 1 o .



- 2602 -

Wity @A LS TR

% 51 %

True Stress /MPa

|Stage| Stage
| I | I

ol

Stage 11

L

0.2

0.4
True Strain

0.6 0.8

K 4

Pa
[y
o
S
S

T
o

800 -

600 -
Stage |
400+

200

Work Hardening Rate, /M

Stage Il A
-200 L L | i
80 100

o/MPa

I 5% 2 A% FR i <

Fig.4 Determination of critical strain: (a) true stress-true strain curve (700 ‘C, 0.01 s™%); (b) work hardening curve (700 °C, 0.01s™)
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Table 1  Critical strains in dynamic recrystallization for
Zr-1.0Sn-1.0Nb-0.1Fe  alloys under  various
deformation conditions
Temperature/C Strain ratels”
0.01 0.1 1 10
550 0.277 08 0.305 11 - -
600 0.190 04 0.225 46 - -
650 0.108 89 0.204 21 0.2077 0.23778
700 0.085 87 0.0964 0.216 06  0.1983
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Table 2 b(Z) and n(Z) values under different deformation conditions
T/C élst & & & tels to/s n(z) b(2)
550 0.01 0.39 0.243 75 2.2 24.375 220 2.905 817 638 4.675 73x107
550 0.1 0.39 0.243 75 2.25 2.4375 22.5 2.876 435 961 0.000 386 4
600 0.01 0.26 0.1625 1.6 16.25 160 2.795 266 588 2.067 28x10°
600 0.1 0.38 0.2375 2.08 2.375 20.8 2.946 143 687 0.000 392 012
650 0.01 0.2 0.125 1.42 12.5 142 2.630 758 001 6.521 59=10°
650 0.1 0.3 0.1875 1.9 1.875 19 2.760 565 309 0.000 883 935
650 1 0.35 0.218 75 2.26 0.218 75 2.26 2.737 678 429 0.321 416 348
650 10 0.42 0.2625 2.4 0.026 25 0.24 2.888 874 393 184.924 678
700 0.01 0.14 0.0875 1.32 8.75 132 2.3557826 3.026 16x107°
700 0.1 0.18 0.1125 1.9 1.125 19 2.261 683 406 0.003 840 318
700 1 0.32 0.2 22 0.2 2.2 2.666 088 43 0.366 078 186
700 10 0.4 0.25 2.36 0.025 0.236 2.847 717 683 182.924 794 7
3 TEATHEHTHHNSHEERARSH
Table 3 Dynamic recrystallization volume fraction under different deformation conditions

e /s True strain

0.2 0.4 0.8 1.0 1.2
550 0.01 0.002 817 0.020 920 0.066 375 0.146 531 0.261 423 0.402 332
550 0.1 0.002 833 0.020 621 0.064 699 0.141 878 0.252 274 0.388 090
600 0.01 0.008 916 0.060 277 0.175 609 0.350 507 0.553 026 0.738 284
600 0.1 0.003 017 0.023 015 0.074 004 0.164 266 0.292 694 0.447 082
650 0.01 0.017 112 0.101 386 0.267 013 0.484 232 0.696 047 0.853 959
650 0.1 0.005 972 0.039 780 0.116 907 0.240 489 0.399 092 0.569 368
650 1 0.003 914 0.025 821 0.076 312 0.160 111 0.274 879 0.411 083
650 10 0.002 282 0.016 782 0.053 140 0.117 821 0.212 465 0.332 656
700 0.01 0.034 532 0.164 634 0.373 466 0.601 794 0.789 360 0.908 669
700 0.1 0.018 248 0.084 528 0.198 245 0.345 260 0.504 177 0.653 398
700 1 0.005 000 0.031 314 0.089 516 0.182 849 0.306 551 0.448 559
700 10 0.002 652 0.018 932 0.058 842 0.128 543 0.228 755 0.353 742
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Fig.7 Dynamic recrystallization volume fraction at different strain rates and temperatures: (a) T=550 C, (b) T=600 °C, (c) T=650 C,
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Table 4 &g 5 value under different deformation conditions

Strain rate/s™

Temperature/'C

0.01 0.1 1 10
550 1.33 1.35
600 0.95 1.27
650 0.81 1.12 1.32 1.45
700 0.71 0.99 1.27 1.41
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Table 5 Comparison of DRX volume fraction between
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Deformation Predicted Experimental ]
o Relative error
condition results results
700 ‘C,0.015s™ 90.9 86.8 4.72
600 °C,0.01s™ 73.8 71.3 3.51
700 C,1s™ 44.9 47.7 5.87
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Hot Deformation Behavior and Dynamic Recrystallization Modeling of
Zr-1.0Sn-1.0Nb-0.1Fe Alloy

Wu Zhigiang®, Deng Siying?, Liu Huan*®, Song Hongwu?, Wang Ben*, Zhang Shihong?
(1. State Key Laboratory of Rolling and Automation, Northeastern University, Shenyang 110819, China)
(2. Shi-changxu Innovation Center for Advanced Materials, Institute of Metal Research, Chinese Academy of Sciences,
Shenyang 110016, China)
(3. School of Materials Science and Engineering, University of Science and Technology of China, Shenyang 110016, China)
(4. State Nuclear Bao Ti Zirconium Industry Company, Baoji 721013, China)

Abstract: Dynamic recrystallization (DRX) affects the microstructure, texture evolution and final mechanical properties of zirconium
alloys during hot rolling. In this study, hot compression tests were performed on Gleeble 3800 tester at temperatures between 550 °C and
700 °C with strain rates between 0.01 s™ and 10 s to investigate dynamic recrystallization behavior of Zr-1.0Sn-1.0Nb-0.1Fe. Critical
strains for initiation of dynamic recrystallization and peak strains were identified through the analysis of work hardening rate from
measured stress-strain results. Dynamic recrystallization was identified by the softening in the flow stress during plastic deformation and
quantified as the difference between a calculated dynamic recovery curve and the measured stress-strain curve. Dynamic recrystallization
was modeled using calculated critical strain, peak strain, and volume fraction of dynamic recrystallization. Finally, the dynamic
recrystallization model of Zr-1.0Sn-1.0Nb-0.1Fe was verified by the volume fraction of dynamic recrystallization measured from electron
backscattered diffraction results.

Key words: zirconium alloy; hot compression; constitutive models; dynamic recrystallization
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