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Study on the Recovery and Recrystallization of Cold-rolled Zr-based Alloys by
Thermoelectric Power Measurement During Isothermal Annealing
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Abstract  Abstract The recovery and recrystallization behavior of cold-rolied Zr-based alloys during isothermal an-
nealing at temperatures from 575C to 650°C was studied by thermoelectric power and Vickers microhardness mea-
surement. The recovery and recrystallization resulted in the increase of TEP due to the extinction of lattice defect, va-
cancy, dislocation and stacking fault during isothermal annealing after cold-rolling. The completion of recrystallization
could be determined much clearly by TEP behavior than by microhardness change in Zr-based alloys. Especially, the
recovery and recrystallization were classified separately by TEP behavior in Zr-0.4Nb-xSn alloys. From the analysis
of TEP behavior and microhardness, the addition of Sn caused to form the interaction between stain field and disloca-
tion, which resulted in the delay of recovery in Zr-based alloys. The precipitation due the addition of Nb suppressed

the grain growth after recrystallization effectively in Zr-based alloys.
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Table 1. The results for ICP analysis of Zr-based alloys

Analyzed Composition (at.%)
Alloys Notation
Zr Sn Nb
Zr-0.8Sn-0.2Nb| bal 0.76 0.23 SN-2
Zr-0.85n-0.8Nb| bal 0.76 0.87 SN-8
Zr-0.85n-1.0Nb| bal 0.75 0.98 SN-10
Zr-0.4Nb-0.8Sn bal. 0.68 0.38 NS-8
Zr-0.4Nb-1.45n bal. 1.14 0.38 NS-14
Zr-0.4Nb-2.0Sn bal. 1.70 0.39 NS-20
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Fig. 1. Schematic representation of TEP measurement equip-
ment,
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Fig. 2. Transformed fraction, Y, as a function of the aging time in Zr-0.8Sn-xNb alloys annealed at
various temperatures : (a) 575°C, (b) 600°C, (c) 625, (d) 650°C
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Fig. 3. TEM micrographs of Zr-0.8Sn-0.8Nb alloy annealed for various annealing time at 600°C.

(a) 5 min, (b) 10 min, (¢) 30 min, (d) 60 min
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Fig. 4. Variation of Vickers microhardness of Zr-0.8Sn-xNb
alloys annealed at 600°C for various annealing times.
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Fig. 5. SEM micrographs of precipitates in Zr-0.8Sn~-xNb alloys annealed for 60min at 600°<C.

(a) SN-2, (b) SN-8, (c) SN-10

Foll ethanol(90%) 2} perchloric acid (10%) & £
o4 12V 2] Ak Aol -45T ofshol4] jet polishing &}
o] Eulshdct.

3. Ant A 0¥

3.1. Zr-0.85n-xNb E29 TEP B3}

7r-0.8Sn-xNb §39] ARAA HF| & TEP H&
£ 27 24 vEhIT}. 575C oA SN-29F SN-89 7
Sl 3} A A e] Aol vl TEP7} Aj&Ho 2
Z71etctot 608 Al A3t olFojA TEP7L E3 sl
k. TEPY Z7he 83 AAA Ao AxAE, F
F, A8, AEAF $ol 29 de) Az AR
7rag7) A Ro'? Aigict, wEtd, 2§ 20 Jehd
TEP 2] Z7le &3 ARAAe] FAlo) Hy3hs Zlez
Boln e]ai YA 600CHA I 48 SN-89
al ATz 43S Jehd 23 3023 oA Hala ¢ gl
Adek. 27 3¢ ARG, 5E] dH MR FEHA A
AAo] BAstE AL HAF 5 o, 607 M
e BEHo T ¥ UR ol MUt FAHAY A
off AXo] 4RH o] o} dE & = ot A, Zr-
0.8Sn-xNb ol A& 353 A A ] FAlN Y=
4 TEPS Z7}71 #A4sksi7] W] TEP $3WY®
25 AMAEA dAE PRI e ofdHoh A,
Borrelly 9] 2@ol|4x%® TEPS] Z3= & AAYE
o) AAgPo) BT AR HAYoE YAy 42 EA
o] Aol x] wAyst7] oFoll 60F o]4te] dAze
A el TEPS] Z3hs 603 olFel x]AAe] 48

£ A% 9n)ikr), SN-109] ASele 12089 dAe 4]
7} ol¥eA TEPS] X857} #AstAEd, ol Nbe 3
7)ol e} A AA o) A A== A4S onjact.

¢, 600°ColA DA SN-29) A9l TEP7} A
&xe 2 Zrlalelr) 3089 A A7k o) Foljx E3}E
3, 240% ofFoir TEPY AME7171 EAYc). o=y
BAFE SN-29) 294 Friekol w4 A7) o) iy
B Aol 22Elo] B o AAYA L] natay
7} §17) wl-Eoll AAYe] 2oyl P, 0|2 gk A
zhel Alatalzlel AAA Y gHHo] 74487 & W
AEE Ao 2 A7}, 2, SN-89] el SN-2
oA AMAA | HaFHE A 0% oA dFAHE
TEP Z&7} A8t 43 5314 F7isichy)y 231l
t}. ol HEE ¥4} AR 5l AAHY R &
APA) FRHo 2 ngEq, wepy AxtAlRke] i
o TEP7} F43814 S7se Zog A4H? =3,
SN-29}&= &2 44E8d 3 ZAPAY nFe & 3}
of AR} Zoisirl ZA HAERA] oo} 24089 IH =
A7} o)F9) TEP 371 2A) %2 o2 A" SN
~109) M2 28 AL SN-29F SN-8olAe} 7o) 30
Fo] @xlg] 2)2be) A TEPY E37} Jehdz] ofa 60%
o) itoll A viehdt}, ofie tieke) AR sk AEH
o] A3 AR, AAH] AYFHE FAl HEE)
A=l TEPY Zspr} 493 Ad=E 2oz 4744
t}. 2eh}, SN-89) A$AAAY ARRY Zoisv} L
AstA] o} TEP &) HF7F 48 etz odstet.

625°Col X2 TEP A%< 254, & $g°l 10~15



297 - AFA - AR TEP #4E& ol4¢ Y712 W Zr-based YT SN 92 HE .. AB7

(a)

5 10 15 2
Energy (keV)

. GB : Zr(Cr,Fe),-Nb
) Z

Fig. 6. TEM micrographs of Zr-0.8Sn-0.8Nb alloy annealed at 600°C for 60 min. (a) TEM image of
the precipitate and EDS results (b) SAD pattern of the precipitate on grain boundary (c) SAD pat-
tern of the precipitate in matrix
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Fig. 7. Transformed fraction, Y, as a function of the aging time in Zr-0.4Nb-xSn alloys annealed at
various temperatures : (a) 575°C, (b) 600, (c) 625, (d) 650°C
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Fig. 8. TEM micrographs of Zr-0.4Nb~1.4Sn alloy annealed for various annealing time at 600°C.
(a) 5min, (b) 10min, (c) 30min, (d) 60min
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Fig. 9. Variation of Vickers microhardness of Zr-0.4Nb-xSn
alloys annealed at 600°C for various annealing time.
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Fig. 10. SEM micrographs of precipitates of Zr- 0.4Nb-xSn alloys annealed for 60min at 600°C.
(a) NS-8, (b) NS-14, (c) NS-20
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