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Deformation behavior with temperature variation in Zr-2.5%Nb alloy

A%, 774, A48, 794
FFYAG AT

ok
h

=]
ar

Zr-2.5 % Nb &7 $E#E oF 10%4E 49T F o7 B3oz spFsie A A @A
F AR AP o] A" T dSAEE SAFLERN A X 4&
£ &3tk (0002) polee] 74 Wake AF= ol 9 F WA 330C7A = (1012)
#7 Wyule] Mg of 350T BINAE <a+rc> slipe]l F&3tE HA 22 vebydel. (0002) pole
o] A wWaks} oF 30° AE "WeolA 9t 30° A AHAE (1012) ¥ (1121) AA WHe] A&
A 45° AN A" (1121 B Hye] deovte 722 Ut &2 A 2ol
W "M E A Wyo] dolkx] ke g el 350CelA vehve Wy y)e] st
€ o &5 F2dA vehde 35 Zxe T3 243 FRD F 2R Hd. o] B3 &dE
<a+tc> slip 7179 #-go @& A9 =A e SUkek A9 ZA] wE jogo] ¥ #H
He Aoz Bl o] AFAE Zr-FFNA 350-400TCelA vehte Z3s 2 &43 Re F}
HJAE Agste GAE ATE o8 B

Abstract

Deformation mechanisms with temperature variation in Zr-2.5%Nb alloy has been examined
by tensile testing at various temperature and inverse pole figure measurement using
differently textured tensile specimens machined by different angle from about 10% cold
rolled and flattened CANDU pressure tube. It is appeared that only (1012) twining system
occurred up to 330C and above 400°C and <a+c> slip operated around 350C in the
transverse specimen in which (0002) poles are concentrated in the tensile direction. It is
confirmed also that (1012) and (1121) twinning system operated in 30° tilted specimen and
only (1121) twinning system operated in 45° tilted one in which (0002) poles are declined
by 30° and 45° from the tensile direction, respectively. However, there was no detectable
twinning operation in longitudinal specimen up to 550°C. The occurrence of <a+c> slip near
350C seems to be related to strengthening phenomenon around 350C in Zr-—base alloys,
because the additional operation 12 <a+c> slip system increase the possibility of dislocation
intersection and enhance the formation of dislocation jogs. This observation may provide
the proper explanation for strengthening and increase in activation volume appearing in

350-400C in Zr-base alloy.
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2. 43

A A-43 Zr-2.5% Nb 48 #L shtcle] Nu-Tech precision A4 AZzste F33 AL
2, g3 Az A3 billete] 33 AL table 191 Bt

AF AHL QA Feo] 9F HFo2HE 07 (1), 30" , 457 , 90" (L) IAH W= HIyHE
2 71EH9 QA AN A48 AHL gage length 10 mm, A 2.5 mm A EY thread type
AlH 3} gage length 25 mm, 984 4x4 mm A E9 pin type A Holu, ¢o]F pin type A HL A
d F AdEe] Az AL AHEE .

Qg AL 5x107* sec'e) 7] WY ER AN o, F8 FEE 0.2% offset H& A543}
o AFEAE SN st FA AddE QR ADEL FL $FoE x5t X-4 AS
27 F JESF sgen, At F 3\ Fo WY F& AASY] 995t HF-8v% + HNOz-45v%
+ HoO £9 22 30 AE chemical etching 3+¢th.

A z2 L Cu Ka radiation® 258 &A% 2A5¢ 7Zr 5 222 HE +F random 3HS AHE
3t inverse pole figureE FA st A stgou], o]ERE 7]AW AR (basal pole component,
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stE o] AP =Z L Fig. 19 B vle} 22w, as-received ¢E T #AF=Z L& 7149 (0002)
o] g UF Wik, (1010) W& Zo] ko], (1120) WL 27 Wioz AFEe] 9, 7
wheke)] W& 7AW QRS Fr=0.27, Fr=0.67, FL=0.062.2 lelytct. QF @Hake 2 e 30" 7€
o]z ARe] A9 (1013), (1124) He], 45° 71&elz A" 74 (1012) (2023), (1122) W], 60°
71&e)A A% (1011 Weo] HFEH vk 71A™ AL 30° 7]€0% AF F=0.42, 45° 7] &2
AL F=0.302.2 =A<}
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2 Zxsgen, F o Frtd 9 ¢ ZEE St Thread type €5 W
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4.2. <a+c> slip®] &4 %3 &+

Zrol Al <a> type A9 Burgers HE & {1010}¢l4 1/3[1120]2.2 <A glo} 3o o
A+ {0001} He] &7 WHolglx HIHZE I} =3I <a+c> type A+ {1010}, {1011},
{1121}, {1122} 4 1/3[1123]19] 12707} EAsE A2 Hise] 9t}

A& Wy =7} 300-400CelA Jehte 38 Axe A& F31 4L dynamic strain
aging (DSA)E Aol MM E o}, T FI6]1e A diXe a2 o] G }et
ve 843 By = Ao A} =19 8EE $-F(non-conservative motion of jog)dl 333}
£ 200-300b°2.2 HIH 9o, ZircaloylA vehe A5 72 T3} 4L F39 vEE &
ol o3 Aol s Ag vl It 2EU ¢ o] X FreA ALY male) o3 =27t LA
3L Z3e] HEE $Fe] dofrtolgt st Ao dejH e AHsA dgdt

B, Zr-2.5%Nb FFA vehvte 48 25 4 3 939 43 Hos SAHA GIA
gk Zircaloy®] A-¢¢ frAE AL Heln, o] 4L CANDU 839 Zeo] waeA 2 eyt
ok gEHe] 3] e Wy F vehde A4 8y rﬂl—ﬁ}‘ﬂ] g8 Axe A& F31 f4e] A
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5. 4%

1) Zr-2.5% Nb 83 A4 <c> Fo] U W 45° olvfe] ¥ Age 9% WI F
(1012) 2 (1121 #4 \I & Fispe, 44 AP L doyjed 223 dAADG & oy
of & FEIt £ ehdd.

2) Zr-2.5% Nb 8% Alge] 3 @3 A& < 350Co)A A Wy F 44 AYo) FE35A @&
2 o] f= <atc> slip?] g0 '?i‘%‘% FE57] W ol

3) =0 @& WEF F o 350C FToA FE Axe vt F3EE A3 23E <a+c> slip?
Zgel oF 3§ 210 YA AJF o2 Hldh
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Table 1. Chemical composition of Zr-2.5% Nb billet used to manufacture of pressure tube

elements Nb H C N O Fe+Cr Hf Zr+Hf
spec. max. [wt%]| 2.0-3.0 | 0.005 0.05 0.025 0.18 0.2 0.005 Bal.
top 2.66 0.0003 | 0.0086 | 0.0027 | 0.114 | <0.054 | 0.0045| Bal.
bottom 2.52 | 0.0006 | 0.0079 | 0.0025 | 0.105 | <0.056 | 0.0045| Bal.

Fig. 1. Inverse pole figures for as-received Zr-2.5%Nb pressure tube
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Fig. 2. Yield and tensile Strength with temperature

in longitudinal direction.
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Fig. 3. Yield and tensile Strength with temperature

in transverse direction.



Fig. 4. Inverse pole figures in transverse specimen after tensile test at various temperature.
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Fig. 5. Basal Pole Component variation in the

tensile direction in transverse specimen.

Fig. 6. <a> and <c> type dislocation density with

temperature in transverse direction.
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