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# . Hall-Petch B3 ARIR SR ROTESE, AW FCHOE 1 A0H5 ) o (H A SR PRI, ROAEES AR 7y RD i i &
fE (84 MPa-um") ZEAKT TD HLAHIF £ {H (220 MPa-um"), Frf* RD 1 TD 43 7l A B IO FL 5 I AR ] o 4545 5250 15 0 2
PEEERR, N 1AL P ASTENLE, AR AL R ST BE IR SR EE R TR T K, HAWSRRAN A B AR . ASFDINERTT 1]
ASTENLEIANTE], RIS RD S, DU I 9 2 5, ¥ TD i e Aok o 6 M 0 A% G (R B R8T, O ELIS TD S s
T {1012} 2. T AHAR SRR R 22 o AU LA IR R T m', 8R4 AOM k(B OB R AR L . 25 R, W
RD 4 FEAH 4R R (K LA B0 R T m' €0.67) 55315 TD i (AR A1 &AL S LAT BB R T (0710 AHIE, T3 TD R fif o AH 45
AR KOG R 7D 22 6, (103.72 MPa) 126 i T35 RD S AR A BRI B2 0 22 (32.17 MPa), 3303 TD iz fift EL iy RD S
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FEEEDHES: TG146.4'14 TRAARIRAGS: A
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B Tl AR B KRR, B J H A 4 TR AR 7 1 ) 2%
PERE AN PG i B8, OO AR L I S5 A R, LA
A T A R A e S B A I R AT S
fE > X T B % HE /N T7 a4k 45 4 (hexagonal closed-
pack, hep) I 8E & H A 4, MR TRAT NAEH E A% 18
R IEE RE R R SRR, HE R {10101 <1120>H
T B A BAK 1 I 585 U1 N /7 18 Ceritical resolved shear
stress, CRSS) , A M2 5 25 5 Wty R A8 T ABE K7, T ik i
1 {0001} <1120> , 4E [ <a> 18 # {1011} <1120> F £
Hi<c+a>IH# {1011}<1123>1 CRSS{H & T A 2, F
A= N AR SEY . RS SB TR SET,
A5 A A AR E I A AR T AL, AR A SR 43 S A
25 A ({1012} <1011> A1 {1121} <1126>) F1 J& 48 25 4
({10T1}<1012>A1{1122}<1123>) . JEHHEH T, {1012}
AR R TE R A AR I R R A O . W R AR AT
A T AR v I O AR B S 0 46 2R AN #7717 2% V)
FHIE
A R AL A 2 s A 4 ) SRR IR RO AR,
RGP ERL DT MEE T E(ECAPDE T2, EH
SO I 0 Zr-4 G 4 it 0 2 T URRIR T DA SE IR 4K

ks HEA: 2024-08-21

1, A5 Zr-4 & < 0 AR 9 2 A 329 MPa 2 5 1] 352 MPa.
v o 55 NN ECAP R B2 A 120 H Tl 4 a4
fn 2l BRI A R RS A 17 pm 414k 3 0.25 pm, i Al
55 M\ 245 MPa #2751 5 711 MPa. o R <F 5 i A 5t
(155 & 1] LA Hall-Petch 5¢ 2 Aok 2 AL RN 2

o, =0, + kd'? (D
oy, o, 72 Jo IR 9 L 5 0, 2 LT P A R PAY 1 PR JEE 458 1
71, d &SRB AR , k /& Hall-Petch #1352 J B & S5 4E,
FEREESH . MERKNZIRZ RV S AR TE 2% A
RS2 A5G0 < s S BT ) R g1 AR AR TR ik B A it A
B 4%

O K EMFF R, 0 57 5 45 441 (face centered
cubic, feo) A4 L 37. 77 &5 #41"' (body centered cubic,
bee) MR kS A BARH R i1 . SR, A hep 45
MRV EEA S ARG &1 kB A 9 Z 1) 2R s v
Hall-Petch 5% 5 5 #1 B 77 52 % [0 PR VIR 9% - Liu
LWV 9T T Zircaloy-4 & & WA 1) ) % &\ 7
Zircaloy-4 & @M # HA MW ND [7] TD iR} 30° 12344 , 43
J¥E A RD J5 [8) M1 TD J5 [a) B A, Jei i 56 52 A\ 407 MPa 1%
JNE| 432 MPa. H A1, RD.TD #1ND 43 AR EAR A I 4L
# 77 1] (rolling direction, RD) , #R #4 ## [7] (transverse
direction, TD) AR #4 ¥77% [A] (normal direction, ND) . 8

EETE . HEK H AR 2E3E 4 (52275161) 5 BEVE 48 B I AHrEDT H (2023-ZDLGY-20) ; B PS4 B 2157 1B (2023-CX-TD-50) ; BE VG4
[ bRkl S VBRI (2020GHID-10) ; B P 45 [ brkkE: & 78111 (2024GH-ZDXM-01 )
TEERIN =S, T, 1999 454, Wi, VL e SR KA & TRR2ABE, BEPE Y% 710055, E-mail: zy1527482275@163.com



° 2042 -

W] B RS TR

554 3%

BAHh , Deng S5 5T 1 Zircaloy-4 & 4 B M 1) 11 % % 1]
S WA MK FE DT )RR ) JE 5 FE 9 360 MPa, fil
T 8 R AR ) A ) JeE il 5 P TK 1 570 MPa. Xu S5
TR YEYE B VA A (visco plastic self-consistent, VPSC)
BT [ Zircaloy-2 A &M (1) 71 % & 1) w5 AR TR AL
MO 5, 25 S BT TD hr A8 1 e IR 3 2 v T RD h A i)
JiE IR 5, 33X U R T 9 TD i e By 265 T 34 8 1R 38 o Bl
[T RE R N DR VA LI e I i YT o A S e R st ] (iR 108 %) A
JIAE, W LA TR B v ) Je AR5 B, 5 B TD e (1) Je il
58 P w5 T RD R AR J IR BE o 28 B Pk, A 0 3R B
KA BA BERN % & m R, 3 SRS
PLHI B IR G . R, B S A 4 1) it S o Ak B A iR X
IFa) AR 12

TS S HAA 4 il RS LR N SR AT A R
Wa) , SR, B S Fo A 4 i I iR A PR B ) 4368 12 A RO
ATAERGHTTC 1 A [F I 46 HLE Zr702 H ) Hall-Petch
KA, RILH kAH BA 58 20 B a) 4O/ 1, 8 it se 56 5
VPSCHERAHSE G RN ST 1 ke AB -5 2R A DG IR R 4K
FUREIREIR

2 X W

A FEAE FH A4 L D P LR S 1R T I 4l B AR
(Zr702) , JE- 15 49 20 mm. Ayl £ AN [F] ok ROT iRk,
B JE AR EAS IR FE AT IR K, BAR S5 TR 1
K H Image JERA I & Sk RS, 8 T 3-8 B Geit = X
B BN FE S 2D G0 1000 S k. Ao A gl g A
I I) %} Hall-Petch 5% 2 (5200 , 2 Fpoin 07 U E ST
AT, ROV RO RD A0 TD #EAT R fi . Rl e bR e B K
2520 mm, Hr A RS AR 107 s J) 5 A A
JH #/2 WDW-300 L 2 1 H 5 5 RE R B8 L » Dy PRAIE S
TR RTEEME , BB SR RST HORE B REAT 7 3 IR R Sk
5o Al R 2 i 4 SR 2R E I B A T O AT
(electron backscatter diffraction, EBSD) £ 3k ff) 1 4 H -+
i 73 8% (scanning electron microscope, SEM) 15 % 117 &
e 8 A SRR R FLRR AR LL N 2:9:9 BVR S HAT
JEETAbEE . EBSD #diidiid Channel 5 EAFEATALE 34T .
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VPSC #5714 j& i Lebensohn A Tomé™ ¢ Hi , F Sk
L SR J12544T N . 45 VPSCHERL ok 4 4k
R BRG] T BR AR, BR N3 S R A T IE S A
FEAEH A RN R EEZ dn REEZP . 5k %
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JS2 A8 T 2 &, A il iR O %18 AR AR R G R B ) o, A
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: . s[ Muu
&= yOESm;j(TS) 2
Forr, 5, RN AR TEAE KR BT DI A, o AR AT
FHBIVINL T T m ARG AR AR 3 s A 5% RO 2 o A 1 K
BB 88 n S W AR T AR UM X T hep 451444
B SR n WH 20,
K H Voce fif A A58 5 0 28 72 ASE X Fe) B A4 i 7 3 AT 22
B o F AR g e 2R A B 8 AR v AL R T Voce
TR T HR I R
} 3

e, ¢, Mz, 6,801 0, 70 AR AT I AT 46 e 555 V)
JS2 77 RS Wi 57 R BY 1L 77 470 i 5 A0 3 A B 25 A A
R, DR AL NI ZARBI), sARREBA R GE. IS,
B8 T | R AR A o LB AR AR A (D
s . TS AT

— dts ss" A8
TR €))

oo, Ay ANATEAR A BY D) R AZ 10 B, A0 RO TS /27
A e SR BT )R 77 M . SR AR AR R T e H A
(predominant twin reorientation, PTR) >R fif e 28 4 5| A2 1)
de R E . AT SR T, Affine H 8 5 RPN N RE
B4 M RLAUL G 5 < S0 A R RER 2. AEAHIE TR VPSC L
Rrp, AR I B8 T AL TV A2 AL TR RS HE T <c+a>
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TR 7 . BB IR R B T v ASOME R R S 3
Ko BRMAEAFR KA T R E QB 2 Brs, BT A iR
A4 250 0 BB R L 234, B (0001) B € 1 AND 1] TD J7
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Table 1 Annealing conditions and designation of pure zirconium plates

Sample Plate 1

Plate 2

Plate 3 Plate 4

Annealing condition 600 °C/1 h

650 °C/1h

750 °C/1h 800 °C/1 h+800 °C/1 h
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Fig.1 Inverse pole figures (a—d) and grain size distributions (e-h) of zirconium plates after various annealing treatments: (a, e) plate 1, (b, f) plate 2,
(c, g) plate 3, and (d, h) plate 4
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Fig.2 Pole figures of zirconium plates under various annealing processes: (a) plate 1, (b) plate 2, (c) plate 3, and (d) plate 4

GRS AR . IR AR I LRFIEAEA  RD SR TD iz {1 2 15 T ARORF 0 e i 55 52 FR A2 4L 15

[F)3E K AR H G AN R A B8 R SHRI AR (@77 2R PE G &R, 3538 1F Hall-Petch X
4.2 Hall-Petch X & Zo. PEFBRSE o, MEHTEIF. NEFATUE

AN [5]  W ROSH ARORE At ) B R 7 - 1 7 it 28 a4 3 s WS [R5 1) A AR 9 RD B4 2% 1 R 1 kBN
BT » AN TR SRR ST BE S 0 S0 2 I BRI R AR — 8. 2 84 MPa-um'?, 3% TD Fi 48 (1) k5 A 220 MPa-um'?, % B 4§
Tl 75 Tl AR 1) 77 2 2 78 JoE I LSS 3 R A8 T AR B eh Hall-Petch 58 & 1 kA HI R /NS LR B DIAH G .
%o Wi TD R AR AV RD B LR - RAR I ZE B 4.3 TRZALE
BT RS, 1 RD i ih 26 % A B 5 00 e ik s 30 JE I VPSC A5 AL T Y RD AT TD $7 44 1) BB A7 -
G TD R A H BN BRGNS, K@ NAML W E S s, SR S50 B 5 1 508 77 - R AR
ANFINE T AR IA . AR SRR TR A B2 AR RAF I —Etk . VPSC LAY H RS I8 A2
YA g 77 10 e AR P R 2 iR, R TD Ry B BT AR, AN G B s i AR T i B, B DAREHUL I 0 2 it
{10 it P58 B2 v T30S RD B AH S RS o SRR 1) 2R AN RS Z0 R Aa TR Y . R 4 F i T FH T VPSC %
SRR A i AR5 B A R RS i sk . W BRI S E, B 6 BTN N AN R AR T AL AR X v 1
RD $7 R TD R 45 AT N AR diobi RO AR A (0 8 Bles IS5 SR .l 1 6a M0, AR 5 RD A, A TV 8 2
ES PRSI ERWNE 4 Fon. SRER IS ZERRTEHLH, X R SR e FiS gk oy ik A o0,
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Fig.3 True stress-true strain curves of the pure zirconium plate under tension along RD (a) and TD (b) at room temperature

2 FEARAARD A EIF TD 75 B ERh R EIREE
Table 2 Yield strengths of pure zirconium plates under tension

along RD and TD at room temperature (MPa)

Sample Plate 1 Plate 2 Plate 3 Plate 4
RD-tension 252.81 241.15 238.22 235.86
TD-tension 420.69 404.62 390.00 381.67

450 -
= TD-tension
e RD-tension
400} /
A
=
=350+
)
5
» 300
=
<2
>~ 2501 H//./’
200 1 1 1 1
0.12 0.16 020 024 028 032
a2 jum 2

K4 ORI IRSRE S a2 I G &
Fig.4 Relationship between yield strength and d~'* of plates under
tension along RD and TD

=3 WAMBLHETEY Hall-Petch &%
Table 3 Hall-Petch parameters of plates along RD-tension and

TD-tension
Parameter RD-tension TD-tension
o,/MPa 223 350
k/MPa-pm'? 84 220

WS RD F A, K HB 4y ok ¢ b 5 048 U7 18) 2B B, R A
THI V3 % 1) i % 45 IR -1~ (Schmid factor, SF){E fix K, I HAE
T 2 1) CRSS $ /N, DR A TV % 8 25 5 Uiy » JLAE XS
TR 2 TE 80% oA« JETHIIE 72 5 HETH <c+a>TE B2 1)
CRSS W E K T AR, EA TR A X EPELE 10% £ 4
75 RD FzAd S {1012} 28 & JL T R g0 - 11 Bl 6b ml %,

700
600 -
Qz‘f 500 F
< 400F =
5
300t
% 200+ ® RD-tension exp.
= = TD-tension exp.
100+ RD-tension simulation
———TD-tension simulation
0 1 1 L
0.00 0.05 0.10 0.15
True Strain

K5 VPSCHREIULS SRR (0 0 I F7- 17 A2 o 2
Fig.5 True stress-true strain curves from VPSC simulation and

experiment

4 VPSCHRIUH Y Voce SH
Table 4 Voce hardening parameters used in VPSC model

Mode 7/MPa  t/MPa 0, 0,
Prismatic 70 30 1200 70
Basal 160 30 300 20
Pyramidal<c+a> 255 70 550 160

{1012} twinning 200 70 100 0

T TD R A ARA 1 28 T A5 X A A T e A T e % 3
[ 35, BITE42% e hi o FEASTEHI I, {1012} 25 I AH
XIS I 21 10% , B A BRI 3] 10%, {1012} 28 é J1L°F-
BEFESS, T HETHT <c+a>8 B BB R VRS 0, LL4k 2 1h i
cHHPEAE NS

W LRI 2 B BT RROME o RS Bl R KRR
AR R HIARAY, , SR T SR B LA, X 3R B AN ] oA
JOSF BRI A 5] 7 1) D0 B s 20 A8 T AL AE AL
FEAW I HR e B R R ST 2979 51 pm (AR S TE 10% iz
AR Ab BEAT AR FEML AN 43 HT . RD B4 5 TD 7 A 7 B AR
10% 4 1 [ 1% 143 477 ] Ginverse pole figure , IPF) 41 7a
H1 7o Fi 7w , RD S AT 5 (20 20K 22 805k b N S A Ee A 1)
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R Al e SR BRI L A I 7T * 2045
1.0 a 1.0 —=— Prismatic <a> b
—e— Basal <a>
| —+— Pyramidal <cta>

> 038 0.8 —— {i]é?;l; twinni:g
= —=— Prismatic <a>
5 0.6 —e— Basal <a> 0.6F
< —*— Pyramidal <cte>
<1>) ~—+—{1012} twinning
Z 0.4t (Plan s st
=
e~

0.2 0.2r

./*—‘—FH—A—H_H_“_A_A $
i : . . N e asac =S
0.00 0.05 0.10 0.15 0.20 0.00 0.05 0.10 0.15 0.20

Strain Strain

P 6 I ANIR) T3 1) N 28R 4 /2 2 PR A O 1P 7 3 A A

Fig.6 Changes of relative activity of slip and twinning with strain after loading along different directions: (a) RD and (b) TD

(0110)

{1012} twinning boundary

LAGBs

HAGBs

P97 GBS AU RD AT TD BLAETE 10% f5 1R SO 1 55 5 7

Fig.7 Inverse pole figures (a—b) and grain boundary diagrams (c—d) of pure zirconium sheet after tension deformation of 10% along RD (a, ¢) and

TD (b, d)

5], 3% T AR TR I R b A AV R0 3 B A e
TD Fi A5 B VE 2 dfoks o tH AR TR 2141, IX B8 4 4R 28
oo an g F W 7e M 7d fras, Horpr, SR SR KA T
#t 9t (high angle grain boundaries, HAGBs) , /K & i 5t /&
/N FE f A (low angle grain boundaries, LAGBs) , 214,/
SR {1012} 25 5 7. I RD R L T34 {1012} 25 S i
P, SR, WY TD S AR AR A A 20 22% i R 0
{1012} 25 4.

K EBSD J7 v AE #3828 43 Mt 7 vk — 0 e Al i
BT HE RD A1 TD F s i (AR AL BEAT 1 20 Hr . &5 P
TN AT FH T e 308 4 40 B O 1R b s 0SB TR A KR

Bl T ARBIEA S E ISR I RD A TD R fdiAf:
dn o 3BT T 200 AN B R B ERRL, Geit T A Nk 1F
N S B IR R AR TR AL VHE <c+a>TE B AN
(1012} 22 F T I E 40 Lk, H gk 2 R 8 fiom . M
Bl b m] DUE Y RD S A 2640 N R T 78 7% i & LAl
90.5%, 13 /> B EL I B R T B 2 5 AR T,
{1012} Z5 S W B0 o W TD oz e IR 0 A8 A5 XA A T
Fo ARG A L [F) = 5, AR T A A o LU A9 Dl 46.9% , 5%
THITE #2 B 3 EL A5 30.3%, [E] B A {1012} 22 & 1 B0
MGETHEE R T LLE Y SEB B4t ih (199 RD 5 TD hi i o
BASTAE G H S VPSC AR R0 45 BRI A — 5,
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Table 5 Determination of the active slip systems in grains at 10% strain during tension test
Slip system Slip plane Slip direction SF Theoretical 6/(°) Experimental 6/(°)
(0001) [1120] 0.029 21 134.23
<a> _
. (0001) [1210] 0.231 21
Basal slip
(0001) [2110] 0.259 21
(1100) [1120] 0.092 79.1
<a> _ _
. o (1010) [1210] 0.433 138
Prismatic slip
(0110) [2110] 0.340 138
(T011) [2113] 0.248 20.8
(1011) [1123] 0.106 20.8
(1011) [1123] 0.131 105
(1011) [2113] 0.130 105
(0111) [1123] 0.150 33.1
<cta> (0111) [1213] 0.075 33.1
Pyramidal slip 0111) [1213] 0.132 91.6
(0111) [1123] 0.041 91.6
(11701) [1213] 0.149 78.1
(1101) [2113] 0.2 78.1
(1101) [1213] 0.459 52.1
(1101) [2113] 0.473 52.1
100 100
Il B:sal slip Il Basal slip b
I Prismatic slip I Prismatic slip
xX 80 [ | Pyramidal slip 80| [ Pyramidal slip
E [ Twinning [ ] Twinning
5 60} 60
-
= 46.9
(]
B 40} 40+
S 30.3
g=" 22.0
»n 20F 20
6.7
i 2.8 0.0 0 0.7
RD-Tension TD-Tension

5 7 g
5.1 k{EMESRE N

Hall-Petch 2% 5 R 5 kA AR 74 RHE LA i
T H i S0 AR T A 338 ) BELRS AR FE » kBB , 2 W8 S 0S

8 10% AT o ai i s b & AT Gt it 45

Fig.8 Slip mode analysis for initiated slip systems of 10%-deformed pure zirconium plates: (a) RD-tension and (b) TD-tension

A TE A 3 (4 LA A B, o 57 o A R Bl v
Yu' I Guan"SERR I A7 45 FEAR BB B 5 AT LAIAR D 8
L2 TA) PO A TR A N ) 22 0, AR &S AL 18] 3807 A2 T
B TUAT B0 R -5 m 3 2 AN 2 BOR SR B ) 5 kB



8 ]

R T Al TR AL U L T

. 2047

s, I HiX 2 AN S50G B AR R | 855 4> Hall-Petch ¢
kAR5 U R E LR o AT IT 25 W] hep 45
P4 1) 40 % Hall-Petch J¢ 5 A & E 22 3 H 1R 58 1 B i) 4
S, I HL Al v i 5 e A ) 5 1) AR A e R T

Yul" A1 Guan &7 548 T8 A% 32 3 B 75 B2 AH DG 1)
2ANZH, RIAH AR &R 18] (1) 0% B2 /) 22 o A0 TLART B3 1 B8
T m', HEITRRAT
_Ta _ T

SF, SF,

m' = cosa-cosf (6)
Forp, o A, 43 il AR AR 1 T kL P 005 A2 TR A 2 1)
CRSS 1H , SF, #1 SF, 73 AR AR AL 2 4> Al RIS AL AR 20
Xof L PR it 5 R R 5 o T B 73 Sl AR R A 08 kL 8] T % T
TRLR PR A FNTE 2 77 1) 2 [A) (R S Ay o R0 okSE [] (10
I 37 o AU UART R BB m 23 AR SR 7 51 S X
[Fa) 2502 AMTER i) %o Jo 38 82 3 73 D) 238 4% R ISEHE . kB
EI 1) 4 365 1 R e T3 2 ML IR RN 2 v TR s I ) 22
o [EFNEAR B U B R DR 7 m i R A 4T oL 2 [A] AR T
FE R EME , 2= F B =11 Hall-Petch /% k..

A TAETHE T RD Fi 1 5 TD hz Ad (380% B ) 2% o,
MU PR BT m e, 8 TSR RA St s LR,
THE AR BT K2 300 X AHAR SR KL AR B ) o AHE 72k
THELROE B ) 7 o, 15 BT A FH ) 25 AR AR X CRSS H 5
FAH ) Voce AL ZHAH A . T HE L5 R WK 9 Fras, v]
LA L RD S A 0 . /) 7 32.17 MPa i /N T TD
P A 2 AT R G Y ) ZE {8 103.72 MPa, 1T Y RD iz fif

€D

04

50

() JLART B 18 PR 74 0.67 5 9 TD A 1 JLART B 8 IR -4
0.71 b i . DL ES5 SRR, AR AP T 1) it S i Ak
AEAE SR ZL A AP o Y RD A1 TD R A4 1 LA B3 18
BRI F- A0, DRI 0T AR RS2 A 55 /0N o T ¥ TD oz A B i )
S N S22 S8BT TD A S =k E

WS N3 22 o K0 LA B R Rl - m 5 78 T T R A 4R
WL [ AR AR AR R AR G . R 6 FI R 8 45 S,
5 RD Al TD 7 At (1) 248 T AR A AE 235 X, 3005 3850
RD A1 TD $i fif i A AE A [F R AS T AL i A 2. RIAH 282
A ff R Y8 IS A T IE A% (prismatic slip-prismatic slip,
Pr-Pr) , AH A1 2 AN i R 35 300 5 17 4 #% (basal slip-basal
slip, B-B) , #H AT 2 /™ debL — A i W 005 A v 7% 05 — A
EroRL IS FE TS #2 (prismatic slip-basal slip, Pr-B) . Pr-Pr
&3 7 RD i i B ik 94.7%, 11 75 TD Sz o 5 Lk
N40.9%. Pr-BAL#1E RD Fifi s A7 5.3%, 7E TD Hiz f#
Bk 33.6%. RD Fff 135 K L B-B A% 16 A5 X, TD $i
i rp B-B A& LI 5 25.5%. (R, RD o fift e ) 32 B4R
TEAL A N Pr-Pr A& 33, , 1M TD Fiz A A (1 3= AR AL 38
155K Pr-Pr 4535 . Pr-B £ 18 11 B-B 4% 3%

10 I 7 4 RD $iz 4 v Pr-Pr % 328 A1 Pr-B 4% 38 A K¢
TD $7{f 5 Pr-Pr 4% 8  Pr-B 1% 38 £l B-B 4% 126 AH 455 &7 7 |
WS L) 2 6, 50 A A3 4H . X T RD i, 5 2
il F) Pr-Pr A% 34 (1) FH AR RS B ) % 0,79 17.84 MPa,
i EE B B Pr-B A% 3 I 0E B ) 72 0, 9 287.59 MPa.
T 5 TD Sz fi o Pr-Pr A% 326 (1) 0% B /) % 0,749 84.88 MPa,

Average: 32.17 MPa a Average: 103.72 MPa b
40 40+
X
230 301
8
&
g 20 20t
59
10 10 ]
0 ml mll, = N} 0
0 100 200 300 400 O 100 200 300 400
4 oy
20 20
Average: 0.67 C Average: 0.71 d
15t 15F
N
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8 10+ 10+
=
(]
[ 9
S5t 51
0 0
.0 0.2 0.4 0.6 0.8 1.0
m'

0

50

0.0 0.2

0.4

0.6
m!

0.8 1.0

9 RD HAHFI TD A 5544 N ARSE kL o (8 A 55 m (8 5047
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Orientation-Dependent Mechanism of Grain Boundary Strengthening in Pure Zirconium

Li Zhiyu', Song Guodong', Zhang Conghui', He Xiaomei', Hou Zhimin’, Li Ning’
(1. College of Metallurgical Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China)
(2. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: The Hall-Petch slope & represents the magnitude of grain boundary strengthening. A strong orientation dependence of the & value of

pure zirconium (Zr) is revealed in this research. Namely, & value of the pure zirconium plate along the RD-tension (84 MPa: um"?

) is much lower
than that along the TD-tension (220 MPa-um'?), where RD and TD are the rolling direction and transverse direction of the plate, respectively. By
combining experiments with the visco-plastic self-consistent model, the deformation mechanisms of pure zirconium plate were analyzed. The
grain size of the plates are increased with the increase in annealing temperature, and the texture type do not change. Different deformation
mechanisms are activated along different loading directions: prismatic slip dominates during RD-tension, whereas prismatic and basal slips
collaborate to deform during TD-tension, while the {1012} twinning is also activated along TD. The orientation-dependent mechanism of the k
value in pure zirconium was revealed based on the activation stress difference ¢, and the geometric coordination factor m' between neighbouring
grains. The results indicate that the geometric coordination factor m' between neighbouring grains under RD-tension (0.67) is similar to that under
TD-tension (0.71), while the activation stress difference o, under TD-tension (103.72 MPa) is significantly higher than that under RD-tension
(32.17 MPa), resulting in a higher & value under TD-tension compared to RD-tension.

Key words: pure zirconium; Hall-Petch relationship; grain boundary; crystallographic orientation
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