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Influence of rolling process on microstructure and properties for

hafnium plate
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(Xi'an Nobel Rare Metal Materials Co. , Ltd. , Xi’an 710065, China)

Abstract: For the problems of low yield strength, easy deformation, and inability to meet the performance requirements of hafnium plates

used in nuclear reactor cores prepared by traditional hot rolling process, hafnium plates with thickness of 5.5 mm were prepared by hot

rolling and hot rolling+cold rolling processes. Then, the influence laws of rolling process on the tensile mechanical properties and corro-

sion properties of hafnium plates were established by observation of metallographic structure and fracture morphology. The results show that

when the hafnium plate is prepared by hot rolling + cold rolling process, the slip system is small, and the density of twins and dislocations

increases during cold rolling. Compared with the hot rolling process, the grain size of the hafnium plate is smaller, so the strength and

yield ratio of the hafnium plate are obviously improved, and its corrosion performance and related physical properties also meet the per-

formance requirements of hafnium plate for nuclear reactor core. Therefore, when hafnium plate is prepared by rolling process, adding

cold rolling after hot rolling is beneficial to obtain the hafnium plate with better comprehensive performance.

Key words: hafnium plate; hot rolling; cold rolling; mechanical properties; microstructure; corrosion property

GBI — MR B R AR, AN (22224
30) C, M TFIVB R, BARREER, Mrim, i
PESE I TAERR S, ATz B TR RE T
W AFBFE 2B AR N A R A
TR AR B R S R A AR A Lo T Wl
AR (115b) , HARH 7 BN BA R4
A SEIRION, e e B R i B — AU 3
PR, e R AR i P A 0 A A S o A 1) 52 )

W EE: 2023-03-13; f&ITHHR: 2023-06-15

ESWB . PR WBHEIh” HlHoR B At ST 55
( XNJK22-07)

YEE® N WAL (1991-), %, fit, TR

E-mail: 1085499302@ qq. com

BRI 2 S B S M 2 2 0 o e R
BRI N M HE S a5k (HCP) , HoA M
XD ST R &R, BROAS AL, A5 Y 2
HAREE T, ST, 2RSSk ERER
i e A% FR O HE 7S O G5 e AR SR AR 0 3E T S5 R
(BCC), 33X AT UAT25GE b HHF © i g Ao
U, EE R HEL T 2R G450, R e o 5L
J7 2 BB AR 0 e IR B, MEBL S AT, Toik
Tk A% R e HE O R R s R, HR, B
T AR S 2E R RE R S N A B, IR HE
HERRIEO, N, CHIEERITREG R, REHMF
T AR B RE AU R2 M 5 X s W HEHE S
Eib, EEHESCEEBRSE TS [R] AL B B X g 2
AE . D RE K I K R ECE YRR KB



146 B

kO OR

U 48 4

A0 EE A3 T 3B JCIRLFE X4 in T2 4 e i ZH 21
LIy PERERIREN . IR WT A TP 7 X RO 2Ly
FALMIAIERE ARSI b, B R A w8 R EL T T 2%
E AR PERESE BB

ARSCE i ARELFNEREL + & FL AR AN [ A9 5L ) T
R TR, JEX AT TR AARTEHZUES . )
FYERE . JETRIERE . W RS R Y BRI IR A 25 5
ATE DA A S 0 Sl HE B S0 AR (9 i 4 T 20, ki A
PUPERERGRE , o ) A2 A 5 58 0k 1 SR PR AR o

Lo o o I

AR MR S AR B AR @25 ~ 35 mm
(R f SRR TR ERE P i A5 0 T A B AR, O3
i LT AU R i A4S B BAR N D100 mm FOEREE, 4
BEMAL LS ISR 1 R,

x1 HREHLFERS (%, RESH)
Table 1 Chemical compositions of hafnium ingot

( %, mass fraction)

C H [0} N Zr Fe Mn Mo Si Hf

0.001 0.0002 0.003 0.002 0.11 0.005 0.0018 0.001 0.001 #x&E

W ehsEm it Nk, R RIS TF 6 &
1R, PR FL AT 2R 5.5 mm 4R
Mo HAFLHl T2 mwsh. (1) #ELTZ, RHA
550 FLHLKG R A 55 mm FR4A B bR 28 22 18 TR B A
FZEEEHN S5 mm MR, HELEES 800 C;
(2) HEL+BELTZ, B R 550 5K R EE R
55 mm HUEAIIR L Z B RELEZJEE R 8.0 mm 11
Eib, PVELIELEE M 800 °C, TR 550 ALHLK HZ
ZHEWAEL EIEE X 5.5 mm AW, PR T 24
EAMREL ) S8 UG S HEAT A AR AR B R KR EE Y
3720 °C, PR T b,

W PL EAEL . EL R LRI A L T2 15 3]
JEREEHR 5.5 mm ERMR, 433444 0 HR F1 HR/CR.,
K H LEICA 5] B 4 A0 0 (U A T S AR U % s 38
it INSTRON 1185 J5 ReA BHA IS LA T2 i/ &5 b fif
JIEFEREINR, EAART S R Ay, BIPREESA 50 mm;
I JSM-6460 4141 FL - G B X A Al har A T 1 TR 55
PHATIES; @3t HTZC-17003 &5 128 HEAT I8 il vE REAG:
W, WK AR, B 320 °C, KK A 18 MPa,
MR E] R 672 hy B, STEAMAIZIZIK 250, o
PR B SRR L AE R REFEA TIN5

2 HR 5%k

2.1 &£HHAH

Kl 1% HR, HR/CR Wb L T2 il 4 0 55 AR
W AE ) (BEm) AEELEI T (D)) igR
PR EAAL, WE L AT RIE L, 24 720 C#b
PRI WA S R BT I A1 B A5l A L 2L, 21T A,
HR B o] ATk ) b dokr BE 340 9.0 9%, P45
ARk 100% 3 HR/CR AR AR ) AT 1] L 1 A 3
Yo 10 9%, 45N 100%, g, HR/CR
EARR ) RIS HR BRI Stk B4

HR/CR T2 AR AR AR R S 20 /)N, i3 ]
RHAERELA IR B T T = W B RS . RS HR
HR/CR PIFMELII T 2°F, T3 354°8 90%, 4K,
HR EAHE7E 800 C—IR5E K., EFLH e Al bt 41
ZURME T ah AR (52 4 R4 A il B 2 600 ~
700 °C); M, JESE 720 CIBAWE, HAHE A5
SRR YA O W e 7 % T Y s N R T
R, BORFI TR B IG I, XF LI, HR/CR
Bk, HBELIN T RN 60%, BELINTF N 30%,
BTV SR B3 i, o8 A P R HR
Z 700~740 °C, I, 720 °CiB KALFER;, Hbtd
U, BEIE BN RBR LU R KK
K, MRS T A/ Sk 2L, XA Bh T3k
PR M VT e A1 ) 2 PR e
2.2 RIfHtERE

2 2 PN EL I T2 A BB AR ) # L e i
R RESE S, FIE T, HR SR IRSRE R,
FPThraR BE R, FME 0 (189+3) MPa Fi
(387+5) MPa, JHsRLZN 0.49, 320 C &l T,
HR B 1) Jee IR 5 B T or 5 38 e R A1, -3
{E50 5 (153+3) MPa fll (275+£5) MPa, JH5#t
290 0.55, M EIRZE A, HR B0 e Ao 3 1
Jer 5 LU SAPORAEG , T Tl A B vy 3 M e FH 65 Al 1 it
JEEIR, X HR/CR 854, % i R 38 3 F e
PR R e 2 (243+12) MPa il (460+14) MPa,
B HR B B4R T 28.5% 1 18.9%, 320 C &
AT, HR/CR 5 0 i MR B . Prhiss B 4 5l o
(210+14) MPa. (323+11) MPa, %% HR #:# 55
Pm T 37.2%M 17. 5%, HR/CR #aAY SR .. ik
SR LA 92 K 0.53 F10.64, £5 &, fARIEL T
PEL+RELAL S, B —FEL, L B R 5 L
PR R ER T, FREIERY], HR/CR #itkEA



5510 4]

FRHUBEAE . FLI T 20 SR AL S MERE 5 147

@

Bl 1 HR A HR/CR 45 H B 9N 1] 4 A 20

(a) HR, #iFl  (b) HR, 4iF

(¢) HR/CR, H#pm

(d) HR/CR, 2\

Fig. 1 Metallographic structures of HR and HR/CR hafnium plates along transverse and longitudinal directions

(b) HR, longitudinal direction

(a) HR, transverse direction

%2 HR 71 HR/CR $AREVER/ &R A iEaE
Table2 Tensile properties of HR and HR/CR hafnium

plates at room temperature/high temperature

=i 320 C

ELA

- R,/ R../ R,/ R../

Tz Asos Asoq
MPa MPa MPa MPa
385 189 45.5% 270 149 60. 0%

HR 392 192 45. 0% 280 155 59. 0%
383 187 46. 0% 275 151 61.5%
446 233 35.0% 313 197 40. 5%

HR/CR 460 240 32.0% 323 208 41. 5%
474 256 31. 0% 334 225 39. 0%

R0 A 3 R/ v e T iR B T hE SR, REAS I A
SN HE FH AR AR A i B K

HR/CR #0058 B A1 5% L HR 45 b ik 25 48
o Frilh. —E, HREAEE, BHakE
MRS MR, 2N AEHARN TS (o« M),
e B A AR ST AR (B AR Y, R A HR/CR
2, B G ELHON R L, BIRAMTIE
AF R BRSO ST, SRR SR C B R AR

(c¢) HR/CR, transverse direction

(d) HR/CR, longitudinal direction

Ak, JEAST AT, JEAEJT T HCP 258411 A Hil
Jrla) s 1 HR #5458 5 5L #E 800 °C F kAT, JE
GUSUN L RIY T B Ol ) AN A S |
TRET TR MR AE ) Fk, HR/CR
FAMR A SR B A 5 LA HR 45 e B4 s, B—
T, FFEEER K5, HR/CR &5 M) &R R B
AN, AR TFRAS R AR R
2.3 EmERE

K2 f HR, HR/CR T 25l 00 45 B 5 ok 348 &
MR, PIRABURREZ 28 RIG MK 5, HR %

J& o1 E/(mg- dm2)

2 2 7

HR HR/CR

2 HR A HR/CR SAHUE i 5
Fig. 2 Weight gain diagram of HR and HR/CR hafnium plates corrosion
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M) 24 ) i 3 5k 4. 89 mg + dm ™, HR/CR £AH
(- 34 8 8 TR 5. 88 mg - dm™7, S5 A kg
FACHTE AN T 20. 2%, HR/CR A RE 1 J ol
FHA, XERN, 28 5LE A 2R & R i
WA 2, SRR K ARG AR R A X T
KR, SR 1RSSR A, HR/CR
aR N /N T ZR S 5 AR A R T
TR, XS AE R R kot F PR Y HeE T,
M2 HR/CR B MR i J 1l S5 22 R KT HR 47
M, {A HR/CR %5 AR 0 i il itk BEAT) B 9% 1 /2 ASTM

G2/G2M-2019" [y sk
2.4 BOFIR

3 AR tiGR ke Y IR R BT
PRFEL I 20 40 A A %) 2 SO A DT 11 347 ¢ R 5
ARG, PR T IMERIZ, XA A, HR AR
U/ AL BT BB 5 HR/CR 48 iR TR 5
TP T 1 (490 8 0 I 25 35 /0 (ELEAARTE 320 °C )
TEPLAR BT 8 B A = IR B AR D BB A TR,
RPN, RN, AR R, X
ST MR & T iR A 2 SR AT
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Fig. 3  Tensile fracture morphologies of HR and HR/CR hafnium plates at room temperature and high temperature

(a) HR, room temperature  (b) HR, high temperature

2.5 YIBTEEE

3 4 HR, HR/CR MR K5 MR ik R 8%
PRSI SA PN B AR SE D R 25 5, W LAEH, TC
B HR 450k, 2 HR/CR &5, P& Ia1 0Lk
R, MR SO LR 2ZE AR, FF AR
Jo7 HEHE U FHERASORE SC M) BRI I B AR B3R X EL &
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(¢) HR/CR, room temperature

(d) HR/CR, high temperature

%3 HR 71 HR/CR $ARAIEBMEEE
Table 3 Physical properties of HR and HR/CR

hafnium plates
LNk 7 E
S BAPERI/GPa JAMA L
ESI1] (X107 °C)
25~350 C 30C  350°C 30C 350 C
HHL 6. 1679 138.54 121.54 0.266 0.287

PELHLEL 6.2140
P =1

140.06 122.35 0.282  0.308

6. 5400 145.00 — 0.328 —
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=

(2) ZEF, HR/CR 44 MY i IR 5 2 A4 $ir
SR HR B AR 40 82 = T 28.5% F118.9%;
320 C il F, HR/CR 4RI JE IR EE . Brinm &
CHR Bt A = 1 37. 2% 17. 5%,
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