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Research on Surface Quality Control of Pure Zirconium Ingot Melted by VAR
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Abstract: Based on the defects of surface lamination, scarring and cold separation of pure zirconium ingots encountered

in actual production, the optimal vacuum arc remelting ( VAR) process of pure zirconium ingot was determined by

combining numerical simulation and industrial production experiments, which significantly improved the surface quality

of ingots. It is found that the melting parameters mainly affect the surface quality of ingot by influencing the shape of

melting pool and melt temperature near the crucible wall; the increase of melting current can improve the situation of

molten pool to the edge and increase the temperature of melt near the crucible wall; the increase of coil’s current and

period can promote the movement of high-temperature melt to the crucible wall, making the molten pool fuller, thereby

improving the surface quality of the pure zirconium ingot.
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Fig. 1  Surface defects of pure zirconium primary ingot (a)

and corresponding consumable electrode (b)
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Table 1 ~ Physical properties of Zr-1. 05Nb-0. 0285Fe-0. 1350 alloy

Parameter Value
Liquid density/kg-m ™ 5840
Solid density/kg+m ™’ 6240

Volume expansion coefficient/K ™' 6.44 x107°
Solidus temperature/K 2053
Liquidus temperature/K 2108

Latent heat/J - kg ™' 3.2x10°
Electrical conductivity/S+m ™' 11.0 x10°

B2 VAR BHRIEAR ST A AT R E B H
Fig. 2 Diagram of computational domain analysis for

unsteady behavior of VAR process

Xk, Bl R rp, ST O R B R R A
FRARBL A TIT R IUREL 5 T BeANA e # rh
PEEERESL LT R, I 38 A SR A AR i A ] O R AR
75 DK il e 4 B s b b -1 i B ) TR B 35934
1.2 VAR Bl anstssE

FIH MeltFlow-VAR 3 L0015 21 (9 £ 05 S 5k
X} Zr-1. 05Nb-0. 0285Fe-0. 1350 &4 ¥55E 2 I i 2 5%
Wi A e PEEE AR, S5 G DMEA LR HIE T £ 2 B3
HAEEHEE A T8, JF T Tl AR P2 5058, K
25 o LA B i e T o

F2 AHEHBETILAEFTIIEESH
Table 2 Melting parameters for industrial production

of pure zirconium ingot

No. Current Voltage  Coil’s current  Coil’s period
/kA /V /A /s
1" 28—25—22 3537 25522 50
2* 2522 35 15 20
3* 24 35—36 25 50
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Fig. 3 Isograms of ingot at different liquid fraction
during solidification; (a) 0.9; (b) 0.1
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Fig. 4 Contours of temperature field at different time during ingot melting: (a) 54 min;

(b) 110 min; (c¢) 168 min; (d) 224 min; (e) 252 min
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ig. 5 Isograms of ingot at liquid fraction of 0.9 under different
melting currents: (a) 16 kA; (b) 18 kA; (c¢) 20 kA
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Fig. 6 Contours of temperature field of ingot at different smelting

currents; (a) 16 kA; (b) 18 kA; (c¢) 20 kA
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Fig. 7 Isograms of ingot at liquid fraction of 0. 9 under different
coil’s currents; (a)20 A; (b)25 A; (¢)30 A
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Fig. 8 Contours of temperature field of ingot at different
coil’s currents: (a) 20 A; (b) 25 A; (c) 30 A

Pl 8 v R AL Sk e A PR U B0 5 1) L B R
ORI (RS Sk BRI AR Sl s AR ), IET 8
ATRAE Y, AR IR 3L 2 AN Wi 22 B S B RS 30 ) A4 4
FEAE T B, 2R A AR Sl A AR AR I
PEFURSN , TR 2 T 4 TROR 2 1) S5 BE R VR 50,
HAIRB o, fahamsl, ik, 8RR
e e E s AR R HE R BE Rz 3l b E i
O (HARSIE Jiad R R s 3h, 25 48
Kk,

2.4 FRSME XS AR IR B S

RIS 2 T4 RO i B BRI O . AR
RN, BEFEATE s BRI, & 5 ik
Ak S Fh PR 9 S R TEAR A M (10, 30,
50 s) B EEGE A i P AP IRAR M EON 0.9 B Y SR(E LK
K, HERITEIH 10 s I, IR REC B £
SR 30 s BF, L 58 B2 s AR IR Y8 50 s
INF, o B 3 — 2 10 EL A o S g e rh o el
UL, SR BB AT B T 4R S SR, A I
ARA AR

B9 RERIKAMTHRAIEA 0.9 B89 F AL E
Fig. 9 Isograms of ingot at liquid fraction of 0.9 under different
coil’s periods: (a) 10 s; (b) 30 s; (¢) 50 s
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Fig. 10 Contours of temperature field of ingot at different
coil’s periods: (a) 10 s; (b) 30 s; (¢) 50 s
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Fig. 11 Voltage-time curves of pure zirconium ingot during melting

by different processes; (a) 1%; (b) 2*; (¢) 3"

MR T AR AR TN 25 kA, JRRE
I TR AR, DS T A PSR
BEEH5 25 B0 % B i A 0, anf&l 1ib, {HAR L
VT2 28 kA BEE Tl . YR H 2 — 10T,
PRI E 22 kA, ZJR R B O, BEs
WIS R R, M O, B R T A,
THZEA VR 2" 0, i A P AR e I 1) = 2 A R
BRI, MiARAE AR A A B b e
PRGSO RS, BURR T
WRHEA L,

3URBR T 08/N T IS HREL R, 4 b 31 54
TSR T RS ARSI A 3, IRk TR
PEPEsR B fRaigbesse A R, T A4
PRI 2 M B RS O, W 11e, 2563
Y20, N UL R R AR, R AE S M AR
VLI, DRCKrE R 35 V FHE 236 V, Bl ki
FRNGA) A7, R W0 88 7 B 9 b AR v, 2 300 175
RA4f,

BE12 Ry 17 270 3% T X g 1) i s 4 6 1Y
A, NE 12 TUES], S58A T2 (EHEER
16 kA, HLE35 V, FUONHR 15 A, FONJE 30 s)
AHEG, T2 ekt o i e 2 o A B 0 s (A
T AR SRR LA 1a) o 17, 2MAH T 2030048
0B B DR R T AL, AF DR R T A 25 (R
12a, 12b), W T 1"f12* T LG UG RIS
22 kA, HUREUVN, SIE— B E TR R
M) B4 4 2 T Jo o A DB P 3R 3% T 03R48 A 5 4 A
RS T 3 T30 % 1 S i 44 4 0y, T T i — R
VRIS, 3R T 28,



BTl ¥ R

38 Titanium Industry Progress

40 &

B 12 REIEEMGeEEHRRR
Fig. 12 Photos of pure zirconium ingots melted by different
processes: (a) 1*; (b) 2*; (¢) 3*
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