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Analysis on Surface Defect of Ultra—-long and Ultra-thin
Titanium Slab Ingot during Electron Beam Cold Hearth Melting
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Abstract: Surface quality problems such as cold shut and blemish usually appear during the EBCHM for ultra-long and ultra—
thin (8 000 mmx210 mm) titanium slab ingot, resulting in the low quality production of titanium strip coil. The evolution of
solid-liquid interface can affect the interface between the crystallizer and the titanium slab ingot, so as to affect the structure
feature and the surface quality. In this work, the morphology of solid—liquid interface was studied based on the mix Lagrangian
and Eulerian non-steady algorithm ( MiLE), and the mechanism of defect was analyzed. Results show that when the input
energy of crystallizer’ s border increases, the blemish hardly appears because of the thin solidification layer in the surface of
ingot. Experiment validates that when the pouring temperature is 2 123 K and appropriate amount of energy is input near the
crystallizer, the ultra—long and ultra—thin TA1 slab ingot of high surface quality can be produced.
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Fig. 1 Surface defect of titanium slab ingot produced by EBCHM
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Fig. 2 Schematic diagram of titanium slab ingot

during EBCHM
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Fig. 3 The heat transfer coefficient of the crystallizer

cooling region
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Fig. 4 Contact forms between ingot and crystallizer
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Table 1  Allocation of different temperature parameters

K
SN T, r

a 2123 2073

b 2123 2123

c 2123 2173
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during casting of large—scale TA1 slab ingots under

different modes

ZEA LA L AUUAIF 5 R = B T BB A T, BE
BUpe v A2 123 K (R4 St e B o3 B i
MR A RE B, PR R DR M2 173 K) M
M 2.35% 107" m/s ( RIJE #1000 kg/h) 1E
R AT VE e S B AT S bR o 5, UL 52 8 1K 8 1
TA1 i B T B B9 UL AR AR . 7 Sl ok
FEVCHL S804 7= 1Y TAL b, 25 R R R AX
e Ci S NN L N e = L e T THE T DN
o A 7 2 T T o R4 1) R TAL K
BE o R RO A SR R Ty %
X} i BE RN T AT A4 45 R AR SR ALk
SR 0 i BE N RN B R S TR SLARTE

(aTAL &) |

7 BRERRESHESR TAl BT
Fig. 7 TAI slab ingot produced with the optimal parameter

4 Hi

I MIiLE AR 0 53 i G B 51 AR 1
R AR A, NBRIS b o3BT 1 s B 2% 181 7™ A= Bk
FARY IR R, S5 SR T 25 SR Ly 1l AR 4
AN e BAE Ji B Jo] Bl A #1153l /K%
S5 A A R S AR DRE 1518 iU o, BT A AR
TSR, NV RASITE A 45 (4 PN A 07 4R 3k
FELERRAT I 2 EE T A T B, DA AE i BE 19 2R 11 =)
HOE BURIE , YA B RE R AR S B RS
25 it e 422 i ) AR B S R BUAS 56 42 5 7S 1 AT
REPERFAR , B3 05E 7 A 23 B 5 S s W0 Ak, AT
WEGL TR R R R R BB E PR 7E S PR AR
PR 7T T AE ST A5 A% I I BE i Sl Y
Jn— 7 (5 B I, BEER IR B 2 123 K
(I 45 AR 0 20 BN >4 () A e 1, PRI
TR K2 173 K) R BE 3% 2.35x 107 m/s ( B
FEHRA 1000 kg/h) 1 hy e A VC e 2 8047 5
FrRags o5 , T AR S A= vh 2R 1 T i R4 ) K
HE TAL BRI SE
SZ 0k
[1] VUTOVA K, VASSILEVE V, MIADENOV G. Simu-

lation of the heat transfer process through treated met-

al, melted in a water—cooled crucible by an electron

beam[J]. Vacuum, 1997, 48(48) . 143-148.



55 35 &4 5 W

XU A6 ¢ f SRV DR P I 5 2 THT 0 23 75

(2]

[3]

[4]

(5]

(6]

[7]

(8]

(9]

VUTOVA K, KOLEVA E, Mladenov G. Simulation of
thermal transfer process in cast ingot at electron beam
melting[ J]. International Review of Mechanical Engi-
neering, 2011, 5(2) :257-265.

KOIEVA E, VUTOVA K, MLADENOV G. The role
of ingot — crucible thermal contact in mathematical
modelling of the heat transfer during electron beam
melting[ J]. Vacuum, 2001, 62(2-3) :189-196.
VUTOVA K, MLADENOV G. Computer simulation of
the heat transfer during electron beam melting and re-
fining[ J]. Vacuum, 1999, 53(1-2) :87-91.
KALINYUK A N, TRIGUB N P, Zamkov V N, et al.
Microstructure, texture, and mechanical properties of
electron—beam melted Ti-6A1-4V[]J]. Materials Sci-
ence & Engineering A, 2003, 346(1-2) .178-188.
KOBRYN P A, SEMIATIN S L. Microstructure and
texture evolution during solidification processing of
Ti- 6Al =4V [ J]. Journal of Materials Processing
Technology, 2003, 135(2-3) :330-339.

ZHUK H V, KOBRYN P A, SEMIATIN S L. Influence
of heating and solidification conditions on the
structure and surface quality of electron—beam melted
Ti — 6Al — 4V ingots [ J]. Journal of Materials
Processing Technology, 2007, 190(1-3) ; 387-392.
OO, T, BN, BT R R
TCA BKG 4 ¥ 5 BE [ 1 e AT BROCECAN [ 1], #hi,
2010, 59(9) :912-916.

|IOL, T2, B/VE, . BT R R
TC4 Ek& 4 AR I R EUEA I T]. P EA A

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(17]

(18]

4@, 2010, 20(b10) ;381-386.

LUO L, MAO X N,YANG G J. Research on composi-
tion uniformity of TC4 Alloys during electron beam
cold hearth melting [ J]. Metallurgical Engineering,
2014(1) .28-34.

B TCA BRE S i F IR IR BRI [ D],
P22 PY L2 SR R 2010,

T/hE, B, T2, G BTREKRBETZ
SR TCA KRG 8 Al JTTRIERRFEM[T].
A (0484, 2010, 20(S1) : s419-s424.

LEI W G,YU L L, MAO X N, et al. Numerical simu-
lation of continuous casting solidification process of
TC4 titanium alloy during EBCHM [ J]. Chinese
Journal of Nonferrous Metals, 2010(S1) :381-386.
B, BANE, WO, 5. BT R IR TC4
GRS ]. P EA 65 E %R, 2010,
20(s1) :404-409.

KURZ W, FISHER D J. Fundamentals of Solidification
[M]. Swizerland ; Trans Tech Pubn, 1998.71-92.
FADGE. 4 REEE R M. T, AL Tk
A1, 2000:14-18.

IVANCHENKO V G, IVASISHIN O M, SEMIATIN S
L. Evaluation of evaporation losses during electron —
beam melting of Ti—Al-V alloys[ J]. Metallurgical &
Materials Transactions B, 2003, 34(6) :911-915.
KOBRYN P A, SEMIATIN S L. Determination of in-
terface heat—transfer coefficients for permanent—mold
casting of Ti—6A1-4V[]]. Metallurgical & Materials
Transactions B, 2001, 32(4) :685-695.



