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Table 1 The EB melting process parameters of TA15 alloy

R =40 7 A IR (BIFR EB ) ERkT, &%k
5 A& 9 & 380 X 1500(mm) ) i 58, 45 IR N
No.I. No.2. No.3. No.4. No.5 fl No.6, Ef&KTZ
SR 1 fioR. HEELY\ K EEX AELIEE, H
ONH2000 ZE A O N &8 EH R MR
M EBERE, & 12 BRREMREHEE PE AW
ICP-7300V HUBHE &S5 5 T RADOGIE T AL Zr.

Mo. V & &.

Alloying element supplement / % Melting Current / A
Number
Al Mo \Y% Zr Iy I I
1 25 0 0 5 7.0~17.5 1.5~1.8 3.5~4.0
2 16 5 35 0 9.5~10.0 1.8~22 3.8~42
3 33 -5 -6.7 10 6.5~7.0 1.8~2.0 3.5~4.0
4 25 0 0 5 9.5~10.0 1.8~2.2 3.5~4.0
5 16 5 3.5 0 7.0~17.5 1.5~1.8 3.5~4.0
6 33 -5 -6.7 10 9.5~10.0 1.8~2.2 3.8~4.2

v¥: I —the Current of material melting zone; Iz—the Current of cold hearth refining zone; Ig—the Current of crucible

solidification zone.
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Fig.1The diagram of melting area and the scanning area of the

electron gun of EB furnace
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Fig.2The variation curve of melting process parameters: (a) Vacuum - current relationship; (b) Current ratio curve

I 2 TP, R e RS HRRY B FRLIAL 1 B B R
FAREHTE 1) AR A P8 B B 2 L S S ) . —
JiTH, U ARE VS &R AR R Rl R e, “ =X
R )G B AR AT RIE RS &8 RS al . A
Wist. 59771, S0 K B e e CRAIE BT I ]
PRS2 B T IR D 2R AR IR, B BR il
NN S e S P NI v S LY WA K=o c ) an I
il R R E R T, SRS RIS TR
WIRIZE SRR, g )m i RaHE 6], R
BHETEEE, BEAANER B (RN 2218 RO E k30
Al TR KEHER . AR T EWCERE, SERE % At
173k AN, V)SRME T AT R A

No. 1 JE55 SEI0 R e A MR BB AL IX L SR IX 22 2
mn X T HRIPR (R W EEGN 58% @ 13% :
29%, IX—LLEIREOE (RUF B A ISAT . IS HE S 5 55
T2 BB EE LD o No. 1 K6 85 52 56 1 8 oo JE oy

1.089X 10 m/s (B[ 200 Kg/h) .

22 R TRELE

FERHEIR[13, 17], &JEuRmEETAHRS RS
B R R S S s T B 2R SR miR R, KA
SHREH4EBICE V. Zr. Mo ZnRKBMES
JEAXTAR, Al Sn &5 70 AN Z S AR 4
Al TG F VRN Z8 S PO R R A4 1 vy 4 N0 2 KT
TA15 K&4&H Zr. Mo JCRMBMZESERACT Ti &
PRI ZE S, T Al JCRMAZESEZE ST Ti,
Zr JCEMBERZESIENT AL R Ti Z 8. XHu,
TALS (K& EIELREF, ALl Zre Ti TRAE—E
MIZERAT 9, Forh Al TG R I RS 200 L& (1 1]
218

TA15 tk&4 EB et i, G48&TE ALK
FER MR, NI EUEEEE P 1A By 3 S AR



4 o [ A €42 J 254 2020 45 00 A

%5 Zr FTRKERBURMNEN, BEEERE N, PP = xyP? (2)
BEICRIEIFRIERAT RN Langmuir @ N, PORLEA G i MBAMZIE. HRIESTER(16, 19]
[18]: AL, F e R AR R R AT 5
J; = aPPyx;S\/M;/(2nRT) (1) IgPY. = AT ' +B-1gT+C-T+D (3)

X, Joh i HoeHIFE R UE S (kg/s): o NEER R A, AL B, C. D N&BAVUEEE, v LLESTER
H, Langmuir iFB— 481 o=1; PPRy i 40 R,
MZERIE (Pa), yolv i AICiGEREL, xoh i Hoc S5 Q) MAB)A, THEIHLH] TALS SRAE Sk
MIEE R34, S NIBARIIRTIAR, MR i oG EER 1 Tiv Alv. Zry V. Mo JGE FIERIZE S AR FE )
JFi &5 R=8.314 J/(mol - KyN AW &, T NIEHRIRE. KAMLEWE 3 iR,

eI R i A ZEIREPS T RN A

40 1.0
(a) " (b)
35+ _ Al ' - & -7r
' .
3 —o—Ti / 0.8 —o—Ti
L /
£ 2 2 &
> . & 061
’ o
S 5
2 2
% 2 £
£ st - L oo4f
8 ‘ g
Sl , &
> " > ook
5+ _u
- i -
ok 5--m--R"" o——~o0—=0 00 L g T a--%
1 1 ! ! | : 1 1 1 1 1
1800 1900 2000 2100 2200 1800 1900 2000 2100 2200
Temperature T/K Temperature T/K
1.0 1.0
(c) (d)
—o—Ti -4 -Mo
0.8 | 0.8 —o—Ti
< <
& &
a 06 a 0.6
2 2
= =
4 2
123 |23
& 04 & 04
o o
g 2
< <
> >
02 02
0.0 | 0.0 L
1800 1900 2000 2100 2200 1800 1900 2000 2100 2200
Temperature T/K Temperature T/K

& 3TA15 SR & AR & oo R AN ZR R AR 158 &
Fig.3Vapor pressure of alloying element in TA15 vs temperature: (a) Ti- Al (b) Ti-Zr; (b) Ti-V; (b) Ti- Mo;
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Table 2 Alloying elements evaporation loss of TA15 alloy during EBCHM
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Evaporation rate/x10kg-s™ - m™ Evaporation loss/kg-h’'
Liquid region T/K
Al Zr Ti Al Zr Ti
Cold hearth 2050 19.7 0.8316 35.1 1.699 0.072 3.03
Crucible part 2000 9.84 0.39 18.1 0.402 0.016 0.74
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Fig.6Chemical composition distribution on the cross section of TA15 alloy ingot: (a) ingot head; (b) ingot tail
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Table 3Effect of EB melting process on volatilization of Al element

No. Alloying element Melting Speed Melting Current/ A Mass Fraction / %
supplement/% /kg-h! Iy Is Al Uniformity

1 25 200 7.5 3.5 6.35 Optimal

2 16 230 9.5 32 6.40 Poor

3 33 160 6.5 3.8 6.11 Good

4 25 160 10 3.5 6.15 Good

5 16 160 7.5 3.5 6.03 Poor

6 33 200 10 4.0 6.29 Poor

Note: Mixture Ratio —Supplementary addition amount of Al element, and experiment No.1 was used as the benchmark.
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Research on Melting Technology of Electron Beam Cold Hearth

Melting of TA1S Titanium Alloy

DU Bin"%, ZHANG Zhi-bin', LEI Yun-qing', Qian Guang-ning"?, SUN Ningning', WANGQian'

(1.Technology R&DDepartment, Qinghai Supower Titanium CO., LTD, Xining, 810007,

2. Titanium and titanium alloys engineering research center of Qinghai Province, Xining, 810007)

Abstract: Under industrialization conditions, the TA1S5 titanium alloy ingot was prepared by one-time smelting using an
electron beam cold-bed melting furnace (EB furnace). The relationship between the smelting process parameters and the
homogeneity of the chemical composition of alloy ingot was analyzed. A brief numerical analysis of the volatilization law
of Al and Zr element was studied by Hertz-Knudsen-Langmuir's law, and compares it with the actual volatility law. The
results showed that the volatilization law of Al and Zr elements during EB melting process is complies with Langmuir's
law. Among them, the Al element volatilization is serious, the theoretical volatilization rate is 18.69%, and the actual
volatilization rate is 15.33%. The Zr element volatilization rate is relatively lower, the theoretical volatilization rate is
2.80%, the actual volatilization rate is 3.33%; the theoretical volatilization rate of the Ti matrix is 2.86%. The EB furnace
melting power, vacuum degree and the matching between various process parameters are the key factors which affecting
the volatilization of Al and Zr elements. The chemical composition of alloy ingot prepared by reasonable process
parameters has good uniformity.

Key Words: TA1S5 titanium alloy; electron beam cold hearth melting; Al element evaporation; Composition uniformity
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