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Abstract

The industrial process of preparing TC4 alloy ingots by one-time melting in an electron beam cold
hearth furnace was studied using the Langmuir law. The influence of melting process parameters
on the chemical composition of the ingots was explored, and the volatilization behavior of Al ele-
ment during the melting process was analyzed. The research results show that during the electron
beam cold hearth melting process, Al element volatilizes significantly, with an actual volatilization
rate of 20% to 23%, which is much higher than the theoretical predicted value of 12.9%. By opti-
mizing the process parameters, the overall chemical composition uniformity of the prepared ingots
is good, with the maximum deviation of Al element in a single ingot < 0.17 and V element < 0.09, and
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its chemical composition fully meets the national standard requirements.
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1. 518

KRR AN LR sR . 0 R B R RS . PUShME. AR LE DL RGP E S s o5, RS
FiR. WP TR A &Y T S 2 AT 21 7))z AL EESMIUS KR R, K
FH H= 2= HFE 5 (Vacuum Arc Remelting Furnace) 45k & &), BT H R MBS RE I B R, Bl &1
PR L S AT bR (R BRI, Hr ¥ St 7, X e ) ji o 2 3 AR R SO BB A 1)
57 PERE RN RE A FE iy, 120 T A RME S SO N . it SEE RIS e i R S8 B e, s
KAWL B IT AR & b A& i — I L1 A RSP 4 R (Electron Beam Cold Hearth Melting), DA {x
IR 2R 5E P ) & 20 ., I—-IHB &M =[2] [3].

HL T IR RIS IR & St — PP B IR HOR,  Be s LB A & b I = 2 BE AR R e 2, I HL
BERTHIRAREIE R ITFE A B E g o AR SCHE Tolk A P2 4614 R 48 EBCHM KRN TCA 4k & &6 e ik
ITRRIGIGAE, S JE PR TCA & & B B s R A KR -

2. MBEMBET%

RICHRE FHZ R . FRUEACEEf5 1) TC4 IR [FIRLRT Al BR(AI>99.7%), & 15 TC4 IR [FURHI 1k 2 Ak
5. BHREZENI AUBJEEE N 2 mm. 5628 700 mm. KN 1200 mm, #YRMR K7 M T, LR
10 5k AL AR (P EATRL, CRUERMEK VG N E e Al 8355040, RIGRUER — AT Al & &
BEAR—F. RA T ARARYEHT AR E, IR13 0590 mm x L (mm)ELRE R 5E, BRI T 2S800%
2 FRCZ A FHRAIRINILE 4 BETAE, o 1%, 28 PO TR, S# AR T RERA R N
ISR, ME TR THELRENSBIRRERES, BE RIFMARAAET), SRRy ARty
o EREGE B A 2 100 SR AT E S e R 2 BT A 27 1 5

Table 1. Chemical composition requirements for TC4 return material

= 1. TCA R EIRMEE B 43 5K (Wt. %)

TLE Ti Al \% Fe C N H o]
by e F 5.50~6.75 3.5~45 <0.25 <0.08 <0.03 <0.012 <0.18

Table 2. EB melting process parameters of TC4 alloy
F2TCAEEEBIRGEIEZSH

5 LM L A LA ‘
80~110 55-65 6580  300~400 <10 <10 1o
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3. RELEREITie
3.1 MBI EsHET

FRIFH TCA & 458 HA% 590 mm x 3320 mm, FELT- IRV R IP 45 E T2 Jy 1800 KW

1E TCA K64 EB ISR, Al JTUERIMFERAT N ZZ B M7 AR IZR . it 3 AR DA S Mo
LESHIRAA]: BRAh, IO AR R IR AR R B T SR DA o B B TR R I — TR AR . ] 1 P
NN AR 4 ST RN ARL 2k . EB IS AR AT RIS ARG . RS A i 3 B
B, FERLR SO AR XIRI IBIX . RS IX S 2 i X 3 AN TEXE IR NFRE I BT, &
TR BB R B, HARTESM B 0 KR 30 s e B R R RV RHERT A IS R B2 Rt K& AU,
SEUPENEEARE, 45 BT TERE M.

IR ISR B ~2a A TY0RME AL, FRARXT LR e, BEALRFFAE 8.0~10.0 A Z[H]; 3#H
THEF T IR N 43 R AT RG MR 40 DL S AR B A i by, LR A B &, MR KETE 6.0 A it
M TR T YRS AP SRR IR X e A Re 70, HOHORFETE 7.0A 24 . AWFFIRM[5], 11k,
P S 45 = DX R R 40 BE o B T 5 8 0 3R N R B B, ASHI FUR 58 L0k 1) IR o L
e JEEIX 60%, FEIRIX 18%, &5 dhIX 22%.
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Figure 1. Current change curves of each electron gun
1. BHIERE BRI L
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3.2. Al TERERERITHE

TEER IV MR I R T 3 AT NSRRI R . AE TCA SR & e TR IR AR, Al
TERAEARIFHE 2 T B e AN U, SO AL eI Ao AT Rz, AT 3 B4 1027 A
SrEVE RG] [7]. A @IcRAEE MR IRE AR LR IR M Langmuir € f:

Ji =ap!yxS M, /(27RT) )

X 3o i HICHE RAE TR R (kgls); o ktlE 280, Langmuir iERA p! — & @ Ma~1; NidocH
HIAIZEIRE(Pa): 19 | AHTGIE BE R A xi o8 i O BE R34 S ISR IR TR Mi A i ZHoT I BE R
R ROABERAAHE R, 8.314)/(mol-K); T NIEMAIEE.

B LRI IT | R SUE pf AT RN

pig =X%7; pi0 (2
A pl LT i AR SR . ARYESCER AT R0, A2 e v AN 28 <R d s SR 3) ik AT 5
lgpy. =A-T"+B-lgT+C-T+D )

X AL By C K D NEGICR MR TR A, HBUE W & P A ORI S . & 3 T TCA £k G
&P TC RN N AR AL

Table 3. Metal vapor pressure constant of Ti. Al. V element in TC4 titanium alloy (pressure unit is x133.3 Pa)
FITCARKEEH T, Al VHIESEESESH(ESN LML A*133.3 Pa)

TOE A B C D B (K)
Ti -23200 -0.66 — 11.74 I8 L~k R
Al -16380 -1.0 — 12.32 I L~ R
\% —26900 +0.33 -0.265 10.12 298~ 54

R ()~Q)MKAL, FEIL TCA A4 EB IR R U A B . e R T 5T 15, Al
TUER AEV PRANES iy 355 A IR AR AT R RN 4 T o

Table 4. Al evaporation loss of TC4 alloy during EBCHM
iz 4. TC4 & EBCHM idi2dh Al TEREREFE ALK

RS X 3k TIK Al FERERI(g's— 1-m — 2) Al £ )% % (kg-h — 1)
AR 2050 1.339 1.964
4 A 2000 0.488 0.497

AR A PRTHAR A 970 mm x 420 mm, &5 i #s AR 3.14 x 295 mm x 295 mm.  #R 4 AT 37 (45 &
WA 7 3¢ 3 s, ATRUE R FE T Al RIS ER TN 12.9%. HLRY, EHLREREST
P RR, NEIEZmZE, R Al SR IS &K R 08 15%115H .

3.3. BRI

— K EB PSR BE EIE B BE I LT AT B A BURE BT AL VL Fes Co Ny HL O JT&, (M7
Prafi R IE 5.
HlE 2 ATRAE L WKHIH) EB A — IR BE AL 2 R B AV RLLF S TC AL SR B AT [ S b
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MIER . HAp s AEEE Al SURECKIZE <017, V JLER <0.09, HAhZFc RIEHIEbRELEN . 1R
T AKHR(FTME 6.09% T HE) IR, $EEET Al JuER SRR R ZIAF 21.6%. KT LE KW, 1E EB J
ISR, Al CERERBON R, HSBR R THERTIE. Al R ERE S TEIREH T
TR IE R 1) w5 Al TR AL BGEATEIN, AT AR (AR B AN a) & &) AR i 7
3, ISR BRI T ARBER XN, &R REZ: 2) BEBAK, FE#EZL )y 320 kg/h,
ZM B TCA & & IB AR AR FFE miIRES, Al TERIWAZE SRR, & TC4 Aaiaihh L ZER
JLE, FHOZIRE Al TRIERBURVE, IR Al LR S R,

Table 5. Results of chemical composition analysis of ingot in EB furnace
F 5. —IR EB WPIREREETE N ER D T IER

A LA (Wit%%)
2 A
Al \% Fe C H 0 N

B 100 6.13 4.03 0.15 0.012 0.0006 0.136 0.003
1200 6.17 4.08 0.15 0.012 0.0006 0.134 0.004
B 1300 6.16 4.02 0.15 0.013 0.0006 0.137 0.004
B 1 800 6.18 4.03 0.14 0.012 0.0006 0.138 0.004
B 0 1300 6.12 4.04 0.14 0.013 0.0011 0.138 0.003
E 1 1800 6.08 4.02 0.15 0.011 0.0010 0.137 0.004
B 1 2300 6.05 4.04 0.14 0.011 0.0011 0.137 0.003
B 11 2800 6.03 4,02 0.15 0.012 0.0011 0.142 0.003
BEJEE 300 6.01 3.99 0.14 0.012 0.0011 0.148 0.003
BEJE 200 6.04 4.02 0.14 0.012 0.0010 0.137 0.005
BEJE 100 6.05 4.03 0.14 0.012 0.0011 0.136 0.004
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Figure 2. Axial direction distribution of chemical component of Al and V in TC4 alloy ingot
E 2. TC4 A€HE Al VHIELKERS P
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2 EB P —IRME I RIBEEE, 1E 12 AL B SmkE#H 9 SEUREIL R M 4 B W2 6. M 6 ifLUE
W, BREER I SIVERET, BEERTE AL Al R 6.22~6.36, SEIIMEN 6.28; V K 4.26~4.42, “FHyfE K 4.33;
O 4 0.126~0.150, “F¥{E N 0.135; Fe & 0.20~0.22, “F-#4J{E N 0.206.

Table 6. Analysis results of cross section chemical composition of ingots in a single EB furnace

= 6. —X EB R REERBE UL ER D LGSR

_ B B
JLER
1 2 3 4 5 6 7 8 9
Al 6.29 6.33 6.22 6.28 6.25 6.36 6.25 6.33 6.28
v 4.26 432 433 434 4.30 432 435 430 432
Fe 0.21 0.21 0.20 0.20 0.20 0.20 0.21 0.21 0.20
0 0.13 0.13 0.14 0.13 0.13 0.13 0.13 0.13 0.13
Al 6.31 6.29 6.31 6.27 6.28 6.22 6.26 6.24 6.23
v 433 434 433 4.39 4.42 434 4.32 4.30 4.30
Fe 0.21 0.22 0.20 0.21 0.21 0.21 0.21 0.20 0.20
0 0.14 0.14 0.14 0.13 0.13 0.15 0.15 0.13 0.15
4. &5ig

(1) FIHHEFHRBIRIEHRY G TCA SRE SR, TR B R AMER Al T3, &3 Al
BRIGEINTT 2, AR EB IR T 2240, Al JUEAE BISCRE i R 43 R 240 T 20% % 23% 2
B, BT EAE.

(2) BHEE R AL 22 OO A AT BON I S), o V T R I A B SR T AL T ER AL TR 2R 0.17,
V JuEWZEH 0.09.

(3) FIHHLFIRA IR — IG5 1 TC4 &4 %, HmERSEFR GB/T 3620.1-2016 HJEK,
BT A 77 i B TCA S b IEE b S 7

E&WmE

ORGSR B AT A SR FURR] FH BARCE M S AR ) A SR R AR TR T
H (W H %5 : 2022YFB3705600) + TR @ VY “4K &G & EM A RERBEARHAL” (F5:
2022YFB3705604).
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