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Preparation of low-cost TC4 titanium alloy sheet
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Abstract: Through adding enough defective material, TC4 titanium alloy slab ingot was produced by using single
electron beam cold hearth melting (EBCHM), then, a sheet with thickness of 8 mm thick was manufactured on reversible
hot rolling mill after cladding. The results show that the tensile property of sheet produced by one-way rolling is prior to
that of cross-rolling, while the elongation is lower. Solution and aging treatment can improve the tensile strength of sheet
at room temperature. Compared to vacuum arc remelting (VAR), using slab ingot produced by EBCHM to manufacture

sheet can not only save prime cost of raw material, but also shorten processing procedure, so that remarkably reduce the

manufacture cost.

Key words: TC4 titanium alloy; electron beam cold hearth melting; sheet; property; low cost

Ti-6 Al-4V(TCAEK G 42— ML) otp BUPIAT
Rt BAMRRNLEATEGRE, KENH TS
R MM Fegs. . B, A RN SRl .
A B RS 4, 50% L EJE TCA 44, 7
FU TN FH 5 TH , TCA BA -6 4 048 FH & 80% LA L.
TC4 KA G OO T BT ER G G- v i R
BFF A Dol dn K [ s FH B9ER & 4. AR, ik
A BRI TR . R, JEHESE L H
ey o S AR AR 4R AR A (R VR R T 2B,

EEWE: BEFEHARTIURE R “863” 1HE)IH (2013AA09A108)

s HER: 2013-07-28; &iTHHEA: 2013-10-10

R < PR A T2 BT SO A R 5 I T A
N T BAR A, — TR B e, BRAR ISR S
AR Gy —Jr SO A= L, BRI L pA .
HAT, 5 ESREIRARER R Kroll 35, MJEwI 4y
H0N(195% Na YRS R N € AW RS PN 1 R (52 1.7 N Vs
BRI ARG H, BOB AL A AR K £
ST E AT IEAE LR B < A K B 2R
b feh, sk DNAL RN R
EMLHRE, A RERREE. T SR ]

BIEEE: Wikoo, m% TR, B4 Bk 0917-3382271; E-mail: fengqiuyuan2003@163.com



s354 A G A R

20134512

TR BRA AT LB . AR 37 T SR 1) BRI AR
AFPEREREAR I =0 2 — o A e A Al ferp
KA IR, AT L B RRA . A
P25 PR R B ASOME R ARG ey, AR BR AR o i
JRARLT 40%, 5T A A7 BRAR 6.7%: H5
FAAS TN T AR 73 300 % o S AR 2 20% F12Y 26%
DRI, PRI ORESOAS HLZ6 R n T iR 2 B ARk A ik
RIAT AR MeAh,  HETE H RS S LS
JE B AR (VAR), K% T 2T E s s
AR . D ORAIE AR RS EE, IR [HDRMY e b Hias i
SR, ISR 252 2B, FRARSCAAE A R
HL 1~ SRV R A R (EBCHM) 30 A 1 H R ok B 45 <6
G A S 44 T R R %20, EBCHM
AU AN DA B . RSk, W
SRAFA LIS 5E s 2) 7] 100%A F IR Mk}, 1 A2
Ti-6Al1-4V £4: 1% VAR HAFIH 30% LA T 1 [k
VAT 1 B SREEE s 4) a2 e e, DD RSN T .
AWEFUR H EBCHM AL SE K VAR, Jlid K& 0
RIDEL, BV IR TCA SR A E e K mbe 21
Wb QS HEITAELE], #1148 mm )T TC4 K5
SBKE: [FIRPEE VAR A EBCHM 454E I 45 b7 3
T RRAHEAT T AL

1 X8

1.1 $5EekEks

R FEASPO I A B A w A E G 2 400 kW
HL AR RIS M) (ALD A R A=) s e o TR
FEHEARIK. ALV TTRG S, Al SRR TCA iz [H]
BHA R, ok BPRH & A RLE ) 80%. IR [HIEL
FH 2w 3R (AR H RN A B A P 2 AT Ll A AL B . SR
ACTFRERT 2, I T ES 501 SR TC4
K e A .

1.2 HRAAELH

WG KM, AEFAE 1 200 mm 7]
LML EREATIFRELH] . TTIRJ 0 i) A AL s Ah
TZRAT 2 KR EL . BAUHAS R DL R AR TE S AMIG
T 50%, AHAE MLL N AR TEREAMET 70%, K14 8 mm
JEFEFAK HRIASOR

1.3 &M
Wk 4 LR yE. HASE KA 5, Lot
PrARAE . FIRPARISAE INSTTONS885 Hi 1~ )i fig

MOEFCIG L E AT, BAHH U ST 48R G AH e
(Axiovert 200mat) L 17,

2 HERHWETR

2.1 ERALR

X} EBCHM Jmi$E 5 K77 24T Al. V. Fe. O
TR I HREYW: GRS (R
R S FAL 22 B2y (GB/T 3620.1—2007) bRk E
K, Hr385) o B 1 s A AN RV EL T Z0(& 1(a)~(d)
B ELE B 1(e)~(h) A AT SCELTR) S A 3 S okt
A AR . I 1RO PR 2 bR
PELSIG N ot WAHLLZA, SR LA A T IRz 1)
ZORAZE 1(2)FI(b))o [T+ R AR 5 1 5 i 2 21
HEERARIIRILE o AHFD 7 2R IR AEAH L B XS ]
(B 1M (g))-

B [ B T, SERRRIA o A kD,
FZRIRAE a FHERIFBH BRI . 950 CHE AL S
AL, R B8 1(d)FIh). 55
A AT B . SRR D7 i . A AL
WZ5 T 2R 2 A0S i, MR =
TRk e, T LG AT R 98 55 1 i SR vk R Ar!,
DRI, T8 SR A R A B R B, A B )
A a MRS, LSRR A o M TEZS B )2 B
St S PR 25 P R AT B FH U0, i AL
M CZAH, Hem L T 2H S, BARE R
R FEIEAR, (EIBPE R 0 o 3% 2 B T4 1 L7
T AR T BRI S, i Hon DAk Pk R
(25 1 S

22 ERNFMRE

1 PR NG ELE T2 B b B R A =
B PERE .

B 1 T, Jo iR A L 2 As XL,
PRl 25 0 PAAL A AR 1 A 0 0 2 Mk RE A A2
CER FERA 46 ) (GB/T 3621—2007)FrHESE SR,
R L T2 5@ . R, B L 2
B TRTRSUA PRI A 5 5 LU AT SCEL A T 25 2% RSO T 2
f A U A o PR AT [F 5+ I 8 b 2
Je, MOMR AR A g e s, 4950 CL 1 h,
IKIEA540 C\ 4 hy IR b BB B et AR B RN T
PRI, HBA W . &S s
(R R — 7 THI A 28 il [ A B 5 24 o AH RS OR
N, WD T REHERI A o MR AT RN S



F23HELHE 1 s355

J
xl

MM CA T, TP
l)’ty 5 (./‘..' R e

Y

Y
<3
3

1 ANFELH T2 AL G TC4A PR Bl 1) e 4 21

Fig.1 Microstructures of TC4 alloy sheet after different rolling processes and heat treatments (One-way rolling process (a)—(d),
Cross-rolling process (e)—(h)): (a) R; (b) 850 C, 1 h, WQ+540 C, 4 h, FC; (¢) 900 ‘C, 1 h, WQ+540 °C, 4 h, FC; (d) 950 C, 1 h,
WQ +540 C, 4 h, FC; (e) R; (f) 850 C, 1 h, WQ+540 C, 4 h, FC; (g) 900 C, 1 h, WQ+540 °C, 4 h, FC; (h) 950 C, 1 h, WQ+540
C,4h, FC
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Table 1 Tensile properties of sheet by different rolling

processes and heat treatments

Rolling
Status Ry/MPa Ry ,/MPa As/%
process
R 1144 1099 12.0
850 °C, 1 h, WQ+
. Q 1165 1105 13.0
One-way 540 C, 4 h, FC
11i 900 C, 1 h, WQ+
rorimne - Qt 205 1152 13.0
process 540 °C, 4 h, FC
950 C, 1 h, WQ+
Q 1221 1169 10.5

540 C, 4 h, FC
R 1013 952 15.0
850 C, 1 h, WQ+
. 540°C,4h FC
Cross-rolli 900 C. 1 h, WO+
ng process 540 °C. 4 h, FC 1132 1072 16.0
950 C, 1 h, WQ+
540 C, 4 h, FC

1091 1031 15.5

1168 1 089 13.5

Technical
M >895 >830 10
standard

# 2 EBCHM 5 VAR #4E 4B 2 HI LS (U7 0)
Table 2 Cost comparison of sheet produced by EBCHM and
VAR ingot (10* yuan)

Blooming

) Processing )
Melting  Cost of forging Total

. charges of Remark
type  materials . o charges of cost
& ingot
. addition of
One time .
defective
EBCHM 4.10 0.91 — 5.01 .
. materials
slab ingot
80%
Twice addition of
VAR defective
6.55 1.01 3.68 11.24 .
round materials
ingot 22%
Twice addition of
VAR defective
4.10 1.01 3.68 8.79 .
round materials
ingot 80%
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(s AR R MEAR s ]+ I A A B I 5 B s A
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3) R MPERY N IEE A IR, 5 A F RIS
PR(VAR)AHLL, EBCHM I 1544 BRBEHEALT 37%; 1M
25 RN I ELAH RIS, ) EBCHM Ji 82 il 45 AR A7 EL
F VAR BRI T AL 43%.
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