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Abstract: On the basis of earlier test results, TC4 industrial ingot was prepared using electron beam cold hearth single
melting. The multiple-point element analysis showed the composition uniformity of TC4 alloy met the demand of national
standard, indicating that the domestic technology of controlling TC4 element volatilization and alloying during EB melting
process had become mature, which enables us to possibly fabricate TC4 alloy via one-step. Using this TC4 ingot, the experiments
of various working modes and deformation amounts were carried out. The results indicated that the deformation mode and

deformation amount produced obvious effect on the TC4 ingot’ s microstructure, but little effect on properties, and properties with
different microstructure showed little difference during processing primary stages and mid stages. As the processing continued, the
microstructure difference of the samples decreased but the property difference increased. This tendency is different from the
conventional TC4 alloy using consumable electrode vacuum furnace, which may result from its melting method. Further

research should be widely carried out.
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Fig. 1  The size of EB TC4 ingot and cut mark method
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Table 1

Processing parameters and sampling methods for #1 ,#2 and #3 samples

Size(mm)

Stage I (mid - processing state)

Stage II (final — processing state ) Note

Drawing out for two heating ; drawing out at 1150 “C from blank to
#1 (J150 mm x L,then drawing out at 950 °C from []150 mm x L
to (J80 mm x L, total deformation of 90% ,sampling.

243 x 325 x262

times ;then upsetting and drawing at 1050 °C for two times; then

#2 upsetting and drawing at 1050 °C for two times;then upsetting and

Working for four heating : upsetting and drawing at 1150 °C for three

Single draw-

ing out
Drawing out at 950 °C from
[180 mm to [J45 mm, then
rolling at 900 °C from [145
mm to @11 mm,sampling. Upsetting

and drawing

drawing at 950 Cto [J80 mm x L, total deformation of 480% |,

sampling.

#3 243 x 650 x262

from 370 mm to 315 mm,sampling.

Working at 1150 °C from blank to 8§70 mm, then rolling at 950 °C

Rolling at 930 C from 3§15

Rolling plat
mm to 86 mm,sampling. ofing plate
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Fig. 3 Elementary analysis of EB TC4 alloy at different points
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Table 2 The properties of mid - processing samples

No.  Condition Propertios

Rm/ MPa  Rpo./MPa A /% 7%
# 907 840 13.0 42
" R 906 842 13.0 49
# 899 786 3.0 34
#1 875 720 150 45
®n M 880 770 155 5l
# 870 770 12,0 34
#l 1016 901 1.5 36
wn STA 1050 955 1.5 50
# 1002 887 7.5 24
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Fig. 4 The microstructures of mid-working processing after different treatments: (a) #1 R, (b) #1 M, (c) #1 STA; (d) #2 R,
(e) #2 M, (f) #2 STA; (g) #3 R, (h) #3 M, (i) #3 STA
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Table 3 The properties of final-processing samples

No. Condition Properties
Rm/ MPa  Rpy,/MPa  A/% Z/%
#1 1004 894 14.5 50
#2 R 1035 929 16.0 53
#3 1027 - 10.5 -
#1 859 765 17.5 48
#2 M 881 796 18.0 48
#3 884 - 14.5 _
#1 1033 937 15.0 49
#2 STA 1067 970 14.0 48
#3 994 - 10.5 -
Note : “ — " means no test properties because the samples are non - statisti-

cal samples.
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Fig. 5 The microstructures of final-processing samples after different treatments: (a) #1 R, (b) #1 M, (c) #1 STA; (d) #2 R,
(e) #2 M, (f) #2 STA; (g) #3 R, (h) #3 M, (i) #3 STA

4 ¥ it

TP H A S5, A IE S e R, X2
SIEME— B, (XS TARSCH EB Jrifil 51 TC4
B, TR A AR R AR . AL
FHERERE, hHEG AL ER R, HIErEREd
MZERK, BEEZILWRA, L2257 PR, Rl
ST AR, HBULPAME, (B PERe i 22 5+
ATERC . XA E TR LRSS TR R, H
B AN AE . X AT RES EB 6 R 55 BE I e AT 1 1 o A
K, B — 2N AR A BEAT 7 2 R I K
R BAEARIRPIRAS S, AN RN 122 Pk BRI i 45 R A
PEAF, 58 B 22 KB 10 MPa, S {1 5% ff 25 S 3o
1.5% , EMRE MRS H A HFE R IR MR % TC4 &5
SAREN, Wi, WA ILIRE, EB bl &1
TC4 & &5 5E LA R E MR X T EB Il s ik &
EHEEE, DO S Z VLRI T T ZRPFAbniE, ARER

RIS T 207 W bR [RIE, X 8% =0 TC4
B, EB WO AR MRS E MR FOR LS, [ A
INRBIFE S BE, TT R 2 Iuek & & EB IEHREOR, H35 2
Al SR @, BLRRIT I EB 0 il & £ AR B AH G
WESE, A B TR P A T Ak B A e

5 & i

(1) R H] EB pr— Uk Ml & TCA 54 Toll B, B
Sr¥ PR R E AR EESR,, RUIENC 258 2% 2 EB
APl £ Tl TCA 5 4 B A9 42 il HER

(2) X T EB il £ 19 TC4 J §, 780 T 1) 0] ) A1 v
W, RFEASE I A X A& S H 4 m e %, H)
FEREZAA K. B LI ARSI, 22122 S ek
N, EPEREZE ARG R

(3) i1 EB il £ TC4 5 G852 J5 W TR BE e
W AR TR TCA Bha & rpLAE, X4 EB J ik
R A G o



34

JESEREAE . W TR R (EB) I H TCA 5 G ZUS TEREDT ST

209

BB References

(1]

(2]

Mitchell A. Materials Science and Engineering A[J], 1999, 263(2) .
217 -223.

Nikolas H, Timothy Q. Materials Science and Engineering A[J],
2013, 573(3) : 264 -270.
Nikolas H, Timothy Q. Materials Science and Engineering A[J],

(4]

2013, 573 271 -277.
Mao Xiaonan (FE/NFg), Luo Lei (%

el al.

), Yu Lanlan (F°2£22),
The Chinese Journal of Nonferrous Metals [ J], 2010, 20
(Speciall ) ; S419 —424.

Lei Wenguang (87306), Yu Lanlan (F2222), Mao Xiaonan ( &/
F4), et al. Foundry(#3&) [J], 2010, 59 (9): 912 -916.

(4 KAA, & %)



