Metallurgical Engineering 16& T#&, 2015, 2(3), 158-167 Hans X
Published Online September 2015 in Hans. http://www.hanspub.org/journal/meng
http://dx.doi.org/10.12677/meng.2015.23023

The TC2 Titanium Alloy Melting for VAR

Yabo Zheng'?*, Zhanqian Chenz, Feng Chen?, Lu Qiao?, Lingling Mao?

!Xi’an University of Architecture and Technology, Xi’an Shaanxi
’Baoji Titanium Industry Co., Ltd., Baoji Shaanxi
Email: yabozheng@163.com

Received: Sep. 1%, 2015; accepted: Sep. 21%, 2015; published: Sep. 29", 2015

Copyright © 2015 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Abstract

Since the saturated vapor pressure of aluminum and manganese in the titanium alloys are much
greater than matrix elements, the volatilization loss of main group elements was greater in melt-
ing, especially manganese, which is not conducive to the uniformity control of chemical composi-
tion of the ingot. Based on the activity coefficient model and the controlled mass transfer coeffi-
cient calculation model, this article analyzes the volatile trend of aluminum and manganese in the
titanium melt, and the distribution characteristics of the elements in the TC2 titanium alloys.
Combing with the actual production, by the reasonable control of raw materials, and selecting the
appropriate alloying additives and melting parameters, TC2 titanium alloy with diameter of 720
mm was melted by VAR with inert gas protection. The results showed that: the chemical composi-
tion is uniform in the ingot’s radial and axial direction; the products meet the standard require-
ments; and macrosegregation does not appear.

Keywords

VAR Melting, TC2, Volatilize, Composition Control

VARBEEZGTC2(k &4

FREKVT, HRRE? K%, B BB

P R K, B
TEASER A A IRAT, B =AY
Email: *yabozheng@163.com

DERAEE

EG|F: R, MREkEL, BRI, FRB, B VAR M TC2 ShA 4], 164 THE, 2015, 2(3): 158-167.
http://dx.doi.org/10.12677/meng.2015.23023



mailto:yabozheng@163.com�
http://creativecommons.org/licenses/by/4.0/�
mailto:yabozheng@163.com�

A

Weks 3 20154E9 H1H; A HEM: 20154E9H21H; KA HM: 201549 H29H

wm B

HTAL MnTRAERSETHRENZEVEZTATREETR, B, TC2HRESEBFEHEHTHELR
KREK, RERMnTR, NHTHEENERDN SIS AT R YT AR R AL R R 5
TR, NRAZAELST T RESBEPAL MR ERES, ST TTCRREEPETRNS
MR, EEETEhk, B SEEREME, EESENESRINMEGRSHE, RARTERSE
TP SA R EGE ERA720 mmETC2ERE &/, SRR FABNRHEER. M
RIS, EFERRRERSEMN T, FrA2E R R AR, R IR RRT

RHEiA
VARME S, TC2, #R, Bin#fl

1. 518§

TC2 &4 XM N: Ti-4Al-1.5 Mn, s&—F 700 MPa &2 [ o 25 5 & A AT 5B VE ) o + p 7Y
®wE4, 5 TCl. TA21 [FJET Ti-Al-Mn £&64%. HTHEAERERRE. RIOFRIEERERMER,
LES IR, WA T, FRUT. AT Tl EEA ST H 258302 S [1]-[3]

1E TC2 WAt B2 ARG FE R, 45, BB T O RAIC, EETSIIGAM N KEHER, BH2SEH
I E SO AN, KBRS AT & 4, JCHE Mn JOREN™EH, #HRERENSEE
AL 15 %5 [4], XM E R ANE], PR EARRAT, B S IR )2 RE AT R
. Rt TC2 A &l LA cE R MG BT NEE ., A 0B M2/ IR TC2
Ee iR & 4 TR U DL R AR T B AL T IE R A, N TC2 &4 1K) VAR WG48
8%, JFEERIGAE, A=A TC2 & &455E.

2. MAOESH

BE WA W HE RS R A S &bz —, &4 A4 1 2 il TGt f2
h FIER A TCHIE R . EEIRFIEN, kb — R A BT RAEE S 54 TS K 238 BB GG &4
MR EBS TR B LAy, WA ZIVERE PS4 52 [5], 1T VAR WG B4 RS, S48HTmiER It
FEEL, R, EEE SR B SR T AL VAR IS IEE A R R — .

21 BRER¥MITE

M E U, HIEIRIRE T —2i, A&IE R T RNZRRE p 2R E K % 0 & 2 [0 A EAE
R, ERFEE 5%t ENMARSE PP BEBVINK R MNEEmikdh gl i ki, HESE p
H (6]

B=x-7,-p (1)

Kb po kb AT | MEMASE: y, 4T i FEESIE T ENEEREG X RATT | RS
o p! MEEA T | RS
MR, p! WTUMNA LR AR, 1My, FEREERERZ . Bk, @28 ERES s



AL 45

B A TCIHIE LR BOHE R & S R . BN 206 SR S AT R BEA TR IT,
R BB AT (B A AR R BOE B RO, AR HATSRIS AT TR A KA RER), Real X} TC2 &
S M EEVE SR, S0 B 2 e (3 B AR BARF IR A, eI T e 2 6 B e 22 6 AR R o L i
AT BT X5, Tk, EWANAERIEE TEH CAE TIRZ A B U IIE, AXREHE
T A TN BT AT T 2 MR FE, 57 1 — 28 5 S PRAF A P AT R . BRI Y X e
RERR TN BAR B & Bk R A IR R B A, (X SRR T HEAR G B R 5 2R B A7y B AL B T
HEE - F05ANEE AT ) Miedema [ — JIE U A B0 AT Kohler & 37 ) = Juhé i R HE 3
TE=RREERBNG — AKX (7). FiZARN TC4 M TAT &8 R RS L LSS [8 il seie 15

4 RV GRS
ASORR BN N5 TC2 & hrh BHTHE R, hT A RER, SRS HRART
BT,
N
3 3 3 3
ln;/l./;/l.0 =Iny, +) &'x, +Zpl:/x/2. +ZZpl:/kx/.xk +0(x3) @)
j=2 j=2 T j=2k>) '
e
| EX] +E XX, +E XX, +E X [( o1 J 5l ( ) (xi+xj)2
ny, = A (x +x, )+Inx, |+2|Inx, +(x +x, )+
<Xi+xj)2 J J 2
X pl+xxipl +xix pl +x.xlpl+xix pl 4 x0p)
(x+x,)
1
Iny’=—4
Vi RT
&=L (28-C)
RT
g =¢ =L(—2A—2D)
! J RT
pf':L(D+E—G)
" 2RT

p! =$(—4A+4G+H)

g%:ﬁFMA—ZB+C+4D+6U

¥

A=F 1+ 1 (4-4) ]V
B=F, |:_1_(2/“i +/uk)(¢i _¢k)_lui/uk (¢z _¢k)2:|/Vk2/3

C=F, [1+ﬂf (¢1 _¢k):|'{l/;2/3 [1+ﬂi(¢i —¢k)]+V}f/3 [1+/4k (¢k _¢i)]}/(Vk2/3)2 D=F, [1+ﬂj (¢j _¢k)]/sz/3



AL 45

E=Fy[2+(104+84,) (¢~ ) +14u, (6 -4,) | 72"
F=F{[1+ (8= )1+ Gt = )~ s (9 -4 |1
(1o (-0 1 )6 =0+ o (8- 72| (72
G=F,[1+m(4-4)]/v"
H=F, {[1 i (0,-0) |72 (12440, (4, -00)) + 72 (12444 (6 -4,)) ]
4] 1= (20 a0 (8, ) - s (8, 7} )

1= [3+ (o0 -,) s (-0, ) |17

&

Fy=a;- f;

a; =1-0.1T| ——~
T, T,
T,» T, » SHNATC L, ISR HSCHR (6147 His
2pV,-2/3V,-2/3{q/p[(nL/,f)j—(n'w/,f)l.] —(¢j—¢,-)2—a("/p)}
(n), +(n2)]
F;-js EkEF;k%Xj:EIEJs aij’ a,-k'iajk%\)‘(*ﬁﬁ, fij’ f;klifjk%&\j(jﬂlgjo
Voo (ny),» &0 iGRATC FBERBR. BT AR AE, p. g, ro ar uWRNERFE
SCHR (7] R T EIRITESEE. X x, 0 x RS i, O RET K EER ML &l &) el 2
i5i, j, kM—HEERHRE, o, p/s pfRiYi, j, kIZMMHIIERRE, »° 24H70 MER
TEEREL R i TR R
ANTEJRPE(T) N & AT HVE R (y, ) THERES SR <] 1 Bos.
1 AL, TC2 AR Mn JTEIERE RECKT 1, SEBBEHAMHLLEIERZE. M Al 5 Ti
KGR RBUNT 1, SHEEBMHELEE Rz . FERENAE, 580K M ERA/ER RS, %
WA TR BRI R, AT S5 4 T RS FE R BRI R 1 i

22. AeREPETRIGNESE

TC2 &&= T0 84K R, 4t Tiv Al FI Mn [0 EER 45073 5°H 91.8% 6.9%H1 1.3%. 42t
FIML RN 285 A R A A S [9]:
P’ =2302.6exp(4-T"'+B-1gT+C-T+D) 3)

fij =

At p) NATT i AR, 47 Pas TOAMBSIAIREE, B4 K: 4. B. C. D RHRIIZEHE, W]
FESCHR [9]H 2 F .

TC2 &P & IuR NS RmAL W & 1 frs.

¥ 2 1 IR ARARQG), Bl TC2 &84 &L KMBMASEA R F:



Yarey

<+

HA

Pf =2302.6exp(—23200-T"' —0.66-1g T +10.86)
Py =2302.6exp(~16380-T"' ~1.0-1gT +11.4)
R}, =2302.6exp(~14520-T"' —3.02-1gT +18.36)
L E & R EAARFERE F4i450 Tiv Al A Mn BMARIZES)EDN 4 2 Fiws. 0L E& AN
3, ATRATH R TC2 f A b & LT AEAN R AR B R AN 2SR 14 3 B
B 2 WTCUE S, BEERERFE, Tio AL A Mn uR4i4 BB RS R, B A H Mn
LR MR ZA S EREE RN T & B a1 3 iTeUE H, BEEREN TR, TC2 &4 a4
JCIIRIZE SRR, B ARG I T s A AL e R k. 2R R, TC2 A4k iAH Mn

11
9o 90 o o o o o o
1.0
c
2 0.9
s H*.,H’HA
[}
8
2 08+ —=—Al
= —e— Mn
e —A—Ti
0.7
0.6

T T T T T
1800 1900 2000 2100 2200 2300 2400
Melt temperature /K

Figure 1. The relation of activity coefficient of each
element and melt temperature in TC2 alloy
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Figure 2. The relation of saturated vapor pressure
and temperature for Ti, Al and Mn elements
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Table 1. Vapor pressure constant of elements in TC2 alloy
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Element A B C D Temperature range/K
Ti -23,200 -0.66 — 10.86 1943~3558
Al -16,380 -1.0 — 114 933~2723
Mn -14,520 -3.02 — 1836 1517~2333
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Figure 3. The relation of saturated vapor pressure
and temperature in TC2 alloy melt
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