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Effect of the Melting Process on the Composition Uniformity and 3
Fleck Segregation of the TC6 Alloy

LI Xinlin, ZHANG Tianyou, XING Xuewei, HAN Chengxiang, ZHANG Yingming, GUO Jinming
(Northwest Institute for Nonferrous Metal Research, Xi'an 710016, China)

Abstract: TC6 alloys have excellent comprehensive properties, such as medium strength, good toughness and good thermal
strength, and have been widely used in aerospace engines and other fields. To prepare a TC6 alloy ingot with a uniform
composition and no 3 fleck, a 3 t grade TC6 alloy ingot (Ti-6.3Al1-2.5Mo-1.65Cr-0.5Fe-0.3Si) was prepared via vacuum
consumable arc melting using a small particle titanium sponge, intermediate alloy and elemental metal as raw materials.
The effects of different melting times, arc stabilizing currents and raw materials on the composition uniformity and
microstructure of alloy ingots were studied. The results show that when the binary intermediate alloy is used as the raw
material and the arc stabilizing current is 15 A/30 s, the whole chemical composition of the ingot is uniform, the Cr content
ranges from 1.53 wt.% to 1.56 wt.%, and no 3 fleck exists in the structure of the ingot. When the arc stabilizing current is
9 A/30 s, the composition of the ingot fluctuates greatly, and the Cr element ranges from 1.55 wt.% to 1.66 wt.%. There
are 3 flecks rich in Cr and Fe and poor in Mo in the ingot. A TC6 ingot with a uniform composition and no 8 fleck should
be prepared via a reasonable melting process during actual production.

Key words: TC6; compositional uniformity; vacuum consumable arc melting; B fleck

BB 4 B R L B T kPR BB AT | TR RE A I FE F I I 2 Tl 538 i SR FH A 25 R 4 1 O 1k
SAERES TN TSR REMN B Z2— TC6 AemMf R gL, Hh Cr Mo tE )
BE 2555 U, TCo Bh A 2 A o+ B AU RGP WATTY, 74 TCo & @t R Iy B4
G, T H R HRECE E RN R R E O AR T RS I 0 R R L T B
Tl & S LI A B o AR g B I I T RE A R 4 s BE Hh e A

75 H #3:2024-10-21

B2 T8 v 2R, 1994 AF A= A, AR . 9 NS B JB AR S R B R e MERE BR G B MERE S B BORL DT TG T AR
Email: 499169714@qq.com

SIS Ak, sk KA TR M, 5 S, SR SE W], S84 WA R X TC6 5 5E mL 3 ¥ 53 PR B BEM A LA i s ma [J]. #5 HE R
2025,46(3): 288-295.
LIXL,ZHANGTY, XING X W, HAN C X, ZHANG Y M, GUO J M. Effect of the melting process on the composition uniformity
and {3 fleck segregation of the TC6 alloy[J]. Foundry Technology, 2025, 46(3): 288-295.

hEIM  https://www.cnki.net



(EEEF AR N03/2025

FRM,E RHETZX TC6 HEM M AR B BRTAENZ M

+289 -

SRl ES PRI

RATI =, SR A S 85 5E b — B A7 (e 3 ke . JE &
J& /4 TR I 2 AL B Ak B B B AT R
Mr(mBRoc 2= A VAR ik DL RCE 55 R B AT LA & B
BEGpa (2R EHSE B AR E TC R M X R AT, Horh g
BE W A7 2 5 35 R AR Rl 1 998 2 AL J 9 57 1k g
XFF B B B FIIE AL 2 AR S 1 A 18 3, Y
RIEA T LIAGE B BERYIE WO TR T4 & Fe (B2
PrgE v R Ok AR BB, WO T B
WA B B BERAAAE , — M Z&ad J5 L0 T4k
MG, &2 ME g R g2 5] g B,

TC6 & 4 1 K 43 RN AL 2L ) vk n) B oA T H
R2EAR RO M A ARSI S U G
i R A b 1) ST A RO > B BERY B,
PR IAE B AHAE S LR 50 CHl e, TC6 A4
BEMRIZ S T O ERZN o S EE R,
B 5 IR TR B R, B A 1 B BRI, R A
FAF RS2 TC6 & 4 BT I O i B2 R | b 3
HRREJE | A 1 R T A—E R LD Croon R 1)
TRATUY, WFoE %, B BE7E TB6 &4 Wt &fF7E, H
S XD Fe t BB EE, T4 B R
Lo 3 B (E I VA RS R R & TC6 & 4 Ly
AU kb B BEMIAT R AW B, AR
SCEEA IR A 6 A TR A R R R R T2
X TC6 A 4 W43 451 e 2w, IF X & 4 v B
B BEHEAT T A0 MT , 38 2o s i SRt | A o R B LA
AR R R TSR T BUR I B BE B ) 8

1 XEHHETE
L1 SR

It 3t A HFEH I A ] 25 p640 mm 1)
TC6 & 4 %5 %E (4 X 1 53 M Ti-6.3A1-2.5Mo-1.65Cr-
0.5Fe-0.3Si, T it 7344, %, F [)), & 4 i BRI Ol
W1 R, BRI 23R R, I AR EHIL , 1R
A5 4 000 t F AR ) HILE i E A
FE 2SS B IR A N AR il R 3 ¢ LS F AR
S HEA T e, B B 0 F DB R S 8O0 3% 2 8B &
PALH T AW 3,
1.2 XBH*E

B 4 T BE Lo K 48— 4% PR AR GB/T 4698
CHE AR BR BR BLBR G @ A 22 43 B 7 1 ) W R 2 14647, 43
FIXF TC6 G 4 % 5E Sk rf &8 | R ¥ 1Y B B WU
ARG BURES BN 1 Bz S A 4 400
LR U EES , R JEOL JSM 7001F B4 1
U5 (SEM) W25 75 4 B T 2 2 S B BT 30 4 05,
I3 13 BE IS {L(EDS) 43 #T B BEAY 76 ALY .

2 ZWHERKITR

2.1 HBEBSHEME

Bl 2 02 FL2S [ FE H TS 5 S 1 &5 19 3 t 2% TC6
B he BT T B R OB G 2t L
B BRYIE DR B R IRE] 94% L) I

T4 ZATIEHE T Z M2 10 TCo & & %4 3k

R1TCo a&HBiRERRR
Tab.1 Raw materials for the TC6 alloy

No.

Alloying element

Mo Fe Si Al Cr Ti
1# Al-60Mo Iron Al-10Si Aluminium shot Chromium Titanium sponge
2# Al-60Mo Al-60Fe Al-10Si Aluminium shot Al-70Cr Titanium sponge
3# Al-60Mo Al-60Fe Al-10Si Aluminium shot Al-70Cr Titanium sponge

R2TCo AE&BHFETLE
Tab.2 Melting process for the TC6 alloy

No. Electricity/kA Voltage/V Arec stabilizing current Number of smelting
1# 15~25 29~39 9A/30s Twice

2# 15~25 29~39 9A/30s Three times

3# 15~25 29~39 15A/30s Three times

RITC6 AEBERANETEZ
Tab.3 Forging and heat treatment process for the TC6 alloy

Production process

Heat treatment system

Processing step

Billet forging 1200 C
Forging 30~40 °C above the phase transition point
Forging 40~50 C above the phase transition point
Forging 50 “C above the phase transition point

Heat treatment

One upsetting and pulling
Two upsetting and drawing
Four upsetting and drawing

Forming

Isothermal annealing 870 “C/2 h, furnace cooling to 650 ‘C, holding for 2 h, air cooling
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P 1 TC6 4 43 Ao I R iz
Fig.1 Sampling position of the composition test for the TC6 alloy

&l 2 TC6 & 4 ¥ 5E : (a) 1#;(b) 2#;(c) 3#
Fig.2 TC6 alloy ingots: (a) 1#; (b) 2#; (c) 3#
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Tab.4 Composition analysis of the head, middle and bottom of 3 t grade alloys

(mass fraction/%)

No. Position Al Mo Cr Fe Si
Nominal component 6.30 2.50 1.65 0.50 0.30
Top 6.09 2.61 1.62 0.57 0.33
Middle 6.24 2.65 1.66 0.46 0.28
1# Bottom 6.40 2.71 1.55 0.52 0.28
Standard deviation/% 15.50 5.03 5.57 5.51 2.89
Top 6.06 2.55 1.63 0.53 0.33
Middle 6.25 2.53 1.64 0.47 0.32
i Bottom 6.32 2.58 1.62 0.45 0.29
Standard deviation/% 13.45 2.52 1.00 4.16 2.08
Top 6.20 2.43 1.66 0.53 0.28
Middle 6.26 2.48 1.64 0.51 0.28
7 Bottom 6.27 2.49 1.63 0.49 0.27
Standard deviation/% 3.79 3.21 1.53 2.00 0.58
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Fig.3 Elemental distributions in 1# ingot: (a) Al; (b) Cr; (c) Fe; (d) Mo; (e) Si
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Fig.4 Elemental distributions in 2# ingot: (a) Al; (b) Cr; (c) Fe; (d) Mo; (e) Si
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Fig.5 Elemental distributions in 3# ingot: (a) Al; (b) Cr; (c) Fe; (d) Mo; (e) Si
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6 TC6 &4 &M A . (a, b) 1#; (c) 24; (d) 3#
Fig.6 OM images of the TC6 alloys: (a, b) 1#; (c) 2#; (d) 3#
7 1# &4 SEM M H . (a) 24K ;(b) g BT
Fig.7 SEM images of 1# alloy: (a) matrix structure; (b) 3 fleck
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Tab.5 EDS analysis results for different regions in Fig.7
(mass fraction/%)
Region Element
Spectrum Al Si Ti Cr Fe Mo
Spectrum 1 5.63 0.35 88.42 2.45 0.66 2.49
Matrix Spectrum 2 5.45 0.32 88.76 2.33 0.73 241
Spectrum 3 5.62 0.34 88.31 2.57 0.99 2.51
Average 5.57 0.34 88.50 245 0.79 2.47
Spectrum 1 5.20 0.77 86.89 3.35 1.71 2.10
Spectrum 2 5.77 0.56 86.86 3.38 1.57 1.86
B fleck Spectrum 3 5.37 0.72 87.70 2.75 1.29 2.16
Spectrum 4 5.84 0.69 87.91 2.66 0.89 2.00
Average 5.55 0.69 87.34 3.03 1.37 2.03
6 1A S EKSBHLE RMEEHH
Tab.6 Microhardness analysis of the matrix and 8 fleck in 1# alloy
Position 1 2 3 4 5 6 7 8 Average
Matrix(HV) 354 364 372 368 367 358 361 363 363
B fleck(HV) 331 336 345 330 334 336 336 335 335
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