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Table 1 Major chemical formulae for the thermal

reduction of metal oxides by aluminum

J i '
Al +3/4Ti0, =3/4Ti +1/2A1,0, (1)
Al +3Ti0, =3/2Ti, 05 +1/2Al,0, (2)
Al +3/2Ti0, =3/2Ti0 +1/2Al,0, (3)
Al +3/2Ti0 =3/2Ti +1/2A1,0, (4)
2Al + CrO, =Cr + Al, O, (5)
Al +1/2Fe, 0; =Fe +1/2Al1,0, (6)
Al +3/2Ti0 =3/2Ti +1/2A1,0, (7)
5AL +3TiO =3TiAl + AL, O, (8)
11A1 +3TiO =3TiAl, + Al, 0, (9)
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Table 2 Ratio of raw materials for the preparation
of TiAl —Cr alloys

¥ AVTIO, kB K/ G0/ CaO/  CaF,/
B (Pt Big g g g g

No. 1 0.9 150 135 15 143 715
No.2 0.9 150 135 30 158.3 79.15

TiAl-Crid 4

B4 s s

Fig.4 Macro graph of experimental results
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Table 3 XRF analysis of TiAl —Cr reduced

slag( mass percent) %

RgE ALO,  Ca0 F Ti0, Fe,0,  Si0,

No. 1 46.6 42.8 8.37 1.49 0.391 0.138
No. 2 44.1 37.3 10.0 5.8 0.539  0.215
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Table 4 XRF analysis of TiAl —Cr alloys
(mass percent) %
g T Al Cr Ca Si Fe fafis

No.1 60.0 31.3 5.6 3.33 0.862 0.43

138. 6¢
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HRA & G B R G A7 IR 4 TiLCr 1
WeR WK 7, AWEFRATLLE H No. 1, No. 2 ik 56
Cr YR 53 W3k 3 99. 5% .96.2% , W CrO, # Al
JUPREREH#H NG ET, TEMFEREZNT, b
& CrO, AR RBE I, WHAE T 3 2 10 ) AL, i
AGaH Al S EW R, A Al & &R,
TiO, ¥B430 J5 A 14 TiO X LA 5 4% 38 J5L 1T 1 A
S A T 0 T, S A R A TR
IR

00 EAr = ,, 295 96.2
88.17 -89.5
sol 78.79
S 60f
= 401
20
0

H4 Ti Cr

i)

B7 &4 .TiCr ek
Fig.7 Yield of alloy . Ti.Cr

XFANE] CrO, BE AT T il 45 1Y TiAl - Cr & & i
1T XRD 437, 25 R WLIE1 8, No. 1 ilBe 4514, TiAl -
Cr &4 1 FZYAH R Ti, AL FI A18Cr, 5 Bifi 5 [ Hh
CrO; AN (No. 2 355 , #HEA G &Y Cr
FrEEBAAN, Al Cry AR ARG 8 3858
3.2 TiAl-Fe 5£MFI &R

FEE JER BE 1550 °C L fR i AL/TiO, = 0.9,
Ca0: ALO,: CaF, = 40% : 40% : 20% . i& Ji B [A]
30 min BT, B AR Fe, 0, BCAEX] TiAl -
Fe & &l 4 52, JFORHBC b L3 5, 100 25 51 L 1%
9. MEIHATLLE Y, No. 3 IXIGHL L 551 R, -4
Sy B RIME I R T O, M0 A e SR AE s i v 5 B
% Fe,0, it ABRIEHI(No. 4 K5 | -4 0 B RCER
AH S G T — 4 AL T AH XTI T, 0 ISR A X R
I, Hi45 1 TiAl -Fe & 4 R MG HIE BUEIOR,
Wtk



202542 A% 1M z=

ZEAL . FETRRPGA B R4S TIAL-M(M = Cr Fe) 5458 - 27 -

1200 No.l .

= Ti Al
® AlCr

1000

800

600

400

Intensity(a.u.)

200

1200r ]

Nocd = Ti Al
1000} ©ALCr,
— 800f
s
< 600}
£ 400t ]
E
L ] L]
200 LA . X
% 20 30 40 50 60 70 80 90

20/(°)

8 il# MY TiAl -Cr 44 XRD 4347
Fig.8 XRD analysis of prepared TiAl —Cr alloy

F5 & TiAl-Fe &4 FURMIC 1L
Table 5 Ratio of raw materials for the preparation of
TiAl —Fe alloys

e AUTIO, SKEK/ Bk Fe,0i/ CaO/  CaFy/

W5 (BRI g g g g g
No. 3 0.9 150 135 10 134.3  78.3
No.4 0.9 150 135 15 137.4  68.7
3# 4# ﬂTji%

L

TiAl-Cré 4
B9 Egh A

Fig.9 Macro graph of experimental results
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Table 6 XRF analysis of reduced slag

(mass percent) %
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No. 3 44.9 39.8 8.18 4.6 1.39 0.511 0.275

No. 4 46.8 37.5 10.3 2.89 1.54 0.380 0.131
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Table 7 XRF analysis of prepared TiAl —Fe
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Preparation of TiAl-M (M =Cr, Fe) alloy based on aluminum
thermal reduction method
LI Jun'??* | PENG Wenjing'”, LI Xiang"?, WU Enhui'*’**, MA Lan'?, YANG Shaoli'?
HOU Jing'*, XU Zhong'?, LI Hong'*, YANG Shangui'”
(1. College of Vanadium and Titanium, Panzhihua University, Panzhihua 617000, China;

’

2. Vanadium and Titanium Resources Comprehensive Utilization Key Laboratory of Sichuan Provinee,
Panzhihua 617000, China;
3. State Key Testing Laboratory of Vanadium & Titanium, Panzhihua 617000, China;
4. Sichuan Provincial Engineering Laboratory of Solar Technology Integration, Panzhihua 617000, China)

Abstract; TiAl-based alloys have excellent properties. However, due to the high price of titanium sponge, the
preparation cost of TiAl-based alloys is high, which limits the application of TiAl-based alloys. In this paper, TiAl -
M (Cr, Fe) alloy was prepared by one-step synthesis using TiO,, Fe,0,, CrO, as raw materials and Al as reducing
agent by aluminum thermal reduction method. The experimental results show that TiAl —Cr alloy can be separated
from the reduced slag with good effect under the conditions of roasting temperature of 1550 °C, AL/TiO, =0. 9, slag
ratio of CaO: Al,0,: CaF, =40% : 40% : 20% and roasting time of 30 min. The Cr element in the alloy can be
regulated according to the amount of CrO; in the raw material. The alloy yield can reach up to 88% , Ti yield up to
92.4% and Cr yield up to 99.5% . The main phases of TiAl —Cr alloy are Ti;Al and Al;Cr,. TiAl —Fe alloy is
brittle, and the main phases of TiAl —Fe alloy are Ti; Al and Al Fe.
Key words: TiAl-based alloy; titanium dioxide; aluminothermic reduction; one-step synthesis; TiAl — Cr alloy;
TiAl —-Fe alloy



