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Table 1  Preparation of TiAl master alloy by metallothermic  

reduction 

Ingredient Granularity Purity/% 

TiO

2

 0.1~0.3 µm 99.5 

Al 0.2~2.5 mm 99.5 

Ca 0.1~3 mm 99.5 

KClO

3

 �2 mm 99.5 

CaO 

Mg 

�0.25 mm 

�0.2 mm 

99.5 

99.5 
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Fig.1  Relationship between yield of alloy and heat effect per 

unit mass 
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Fig.2  Variation trend of composition of slag with different slag addition coefficients: (a) 0.2, (b) 0.4, (c) 0.6, and (d) 0.8�
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Fig.3  XRD patterns of alloy with different Al addition coefficients  

 

cm 4PQXY���mnc TiAl�C£�¤X<

Ti

3

Al�TiAl

2

Q1 Al

2

O

3

��Ö6L�} 2P��no�

¥ô"X<p¶��±fx��p���<��ófx

�¦£����¼X��T��§Dc&�¥¶"<p

������¼XYÌT�fk6>ô�±¯J 0.8D�

��� TiWX®¯J 56.93%�AlWX®¯J 39.85%�

OWX®¯J 2.92%, Ti<fx\¨�^�< 37.96%�

©ª<�ÚQ��ó�l«7&s°��¬¦Y­ô�

X ì�®���<fx[l¸H¯p¶���<¼

�X6>�j���¼X��D�û%Z�<�fxÆ

fx TiO

2

«7fx�°�±n��²fx���ó��

nû%fx����<fxÆ�7í�u³ ´�û%

µ�fxÆ�������j0<¶·6 

��$��%�&'(
)*+,-.������

>û%¸�<��óKJj0������<µ

�fxÆD�æ�Ë��fxÆô"XJ��ô"X<

80%�¸�fxÆ<
à¸�
 R

Ca

áJ 5% ~ 30%�z

¸$���X�nofxÆ�¸�
Y��¸$<cd

�
¶��>fxÆ�¸� 30%D�̧ $��¢Q�j�

�|}Ì¹|=6�¸$ú��<Ö®45®��Ll

ï} 3��6 

c} 3PQXY�û%µ�fxÆD��<i\�

ºY��é]c& Ca <fx���& Al�>§D 

Â�µ¶���O�fx TiO

2

D�x\=Ö<'®�

�»��ó¯��²!¶"< Ca fx�Ùú¼='

®�L�=Ö������{H> R

Ca

J 30%D��<

i\RSíT�émn]c&¸$��<|}��6>

µ�fxÆ�¸�
p¶D�����¼X­��H�

¼XíT6ab�fxÆ�'®�!¸_`ú�c&¸

fx<@v�
½R&�fx TiO

2

<@v�
��>&

Y��¸$�±<Z\WXv[$� ¸$��f&c

d�>���°9:ú��&¾x<¸$���ì�� 

10 20 30 40 50 60 70 80 90

2

1

2

1

1

2

1

1

2

1

1

2

2

2

1

1

1

1

2

1

2

1

2

2

2

2

2

2

2

1

1

1

1

2

1

1

1

1

1

1

1

1

1

1

�

1-(CaO)⋅(Al

2

O

3

)

2

2-(CaO)⋅(Al

2

O

3

)

6

(a)

1-(CaO)⋅(Al

2

O

3

)

2-(CaO)

12

⋅(Al

2

O

3

)

7

1

1

1

1

2

2

2

2

2

1

2

2

2

2

2

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

�

(c)

10       30       50       70       90 

10       30       50       70       90 

2θ/(º) 

I
n

t
e
n

s
i
t
y

/
a
.
u

.
 

I
n

t
e
n

s
i
t
y

/
a
.
u

.
 

a

10 20 30 40 50 60 70 80 90

1-(CaO)⋅(Al

2

O

3

)

2-(CaO)⋅(Al

2

O

3

)

2

1

1

2

2

22 2

2

2

2

2

1

1

2

2

1

2

1

1

2

2

2

2

1

1

2

2

2

2

2

1

1

1

1

�

I
n
t
e
n
s
i
t
y

(b)

10       30       50       70       90 

b

c

10 20 30 40 50 60 70 80 90

3

3

3

1-(CaO)⋅(Al

2

O

3

)

2-(CaO)

12

⋅(Al

2

O

3

)

7

3-(CaO)

3

⋅(Al

2

O

3

)

2

2

2

1

1

1

2

2

2

2

1

1

3

2

1

2

2

2

1

2

1

2

1

�

(d)

10       30       50       70       90 

2θ/(º) 

d

10 20 30 40 50 60 70 80 90

2

2

2

2

3

3

2

1

1

1

1

1

1

1

1

1

3

1

2

1

1

1

1

1

1

1

1

1

1

1

1

1

3-TiAl

2

2-Ti

3

Al

1

11

222

2

2

2

2

2

1-TiAl

5#

4#

3#

2#

1#

�

1

1

1

1

1

1

10       30       50       70       90 

2θ/(º) 

I
n

t
e
n

s
i
t
y

/
a
.
u

.
 

1.0 

0.9 

0.8 

0.7 

0.6 



�1018�                                      �������	
                                               � 49� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


 4  ���������� SEM��  

Fig.4  SEM images of alloys under different Al addition coefficients: (a) 0.6, (b) 0.7, (c) 0.8, (d) 0.9
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Table 2  Composition of alloy with different Al addition 

coefficients  

Element content, ω/% 

Al addition coefficient 

Yield of 

Ti/% 

Ti Al O 

0.6 16.40 67.51 26.27 6.10 

0.7 23.68 60.43 36.87 2.67 

0.8 37.96 56.93 39.85 2.92 

0.9 35.47 58.68 40.02 1.21 

1.0 34.59 57.36 41.52 1.10 
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Table 3  Composition of alloy with different compound  

reducing agents 

Element content, ω/% 

R

Ca

/% Yield of Ti/% 

Ti Al O 

5 37.31 48.36 50.10 1.00 

10 43.41 50.97 47.69 1.25 

15 49.36 58.36 40.19 1.41 

20 50.25 55.09 42.88 1.99 

25 51.46 58.04 39.69 2.26 

30 43.37 61.83 35.50 2.61 
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Preparation of TiAl Master Alloy by Metallothermic Reduction 

 

Song Yulai, Dou Zhihe, Zhang Ting’an, Liu Yan, Niu Liping

 

(Key Laboratory of Ecological Metallurgy of Multi-metal Intergrown Ores of Ministry of Education, Northeastern University, Shenyang 

110819, China) 

 

Abstract: TiAl master alloy was prepared by metallothermic reduction method, using TiO

2

 as raw material, KClO

3

 as heating agent, Al as 

reducing agent and alloying agent, Ca as deep reducing agent. The influence of heat effect per unit mass, the proportion of slag-making 

agent, the amount and composition of reducing agent on the stability of the reaction process, the composition and yield of alloy were 

investigated. The results show that when Ca and Al are used as reducing agents, the adiabatic temperature of the system is 2426 and 1806 K, 

respectively. The TiAl master alloy is composed of TiAl, Ti

3

Al and a small amount of Al

2

O

3

 inclusions. The contents of Ti, Al and O in the 

alloy are 58.36wt%, 40.19wt% and 1.41wt%, respectively. 

Key words: TiAl master alloy; heat effect per unit mass; adiabatic temperature; metallothermic reduction 
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