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¹ 1  VWX-YZ\]^ Al-Ti-C_`abcK^RS��ºO 

Fig.1  Research technical route for the microstructure and properties of Al-Ti-C mother alloy prepared by titanium hydride and graphite 

 

 !""Al-Ti-C#�$%&'� 

Table 1  Chemical composition of Al-Ti-C alloys (ω/%) 

Alloy Al Fe Si Ti C Other impurities 

1# 94.49 0.003 0.005 5.13 0.12 Bal. 

2# 94.55 0.025 0.015 5.13 0.19 Bal. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¹ 2  1# Al-Ti-C_`»¼^ SEM½� 

Fig.2  SEM images of 1# Al-Ti-C mother alloy casting sample 
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¹ 3  1# Al-Ti-C _`»¼��-���¬~^ SEM ½�¾ EDSo¿ef 

Fig.3  SEM images (a~c) of matrix and the second phase in the crystal and corresponding EDS results (d~f) of 1# Al-Ti-C mother alloy 

casting sample 

 

 (""� 3� 1# Al-Ti-C)#�*+#��,-. A-1~A-3$ EDS�/01 

Table 2  EDS results of marked areas A-1~A-3 of the matrix in 1# Al-Ti-C mother alloy casting sample in Fig.3 (at%) 

Area Al Ti C Si Fe 

A-1 90.88 3.28 5.51 - 0.34 

A-2 90.93 3.79 4.89 - 0.39 

A-3 94.62 0.27 4.64 0.20 0.27 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¹ 4  1# Al-Ti-C_`»¼���¬~^ SEM ½�¾ EDSo¿ef 

Fig.4  SEM images (a~c) of second phase of grain boundary and corresponding EDS results (d~f) of 1# Al-Ti-C mother alloy casting sample 

(

(

A-1 

a 

b 

c 

A-2 

A-3 

1.00  3.00  5.00  7.00  9.00 

Energy/keV 

1.00    3.00    5.00    7.00 

Energy/keV 

1.00    3.00    5.00    7.00 

Energy/keV 

11.5

8.7

5.8

2.9

0.0

I
n

t
e
n

s
i
t
y

/
�

1
0

3

 
c
p

s
 

10.8

8.1

5.4

2.7

0.0

15.1

11.3

7.5

3.8

0.0

d 

e 

f 

A-1 

A-2 

A-3 

20 µm 

B-1 

a 

�c�

B

b 

c 

B-2 

B-3 

1.00   3.00   5.00   7.00   9.00 

Energy/keV 

24.0

19.2

14.4

9.6

4.8

0.0

I
n

t
e
n

s
i
t
y

/
�

1
0

3

 
c
p

s
 

d e f 

1.00    3.00    5.00    7.00 

Energy/keV 

1.00    3.00    5.00    7.00 

Energy/keV 

15.5

11.6

7.8

3.9

0.0

23.6

17.7

11.8

5.9

0.0

B-1 

B-2 

B-3 

20 µm 



²1348²                                          ³9´µ¶-·¸                                           � 48� 

 2""� 4� 1# Al-Ti-C)#�*+34567 B-1~B-3$ 

EDS�/01 

Table 3  EDS results of marked areas B-1~B-3 of the second 

phase of grain boundary in 1# Al-Ti-C mother alloy 

casting sample in Fig.4 (at%) 

Area Al Ti C Si Fe 

B-1 70.00 26.28 3.61 0.11 - 

B-2 91.14 0.14 1.47 0.12 7.12 

B-3 91.32 0.07 - 0.06 8.56 
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¹ 5  2# Al-Ti-C_`»¼^ SEM½� 

Fig.5  SEM images of 2# Al-Ti-C mother alloy casting sample 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¹ 6  Al-Ti-C_`»¼��~^ SEM ½�¾ EDSo¿ef 

Fig.6  SEM images (a, b) of primary phase in 2# Al-Ti-C mother alloy casting sample and corresponding EDS results of area C-1 (c) and C-4 (d) 

a 

b 

C-1 

C-2 

a 

C-4 

C-3 

b 

2.00   4.00   6.00   8.00 

Energy/keV 

2.00   4.00   6.00   8.00 

Energy/keV 

I
n

t
e
n

s
i
t
y

/
a
.
u

.
 

Al 

C 

Ti 

C 

Al 

Ti 

c 

d 



� 4�                              !"Q5VWX-YZ\] Al-Ti-C_`^m,-ab                         ²1349² 

 8""� 6� 2# Al-Ti-C#�*+93-. C-1~C-4$ EDS01 

Table 4  EDS results of marked areas C-1~C-4 of primary 

crystal in 2# Al-Ti-C mother alloy casting sample in 

Fig.6 (at%) 

Area Al Ti C 

C-1 77.07 22.93 - 

C-2 78.35 21.65 - 

C-3 77.33 22.67 - 

C-4 77.26 22.74 - 
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¹ 7  2# Al-Ti-C_`^ SEM½�¾iJXJt EDSODEef 

Fig.7  SEM image of 2# Al-Ti-C mother alloy (a) and EDS line scanning of Al, Ti and C 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¹ 8  2# Al-Ti-C_`^ SEMÀ®N3F½�¾iJXJta�^ EDSÁDEef 

Fig.8  SEM image of 2# Al-Ti-C mother alloy (a) and EDS mapping of Al (b), Ti (c), and C (d) 
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¹ 9  1# Al-Ti-C�Â`^ XRD ¹L 

Fig.9  XRD pattern of 1# Al-Ti-C master alloy 
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Mechanism and Microstructure of Al-Ti-C Mother Alloy 

Prepared by Titanium Hydride-graphite 
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Abstract: The microstructure and properties of Al-Ti-C master alloy prepared by titanium hydride and graphite were studied by X-ray 

diffraction (XRD), scanning electron microscope (SEM) and energy dispersive spectrometer (EDS). The results show that the mechanism 

of Al-Ti-C alloy prepared by the reaction of titanium hydride-graphite and aluminum liquid is that titanium hydride and graphite are 

respectively used as titanium and carbon sources, and titanium and hydrogen are obtained by thermal decomposition of titanium hydride. 

Titanium react with aluminum and graphite to form titanium-aluminum, titanium-carbon or carbon-aluminum compounds. Titanium 

aluminum, carbon aluminum and titanium carbon compounds form refined Al-Ti-C alloy. The phase composition of the alloy includes 

α(Al), Ti-Al, C-Al, Ti-C compounds and other phases. The microscopic structure is equiaxed or dendrite structure, and the average grain 

size is 20~40 µm. There are needle like or rod like primary crystals in the alloy matrix. There are petal like primary crystals containing 

titanium, carbon, iron and silicon on the grain boundaries. The titanium and carbon elements distribute evenly along the grain boundaries 

and the grains. There is obvious titanium and carbon enrichment and segregation near the primary phase. Cryolite is conducive to the 

wetting and reaction of carbon and aluminum, and the second phases generated diffuse more fully and uniformly in the grain. 

Key words: titanium hydride; graphite; cryolite; dendritic structure; Al-Ti-C mother alloy 
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