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ABSTRACT Contrasting with that adding Ti–Al alloy, the present work investigated the influences of
Ti–Al–Si on microstructures and mechanical properties of weld produced by plasma arc�in–situ�weld–
alloying welding of SiCp/Al MMC with argon–nitrogen mixture as plasma gases and Ti–Al–Si alloy as
filled composite. The results show that the formation of needle–like harmful phases Al4C3 are effectively
inhibited by the joint role of [Si] and [Ti] adding Ti–75Al–5Si alloy sheet filler. The stable molten pool was
gained, and the mechanical properties of joint is effectively enhanced due to the compact–grain structure
and the second reinforced composites of welded joint such as TiN, AlN, TiC, Ti 5Si3 etc. The test results
of mechanical property show that the maximum tensile strength of welded joint gained with Ti–Al–Si alloy
as filled composite is 225 MPa.
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C<H=, MD$8F&:?��23C=N/ [9].

O>?0B8( Ti–Al–Si�>�@���, �I$P
D�.AJ�'1<., : SiCp/Al � ���7
+'1<8=,$%, �� Ti–Al–Si :$6&KL
���&MB.

1 N�OP
EC�0&9�# SiCp/6061 50:��� 

���, :�A SiC 50AE8D� 10%, 50&F
6QR� 6 µm, EFQFG6RSGH�#� 320

MPa. ÆA3TCU&H3,  ���>:��50
&89#76;&, �A 6061Al &/�08IAV
1.

EC0@W��#G Ti$Al H Ti$Al$Si XS
Y3!T!T!IUJKT!8J0&KV7LS
�"& Ti–Al–Si �>: Ti–57Al–3Si � Ti–75Al–5Si,

6W&K0# TiAl$Ti3Al� Ti5Si3 �. :"EC?
0KV7LS�"& Ti–Al �>: Ti–60Al, Ti–80Al,

6W&K0# TiAl � Ti3Al �.

X 1 ?M��LI�GZ (YLZN, %)

Table 1 Chemical composition of aluminum alloy

(mass fraction,%)

Cu Mg Mn Ni Si Ti Al

0.35 0.76 0.25 <0.05 1.25 <0.05 Bal.

0OMJG SiCp/Al � �����0QR�
60 mm×20 mm×3 mm &[�, $"G6\�]N
P^K. 0OMJG@��� Ti–Al � Ti–Al–Si �

>LMJ0MN=� 0.8 mm×1mm &QQ��. �

Ar+N2 �1<., 50RO� HPT–8 &'1<$O
: SiCp/6061 50:��� ���7+'1<8
$%.

0PQ><�)P (SEM JSM–6301F)8S$6
&KL. 0 XROTRU (XRD: D/max–rB):��

S8S (EDS: IE 300 X) Q=$6&1�, PQR#
� 20◦–80◦, U#� 8◦/min. 0PQ>P8SGHE
V&_S. -W�ECT (TU Instron5882) U7+

GHEC, GHU#� 0.5 mm/min.

2 Z[��\
@� Ti–60Al�>4V`a&KL9V, 89�

�6;,W*b�]Q� Al4C3(X 1a). @� Ti–80Al

�>4V, >YKL>&50"�Z[, *\=�&
WX]Q� Al4C3 %0 (X 1b). -$%9<>, 8

FY& Ti @6�H=b%\JI/�N/, �X2
3 Al4C3 �&/0 [10]. @��� Ti–60Al �>V,

*^X& Ti c@_<N/, `d*]e23$/%
� Al4C3 &/0. d@� Ti–80Al &�>> Ti &Y
��B (20%), 7�fa8FY&\JIN/^Z7
+, `d7�_[23/%� Al4C3 &%0.

X 2 � 3 8g�@� Ti–57Al–3Si � Ti–75Al–

5Si �>4& SiCp/Al � ���'1<8=,$
%&$6>Y\�8�\&)4KLb4. @� Ti–

57Al–3Si 2, KL>*`AWX&LQ� (X 2a). @
@� Ti–60Al &]^ (X 1a) �", 6QR_�Z[,

a_ Si &�3Z/$50. -_<�c[*�$S
�6;89&�*\d]^b/&c%�, W*b�
]Q� Al4C3, dW*b�.3�/*';4. :�

�S8S (EDS) � X ROTR (X 4) ��`_, $

6>Y\&WXLQ�� Al3Ti, �*\d]^b/
&c%�# TiN$AlN$TiC � Ti5Si3.

@� Ti–75Al–5Si �>2, $6>Y\KL>�
?/�1&D�S�Za, _V50&QR_�Z
[,b896;,W*b�.3�/*';4 (X 3a),

KL>e*`a�]Q� Al4C3 %0. @@�7Y
Si & Ti–80Al(X 1b) �", D�S�Za, -8�\
(X 3b) dW*b� Al4C3 �. _a_@�Y Si 5%

� Ti 20% & Ti–Al–Si �>: SiCp/Al � ���
7+'1<8=,$%, ��*]23]Q� Al4C3

&%0.

� 1 eahfYLi Ti–Al@bcdcg SEMhi

EF
Fig.1 Weld microstructure of the welded joint

adding different Ti–Al alloy sheet fillers. (a)

the centre of weld with Ti–60Al alloy, (b) the

centre of weld with Ti–80Al alloy
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� 2 ea Ti–57Al–3Si @bcdcg SEM hiEF
Fig.2 Weld microstructure of the welded joint

adding Ti–57Al–3Si alloy sheet filler (a) the

centre of weld, (b) the fusion zone

� 3 ea Ti–75Al–5Si @bcdcg SEM hiEF
Fig.3 Weld microstructure of the welded joint

adding Ti–75Al–5Si alloy sheet filler (a) the

centre of weld, (b) the fusion zone

�U8SV_, @� Ti–80Al �>2, ÆA?&
Y��B (20%), 7�_[23/%� Al4C3 &%
0. d@� Ti–75Al–5Si �>2, ��*]23]Q
� Al4C3 &%0, a_, >E<B@���>?&Y
�, �3\=�& Si, �X*]23/%� Al4C3 &

%0.

-$%9<>, Al(S) @ SiC(L)N/%0/%�
Al4C3 � [Si] 1<:

4Al(S) + 3SiC(L) → Al4C3(S) + 3Si(L) (1)

L2, -$%9<>@W��&>&?�/�1
AlTi$Ti3Al � Ti5Si3 81, %0 [Ti] � [Si] 1<:

AlTi → [Al] + [Ti] (2)

Ti3Al → [Al] + 3[Ti] (3)

Ti5Si3 → 5[Ti] + 3[Si] (4)

`j-8F>*$\=e#& [Ti] � [Si]. [Ti]

�23/%� Al4C3 &&/0 [7,8]. L2, @W�
� Ti–75Al–5Si �>&�3Sk#7!$6>d&
e#, �XZeN/ (1) &7<, 5c�N/& SiC

Za, 5!e#& SiC 50@ [Ti] f�J023$
23/%� Al4C3 &/0. @@�;>j?4�",

Ti–75Al–5Si �>&8(�B, $%2�>E<B$
%O��, *ZAZa$%;4.

-$%9<>,8FY&_VH=f0\gY?
&�>AJ, 8F&:?�W&Æ6/�082=.

>j&:h[if[, 6:?�f� [11]. �>/H
=&k�:S?�>&:h[i, 56:?�";?
,. +#, lg�Y�&7!, :h?�h7!, ld
MD$?�>&:?� [12]. @�?4�@����
",O>8F�>AJY AlY�SS:�,ldMD
$8F&:?�, `j*ZA$%9<>g&hii
*, <B.3@%&]j, `a"�9V&KL.

�3 Si &J0mkKgC=. \# Al$Si &�
3Sk#7!$6>d&e#, L2d5 SiC50n
A!e# Si &%o=>, c�N/& SiC Za, <B
$C=N/7+&lm. n\C=, Al$Si -8F>
/0jh�>, 68(";KHB, b�*";>j
*k�&:?� [13]. `j, Si &�3*jA23/
%� Al4C3 &%0, 7!$8F&:?�, �l`K
L9V$:���&$6, *ZA7!%5&<��
�.

ÆX 4 �m, $6KLÆ Al$AlN$Al3Ti$TiN$
TiC$SiC$Ti5Si3$Si'�f0.:8g@� Ti–57Al–

3Si � Ti–75Al–5Si �>4& SiCp/Al � ���'
1<8=,$%%5&GHEC:nV_, RSGH
�#8g� 215 MPa$225 MPa, pa$9�& 70%

kl. +#, @9��"%5&Æ�*�G<.

@� Ti–57Al–3Si �>4&EVGH_S, 6�

)KL�LQ�QQ, W*b�om, /�_/�m
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� 4 ea Ti–57Al–3Si @bdcgEF XRD n

Fig.4 XRD of welded joint adding Ti–57Al–3Si alloy

sheet filler

� 5 ea Ti–57Al–3Si @bcdcgqo
Fig.5 Microfractograph of joint adding Ti–57Al–3Si

alloy sheet filler

� 6 ea Ti–75Al–5Si @bcdcgqo
Fig.6 Microfractograph of joint adding Ti–75Al–5Si

alloy sheet filler

"�_� (X 5). _V_/W&#$6:�nLQ
Al3Ti :hC&J/J0n0&. @� Ti–75Al–5Si

�>4&EVGH_S, 6�)KL>LQ�QQ\
."�Z[, 6[89*�Aom, V�*��&o
��m (X 6). Al3Ti #\V/�/�1, a�&
Al3Ti r-A�A>�pa:�&J0. +#Y�9
!$QRsS& Al3Ti ptogh0, :�A&qo
�*�S&rqJ0, 5��&Æ���#<B [14].

`j, Z[]Z/ Al3Ti �*ZA7!%5&<��

�. @� Ti–57Al–3Si &%5KL> Al3Ti ��A,

bAE��sS; d@� Ti–75Al–5Si &$6KL>
& Al3Ti_�Za,b50QRS�Z[. _V_,>

EZa?Y�$7! Si Y��XZ[]Z/ Al3Ti

�, *jA7!%5&<���.

3 Z \
1. 50P$ID�1<., @� Ti–75Al–5Si �

>: SiCp/Al � ���7+'1<8=,$%2,

[Ti] � [Si] 1<&f�J0�*]23]Q/%�
Al4C3 &%0.

2. @� Ti–Al–Si �>: SiCp/Al � ���
7+'1<8=,$%, $6&RSGH�#� 225

MPa, #9�GH�#& 70%, $6>&/�/�1
� Al3Ti, 5$6&Æ�"9�*�G<. >E<B
@���>?&Y�]�3\=�& Si, �XZa$
Z/ Al3Ti �,]:/%� Al4C3 &%0*\=&2
3J0.
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