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[ABSTRACT] Introducing the second phase particles into metal materials is one of the important means to improve the
mechanical properties of metal materials. In this paper, a new arc additive manufacturing method of TiC/Al6061 composite
material coated with TiC reinforced particles in aluminum foil to form a special filler welding wire is presented. The effects
of 1%, 2% and 3% TiC reinforced particles on the microstructure and properties of aluminum matrix composites were
investigated. The results show that: Compared with the matrix material, the average grain size of the composite material
with TiC mass fraction of 3% decreased from 45.5 um to 25.3 um, and the tensile strength and yield strength increased from
148.5 MPa and 118.0 MPa to 178.1 MPa and 157.3 MPa, which increased by 19.9% and 33.3%, respectively. The average
microhardness increased from 50.5HV to 65.2HYV, which increased by 29.1%. The results show that the load transfer
strengthening and grain refinement of TiC and Orowan strengthening mechanism are the main reasons for the improvement
of mechanical properties of the materials.
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Fig.1 TiC/Al6061 composite material arc additive manufacturing
device and molding method
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Fig.4 Schematic diagram of filler wire

5 WEEEALE

Fig.5 Specimen sampling location

20244F 67 & 100 - Bl 117



‘_‘i. N »
mﬁblﬁx RESEARCH

B TIC P24 TR ES I C, C FI AL JL A & Az FLTH R,
A A RE AR 02
2.3 AR

8 ARSI TiC UL AN TS AN TiC FoURL A i iy
U 1) B 8 T oW 2R ok RS eI vk R
Sl 2 B R 22T & B Nano Measurer AT 4811
T X e AT LA B, AR AN TiC R f R RE R R 32
FAFER SRR S . o AR A R )
PR BN TIC UKL, SR FR RS S RO S5l ot 1) 41 55
AREEAR RIS RHIE s 2 TiC B 434k 3%
B, RIS N TiC JURLAH L, ks 435 48 A 40 25 b i
TR R ST 45.5 um 44k 253 pm, YRR SF4E /N T
44 4%, XSRS TiC Fikr Al L7 2441 A A AL P,
FEGEE L RE TP S SOEAZ AR Sk i ik . B TiC
AR RGN, BEBE LA ERIA AR Y S B AZ S, Aok
fEHEI . IEAN, Bl TiC o B0 s m , ki)
AR T TR HERRO ) A KA A e AR o ik 8
TiC ks AN A 75 St A K ) X A T BB

[ 9 AU INAS[F) JiT i 43k TiC Jiki ) SEM K], AT
DIE Y, Bt TiC JiT i 43 E 38 i , #oR 22 1) TiC it
AR T iAo X TiC F0kr 78 R K i 7 g
B SR ATV, HERHLAS T SR AR K B

& 10} TiC it 434k 3% 14 TiC/Al6061 & 44k
e EDS £ R Bk, nJLIE L, EDS &3S s
BT Ti A1 CLUER T AL B R A TiC, A7 B ARYE 2.2
T HIIAR T, AT BE SR TiC,
24 1R

11 AN A TiC it 12 4354 1) TIC/Al6061 54 44 L
IREER R MERE, 7T LUE Y, B TiC o o3 0 1,
BV P e I 5o R AR T R O, AR 3R ) S B P A A
2 TiC T 3 3% B, URE BT Rr o A ARG
BE AR AR, 43 30 178.1 MPa F1 157.3 MPa, #H FL TR

8

40| 12
RS

B 2
B 6 HfRiffFR~(mm)

Fig.6 Tensile specimen size (mm)

118 Wishl&E A - 20244E 55678 5 1010]

Intensity

Intensity

Intensity

Intensity

&7

X 1— a-Al
2 Si
1 1
1
1
I S B )
20 40 60 80 100
20/ (°)
(a) 0%
1— a—-Al
1 2 Si
3 TiC
4— ALGC;
i 1
303 | 1
2 e 2 HEE
20 40 60 80 100
20/ (°)
(b) 1%
1 1— U,—Al
2 Si
3 TiC
4— ALC,
3
2 311 3 31 1
——-&.glj 2 2 LJ I 4
20 40 60 80 100
20/ (°)
(c) 2%
1 1— a-Al
2 Si
3 TiC
4— ALC;
1
3|1 1 !
2 2 4 4
20 40 60 80 100
20/ (°)
(d) 3%

AE TiC FRE S H TiC/Al6061 £ &+ RHEXHEH XRD EiE

Fig.7 XRD patterns of TiC/Al6061 composite specimens with
different TiC mass fractions



PN
RESEARCH m%rex

o1 d=45.5 ym 2r d=33.1 ym
X161 16+
200 l 200
& ol i & ol
m 19r R m 19f
I 6 I e
& 4t & o4t
%- 1 1 1 1 1 l %-
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
Fk R jum fitekr R F /um
0% 1%
91 d=28.8 um 2r d=25.3 um
X161 6F
20 ar
Kok oF
oogE 8t
I 6t 61
&= zzt- ‘2"
0 1 1 0 1 1 1 1 1
Jee 0 10 20 30 40 50 60 70 80 A 0 10 20 30 40 50 60 70 80
R AN T SRR um
(¢) 2% (d) 3%

8 [ TiC RESHH TiC/Al6061 E S RN S HALN R SRR TS5 E

Fig.8 Metallographic microstructure and statistical graphs of grain size of TiC/Al6061 composite specimens with different TiC mass fractions
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