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Fig.1 Original morphology of nickel powder with different
dimensions: (a) 2~3 pm, (b) 8~10 um, and (c) 30~
40 um
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Fig.2 Schematic diagram of friction stir processing
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Fig.3 OM images of composite region with congregated Ni gso0)
powder made by FSP: (a) low magnification morpho-

logies and (b) the amplified region A in Fig.3a
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Fig.4 Images of composite region with congregated Niis00)
powder made by FSP: (a) low magnification morpho-

logies and (b) the amplified region B in Fig.4a
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Fig.5 OM images of composites region with congregated Ni(ao0)
powder made by FSP: (a) low magnification morpholo-

gies and (b) the amplified region C in Fig.5a
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Fig.6 XRD patterns of Al-Ni intermetallic compounds
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Table 1 Phase forming enthalpy of intermetallic compounds
in AI-Ni'" (AH/kJ mol™)
Phase AI/Ni Al/ NiAl; NizAlz/Ni NiAl/Ni NiAl/NizAl
AlNi  -33.76  -2.92

Ni,Al; —66.94 0 0

NiAl  -59.50 -11.50 0 0
Al3Nis -51.23 - -9.40 —6.61 -1.79
NisAl —44.76 - -3.72 -9.64 0
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Fig.7 Microstructure of composites region made by 5 pass FSP:
(a) Ni(5500)/A|, (b) Ni(1500)/A|, and (C) Ni(400)/AI
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Table 2 Average chemical compositions of different regions
corresponding to Ni aggregation of Fig.7a analyzed
by EDS (at%)

Element Gray phase Light gray phase
Al 75.85 1
Ni 24.15 99
Al/Ni 3.14
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Influence of Powder Size on the Al-Ni Intermetallic Compound Reinforced
Aluminum Matrix Composites Fabricated by FSP
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Abstract: Niguooy/Al, Nigsoo)/ Al and Nisoo)/ Al composite materials were fabricated by adding 30~40 um, 8~10 pm and 2~3 pm Ni powder
to the Al substrate in the friction stir processing (FSP) period. The microstructures of the surface composites were analyzed by SEM and
EDS, while the phase composition was examined by XRD. Results show that Ni powder particle size has a great influence on
morphological characteristics of their products. As the powder size increases, the aggregation effect becomes weaker while the crushing
effect is enhanced. And Ni aggregation in Niesoo)/Al, Niasoo)/Al and Niwooy/Al present an unique laminated structure, a nearly elliptic
structure and a nearly circular structure, respectively. The increase of powder size is more conducive to the intermetallic compound
reaction. Moreover, compared with the matrix, the tensile strength of Ni (s00)/Al, Ni(1s00/Al and Nigogy/Al is increased greatly by 50%,
59% and 71.9%, respectively.
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