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Effects of TiC-TiB, Nanoparticles on Microstructure and Mechanical
Properties of As—cast Graphite Ductile Irons
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Abstract: A new type of ductile cast iron was prepared by aluminum base master alloy containing prefabricated
endogenous nano-TiC-TiB, particles. The effect of dual-phase nano-particles on the as-cast microstructure and mechanical
properties of ductile cast iron was studied. The results show that with the addition of nanoparticles, the spheroidization rate
of graphite spheres in the as-cast microstructure increases by 15.9%, the average diameter decreases by 35.8%, and the
number of graphite spheres per unit area increases by 66.3%. In the matrix, the content of ferrite increases, and the lamellar
structure of pearlite is obviously refined. In the test of mechanical properties, the hardness of ductile cast iron reinforced by
nanoparticles has no obvious change. The yield strength, tensile strength, elongation and impact toughness of ductile cast
iron are increased by 5.2%, 3%, 32.1% and 50.4%, respectively. In the fracture morphology analysis, it is found that the
addition of nanoparticles could promote the plastic deformation, the cleavage plane with river pattern disappeared, and a
large number of tearing edges and tiny dimples appeared around the graphite spheres. The fracture mechanism change from
brittle fracture to ductile fracture.
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Tab. 1 Characteristics of raw materials utilized in the
preparation of Al master alloy

AREN KA /pm 2 (%)
Al 13 =99.0
Ti 25 =99.0

=99.0
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Fig.1 (a)Preparation of Al master alloy containing nanoparticles (b)Preparation of nanoparticle reinforced ductile iron
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Tab.2 Chemical composition of graphite ductile irons

C Si Mn P S RE Mg
3.65 2.52 0.65 0.031 0.012 0.039 0.032
3.60 2.35 0.52 0.030 0.011 0.040 0.035
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Fig.2 (a) XRD analysis on Al master alloy (b) FESEM analysis on morphology of TiC-TiB, nanoparticles (¢) TEM analysis on
morphology of TiC-TiB, nanoparticles
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Fig.7 Morphology of graphite nodules in the matrix of as-cast graphite ductile irons
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Fig.8 Morphology of ferrite and pearlite of as-cast graphite ductile irons
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Fig.9 Comparison of pearlite for as cast ductile iron with and without addition of nanometer reinforced particles
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Fig.10 Refining effects of TiC-TiB, nanoparticles on microstructure
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Fig.11 Comparison of mechanical properties for as cast ductile iron with and without addition of nanometer reinforced particles
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Fig.12 SEM images of fracture surfaces of graphite ductile iron specimens after tensile and impact tests
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