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Abstract

Connecting through composite casting allows for the joining of similar or dissimilar metals
via direct casting. In this method, a connection is established between a solid metal and
molten metal through a diffusion process at the solid-liquid interface. In this study, the
bonding characteristics between carbon steel 1035 AISI as the solid metal and chromium
carbide wear-resistant cast iron as the molten metal were investigated using the composite
casting process. To examine the microstructure and properties of this connection, optical
microscopy, scanning electron microscopy (SEM), energy-dispersive X-ray spectroscopy
(EDX), X-ray diffraction (XRD) phase analysis, tensile testing, and hardness testing were
employed. Preheating temperatures of 25 °C and 350 °C, as well as the surface conditions of
the steel (grooved and smooth surface) as variable parameters, were considered. For the
composite casting operation, sand molds were utilized such that the metal insert was placed
inside the mold, and then molten cast iron at 1400 °C was poured into the sand mold with a
butt joint design. The microstructure analysis of the joint interface revealed, in order, the joint
region, dendritic area, diluted region, and fine equiaxed region from the steel side towards the
cast iron. This microstructural gradient was observed more intensively in the samples
preheated at 350 °C. In the preheated and grooved sample, the joint was reduced in size,
resulting in a better connection that indicates the mixing, alloying, and, ultimately, the
diffusion of alloying elements from the cast iron to the steel. In the dendritic region, the
growth mode changed from planar to dendritic, with dendrites of y advancing from the
interface towards the remaining liquid cast iron in the opposite direction of heat transfer. The
use of preheating resulted in shorter dendrites and increased the area of the fine equiaxed
region. In the diluted area, due to the rejection of alloying elements from the dendrites, a
eutectic structure of y + 6C23M was observed. Finally, in the equiaxed region, the
microstructure included a matrix of solid solution iron-carbon-chromium-nickel-manganese-
molybdenum, along with carbides exhibiting two morphologies: hexagonal and rod-shaped,
which were observed in all the connected samples. Linear analysis along the joint seam
showed that in the welded areas and fully-consolidated samples, there was little diffusion of
alloying elements from the molten cast iron to the steel, which significantly improved the
joint properties. The profile analysis of microhardness across the joint section indicated that
hardness increased from the steel side towards the cast iron. However, there was a sudden
drop in hardness in the diluted region due to the formation of a eutectic microstructure. The
unpreheated sample with a smooth surface exhibited the lowest fracture strength, while the
preheated sample at 350 °C with a grooved surface demonstrated the highest fracture strength.
The use of surface conditions helped trap the molten metal in the grooves, facilitating the
dissolution of carbon steel insert and mixing, resulting in a final strength of 100 MPa.
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