Segregation

Lecture:Khalid Al-Janabi
when casting an alloy, segregation occurs, whereby the concentration of solute is not constant throughout the casting. This can be caused by a variety of processes, which can be classified into two types: Microsegregation, Macrosegregation.
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Segregation is a separation of impurities and alloying elements in different regions of solidified alloy.

The non-uniform distribution of impurities or alloying elements. The degree of segregation depends not only on the chemical composition of the alloy, but also on the rate of cooling.

Composition of solidified alloy is not uniform. Concentrations of impurities and alloying elements are different in different parts of the casting. This difference is a result of different solubility of impurities in liquid and solid phases at the equilibrium temperature

Segregation is caused by the rejection of the solutes from a solidified alloy into the liquid phase. This rejection is a result of different solubility of impurities in liquid and solid phases at the equilibrium temperature. Partition of solutes between the dendrite arms and interdendritic liquid is called Microsegregation.

Microsegregation
Microsegregation is a segregation of impurities between the dendrite arms. This kind of segregation may be considerably diminished by diffusion of the impurities atom into the dendrite arms during homogenizing annealing.

Microsegregation occurs over distances comparable to the size of the dendrite arm spacing. This occurs as a result of the first solid formed being of a lowerconcentration than the final equilibrium concentration, resulting in partitioning of the excess solute into the liquid, so that solid formed later has a higher concentration.

During freezing, the solutes are therefore rejected into the liquid phase, leading to a continual enrichment of the liquid and lower solute concentrations in the primary solid. This segregation occurs on the scale of the microstructure that is forming which often consists of dendrites having arm spacings of the order of 10–100µm. It is therefore termed microsegregation.
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Fig. 6.5 Schematic diagram of inclusion formation during dendritic
growth: (a) inclusions being pushed; (b) inclusions being entrapped.




Macrosegregation
occurs over similar distances to the size of the casting. This can be caused by a number of complex processes involving shrinkage effects as the casting solidifies, and a variation in the density of the liquid as solute is partitioned.

Macrosegregation refers to variations in composition that occur in alloy castings or ingots and range in scale from several millimeters to centimeters or even meters

These compositional variations have a detrimental impact on the subsequent processing behavior and properties of cast materials and can lead to rejection of cast components or processed products.

Macrosegregation is present in virtually all casting processes including continuous, ingot, and shape casting of steel and aluminum alloys, iron casting, casting of singlecrystal superalloys, semisolid casting, and even growth of semiconductor crystals. Because of the low diffusivity of the solutes in the solid state and the large distances involved, macrosegregation cannot be mitigated

through processing of the casting after solidification is complete.

The cause of macrosegregation is relative movement or flow of segregated liquid and solid during solidification. Most alloy elements have a lower solubility in the solid than in the liquid phase as is shown by phase diagrams.

Causes of macrosegregation
Microsegregation is the basic cause of macrosegregation. Microsegregation results in formation of numerous small volumes of liquid enriched with the solute. The liquid is surrounded by the solid dendrites having low solute concentration (solute-poor). Transfer of the solute-rich liquid phase or solute-poor solid phase to large distances over the solidifying mass results in enrichment (positive macrosegregation) or impoverishment (negative macrosegregation) of particular zones of the ingot/casting with the solute.

The macro movements of the liquid and solid phases may be caused by the following effects:

Solidification shrinkage
Shrinkage of solidifying alloy causes suction of the liquid phase through the interdendritic structure. The moving liquid feeds the shrinking metal.

Buoyancy forces
Liquid phase may move as a result of a gradient of the density caused by gradients of temperature and solute concentration.

Zone melting effect
A separate volume of the liquid phase having different temperatures at its opposite sides may “move” in the direction of the higher temperature. The volume solidifies at the colder side and melts solid phase at the hotter side like in zone melting.

CO bubbles
CO bubbles form in solidifying steel as a result of either low content of metallic deoxidizers in rimmed steel or Ladle-to-mold degassing in vacuum.Floating gas bubbles cause movement of the solidifying alloy.

External forces
Metal movement may be caused by the energy of the stream poured into the mold from the ladle. Solidified metal may be also forced by electro-magnetic field, mechanical stirrers, vibration.

Sedimentation of solid phase
Solid crystals homogeneously nucleated in liquid phase and fragments of broken or melted off dendrites settle down (they are commonly heavier than liquid.

Macrosegregation zones in steel ingot
Development of macrosegregation zones in a steel ingot and their locations are associated with the ingot grain structure.

.
Bottom negative segregation
It is a result of low solute concentration in the crystals formed in the early stage of solidification and comprising bottom cone. The bottom cone is a mixture of small equiaxed garins grown as a result of the contact with a bottom of a cold metallic mold and crystals and crystals fragments, which sedimintate from other ingot zones.

V-segregation
The central zone of ingot is enriched with solute rejected by the solidification front progressing from the mold wall to its center. The central zone consists of large equiaxed grains, which settle down to the V-shaped solidification front. The residual liquid surrounding the large equiaxed grains is solute-rich and it forms V-segregates when solidifies.

A-segregation-
A-segregates (freckles) form in the Zone of columnar grains at the regions with structure characterized by the transition from the columnar grains to large equiaxed grains. A-segrgates present channels enriched by sulfur, carbon, phosphorus and other impurities.

Hot top segregation
It is located in the top central ingot region below the shrinkage cavity. Hot top segregation is formed at the final solidification stage from the residual liquid enriched by the solutes as a result of microsegregation (rejection by solidifying dendrites) followed by penetration of the liquid through the dendrite skeleton.
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[image: image7.jpg]Some variation in composition occurs on a microscopic
scale between dendrite arms, known as microsegregation. It
can usually be significantly reduced by a homogenizing
heat treatment because the distance, usually in the range
10-100 pm, over which diffusion has to take place to
redistribute the alloying elements, is sufficiently small.!"’




It is desirable to prevent
segregation during casting, to give a solid billet that has uniform properties throughout. Microsegregation effects can be removed after casting, by homogenisation, carried out at by annealing at high temperatures where the diffusivity is higher. Macrosegregation effects occur over larger distances so cannot be removed in this way, but can be reduced by control of the casting process and mixing during solidification, often by electromagnetic stirrers. Ultrasound is sometimes used to break up dendrites as they grow, reducing the scale of the dendritic structure and the extent of microsegregation.

[image: image8.jpg]Macrosegregation cannot be removed. It occurs over
distances ranging from 1 ¢cm to 1 m, and so cannot be

removed by diffusion In general, therefore, whatever
macrosegregation occurs has to be lived with. "



















[image: image9.png]Segregation is one of the defects in the casting
process that have various shapes some are normal and some
are inverse, some occurs on microscopic scale and some on
macroscopic scale, some types result due to difference in
density and some due to difference in temperature, there are
a lot of types and shapes of segregation on which we will
spot some light.



