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Phase Diagrams and Phase Transformations
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> Phase Diagrams lgb¥ Glalase

A phase diagram is a graphical representation of the phases present in a material system under
different conditions of temperature, pressure, and composition. They help in understanding phase
stability, microstructural evolution, and material properties.
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> Binary Phase Diagrams 40Ul jshall Ollalases
Binary phase diagrams are graphical representations that illustrate the relationship between
temperature and alloy composition for two different materials during heating and cooling. These
diagrams help understand how phases change within alloys at different temperatures.
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o Importance of Binary Phase Diagrams::dobtill yshll cillalases duoni
Determine stable phases at any given temperature and composition.
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Understand interactions between elements when mixed in alloys.
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Identify temperature ranges where melting and solidification occur.
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Analyze the effects of heating and cooling on the microstructure of alloys.
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o The key features of binary phase diagrams include:
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Liquidus Line: The boundary above which the material is completely liquid.
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Solidus Line: The boundary below which the material is completely solid.
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Two-phase Region: Between the liquidus and solidus, where liquid and solid coexist.
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Solvus Line: Defines the solubility limit of one phase in another.
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Tie Lines and Lever Rule: Used to determine phase fractions and compositions.
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> Eutectic Systems 4uSSg4! dalasy
A Eutectic system is a type of binary phase diagram that contains a eutectic point (Eutectic
Point), which is the temperature at which the liquid transforms directly into a mixture of two
solid phases upon cooling. This transformation occurs without passing through a partially solid
phase.
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A Eutectic system is a special type of binary phase diagram where a eutectic reaction occurs:
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Primary Phases: Phases that form before reaching the eutectic temperature.
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Eutectic Structure: A fine mixture of two solid phases (a + p).
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o Characteristics of Eutectic Systems:duSGs4! dalai¥l jailas-
1. Eutectic Point: §Sgd! dlads

Represents the lowest temperature at which the liquid can exist in equilibrium with solid phases.
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At this point, the liquid completely transforms into a fine mixture of two solid phases.
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2. Rapid Solidification:zo ! il
Due to the direct reaction between the liquid and the two solid phases, a fine and homogeneous
microstructure is formed.
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3. Easy Casting and Forming: JSadlly cuall & ggu
Since eutectic alloys have a low melting point at the eutectic composition, they are easy to cast

and exhibit good machinability.
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» Phase Transformations: Solidification, Nucleation, and Growth
saidly oA el £yl Y55
Phase transformation is the process in which a material changes from one phase to another due to
variations in temperature, pressure, or composition. This transformation alters the material's
microstructure, which affects its mechanical, thermal, and electrical properties.
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Types of Phase Transformations: jglall <Y g2 ¢1g5l
1. Solid-Solid Transformation:Jduall-Cluall ghall J 9=
Occurs when a solid phase changes into another solid phase.
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2. Solid-Liquid Transformation (Melting & Solidification): . (<ailly ylgaiVl) bludl-Clall J g
Occurs when a solid melts into a liquid or liquid solidifies into a solid.
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3. Liquid-Gas Transformation (Evaporation & Condensation):(aiSilg y5edl) 3l- Jolud! J goxs
Occurs when a liquid changes into a gas (boiling/evaporation) or gas turns into a liquid
(condensation).
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4. Solid-Gas Transformation (Sublimation & Deposition):(cawly 2lidl) jl-Clall J g
Direct transformation between solid and gas phases without passing through a liquid phase.
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5. Eutectic and Eutectoid Transformations:> ¢85 9.9 &S5 901 <Y g
Eutectic transformation: A liquid transforms into two solid phases simultaneously at a specific

temperature and composition.
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Eutectoid transformation: A solid phase transforms into two new solid phases.
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Importance of Phase Transformations: gkl &Y ¢ Ao
Control material properties such as hardness, strength, and ductility.
A9allg c85all caduall Jio slgell (olgs hadkas
Essential in heat treatment processes (annealing, quenching, tempering).
Aol yally cdunditl) e cpalid) Jie doylyedl ddlandl Sldas Gulud
Used in manufacturing and metallurgy for producing strong and durable materials.
Aing digh dlge ZlidY dddmall wlelially puisatll (§ dyg o
1. Solidification <luail!
Solidification is the transformation of a material from the liquid state to the solid state upon
cooling. This process plays a crucial role in the manufacturing of metals and alloys, as it affects
the microstructure and mechanical properties of materials. Solidification occurs in two main
stages:
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1. Nucleation — The formation of solid nuclei within the liquid.
Bl S ddio 555 (295 e
2. Growth — The expansion of these nuclei to form the final solid structure.
Al dudall Al LSas) ol ol goi 1 gaill
2. Nucleation ps 3!
Nucleation is the initial formation of new phases within an existing material. It can be
homogeneous nucleation, occurring spontaneously within the liquid, or heterogeneous nucleation,
occurring on surfaces, impurities, or mold boundaries.
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o Factors Affecting Nucleation :psd! s 35 Jolge
Surface Free Energy: Each nucleus requires energy to grow, and high surface energy reduces the
likelihood of nucleation.
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Under Cooling: The greater the undercooling, the higher the probability of nucleation, as the
energy difference between the liquid and solid phases increases.
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3. Growth gl
Once a nucleus forms, crystals begin to grow. The growth process is influenced by factors such as
cooling rate, atomic diffusion, and the presence of impurities. Growth can occur in different forms:
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Dendritic Growth: When cooling is rapid, a branched structure known as dendrites forms.
(Dendrites).csyzad) £, eusly CByad deyiie Ay (955 ] S35 Laa c e dupdl) 050 Loic: (§yly> gd
Uniform Growth: Where the solid phase develops uniformly without distinct directional growth.
Aoeplg Ol D929 090 Buge Al ylay Cliall jglall iy Euo 1 uilxie 9ol
> Importance of Phase Transformations )slall &Y g5 deon!
Phase transformations control the microstructure, which directly affects the mechanical
properties of materials.
gal) Sl polsll e bl Kt 35 3y cdoygmal) Akl 3 yslall Y325 (S
These processes are used in applications such as casting, powder metallurgy, and heat treatment.
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> Lever Rule: Determining Phase Composition ,glall &uSy5 dodss 1dadlyl susld
The Lever Rule is a mathematical tool used in phase diagrams to determine the proportion of
different phases present in a two-phase region. It is especially useful in binary phase diagrams to
find the relative amounts of solid and liquid phases at a given temperature and composition.
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o Concept of the Lever Rule dslaally pggiall
The level rule applies when a system is in equilibrium and consists of two coexisting phases, such
as liquid and solid or two different solid phases. It is given by:
BN plaseianly Hsb S G Ol oy oialain pysb (0 0559 O3ls5 Al (3 pllad] O3S0 Lo (Sgianel] BB (3udad
Fraction of phase A = distance to phase B / total tie-line length
S e s Jsh / Boshll Jdiladl = A skl 4w
Fraction of phase B = distance to phase A / total tie-line length
S Ojlgdll Jax dsb / A shall ] ddluell = B jglall dpud
o Mathematically, for a binary phase diagram:
QU yahall Jakases (§ AW C¥olaall lgie paaddl Sy cluslyy
Fraction of Phase; = Cg - Co/ Cg - Ca
Fraction of Phasez = Co - Ca/ Cp - Ca
where:
Co : is the overall composition of the alloy, 45w QSJ\ SH 9
CA and Cg: are the compositions of the two coexisting phases, (néolaiall (pyglall 11,5 Lo
The denominator represents the length of the tie-line in the two-phase region.
sl i § 0553 s g Jhog plis)
Application <&\aadad)
The level rule is commonly used in: & s sieal) 53018 ar3iud
1. Binary phase diagrams (e.g., Cu-Ni, Fe-C systems) to determine phase fractions.
sl duwd Ol (Fe-C) 9 (Cu-Ni) debasl Jio 1 daliidl yghall cillalasee
2. Eutectic and peritectic reactions to analyze phase compositions during cooling or heating.
oyl o creandl sUST 1 gbYI i3 402 @) Ao ully 4SS gl oMo lasd!
3. Metallurgical processes such as alloy solidification and heat treatment.
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> Heat Treatment in Material Science 3lgall pls (§ 4yl dondlaall
Heat treatment is a controlled process used to alter the physical and mechanical properties of
metals and alloys by heating and cooling them in a specific manner. The three most common types
of heat treatment are annealing, quenching, and tempering.
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1. Annealing 933!
Purpose: 34yl
To soften the material Odael! (s

Improve ductility and toughness 4llly 4 gl cpanss
Relieve internal stresses a1l lalg=Y Caass
Refine grain structure duwed! dod! s
Process: 4ol
1. Heat the metal to a specific temperature (typically above the recrystallization temperature).
gkl Bale] dyd o (Jel) Bodes 8> dzyd ) Odaall (ped
2. Hold it at that temperature for a period of time. dyas duin) 842} Ayl oda Lie 4 Llai>Y)
3. Slowly cool it down in the furnace to room temperature.
A3l By dps dl e (3> )l JS1s s daw oS
Applications: il
Used for steel, copper, aluminum, and brass to improve machinability.
(oSl 4o ) 52091 uloxilly pguiaddly uloidly Cluall ae puseingd
Common in sheet metal and wire industries. .<Mudly &duaell Filasall delue (§ Bl
2. Quenching &wssd)
Purpose:ug!
To increase hardness and strength 8gdllg &Mall 85L)
Obtain a martensitic structure dcuwds)lo dds Ae Jguall
Improve wear resistance S doglio ¢yuss
Process:ddoal!
1. Heat the metal to its austenitizing temperature. Cosiw gV 8)ly> s | Odmall (asend
2. Rapidly cool it in a quenching medium (water, oil, or air).
(e159)1 f ol o eladl Jto) o oo (§ e ok
Effects: <t
Creates a hard and brittle structure. (a9 cduo S (1655 U] S5

Induces internal stresses, which may cause cracks if not tempered.
Anzlpall sy o o 13] @ladad J) $355 of oSy dudslo lolgzr] Cau U3
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Applications: &ldudaill
Used for cutting tools, gears, and bearings. .Jelxally ¢ g Al cadadll lgal 3 ST
Common in high-carbon and alloy steels. @3Ygall cliludly 092,51 Jle 35201 § plis
3. Tempering 4=yl
Purpose:dug!
To reduce brittleness caused by quenching dewad! ddos e dxdldl dalingdl Julas
Improve toughness and ductility slg Bladl s
Adjust the hardness 4Mall S giue Jodas
Process:ddaal!
1. Reheat the quenched metal to a lower temperature (150-700°C).
(Lgie 43 700-150) dyaisie yly> doyd Il guidiall Odaall (ped Balel
2. Hold it for a specific time. 834> 85a) dzyull oda e 4y Llaixd
3. Cool it down slowly in air.  slggl § slaw 0,5
Effects: o5t
Reduces internal stresses. a1l elolg=Y) Jdas
Balances hardness and toughness. dtialg ddball oo O)lg5 Gudis
Applications: il
Used for springs, knives, and automotive parts. <l sy ¢ xSl oS3l 3 pusind
Ensures durability in tool steels. <19 (amsall clsall 3 Bladl pouz



