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Overview of Materials Science

» Definition:
Materials Science is an interdisciplinary field that studies the properties, structure, and behavior
of materials, with a focus on how processing techniques influence their performance. It bridges
physics, chemistry, and engineering to understand and manipulate the behavior of different
materials for various applications.
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> Historical Evolution of Materials 2 gall Aq Ul ) ghail)
1. Stone Age: §yxx)| psasll
Period: Approximately 2.5 million years BC to 3000 BC
heall b diee 3000 JJ 3uod! Jid Do gko 2.5 g 18801
Characteristics: Use of basic stone tools for hunting and construction.
Ul dall dewlidl & yzeadl GlgaY) plusinl 1 aslas)
Examples: Tools made from flint and volcanic stones.
AN Y1y Olguall (e de giuandl ilgaYl kel
2. Bronze Age: Sy saxl!

Period: Approximately 3300 BC to 1200 BC
Dheall Jid Lo 1200 ) 3sall Jub diw 3300 Jlg> 18441
Characteristics: Discovery of bronze (an alloy of copper and tin) and its use in making weapons
and tools.
Ol9Ig doddl dclie (3 dalusinly (pduadlly gl (e dads) 33901 LIS : jaSLazl
Examples: Swords, shields, agricultural tools.
Ll 1ol gyl (B gaud! 1Al
3. Iron Age:$iix! sasll
Period: Approximately 1200 BC to 500 BC
heall i3 diw 500 ) 3eadl J Lisw 1200 Jlg> 137801
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Characteristics: Use of iron and steel in construction and weapon manufacturing.
Al delue g Sl sl (3 cdually dpusdl plusuil jaSlasl|
Examples: Iron agricultural tools, advanced weapons, metallic structures.
Asdaadl Sl cdodaiad) dselud cdoupasdl delydl colgal 1dliel
4. Industrial Age: $luall_saall
Period: 18th to 19th century
s gl O3l ) e el 0,801 18 AN
Characteristics: Development of processed metals like steel, invention of steam engines, and use
of composite materials.
ASyall 3l gall plasioly dyledl YN Elislg (3 gall Jho dadlaall Oalaall gkt ailasdl
Examples: Railway structures, heavy machinery, iron bridges.
Aododod! ygudl cdlad) WYY cdudodod! Sl Sha aliel
5. Modern Age:cod>dl aall
Period: 20th century to the present
el (@29 o eall 0,81 8841
Characteristics: Discovery and utilization of polymers and nanomaterials in various applications
like electronics, medicine, and aviation.
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Examples: Plastics, fiberglass, nanomaterials.
gl ol gall cduzr o) LY celiwdld) 1l
6. Future Age: Jdiunell paall
Trends: Development of smart materials and biomaterials, along with the use of
nanotechnology in advanced applications.
Aedine Sligdal § Lgldl Ol plassil ) 88LYL g sl gelly AU algall ygkas ol
Examples: Smart materials that change properties based on conditions, lightweight

materials for aerospace and space applications.
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> The Four Core Aspects of Materials Science  3ga)) pgla) day¥l 35651

Materials science is built upon the understanding of four essential components: structure,
properties, processing, and performance.
13919 cdamdlaadl ¢ aSlasdl cdud) tdulud @b gSe dal e lgall agle daiay
1. Structure L/
The arrangement of atoms or molecules within a material.
The internal structure of a material directly determines its properties, including mechanical
strength, electrical conductivity, and thermal resistance.
Baladl J3ls Slioszd! of O Cys dxasS Jied
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o Types of structure: s £loil
Atomic Structure: Atomic structure refers to the arrangement of subatomic particles — protons,
neutrons, and electrons — that make up an atom.
B 03 @ — @by ASIYNg g S gl ccligig Wl — &)l 090 Slaguwzd! il ] i SN SN
o Components of Atomic Structure: $)U) S OligSo :
1. Nucleus: 3
Located at the center of the atom. .8)4! 3Sye S &
Contains protons (positively charged particles) and neutrons (neutral particles).
(Aol Ologur) ©Ugyigug (Al dezgo Wlopunz) Wlgigyn S S5i
Holds most of the atom's mass. 84l 4S elase JS43
2. Electron Cloud: 498! &>
Surrounds the nucleus. .8!gdL Jas
Contains electrons (negatively charged particles) that move in specific energy levels or orbitals.
e gl Baase Bl Wbyt (§ Hymei (s Al Ologuwz) US| Je (§ i3
Electrons are much lighter than protons and neutrons.
ligBglly ©bgigll e iSs CasT ol ASIYI
How atoms are bonded (ionic, covalent, metallic, etc.).
(] cdbune drenlid (A gl Jaslg)) bl L)l 4 (a1 dyllf e/
Crystalline Structure: Crystalline structure refers to the orderly and repeating arrangement of

atoms, ions, or molecules in a three-dimensional space, forming a crystal .
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Microstructure: Microstructure refers to the small-scale structure of a material, typically observed
at the microscopic level, which includes the arrangement and distribution of its internal
components such as grains, phases, and defects in a material visible under a microscope.

i 2101 35S0 155539 atiys Jad 19 c§pamoll (Sstamall e Blall S Sl J) 423 ARSI Ak
el Co 45,001 8aledl 3 gpally Ol gV (bl
Macrostructure: Visible features like cracks and surface textures.
Sebaud! plgdlly laaadl Jie 8yalall el AngSuwg ySlell ddd!
Example: Steel with smaller grain sizes typically has higher strength.
Bl Ol 93 Clualb &)lae el 898 sraks 8 panall Slaxsd! 93 (3Y9a)l) ol
Characteristics of materials that define their response to external conditions.
Material properties define how well the material performs under specific operating conditions.
Ayl gl Lgtylial Slsall padlas Jias
o Types of properties:
Mechanical Properties: Strength, toughness, hardness, and elasticity.
Wgpelly Bliall cddall 8 5dll :ASSEall jaslasdl
Electrical Properties: Conductivity and resistivity.
30,6501 daglially uso s 430,450 asliasl
Thermal Properties: Heat capacity and thermal conductivity.
S Jrogilly dylhadl dadl 1yl paibasl
Optical Properties: Transparency and reflectivity.
ooSaly &8lasdl 1 adl paslasl
Chemical Properties: Corrosion resistance and reactivity.
QS Jelanlly ST doglie 1a5LuSl jaslasl
Example: Copper is used in electrical wiring due to its high electrical conductivity.
S 30581 o 95 s A5 56801 LI (§ olomid! puseia
3. Processing 4alleall
Methods used to shape or manipulate materials to achieve desired properties and structures.

Processing techniques can modify the structure and hence change the properties of a material.
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Processing techniques, such as casting, heat treatment, and polymerization, influence the

microstructure and atomic arrangement of materials.
doge e Shbg pasbas Gaaod lghdad ol ol gall JuSad) dodseiwad! §ylall Jio3
Bolall paslas s Wby 4l Jaas of dadlandl Gyla) oSe
Sl I Ay 22BN Al e 8ralilly cplynll dondlasll el o dlaall S 353
o Common processing methods 4dliJ) doellrall Colidy
Casting: Pouring molten metal into a mold to solidify into a shape.
Blo 9808 Js L (B (3 sgaiedl gdaall oo il
Heat Treatment: Annealing or quenching to change the microstructure of metals.
RUR\EONUP-V-Fe- V|- VAU VT SN [V [P ISRV - W5 E [N PN |
Do 0 5 O S (el At o) iald Byl dlnal
Additive Manufacturing: 3D printing for rapid prototyping.
e Z3laild 3Ll &5 deldall 1 3UsYI aiiaill
Polymerization: Creating polymer chains from monomers.
(Dlyegi90) Bpdue Dy (o Dyadd g2 Jusdlas (12955 18 paldl
4. Performance
How well a material performs under specific operating conditions.
Agan Jusdd gyl s Bolall elol dxasS i
Performance is the ultimate result of a material's structure, properties, and processing.
The desired performance of a material often guides the choice of processing methods to achieve
the required properties and structure.
dodlan)l Bybo Hlis Boled) G gllaall sloll dr g Lo WILE | gz lae (3,09 LguaSlias-g Baled) duid Ablgd! domid!] g £laY)
Aogllaall &y Gasbasl) 3o
Example: Aerospace materials like titanium alloys are used for aircraft parts due to their

lightweight and high strength, ensuring optimal performance under extreme conditions.
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> Scope of Materials Science ga)l pgls SUas

Materials Science encompasses research, development, and application of materials in various

fields:
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dalise Ylome § 2lgall Gadaly pghatlly cndl slgall pole Jais
1. Aerospace and Automotive: Lightweight materials for fuel efficiency (composites, titanium
alloys).
(385l COLIYIg p gl Jie) 39341 Bo1aS B3L3) (gl A Slga 1lyleadly kel
2. Biomedical Engineering: Development of implants and prosthetics (biomaterials, shape-
memory alloys).
Sl 05 3l 51 Ol gt St umnd] J15 Gy 5 s 056271) il o5k ogonll Al duniig)
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3. Electronics and Semiconductors: Advanced materials for integrated circuits and sensors
(silicon, graphene).
(32l O gSubead ! Jie) Hlaiasiwwd] 8ygTg ool ,5l9ul) dadiie 3lge (Do gall sliily il g ASIYI
4. Construction and Infrastructure: High-performance concrete and corrosion-resistant materials.
ST Ao gliaall slgally elaNl ddle d5luysd) ol duidlg U
5. Energy: Materials for batteries, fuel cells, and solar cells (lithium-ion batteries, perovskites).
(052F 5424l lyllay o) draal 7150915 35350 WDlg olyliand g 223Ul
6. Nanotechnology: Nanomaterials for high-strength composites and drug delivery.
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» Relationship Between Material Properties, Processing, and Performance
¥y cdzxllrall elgall yaibas o M) >
This cyclic relationship highlights that any changes in one component impact the others.
Materials scientists and engineers optimize this interaction to develop materials with tailored
properties for advanced applications.
L Slgall gundigag slake (3w .53 GUgSWl e 1355 @LgSl daT (@ wlss T o ddeladdl B8Mall 0 zridss
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The relationship between properties, processing, and performance can be summarized as follows:
1. Processing — Structure: Processing methods influence the atomic and microstructure of a
material..
Bolal) 48,801 &ty oyl Al e dodlaadl 3yb 355 duill > dandlandl
Example: Rapid cooling of steel creates martensitic structures, increasing hardness.
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2. Structure — Properties: The structure determines a material's properties.
Balall Lasbas Al susd 1 pailasdl > duddl
Example: A crystalline silicon structure allows it to be a good semiconductor.
L o9 s din O9Sibead) &yl Al Sz 1 lis
3. Properties — Performance: The properties define how a material performs under specific
conditions.
Bgan L9, amd Balall elol &S aSlasdll suss 1slo¥l = (allasdl
Example: High thermal conductivity of copper makes it ideal for heat exchangers.
Sylyadl C¥olea) Gaalin dko olontl) Jladl ()l oo g1 Jazmy 1l
4. Performance — Processing: Desired performance can dictate the necessary processing

techniques.
Ay ! dzdlaedl Ol O gllaadl el suse oo Sy 1dandlaadl S clolI

Example: To create turbine blades, nickel superalloys undergo precision casting and heat treatment

to withstand high temperatures.
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» Categories of Materials 0/so)/ Oildcuai
1. Metals: ataall
Characteristics: High strength, good thermal and electrical conductivity, ductile, and malleable.
Bylally o) Al e 3yS5 Sl o 5 idle 85 1 sl
Examples: Steel, aluminum, copper, titanium.
L9l (il ¢pgriall e duall 1l
2. Polymers: <&lpodgd!
Characteristics: Lightweight, flexible, corrosion-resistant, and low electrical conductivity.
i 30y Jeogs 13 ST doglie iy cigll A pasliasd
Examples: Plastics (polyethylene, polypropylene), synthetic rubber, nylon.
gkl ( luall blaall (kg Jodl okl J5) ehitudld) 1alin]
3. Ceramics: ol awd!
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Characteristics: High temperature resistance, hardness, brittleness, and good corrosion resistance.
ST B daglieg cdilid (Do bylyml) ddle doglin 1 yaSlassll
Examples: Silica (Si0.), alumina (Al2Os), porcelain.
(8551 ¢ (Al203)beo st ¢ (STO2) Skl :8Ue]
4. Composites: LSyl

Characteristics: Combination of two or more materials to achieve superior properties, such as high
strength-to-weight ratio and corrosion resistance.

ST Aaglieg 033l J) 8580 o aulle duad o Bt pailias udd ST o (aiske oy g 1ol
Examples: Carbon fiber composites, fiberglass, reinforced concrete.
Aol Byl cduar 3 BLIYN (03 90,S1 BT LS ye 1dliel
5. Advanced Materials:dediioll 5lgol!

Characteristics: High-performance materials designed for specialized applications, often with
smart or nanotechnology features.

gl ol 483 wiloan W duamsie Olaudat) dessas 1Y) ddle slge 1 aslasl
Examples: Nanomaterials, shape-memory alloys, piezoelectric materials, and graphene.
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