Engineering Materials:
There are 4 major classes of engineering materials:

1- Metals and alloys

a- Ferrous metals (Irons & steels)

b- Non-ferrous metals

2- Polymers

a- ThermoPlastics

b- ThermoSetting

c- Elastomers

3- Ceramics and Glasses

a- Clay product & natural stones

b- Engineering ceramics

c- Cermets




d- Glasses

4- Composites

a- Particulate composites
b- Fibrous composites

c- Laminated composites

Alloying and Processing of metals:
Metal alloy:
· It is a combination of two or more chemical elements, melted together.

· The amounts of alloying elements have major effects on their strength, ductility, temperature resistance, corrosion resistance and other properties.

Processing:
For a given alloy the properties are affected by the particular processing used (heat treatment, deformation, and casting).

I-Heat Treatment:
This process can be done by heating the alloy to a particular schedule of heating, holding at temperature and cooling to cause a desirable physical or chemical change.
II- Deformation :
It can be done by forcing a piece of metal to change its shape. This process include forgingالحدادة  , rolling الدرفلة , extruding البثق and drawing  السحب. Result metals of deformation process are called Wrought metals and by casting السباكة فى قوالب are called Cast metals.

Cold work and Annealing:

Cold work:

· It is the severe (hard) deformation of metals at ambient temperature (by rolling or drawing).
· Cold work increases the yield strength but decrease the ductility الممطولية.
Annealing:

Annealing is a process that can partially or completely reverse the cold working effect. Annealing is heating the metal to such a high temperature that new crystals forms within the solid materials. If time or temperature of annealing process exceeds a certain limits, the crystals are joined together making crystals of bigger size , the strength decreases and the ductility increases.
Solid solution strengthening:
· Solid solution strengthening occurs as result of impurity atoms found in the crystal structure lattice, making dislocation motion more difficult.
· Alloying elements is said to form solid solution if their atoms are incorporated into the crystal structure in an orderly manner.
· There are two types of alloys results from solid solution:
a- Interstitial alloys:

The atoms of added elements are very small comparing by the major constituent atoms.
b- Substitutional alloys: 

The combined metals have a similar atomic size.

[image: image1] Precipitation hardening:

· Uniformly dispersed second phase particles within the original matrix phase can increase the strength and hardness.
· That Fig shows the precipitation hardening of aluminum alloyed with 4% copper.
Irons and steels "Ferrous metals":

Naming systems for irons and steels:
The main organizations giving the numbers and symbols for iron and steel are:

· AISI:

American Iron and Steel Institute.

· SAE:

Society of Automotive Engineers.

· ASTM:
American Society for Testing and Materials.

فى النظامين AISI و SAE يوجد أربعة أرقام مثل —←  SAE 1020     ore    AISI 1020
الرقين الأولين يشيران إلى Alloy element و نحصل عليه من Table 3.5 و الرقمين الآخرين يشيران إلى النسبة المئوية للكربون.
فى هذا المثال :SAE 1020 —→ plain carbon steel contains 0.2% carbon                

· The UNS system:
"Unified Numbering System"
Ex:
UNS G 13 400

Letter G:
(F→ cast iron, G→ carbon and low-alloy steel, K→ special purpose steel, S→ Stainless steel or T→ tool steel)

400:
divided by 1000 gives 0.4% carbon
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1) Cast Iron:
· يصب حديد الزهر المصهور فى قوالب لإنتاج مصبوبات تصنع منها أجزاء الآلات. تتوافر أنواع من حديد الزهر منها حديد الزهر الرمادى, و حديد الزهر الطروق و حديد الزهر الأبيض و حديد الزهر المطيل.
· من أهم عناصر التسابك فى حديد الزهر عنصر الكربون و السيليكون:
· الكربون —←  إما على شكل جرافيت (شرائح أو كرات) بنسبة (2:4%) أو يتفاعل مع الحديد مكونا السيمنتايت (كربيد الحديد).
· السيليكون —←  يكون كعامل كربنة فى صناعة الحديد و يكون بنسبة (1:3%).
	
	Malleable iron

(الزهر الطروق)
	White iron

(الزهر الأبيض)
	Ductile iron

(الزهر المطيل)
	Gray cast iron

(الزهر الرمادى)

	صورة الكربون:
	
	يتخذ الكربون الزائد مع الحديد صورة Cementite
	كرات
	شرائح (Plaks)

	الصفات:
	مثل الحديد المطيل.
	Hard & brittle
	يقاوم إجهاد الشد.
	ضعيف نسبيا فى الشد بسبب حدوث شروخ (cracks) بينما تكون مقاومته للضغط أكبر نسبيا.

	كيفية الحصول عليه:
	بالمعالجة الحرارية (Heat Treatment) للحديد الزهر الأبيض
	بالتبريد السريع لمصهور الحديد الرمادى.
	بإضافة قليل من الماغنسيوم إلى الحديد الرمادى المصهور قبل الصب فى القوالب.
	


Carbon steels:

2) Plain carbon steel: الفولاذ الكربونى     
العنصر الأساسى فى هذه السبيكة هو الكربون و يكون بنسبة لا تزيد عن 1% و يصنف كالآتى:

	Low-carbon steel
	Medium carbon steel
	High-carbon steel
	

	لا تزيد عن 0.25%
	من 0.3% إلى 0.6%
	0.7% إلى 1%
	نسبة الكربون:

	طرى نسبيا

Strength ↓ & ductility ↑
	أقوى من الصلب منخفض الكربون
	Strength ↑
Brittleness ↑  & Hardness ↑
	الصفات:

	يمكن زيادة Strength عن طريق cold working
	يمكن معالجته حراريا عن طريق quenching & tempering
	
	يمكن:

	صاج السيارات و بعض المنشآت
	أجزاء من الآلات و السيارات و أعمدة الإدارة
	المعاملات الحرارية و أدوات القطع
	الاستخدامات:


Quenching and tempering:

a) Quenching ((hardening))    التقسية:

· The steel is heated to about 850°C, and then rapidly coded by water or oil.
· The produced steel is high strength, brittle and very hard.
· To make it useful, tempering is a must
b) Tempering   التطبيع:

· Tempering is re-heating the quenched steel at a lower temperature.

· This will remove some carbon.

· Tempering ——→ Strength ↓ & ductility ↑

3) Low-alloy steels ((alloy steel))   الصلب السبائكى:

· يحتوى الصلب السبائكى على عنصر تسابكى أو أكثر إضافة إلى الكربون و الحديد.
· العناصر المضافة لا تزيد عن 5%, و تضاف إلى الصلب لتحسين خواصه و ذلك مثل وجود الكبريت فى الحديد يحسن قابليته للتشغيل (machieability).
كذلك يمكن تحسين ال Strength و ال Toughness (مقاومة الكسر failure نتيجة لوجود شرخ).

· يستخدم الصلب السبائكى فى صناعة أوعية الضغط pressure vessels.
4) Stainless steels   الصلب غير القابل للصدأ:
يحتوى على نسبة كروم أكثر من 10% تُزيد من مقاومته للصدأ و التآكل و كذلك الحرارة و يوجد منه عدة أنواع:
	Martensitic
	Ferritic
	Austenitic
	

	لا تزيد عن 15%
	من 17 إلى 25%
	من 17 إلى 25%
+ النيكل من 10 إلى 20%
	نسبة الكروم:

	
	High corrosion resistance (مقاوم للتآكل)
كما تتوافر فيه خاصية المغناطيسية
	مقاوم للتآكل و درجات الحرارة المنخفضة
	الصفات:

	يمكن تقسيته عن طريق tempering & quenching
	يمكن تقسيته عن طريق cold working فقط
	يقسى عن طريق cold working
	يمكن:

	صناعة التربينات البخارية و بعض العدد
	
	صناعة المسامير و المواسير و اسطوانات الضغط
	الاستخدامات:


Note:      UNS S17400 ——→ S (steel), 17 (17% chromium) and 400 (4% copper).
5) Tool steels and other special steels   صلب العدة:
· Hardness ↑ & wear resistance ↑.
· يستخدم لإنتاج أدوات القطع و التشكيل
· يحتوى على نسبة عالية من العناصر التسابكية
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Non-Ferrous Metals:
The way to increase the strength of non-ferrous metals is precipitation hardening   التصليد بالترسيب.

المعادن اللاحديدية تكون أقل مقاومة للإجهادات مقارنة مع الصلب فمثلا الألومنيوم أقصى إجهاد يتحمله 25% من أقصى إجهاد يتحمله الصلب. إلا أن الألومينيوم يمتاز بخفة الوزن و قدرته على مقاومة التآكل corrosion resistance, لذلك يستخدم فى تطبيقات الفضاء.

Aluminum alloys:

· Wrought (المصنوع) from aluminum can be made by rolling or extrusion.
· The naming system consists of a four digit number:
· Alloys in the 1xxx, 3xxx, 5xxx and most of 4xxx series do not respond to heat treatment, by precipitation hardening. Those alloys can strengthen by solid solution effect and cold working.
· Alloys in the 2xxx, 6xxx, and 7xxx series respond to precipitation hardening.

Titanium alloys:

· Density of Titanium is higher than aluminum but till 60%.

· Advantages:

· Light weight.

· Melting temperature is greater than steel.

· Corrosion resistance.

These advantages make it suitable for aerospace applications.

· Naming system:

Ex:

 Ti - 6Al – 4V —————→ 6% Aluminum & 4% Vanadium. 


 Ti – 10V – 2Fe – 3Al ——→ 2% Iron.

►There are 3 categories:

a- Alpha and near alpha alloys:

· These alloys are stable.
· Addition of chromium & vanadium gives extra stability.
· Addition of molybdenum or nickel improves corrosion resistance.
· Addition of aluminum & tin improve creep resistance (مقاومة الزحف).
· These alloys do not respond to heat treatment and can be strengthened by solid solution effect.
b- Beta alloys:

c- Alpha-Beta alloys:

· Respond to heat treatment, but the effect is less.
· Can be strengthened by precipitation hardening.
Copper alloys:
· Advantages:

· Conductivity, Corrosion Resistance and Attractiveness.

· Copper is easily alloyed to produce alloys which are easy to cast or form.

· Copper + 35% Zinc is called yellow brass.

· Copper + 10% Tin   is called bronze.

· Copper + Beryllium gives highly strengthened alloy, and can be strengthened by precipitation hardening.

· Copper alloys can be strengthened by solid solution effects.

Magnesium:

· Has a melting temperature near aluminum & a density only 65% as great.

· 22% as dense as steel, 60% as dense as aluminum.
· Has excellent strength to weight resistance.

Note:   There are many other materials (high temperature resisting) contains cobalt and others…
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Polymers:

Polymers are materials consisting of long-chain molecules formed primarily by carbon to carbon bonds.

Ex:
All materials commonly called plastics


Natural and synthetic fibers
Rubbers and cellulose

Notes:

· Plastics are made from petroleum, and then made in useful shapes by molding and extrusion process.
· Main advantages of polymers are its light weight.
· Its density in the range of (1→2) times the water & about half the aluminum.
· They are weak, the ultimate strength, Su
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10:200 MPa.
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Vulcanization process:

It is the addition of sulfur to rubber with heating to about 160°C at high pressure. This process improves the strength and increases the cross-linking.

Strengthening effects:

Factors affecting the molecular structure of polymers:

Temperature – Pressure – Reaction Time – Presence and amount of catalysts.

Notes:
· For a crystalline polymers; the longer the chain of molecules, the more strength and stiffness we can get.
· For amorphous polymers, the more branches in structure, the more strength and stiffness the polymers.
Ex:

LDPE (Low Density Poly-Ethylene) has the degree of crystallinity is about 65%, but HDPE (High Density Poly-Ethylene) has 90% crystallinity due to less branching. So the result of structure is difference:

HDPE is stronger and stiffer & LDPE is more flexible.
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Ceramics and glasses:
· They are solids that are neither metals nor organic.

· Ceramics include clay products like Porcelain and brick also include natural stone and concrete.

Engineering ceramics:
Ceramics used in high stress applications are called engineering ceramics.

Advantages:
1. high resistance to corrosion and wear
2. high melting temperature
3. relatively stiff
4. high E
5. in-expensive
6. light weight
Disadvantages:

1. Brittleness

الهشاشة
2. some Porosity

فجوات هواء
3. micro-cracks

شروخ صغيرة
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Tool steel





Stainless steel





Low alloy steel





Plain carbon steel





Cast iron (F)





Irons & Steels:





Polymers classification:





Thermoplastics:


Can be melted with temperature and cooled to form the required shape.


The process can be repeated several times (recycling).





Thermosetting plastics:


High temperature will not melt the product; instead it decomposes or burns it.


The process is irreversible (غير قابل للإنعكاس).


The solidification (curing) takes place as a chemical reaction by a catalyst or hardener.


The cross-linking is the final process of making the product.





Elastomers:


They have a rubbery behavior (acting like rubber), and have thermoplastic or thermosetting behavior.


Strain more than 100% can be achieved.





Crystalline:   بلورى


Chains are arranged into an orderly crystalline structure.


Their stiffness & strength will not drop dramatically near the glass transition temperature (Tg), so it can be used above their Tg.


Less brittle.


Opaque to light (معتم).





Amorphous:  غير منتظم التبلور


Chains are arranged in a random manner.





Used around & below Tg.








Brittle.


Transparent (شفاف).





Crystalline





Amorphous





E





Temperature (T)





Combining and modifying polymers:








Bending


(alloying of polymers) الخلط


Melting 2 or more polymers together to get better behavior.


Ex:


PVC+PMMA→


(tough plastic + flame resistant + chemical resistance)





Copolymerization


It is the combination of 2 or more polymers, in which the details of chemical synthesis (التخليق الكيميائى) are chosen, so that the individual chains are composed of two types of repeating units.


Ex:


ABS is composed of 3 polymers





Plasticizers:


(high-boiling point organic liquid)


Adding plasticizers→


Toughness & flexibility ↑


Strength ↓


Ex:


Plasticizers are used to make flexible Vinyl from PVC.





Fillers and Modifiers:


Materials in the form of particles or fibers are used to modify polymers.


Ex:


Black carbon + rubber →Strength & stiffness ↑





Reinforcement:


Addition of fibers or cloth to make a composite.
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