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After the lesson, the student will be able to : 

 Define the Materials Science and Engineering. 

 Classification of Materials. 

 Properties of  some Type of  Materials. 

 Classification of materials Based on Structure. 

 Classification of materials Based on Function. 

 

 بعد الدرس سٌكون الطالب قادرا على :

 .تعرٌف علوم وهندسة المواد 

 المواد. تصنٌف 

 .خصائص بعض أنواع المواد 

 .تصنٌف المواد على أساس الهٌكل 

 .تصنٌف المواد على أساس وظٌفتها 

 

1. MATERIALS SCIENCE AND ENGINEERING 

Sometimes it is useful to subdivide the discipline رخصص    of materials science and 

engineering into materials science and materials engineering sub- 

disciplines ٍّرخصصبد فشع. Strictly speaking   ثبنًعُى انذقٍق نهكهًخ , “materials science” 

involves investigating the relationships that exist between the structures and 

properties of materials. In contrast,  materials engineering” is, on the“  فً انًقبثم 

basis of these structure–property  خبصٍخ  correlations   designing or , الاسرجبطبد 
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engineering the structure of a material to produce a predetermined set of properties. 

From a functional perspective, ًيٍ يُظٕس ٔظٍف the role of a materials scientist دٔس  

is to develop or synthesize عبنى انًٕاد  new materials, whereas a materials رصٍُع 

engineer is called اعزذعبء upon to create new products or systems using existing 

 materials. Most يعبنجخ materials, and/or to develop techniques for processing يٕجٕدِ

graduates  ٍٍيعظى انخشٌج in materials programs are trained  رذسٌجٓى to be both materials 

scientists and materials engineers. 

Four important components are involved in the science and engineering of 

materials namely structure and properties, processing and performance ( Figure 1). 

(.1والمعالجة والأداء )الشكل هناك أربعة مكونات مهمة تشارك فً علم وهندسة المواد وهً البنٌة والخصائص   

 

Figure 1 The four components of the discipline of materials science and 

engineering  and their interrelationship 

 

An example of these processing-structure-properties-  خصبئص ثٍُخ انًعبنجخ  

performance principles يجبدئ أداء   with Figure 2, a photograph showing three thin 

disk specimens placed over some printed matter. It is  obvious that the optical 

properties انخصبئص انجصشٌخ (i.e., the light transmittance   of each of the ( َفبرٌخ انضٕء 
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three materials are different; the one on the left is transparent  whereas the  شفبف 

disks in the center and on the right are, respectively, translucent and opaque  . يعزًخ

 

 

 

 

 

 

 

 

 

Figure 2 

 

All of these specimens are of the same material, aluminum oxide  أكغٍذ الأنٕيٍُٕو , but 

the leftmost أقصى انٍغبس one is  what we call a single crystal  that is, it is انجهٕسح انًفشدح 

highly perfect  which gives rise to its  transparency. The center one is يثبنٍخ نهغبٌخ 

composed of numerous and very small single crystals that  are all connected; the 

boundaries  انحذٔد between these small crystals scatter رشزذ a portion of the light  

reflected انضٕء انًُعكظ from the printed page, which makes this material optically 

translucent  شفبفخ ثصشٌب  . Finally, the specimen on the right is composed not only of  
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many small, interconnected crystals  انجهٕساد انصغٍشح انًزشاثطخ , but also of a large 

number of very small pores ًانًغبو انصغٍشح جذا or void spaces  These . انًغبحبد انفبسغخ 

pores also effectively scatter the reflected light and render this material opaque.  

ْزِ انًغبو أٌضًب عهى رشزٍذ انضٕء انًُعكظ ثشكم فعبل ٔرجعم ْزِ انًبدح يعزًخرعًم   Thus, the 

structures of these three specimens are different in terms of crystal boundaries 

and pores انحذٔد انجهٕسٌخ .which affect the optical transmittance properties , ٔانًغبو  يًب  

,Furthermore ٌؤثش عهى خصبئص انُفبرٌخ انجصشٌخ علأح عهى رنك   each material was produced 

using a different processing technique  And, of course, the . رقٍُخ يعبنجخ يخزهفخ 

performance of each material will be different. 

2. Classification of Materials: 

Familiar objects  أشٍبء يؤنٕفخ made of metals and metal alloys (from left to right): 

silverware أدٔاد فضٍخ   (fork and knife), scissors, coins, a gear, a wedding ring, and a 

nut and bolt. 
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Common objects  made of ceramic materials: scissors, a china teacup  الأشٍبء انشبئعخ 

a building brick ,فُجبٌ شبي صًٍُ a floor tile , طٕة ثُبء   and a glass vase , ثلاط أسضً 

 .يضْشٌخ صجبجٍخ

 

 

 

 

 

 

 

 

 

Several common objects  made of polymeric materials انعذٌذ يٍ الأشٍبء انشبئعخ انًصُٕعخ  

plastic  tableware (spoon, fork, and knife) :يٍ انًٕاد انجٕنًٍشٌخ أدٔاد انًبئذح انجلاعزٍكٍخ  

billiard  balls ,()يهعقخ ٔشٕكخ ٔعكٍٍ ٔكشاد انجهٍبسدٔ  , a bicycle helmet خٕرح دساجخ  , two dice 

a lawn  mower wheel (plastic hub and rubber tire) ,َشدٌٍ عجهخ جضاصح انعشت )يحٕس  

and a plastic milk carton  ,(ثلاعزٍكً ٔإطبس يطبطً عهجخ حهٍت ثلاعزٍكٍخ  . 
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Solid materials have been conveniently grouped into three basic categories رصٍُف  

 metals, ceramics, and polymers, a scheme :انًٕاد انصهجخ ثشكم يلائى إنى ثلاس فئبد أعبعٍخ

based primarily يخطظ أعبعًب   on chemical makeup انزشكٍت انكًٍٍبئً   and atomicالذري 

structure. Most materials fall into one distinct grouping يجًٕعخ يزًٍضح   or another. In 

addition, there  are the composites that are engineered combinations of two or 

more different materials ثذيج يبدرٍٍ يخزهفزٍٍ أٔ أكثش  . A brief explanation رقذٌى ششح يٕجض 

of these material classifications and representative characteristics is offered next ثعذ  

Another category is advanced materials .رنك -those used in high انًٕاد انًزقذيخ 

technology applications, such as semiconductors أشباه الموصلات  , biomaterials والمواد  

smart materials ,الحيوية والمواد الذكية  , and nanoengineered materials والمواد المهندسة  

 .النانوية
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Metals 

 Metals are composed of one or more metallic elements (e.g., iron, 

aluminum, copper, titanium, gold, nickel), and often also nonmetallic elements غبنجبً  

 in relatively small (e.g., carbon, nitrogen, oxygen) يب ركٌٕ أٌضًب عُبصش غٍش يعذٍَخ

amounts  Atoms in metals and their alloys are arranged in a very . ح َغجٍبًثكًٍبد صغٍش 

orderly manner  . ٌزى رشرٍت انزساد فً انًعبدٌ ٔعجبئكٓب ثطشٌقخ يُظًخ نهغبٌخ 

 

Ceramics  

Ceramics are compounds يشكجبد between metallic and nonmetallic elements; they 

are most frequently oxides  الأحٍبٌأغهت   nitrides , أكبعٍذ   and carbides , ٍَزشٌذاد 

For example, common ceramic materials .ٔكشثٍذاد  include  انًٕاد انخضفٍخ انشبئعخ 

aluminum oxide  أكغٍذ الأنٕيٍُٕو  (or alumina, Al2O3), silicon dioxide ٌٕثبًَ أكغٍذ انغٍهٍك 

(or silica, SiO2), silicon carbide ٌٕكشثٍذ انغٍهٍك (SiC), silicon nitride ٌٍَٕزشٌذ انغٍهٍك 

(Si3N4), and, in addition, what some refer to as the traditional ceramics إنى يب ٌشٍش  

 e.g., porcelain) يعبدٌ طٍٍُخ those composed of clay minerals إنٍّ انجعض ثبنغٍشايٍك انزقهٍذي

ضفانخ ), as well as cement and glass.  

 

Polymers 

Polymers include the familiar  انًؤنٕفخ  plastic and rubber انًطبطٍخ materials. Many of 

them are organic compounds  يشكجبد عضٌٕخ  that are chemically based on carbon, 

hydrogen, and other nonmetallic elements (i.e., O, N, and Si). Furthermore علأح  

جضٌئٍخ  they have very large molecular ,عهى رنك  structures, often chainlike in nature 

عمود فقري  that often have a backbone of carbon atoms ,ٔغبنجبً يب ركٌٕ راد طجٍعخ يزغهغهخ .  
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Some common and familiar polymers are polyethylene (PE), nylon, poly(vinyl 

chloride) (PVC), polycarbonate (PC), polystyrene (PS), and silicone rubber. 

(، والناٌلون، والبولً )كلورٌد الفٌنٌل( PEبعض البولٌمرات الشائعة والمألوفة هً البولً إٌثٌلٌن )

(PVC( والبولً كربونات ،)PC( والبولٌسترٌن ،)PS.ومطاط السٌلٌكون ،) 

 

 

Composite  

A composite is composed of two (or more) individual  ٍٍفشدٌز  materials that come 

from the  

categories انفئبد previously discussed metals, ceramics, and polymers. The design 

goal of a composite انٓذف يٍ رصًٍى انًشكت is to achieve رحقٍق a combination يضٌج of 

properties that is not displayed لا ٌزى عشضٓب by any single material and also to 

incorporate ديج the best characteristics of each of the component materials. A large 

number of composite types are represented by different combinations ثًجًٕعبد of 

metals, ceramics, and polymers. Furthermore, علأح عهى رنك some naturally 

occurring materials انًٕاد انًٕجٕدح فً انطجٍعخ are composites for example, wood and 

bone. However, ومع ذلك most of those يعظى رهك we consider in our discussions 

صُع الإَغبٌ  or human-made) يشكجبد صُبعٍخ are synthetic يُبقشبرُب ) composites. One of 

the most common الأكثش شٍٕعًب and familiar انًؤنٕفخcomposites is fiberglass الأنٍبف  

 within a ديج are embedded أنٍبف صجبجٍخ صغٍشح in which small glass fibers ,انضجبجٍخ

polymeric material يبدح ثٕنًٍشٌخ (normally an epoxy or polyester ش إٌجٕكغً أٔ ثٕنٍغز ). 

The glass fibers are relatively ًَغجٍب strong and stiff (but also brittle ْشخ), whereas the 

polymer is more flexible  أكثش يشَٔخ . 



 

Email (mohammed.ali.saihood@uomus.edu.iq) 

10 Al-Mustaqbal University 
Department (Chemical Engineering and Petroleum Industries Department) 

Class (2
nd

) 
Subject (material engineering) 

Lecturer (Mohammed Ali Saihood Al- Shujairi) 
1

st
 term – Lect. (materials science and engineering) 

 

 

 

 

ADVANCED MATERIALS 

Materials utilized  انًٕاد انًغزخذيخ in high-technology (or high-tech) applications  

انًٕاد انًزقذيخ  are sometimes termed advanced materials رطجٍقبد انزكُٕنٕجٍب انًزقذيخ . 

 

-Semiconductors: 

Semiconductors أشباه الموصلات have electrical properties that are intermediate 

 i.e., metals and) الموصلات الكهربائية between those of electrical conductors متوسطة

metal alloys) and insulators العوازل (i.e., ceramics and polymers). 

 

-Biomaterials: المواد الحيوية   

The length and the quality of our lives are being extended and improved إطبنخ  

 to replace diseased and انقذسح in the ability انزقذو in part, due to advancements ,ٔرحغٍٍ

injured body parts  Replacement implants are . أجضاء انجغى انًشٌضخ ٔانًصبثخ 

constructed ٌزى إَشبء انغشعبد انجذٌهخ of biomaterials nonviable  يٍ انًٕاد انحٌٍٕخ غٍش قبثهخ

أي غٍش حٍخ  i.e., nonliving) نهحٍبح ) materials that are implanted into the body ٌزى صسعٓب  

so that they function in a reliable ,فً انجغى safe , يٕثٕقخ   and physiologically , آيُخ 

satisfactory manner  ٔيشضٍخ يٍ انُبحٍخ انفغٍٕنٕجٍخ , while interacting انزفبعم with living 

tissue  . الأَغجخ 

 

-Smart materials  

Smart (or intelligent  انزكٍخ ) materials are a group of new and state-of-the-art 

materials  يجًٕعخ يٍ انًٕاد انجذٌذح ٔانًزطٕسح  now being developed رطٌٕشْب that will have  
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a significant influence on many of our technologies عٍكٌٕ نٓب رؤثٍش كجٍش عهى انعذٌذ يٍ  

 that these materials are able to sense رشٍش smart implies صفخ The adjective .رقٍُبرُب

 to these changes الاعزجبثخ and then respond ثٍئزٓب changes in their environment اعزشعبس

in predetermined manners traits  ثغهٕكٍبد يحذدح عهفب  that are also found in living 

organisms  . انكبئُبد انحٍخ 

Components of a smart material  انًبدح انزكٍخرزضًٍ يكَٕبد  (or system) include some 

type of sensor َٕعًب يب يٍ أجٓضح الاعزشعبس (which detects an input signal انزً ركزشف إشبسح  

 which performs a responsive and adaptive function) انًشغم and an actuator (الإدخبل

 ,to change shape ٌطُهت Actuators may be called upon .(انزي ٌؤدي ٔظٍفخ الاعزجبثخ ٔانزكٍف

position, natural frequency, or mechanical characteristics in response to changes in 

temperature, electric fields, and/or magnetic fields. 

 

Nano-materials, 

One new material class that has fascinating properties ثخصبئص سائعخ and 

tremendous technological promise ٔاعذح ركُٕنٕجٍخ ْبئهخ is the Nano-materials انًٕاد  

 which may be any one of the four basic types metals, ceramics, polymers, or ,انُبٌَٕخ

composites. However, unlike these other materials, they are not distinguished on 

the basis of their chemistry لا رزًٍض عهى أعبط كًٍٍبئٍزٓب but rather their size عهى أعبط  

 denotes that the dimensions of these structural انجبدئخ انُبٌَٕخ the nano prefix ;حجًٓب

entities are on the order of a nanometer (10
−9

 m) as a rule  less than 100 , عبيخكقبعذح  

nanometers. 
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3 Properties of Some Types of Materials 

3.1 Metals and Alloys 

 They usually have a crystalline structure and are good thermal and electric 

conductors.   عبدح يب ٌكٌٕ نٓب ثٍُخ ثهٕسٌخ ًْٔ يٕصهخ نهحشاسح ٔانكٓشثبء ثشكم جٍذ 

 Many metals have high strength and high elastic module. رزًزع انعذٌذ يٍ انًعبدٌ  

 ثقٕح عبنٍخ ٔيشَٔخ عبنٍخ

 They also have sufficient ductility, which is important for many engineering 

applications. انزطجٍقبد انُٓذعٍخكًب أَٓب رزًزع ثبنهٍَٕخ انكبفٍخ، ْٕٔ أيش يٓى نهعذٌذ يٍ    

 They are least resistance to corrosion.   فًٓ الأقم يقبٔيخ نهزآكم 

 

3.2 Ceramics and glasses 

 They are good electrical and thermal insulators. رعزجش عٕاصل كٓشثبئٍخ ٔحشاسح جٍذح   

 They have high hardness, high moduli, and high temperature strength. أَٓب  

 رزًزع ثصلاثخ عبنٍخ، ٔيعبيم عبنٍخ، ٔقٕح دسجخ حشاسح عبنٍخ

 They are resistant to high temperature and corrosive environments. إَٓب يقبٔيخ  

 نذسجبد انحشاسح انًشرفعخ ٔانجٍئبد انًغججخ نهزآكم

 They are very brittle. فًٓ ْشخ نهغبٌخ   

 

3.3 Polymers 

 They are generally have low density and are not stable at high temperatures. 

 ًْ عًٕيبً راد كثبفخ يُخفضخ ٔغٍش يغزقشح عُذ دسجبد انحشاسح انًشرفعخ

 They generally have a good strength to weight ratio. نذٌٓى عًٕيًب َغجخ جٍذح يٍ  

 انقٕح إنى انٕصٌ
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 Most of them are corrosion resistant, but cannot be used at high 

temperatures. يعظًٓب يقبٔيخ نهزآكم، ٔنكٍ لا ًٌكٍ اعزخذايٓب فً دسجبد حشاسح عبنٍخ       

 They provide a good electrical and thermal insulation. أَٓب رٕفش انعضل انكٓشثبئً  

 ٔانحشاسي انجٍذ

 

 

4 . Classification of materials Based on Structure: 

a. Crystalline البلورية materials 

-Single Crystals 

-Polycrystalline متعدد البلورات 

b. Amorphous materials. مواد غير بلورية 

 

 

 

5 . Classification of materials Based on Function: 

 

a . Mechanical material 

b . Electronic material 

c .Magnetic material 

d .Optical material   

e .Medical material 

 

  


