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Polymers 

Experiment Number (1). 

Introduction: 

Old human used natural polymers since hundred of centuries. He 

manufactured his clothes from cotton, wool, silk and animal skins. He used 

polymers in his food such as oils and fats. 

He also used natural resins as gums and adhesives since thousands of years 

such as Arabic gum, animal gum and asphalt which have been used in boats 

painting.  

Natural polymers are used and synthetic polymers are made mainly because 

of their outstanding mechanical properties. All their industrial importance as fibers, 

plastics, rubbers, adhesives, and coatings is ultimately based on strength, high 

elongation, high modulus, toughness, abrasion resistance, and thermal and 

mechanical durability.  

Plastic materials posses good tensile strength and rigidity with or without 

elongation or impact strength. These materials can either be fully amorphous or 

partially crystalline. Plastics, in fact, appear to be used for everything. We have 

accepted them as part and parcel of our modern life. The name “plastics” has been 

given to these materials, however, because they have at some stage during their 

fabrication, displayed plastic properties. We tend plastics as synthetic materials, 

which have come into our lives only during recent years. 

Finally one has to know that the name “plastics” comes from the fact that 

most of them are converted into useful end products by heating to make them soft 

and pliable, and then molding into the desired final form.  

 

Definition:  

Polymers, also called giant molecules in which atoms are linked together by 

covalent bonds along the molecules. The polymer chain consists of a large number 

of small molecules called monomers or repeated units which are linked together 

chemically. 

There are two molecular factors that govern the mechanical properties of a 

polymer: -  
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1. The length of the molecule, which is proportional to n, and therefore 

proportional to the relative molecular mass. 

2. The structure of molecule. Figure (1) shows the molecular structures. 

Polymers are prepared by a process called polymerization where monomers 

(structural units) react together chemically to form linear or branched chains or 

three dimensional polymer network. 

Polymerization:- It is a process which allows simple low molecular weight 

compounds to combine and form a complex high molecular weight compound . 

 Molecular weight can be found in polymers with very long chains. It is often      

expressed in terms of number and weight averages. 

Degree of polymerization:-  The number of (mer) units per average molecule. 

Chain length may also be specified by degree of polymerization.  

The main polymerization mechanisms used in the formation of synthetic 

polymers are condensation and addition polymerization.  

1. Condensation polymerization:- Polymerization in which the molecular formula 

of the repeat unit of the polymer chain lacks certain atoms present in the 

monomer from which it is formed (or to which it can be degraded ). For 

example , a polyester is formed by typical condensation reactions between bit 

functional monomers , with the elimination of water :-  

χHO _ R _ OH + χHOCO _ R _ COOH       HO [ _ R_ OCO_R_COO] χ H+(2χ-1) H2O 

2. Addition polymerization:- Polymerization in which the loss of a small molecule 

does not take place. The most important group of addition polymers includes 

those derived from unsaturated vinyl monomers:- 

CH2 == CH                          __ CH2 __ CH __ CH2 __ CH __       , etc .[32] 

                                                    

Condensation polymers are usually formed by the stepwise intermolecular 

condensation of reactive groups, addition polymers ordinarily result from chain 

reactions involving some sort of active center.  

There are many possible classifications of polymers. One is made according 

to the general type of polymerization processes used to produce them. 

Classification based on structure: linear, branched, Cross linked and network 

polymers. Fig.(1) shows these types of polymers schematically. Should be noted 

that the real structure is three-dimensional, which is particularly important for 

networks. 

χ χ χ 
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Figure (1) Schematic representations of polymers: (a) Linear (b) Branched (c) Cross linked (d) 

Network  

Advantages of polymers:  

1. Corrosion resistance 

2. Compression resistance 

3. Flexible material 

4. Low thermal expansion 

5. Low weight and low density 

6. Low cost 

7.  Simple preparation  
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   The Classification of Polymers: 
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Thermoplastic Polymer: 

       These polymers consist of linear chain of molecules, the chemical bond along 

the chain is strong, but the force of attraction between adjacent chains is weak. 

Because of their unconnected chain structure, thermoplastics may be repeatedly 

softened and hardened by heating and cooling respectively, with each repeated 

cycle the material tends to become more brittle.                                                          

  

Thermosetting Polymers: 

          These polymers are network polymers that are heavily cross- linked to give a       

dense three –dimensional network. They are normally rigid, cannot melt on heating 

and they decompose if the temperature is high enough. The name arises because it 

is necessary to heat the first polymer of this type for cross-linking or curing, to take 

place. The term is now used to describe this type of material even when heat is not 

required for the cross-linking to take place. 

 

Elastomers Polymers: 

        The term elastomers include the complete spectrum of elastic or rubberlike 

polymers which are sometimes randomly referred to as elastomers. More properly, 

rubber is a natural material and synthetic rubbers are polymers which have 

synthesized to reproduce consistently the best properties of natural rubber. The 

characteristic that are uniquely associated with elastomers is the elasticity, such 

that elastomers are able to undergo a high order of stress-strain behavior without 

rupture. Thus the elastic limit of materials such as metals or glass, is in the order of 

three percent, but that of elastomers is in the order of five hundred percent.  

 

Calculations: 

1. What is the difference between the engineering materials (polymer, metal, 

ceramic)? 
2. What are the Resin and Fibers? 
3. What is the class transition Tg? 
4. What is the Crystallization? 
5. What is the difference between the Condensation and Addition 

polymerization? 
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Composites 
Experiment Number (2). 

Introduction: 

A composite is a material system composed of a mixture or combination of two 

or more macro constituents, differing in form and in material composition that are 

essentially insoluble in each other.  

Engineers and technologists have been quite successful in making materials 

lighter and stronger using fiber reinforced polymer matrix composites (PMC). PMC 

are mixtures of two or more distinct constituents or phases that are present in 

reasonable proportions. PMC have two or more chemically distinct phases on a 

microscopic scale. The constituent that is present in majority is known as the matrix 

while the lesser quantity is the filler or the reinforcing phase. The constituents 

generally have complementary strengths and weaknesses. For instance, the 

reinforcing phase might have high strength and stiffness, but will be brittle. The 

matrix on the other hand will not be as strong, but will be more ductile.  

Advantages of composite materials:  

Some of the advantages of composites can be shown for specific applications 

cover a wide range.  

1. The higher strength and stiffness. 

2. The improved torsion stiffness. 

3. The impact properties including fracture and residual strength are excellent. 

4. Reduced energy dissipation. 

5. Corrosion resistance. 

6. The improved weather ability of composites in a marine environment. 

7. Dimensional stability. 

8. Excellent damping features (acoustical and mechanical vibrations can decay in 

10% less time than in conventional metals). 

9. The improved friction and wear properties. 

10.  Material waste is reduced. 

11.  Portability (because of their light weight). 
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Some applications of composites 

Here are some applications of composites.  

 Aircraft 

       Wings, fuselage, propellers, interior parts 

 Automobiles 

        Body parts, leaf springs, bumpers 

 Boats 

       Hulls, decks, masts 

 Chemical industry 

       Pipes, tanks, pressure vessels 

 Furniture 

      Wood composites (plywood, hard board, etc…) 

 Electrical industries :- 

      Circuit boards.  

 Sporting goods 

      Skis, snowboards, golf clubs, tennis rackets, bicycles. 

 Moreover, the use of composite materials is rapidly growing in various areas 

of engineering applications. 

In aeronautical, naval, mechanical, and more recently, civil engineering various 

kind of structural components are nowadays built in composites. 

 

Classification of composites 

          Most composite materials developed thus far have been fabricated to 

improve mechanical properties such as strength, stiffness, toughness and high-

temperature performance. The strengthening mechanism depends on the type of 

reinforcement materials and on the geometry of the reinforcement. The composite 

materials are classified according to: 

 The matrix phase 
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 The matrix phase may be a metal, polymer, or ceramic. In general, metals 

and polymers are used as matrix materials because some ductility is desirable; for 

ceramic matrix composites the reinforcing component is added to improve fracture 

toughness.  

For fibre reinforced composite (as example) matrix phase serves several 

functions: - 

1.  It binds the fibers together and acts as the medium by which an externally 

applied stress transmitted and distributed to the fibers, only a very small 

proportion of an applied load is sustained by the matrix phase. 

2.  Protect the individual fibers from surface damage as a result of mechanical 

abrasion or chemical reactions with the environment. 

3.  The matrix separates the fibers and, by virtue of its relative softness and 

plasticity, prevents the propagation of brittle cracks from fibre to fibre. Matrix 

phase serves as a barrier to crack propagation. 

 

There are four basic types of matrices shown in figure (2). 

1. Polymer – matrix composites (PMCs) 

2. Metal – matrix composites (MMCs) 

3. Ceramic – matrix composites (CMCs) 

4. Carbon – carbon composites. 

Finally: - matrix could be defined as :- the essentially homogeneous resin or 

polymer material in which the fibre system of a composite is imbedded. 
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Figure (2) Classification of matrices 

 

 The geometry of reinforcement: 

The geometry of reinforcement may be described by the following factors:   

1- shape, size and size distribution of reinforcing materials.  

2- concentration, and orientation of reinforcing materials. 

There are three basic types of the geometry of reinforcement shown in figure 

(3). 

fibrous composites, particulate composites and laminated composites 

The classification scheme of the composites products is summarized at the 

following diagram of Figure (5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3) Shows the types of reinforcements  
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The following figure (4) clarifies the various types of reinforcing. In the same 

time this figure shows the different composite geometrical arrangements.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (4) Different composite geometrical arrangements.  

 

 Interface in composites 

The behaviour of composite material is the result of the combined behaviour 

of the following: - 

1. Fibre or the reinforcing element. 

2. Matrix. 

3. The interface between any two phases, say fibre and matrix, can be defined as 

bounding surface where a discontinuity of some kind occurs. 

In general, the interface is an essentially bidimensional region through which 

material parameters, such as crystal structure, density, elastic modulus etc… 

change from one side to another.  
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Matrix may be either: - 

 Thermosets (epoxies) commonly have good adhesion. 

 Thermoplastics usually worse (or need more work).  

The first requirement that must be fulfilled for the formation of a stable interphase 

is the wetting of the reinforcement by the matrix. The wetting may be come about 

by physical or chemi – sorption or by chemical reaction with the surface.  

 

Polymeric Composites: 

      Polymeric composites are materials in which a second component with very 

different properties added to the polymer, so that both components contribute to 

the properties of the product . The second component which increases the strength 

or stiffness of the product called reinforcement material. Particulate materials such 

as carbon black are often used to reinforce elastomers , but fibers are usually used 

for reinforcing other types of  polymer. Glass or carbon  fibers are often used , but 

polymeric fibers are appropriate for some applications , such as  metallic filaments 

.The fibers are  often aligned in one direction within a matrix  of  polymer , which 

gives the material anisotropic properties . Materials  that are isotropic in one plane 

can be produced  by using layers  with  the  fibers  aligned in different  directions 

within  the plane, or by using  mats of chopped  fibers  as the  reinforcement. The 

composites are made up of matrix and reinforcement materials. 

Fibrous Composites: 

In these composites, the reinforcing materials are in the form fibers such as : 

glass fibers, boron fibers, graphite fibers, carbon fibers, silica fibers, tungsten 

fibers, kevler-49 fibers, berylium fibers, whisker fibers and other fibers. 

The interaction between the matrix and fibers are very effective in improving the 

fracture resistance of the matrix. The fibers have small cross-sectional dimensions 

so that they are embedded in matrix materials to form fibrous composites. The 

matrix serves to bind the fibers together, transfer loads to the fibers and protect 

them against environmental attack and damage due to handling. 

 

Fibers: 

Fibers are the most important class of reinforcements, as they satisfy the desired 

conditions and transfer strength to the matrix constituent. Influencing and enhancing 
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their properties as desired. Glass fibers are the earliest known fibers used to reinforce 

materials. Ceramic and metal fibers were subsequently found out and put to extensive 

use, to render composites stiffer and more resistant to heat.  

Types of fibers: 

Natural fibers (cellulosic and ligno cellulosic) have been used as structural 

materials since prehistoric times. 

Since several years, for economic and environmental reasons, there has been an 

increasing interest in using plant fibers in composite systems. Plant fibers have the 

following properties: -  

1. Cost effective.  

2. Renewable. 

1. Available in high quantity. 

2. Have low fossil – fuel energy requirements. 

3. Can offer good mechanical properties. 

Organic and inorganic fibers are used to reinforce composite materials.  

Properties of organic fibers are: -  

1. Low density. 

2. Low flexibility. 

3. Low elasticity. 

While the properties of inorganic fibers are: - 

1. High modulus. 

2. High thermal stability. 

3. Posses greater rigidity than organic fibers. 

 

Fibre factors: 

What factors contribute to the engineering performance of a fibre matrix 

composite? Among the most important are: -  

a. Orientation       b. Length      c. Shape     d. Composition of the fibers.  

 

 



Second Class                                                                                            Dr. Abbas Fadhel Essa            

Material Lap                                                                                             Lec. Ahmed Jadah Farhan 

15 
 

 

References: 

1. S. C. Sharma “Composite materials” Narosa publishing house. New Delhi 

2000 

2. P. Wambua, J. Ivens and I. Verpoest, “Natural fibers: Can they replace 

glass in fibre reinforced plastics”, Composites Science and Technology, 63,  

pp. 1259-1264, ( 2003).  

3. P.K. Mallick "Fiber Reinforced Composites Materials, Manufacturing and 

Design" Taylor & Francis Group, LLC, United States of America, 2008. 

4. L. Tong, A.P. Mouritz and M. K. Bannister "Fibre Reinforced Polymer 

Composites" Elsevier Science Ltd, 2002. 

5. R.I. khan "Effect of Temperature on the Fatigue Behavior of Plan Weave 

Woven Carbon Fabric-Reinforced Composites Plastic" M.Sc. Thesis, king 

Fahd University of Petroleum and Minerals, 2000. 

6. L.H. Sperling "Introduction to Physical Polymer Science" Lehigh University, 

John Wiley & Sons, Inc, United States of America, 2006.  

7. M. Goodstein "Plastics and Polymers Science Fair Projects" Inslow Publishers 

Inc. United States of America, 2004. 

 

 



Second Class                                                                                            Dr. Abbas Fadhel Essa            

Material Lap                                                                                             Lec. Ahmed Jadah Farhan 

16 
 

 

Preparation Polymeric Material 

by hand lay-up method 

 
Experiment Number (3). 

Objectives: 

           Prepare polymeric materials by hand lay-up method. Their mechanical and 

physical properties are studying.  

 

Introduction: 

Hand lay is the mainstay of polymer processing due to its versatility in 

accommodating many of the difficulties traditionally associated with plastics 

molding such as:- 

 Undercuts. 

 Parallel/vertical sides. 

 Sharp corners. 

 Incorporation of inserts and cores. 

 Thickness variations. 

         

Thermosetting Resins 

        Epoxy, unsaturated polyester and phenol resins cover a very broad class of 

chemicals and a wide range of physical and mechanical properties can be 

obtained. In thermosetting polymers, the liquid resin is converted into a hard rigid 

solid by chemical cross-linking, which leads to the formation of a tightly bound 

three-dimensional network. This is usually done while the composite is being 

formed. The mechanical properties depend on the molecular units making up the 

network and on the length and density of the cross-links [61]. 

        Epoxy polymers show excellent adhesion to the most common metals, glass, 

ceramics, concrete, and other materials. Their superior performance is in essence, 
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due to the basic chemical structure of epoxy. In commercial applications, epoxy 

resins are rarely used without the incorporation of some other materials [62].   

       There are significant differences between different types of thermoset. For 

example, epoxies are in general tougher than unsaturated polyesters or vinyl esters. 

Epoxies can have good resistance to heat distortion and also that they shrink less 

during curing (Curing: To change the physical properties of material (usually from 

a liquid to a solid) by chemical reaction, by the action of heat and catalysts, alone 

or in combination, with or without pressure) than polyesters. In fact, epoxies are 

superior in most respects to the alternative thermosetting systems, which are 

sometimes preferred simply on ground of lower cost. Some properties of epoxy 

and polyester can be seen from the data in Table (1). 

 

Table (1): Some properties of Epoxy and Polyester resins  

 

Resins 

 

Epoxy (EP) 

 

Unsaturated Polyester 

(UPE) 

 

Density (ρ) 

)  3-g.cm(  
1.1 - 1.4 1.2 - 1.5 

Young's Modulus (E) 

(MPa) 
3000 - 6000 2000 - 4500 

Poisson's Ratio (ν) 0.38 - 0.4 0.37 - 0.39 

Tensile Strength (σ) 

(MPa) 
35 - 100 40 - 90 

Failure Strain(ε) 

(%) 
1 - 6 2 

Thermal Conductivity(k) 

(W/Mk) 
0.1 0.2 

 

 

Mold (Mandrel) preparation: 

 The cast mould used for casting the polymeric specimens, shown in Figure 

(2) made of (glass, clay, wax, wood, paper, plastic or iron) plates of 

dimensions 35 × 35 cm2. 
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 The plates were cleaned to remove the dirt and dust present on the surfaces.  

 The plate were dried in an oven the base and cover of the iron plates was 

coated with wax for getting the samples easily, the figure below (1) shows 

the mold made of vulcanized iron. 

 

 

 

 

 

 

 

 

 

 

Fig. (1): Photographic image of cast mould for composites 

 

Preparation Technique: 

       The samples were prepared from unsaturated polyester resin by using hand  

lay-up method which can be summarized by the following steps:   

 A clean disposable aluminum container was put on a sensitive 

electronic balance, and the required unsaturated polyester resin was 

poured in it. For (100 gm) of UPE resin were mixed with (0.5 gm) of 

cobalt naphthenate as accelerator and (2 gm) of Methyl Ethyl Ketone 

Peroxide (MEKP) as hardener. 

  The contents were mixed thoroughly until homogeneous mixture was 

obtained, by using a type of stirrer fan, before casting it as sheets by 

using clean Iron  mould. 

 The sheets were stored at temperature room for 24 hours, and then for 

post-curing, the sheets were left for 4 hours in an oven at temperature 

70C˚. 
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 The sheets of composite were cut into specimens, by using a circular 

iron saw, pluses from the samples were removed by using the iron rasp, 

the samples were polished by using abrasive emery papers of grade 400 

to a certain dimensions specimens according to standard specifications 

(ASTM, ISO, ANSI, DIN, BSI …..etc).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2) Flow chart explains the steps for preparation the polymer material  

by hand lay-up method. 

 

Physical Tests Mechanical Tests 

Cutting + Grinding 

Specimens Preparation 

Polymer Material 

Curing 
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Calculations: 

1. What are the advantage and disadvantage of hand lay-up method? 
2. What are meaning the abbreviation (ASTM, ISO, ANSI, DIN, BSI)? 
3. Are there other methods to preparation the polymeric samples? 
4. Are there significant differences between different types of thermosetting 

resins? 
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Preparation Polymeric Composite Material 

by hand lay-up method 
 

Experiment Number (4). 

Objectives: 

      Preparation the composite material from polymer (as a matrix) with one of 

types of fibres (as a reinforcement) by hand lay-up method. Their mechanical and 

physical properties are studying. 

Introduction: 

There are several techniques for manufacturing Polymeric Composite 

Material one of them is hand lay-up is the mainstay of fibre reinforced plastics 

(FRP) processing due to its versatility in accommodating many of the difficulties 

traditionally associated with plastics molding such as:- 

 Undercuts. 

 Parallel/vertical sides. 

 Sharp corners. 

 Incorporation of inserts and cores. 

 Thickness variations. 

The basic principle of hand lay is simplicity itself, resin and reinforcement are 

brought together on a molding tool and consolidated into a form curable by heat or 

chemical action. There are eight stages: - 

1. Tool design and manufacture. 

2. Tool preparation. 

3. Gel coat application. 

4. Preparation of the composite. 

5. Consolidation of the composite. 

6. Material cure. 

7. Item removal from the tool. 

8. Item finishing. 
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Figure (1) shows hand lay-up method. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (1) Hand lay – up method 
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The samples preparation includes three stages:  

1. Mold (Mandrel) preparation: 
 The cast mould used for casting the polymeric specimens and composites, 

shown in Figure  (2)  made of (glass, clay, wax, wood, paper, plastic or iron)  

plates of dimensions 35 × 35 cm2 . 

 The plates were cleaned to remove the dirt and dust present on the surfaces.  

 The plate were dried in an oven the base and cover of the iron plates was 

coated with wax for getting the samples easily, the figure below (2) shows 

the mold made of vulcanized iron. 

 

 

 

 

 

 

 

 

 

 

Fig. (2): Photographic image of cast mould for composites 

 

2. Volume fraction and weight fraction: 

Most of calculations in composite materials related with volume fraction (Vf) 

for the variable concentrations. So, volume fraction can be combined with weight 

fraction ψ for variables, as in the following:-  

 

Ψ = –––––––– * 100%            ………………… (1) 

 

 

Wf 

Wc 
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Where:   Ψ is the weight fraction .     

              Wf is the mass of fibers. 

      Wc is the mass of composite material  

 

Vf = ––––––––––––––––––       ……………… (2) 

        1 + –––––––   ––––– 

 

Where:   ρf  is the density of fibers.        

              ρm  is the density of matrix. 

Weight of composite material (Wc) can be calculated as:- 

    Wc = Wf + Wm                    ………………… (3) 

Where:  Wm is the mass of matrix. 

 

3. Preparation Technique: 

          The samples were prepared from epoxy (for example as a matrix) and (WR) 

E-glass fibers (for example as a reinforcement with fiber weight percentage (wt.%) 

of (30%),by using hand  lay-up method which can be summarized by the following 

steps:   

1- Epoxy resin was mixed with its hardener in clean and dry beaker 

.Sensitive two digits electronic balance of accuracy 0.01 gm was used 

to measure the exact amount of hardener added to the resin in the 

container with a ratio 1:2. A fan type stirrer was used to mix the 

content before casting it. 

2- Fiber glass (WR) sheets of dimensions 25× 25cm2 were cut from 

woven roving with orientations (0º,90º). 

3- Thin layer of epoxy resin as a matrix was distributed on the dried 

plate using a paint brush. 

4- Sheet of (WR) glass fibers were stick on the distributed matrix and 

some of resin was added again to the upper surface of the glass sheet. 

5- By using aluminum notched roller, the sheets were pressed to drive 

away the voids of air from the composites.  

6- For more than one layer composite the procedure was repeated 

according to number of layers. 

ρm 

 1 

1 - Ψ ρf 

Ψ 
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7- The composite sheets were stored at room temperature for 72 hours, 

and then were post-cured for 4 hours in an oven at 80ºC to get mould 

sheets. 

8- The sheets of composite were cut into specimens, by using a circular 

iron saw, pluses from the samples were removed by using the iron 

rasp, the samples were polished by using abrasive emery papers of 

grade 400 to a certain dimensions specimens according to standard 

specifications (ASTM, ISO, ANSI, DIN, BSI …..etc).  

 

 

 

  Table (1): Samples dimensions and standard specifications for the testing specimens.  

Test 

 

Sample's dimensions Standard 

Specifications 

 

 

impact 

 

 

 

 

ISO-179 

 

 

tensile 

 

 

 

 

ASTM-D638 

 

Pull-out 

 

 

according to 

specification of 

instrument 



Second Class                                                                                            Dr. Abbas Fadhel Essa            

Material Lap                                                                                             Lec. Ahmed Jadah Farhan 

26 
 

 

 

Bending & 

flexural 

strength 

 

 

 

 

 

ASTM-D790 

 

 

compression 

 

 

 

 

 10mm   
          

                            5mm 

 

 

 

ASTM-D695 

 

 

creep 

 

 

 

BS 1178 

 

 

hardness 

 

  

 

according to 

specification of 

instrument  

 

 

   Thermal 

conductivity 

 

 

according to 

specification of 

instrument  

 

 

Dielectric 

constant 

 

 

 

 ASTM-D150 

 

 

   5mm 
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diffusivity 

 

 

 

ASTM-D570 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Matrix Resin 

Physical Tests Mechanical Tests 

Cutting + Grinding 

Reinforcement Material 

Specimens Preparation 

Composite Material 

Curing 
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Fig. (5) Flow chart explains the steps for preparation the composite material  

by hand lay-up method. 

Calculations: 

1. What is the difference between the engineering materials (polymer, metal, 

ceramic)? 
2. What are the Resin and Fibers? 
3. What is the class transition Tg? 
4. What is the Crystallization? 
5. What is the difference between the Condensation and Addition 

polymerization? 
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