PLASTICS



I. Introduction

Plastics are man-made polymers.

They are mainly manufactured from chemicals derived from petroleum, e.g. ethene from cracking oil fractions like naphtha and gas oil. 

see P. 127 Fig 1.6 for different types of plastics



Testing properties for plastics

The following table summarizes the properties of some common plastics.



Plastics�Strength�Softening / melting behaviour�Burning behaviour�����Flame colour�Smoke�Smell��Polythene�soft to hard�melts�blue flame with yellow tip�none�burning______��PVC

(polyvinyl chloride)�hard�softens�yellow flame with green edge�white fumes�_________________________��Polystyrene�soft�melts�orange yellow flame�heavy black smoke�__________________________��Perspex (organic glass)�hard�melts and bubbles formed around edges�yellow flame�a little black smoke�__________________________��Nylon�flexible but strong�melts �blue flame with yellow tip�none�burning______��Urea-methanal�hard and brittle�does not melt�yellow flame with blue edge�none�_____________��

Hence, depending on their ease of softening / melting, plastics can be divided into two groups:    

__________________, e.g. _____________, ____________, _______________, ___________



__________________, e.g. ___________________.



III. Types of Plastics

A. Thermoplastics

can be melted or ___________ by heating and ___________ on cooling ________ times.

can be made into different shapes by different moulding  methods.	

are usually ______ and flexible.

flammable and do not conduct electricity. 

uses: since they are soft and flexible,  they are mainly used in making plastic bags, sheets, bottles, clothing fibres.



B. Thermosetting plastics

can be melted or softened by heating and hardened on cooling only  ____ time.

During the formation of thermosetting plastics, they are moulded into the required shape while they are hot. 

become _______, rigid and brittle on cooling.

cannot be melted once they have solidified.

cannot be softened and reshaped by normal heating.

will _____________ at very high temperature.

non-flammable and do not conduct electricity.

uses: since they are hard and non-flammable,  they are mainly used for , electric plugs and switches, electric appliances and handles of pans and kettles.( objects that may endure high temperature)



Question: Suggest whether a manufacturer should use thermoplastics or thermosetting plastics for making each of the following items:

Bottle for vinegar

Tea cup

universal adapter

Plastic gloves

Soft contact lens.



�IV. Production of Plastic Products

Two steps are required to convert raw materials into the finished products:



1). Some materials are added to the raw plastic materials to modify its properties. These include:

	a) Dyes - to give colour.

	b)Stabilizers - to give stability to the material as well as the colour dyes and pigments.

	c) Plasticizers - to make the material more flexible

	d)Fillers - to make the products stronger and opaque.



2). The raw plastic material is made into the desired shape by moulding (e.g. injection moulding).

	Almost all thermoplastics are moulded by injection moulding. Thermoplastics can be moulded and remoulded easily. (see P. 131 Fig. 1.14, 1.15�)

	Thermosetting plastics are usually moulding by compression moulding. Once thermosetting plastics are moulded to a desired shape, they cannot be remoulded.



**In general, thermoplastics can be moulded more efficiently and economically than thermosetting plastics.**

Reasons: Moulding of thermoplastics can be a continuous process as the raw materials are fed continuously into the moulding machine. But the moulding of thermosetting plastics need a setting time , thus the process is usually not continuous but in batches



V. Alkenes



- Ethene (one of the raw materials to make polymers)belongs to a homologous series of unsaturated hydrocarbons called alkenes. (CnH2n)

- They have a carbon-carbon double bond as a functional group

A. Preparation of alkene

	-Alkene can be produced by __________ of petroleum fractions.



B. Physical properties of alkenes

	-Ethene, propene and butene are gases(C2 to C4) and the higher members are liquids( ( C5 )



C. Chemical properties of alkenes

	(1) Combustion 

Alkenes burn in excess air to produce carbon dioxide and water.

e.g. 2C3H6   +   9 O2	----(   3CO2     +     3H2O

Alkene normally burn with a ________ and _______ flame due to unburnt carbon particles.

Incomplete combustion is more likely in alkenes than in alkanes because alkenes have 			  ______________ content.	

	

	(2) Addition reaction

	a). Reaction of alkene with bromine

	When an alkene is mixed with bromine water(Br(aq) )or bromine in tetrachloromethane 			(Br(CCl4)) , the _________ colour of the bromine solution disappears quickly.

	Equations:				 	(

		  





	**We cannot conclude the gaseous product is ethene even it decolourises bromine 			immediately. Other alkenes and unsaturated hydrocarbons can produce similar result.**

 		

Question : Compare the reaction of alkane and alkene with bromine solution

Ans. :	









b)Reaction of alkene with acidified potassium permanganate solution.

When an alkene is bubbled into acidified potassium permanganate solution , the _________ colour of the solution changes to ___________ immediately.

Equations:

		

**Tests for alkenes (or unsaturated compounds)

The orange solution of bromine in tetrachloromethane becomes colourless immediately when shaken with an alkene.

The purple solution of acidified potassium permanganate becomes colourless quickly when shaken with and alkene.�Question: Three cylinders of gases are known to contain ethene, ethane, and carbon dioxide, but their labels are lost.  Suggest simple tests to distinguish them

Ans: 





 

	(3). Polymerization

	Alkene molecules can add on to each other to form a long chain molecule (100 to 1000 carbon 	atoms):

	Equation:

	......     +    CH2=CH2     +    CH2=CH2      +  .....     ---(     ......  -CH2 (CH2(CH2 (CH2(..			ethene		ethene					polythene





VI Polymerization

	-Polymerization is the process in which small and simple molecules join together to form large 	molecules called polymers.

	-The small molecules are called monomers.

	-Plastics are man-made polymers.

	-There are two types of polymerization:



A. Addition Polymerization

	-One monomer joins to another repeatedly to form a long chain called addition polymer.

	-The monomer must contain a C=C bond.

	-No atoms or groups of atoms are lost from the monomers in the process.

�	� EMBED Word.Picture.6  ���															((	    B. Addition polymers										    

Polythene 											

Ethene molecules(monomers) polymerize to form polythene (polymer) under high pressure and at 200(C , in the presence of catalyst.. �		The polymerization can also represented as follow:   � EMBED Word.Picture.6  ����			

where repeating units =

� EMBED Word.Picture.6  ���								�Question : Propene molecules polymerize to form a polymer.						

Draw the repeating unit and write the equation to show the formation of the polymer.			

Ans. :																																																																																	((		

Question : A new polymer is made by polymerizing propene and ethene .						a)Draw the repeating unit of this polymer.								          	b) Is this polymer a thermoplastic or thermosetting plastic?			

Ans: 



�2. Polystyrene

� EMBED Word.Picture.6  ���

Preparation of polystyrene

	-Equal volumes of styrene and kerosene are mixed and refluxed under a reflux condenser for 60 minutes. (Function of condenser: Any vapour which escapes form the flask turns back into liquid 	in the condenser and runs back into the flask. This prevents any loss of the reaction mixture. )

	-After cooling the mixture, pour it into 5 times its own volume of methanol.

	-The polymer appears as a white waxy solid under the surface of methanol.



































	



Alternatively, a cold-finger can be used as a condenser to condense any vapour from the heated mixture.



Question : What is the function of kerosene in the preparation of polystyrene?

Ans. :	



Question : What is the potential hazard associated with the use of kerosene? Suggest how this hazard 		      can be minimized.

Ans. :	













3. Polyvinyl Chloride

� EMBED Word.Document.6 \s ���

Question : Suggest how a length of straight PVC pipe be bent to give a desired curvature?

Ans. :







� EMBED Word.Document.6 \s ���

The following table summarizes the properties and uses of some common addition polymers:
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�	C. Condensation polymerization

During condensation polymerisation, usually two different monomers join together.

The monomers must have two functional groups at both ends of the molecules.

These functional groups react with each other and link up to form condensation polymers.                             Small molecules (e.g. H2O, HCl, or NH3) are always eliminated 

� EMBED Word.Picture.6  ���

	D. Condensation polymers



	(1).  Nylon 

		Preparation  of nylon 

Nylon-6. 6 can be made by adding aqueous s�lution of hexane-1,6-diamine to a solution of hexanedioyl dichloride in 1,1,1-trichloroethane.

Two immiscible layers are formed.

Polymerization occurs at the interface of the two layers

With a forceps, pull out a long thread of nylon from the interface of the two layers.



















		

		



	The equation is :















	

      					         ¢Ö¡@¢Ý¡@

               			                    ¡ (¡@((

Nylon polymers have peptide linkages (¡@( N ( C (¡@¡^. These linkages are polar. Hence, strong attractive forces between the molecules

 		Properties of nylon 	- high melting point (200 (C)

					- high tensile strength (due to the peptide linkages)

		Uses of nylon 		- making ropes, fishing lines and nets. 

	

		Test for nitrogen in nylon

When soda lime (a mixed hydroxide of sodium and calcium) is added to nylon and heated, a gas which will turn moist red litmus paper blue will be given out (i.e. ammonia)



Question :What is the potential hazard in the preparation of nylon? How can you minimize the 			     hazard?

Ans. :	



Question : A white fume is given out during polymerization. Suggest what this fume is and how it is 		     formed.

Ans. :







					          O	   	   	               O

2. Urea-methanal			          (	 		               (	

	-The two monomers are urea  ( H2N - C - NH2 ) and methanal (H - C - H ) .

	-They react in the presence of conc. sulphuric acid.

	-Water  molecules are eliminated during the process.

	1st    condensation













Cross-linking may occur among the polymer chains in the thermosetting plastics under further reaction to form a giant covalent network.

	Further condensation























	Preparation of urea-methanal

	1. Put about 5 g of urea in a disposable plastic cup.

	2. Measure out 10 cm3 a solution of methanal in water.

	3. Add the methanal solution to urea. Stir to dissolve the urea.

	4.a) Add a few drops of concentrated sulphuric acid to the mixture.	

	   b) Keep on stirring until a solid forms.�	              � EMBED Word.Picture.6  ���                 �

	�	Properties of urea-methanal	 

excellent electrical insulator 

resistant to chemical attack.

cannot be softened or melted by heat 

transparent and white in colour.	



Question : What is the potential hazards and precautions 

	              in the preparation of urea-methanal?

Ans. :





�	The following table summarizes the properties and uses of some common condensation polymers:























































VII. Relating the Structures of Plastics to Their Thermal Properties 	

The following table give a comparison between thermoplastics and thermosetting plastics



�Thermoplastics�Thermosetting Plastics��Structure�with no crossing-linking between chains of polymers �with cross-linking between long chains to give 3-dimensional polymers��Diagram��















��Properties�can be stretched easily�rigid and hard, cannot be stretched easily��Effect of heat�-become soft and more flexible on gentle.

-the polymer chains become further separated as little energy is required to overcome the weak forces between the chains�-cannot be softened

-a lot of energy is required to break the strong covalent bond(cross-links) between the polymer chain.

-if heated to very high temperature, it decomposes ��Uses�making flexible materials, fibres for making clothes�making materials where the temperature can become high, e.g. electrical plugs, sockets and switches,��Examples�-polythene, perspex, PVC, nylon�-urea-methanal.��

Question : Explain why thermoplastics are not suitable for making electrical plug.

Ans. :





VIII. Economic Importance of plastics



	1. The plastics industry  is a major industry in Hong Kong.

	  (It is the fourth largest domestics exports earner now. It earned $5869 million in exports in 1993)

	

	2. 70% of household products are made of plastics.



IX.  Pollution Problems associated with the use and disposal of plastic items

	A. pollution problems associated with the use and disposal of plastic items   

	 	

Plastic waste can kill sea animals.

Most plastics are non-biodegradable. They are inert to chemicals and remain undecomposed for hundreds of years.

Burning plastic wastes will give off poisonous gases (e.g. HCl from burning PVC ) and cause air  pollution problem. 

In making plastic foam, CFC (chlorofluorocarbon) gases are emitted and ozone layer will be damaged



	B. Reducing the pollution problems associated with the use and disposal of  plastic items.

	1. The public use less plastic products, e.g. plastic bags.

	2. Plastic are made biodegradable .

	3. Bury plastic waste in landfill sites instead of burning.

	4. Use alternative materials (e.g. glass, paper)to replace plastics.	    

Recycle used plastic articles.



X. Importance and problems of Recycling plastics

	A. Importance of recycling plastics.

	Recycling plastics can

helps conserve _______________ (since many plastics are made from petroleum). 

reduces ������__________ produced from burning plastic waste.

reduces ______________________plastic waste.

save money.



	B. Problems of recycling plastics

 

1. It is difficult to separate plastic waste from other wastes. 

	

2. Thermoplastics are melted to give the monomers. The monomers are remoulded to give new plastic articles. However, plastic articles are not made from just one kind of plastic.  It is difficult and expensive to separate various types of plastics before recycling. 



3. Plastics usually contain additives such as dyes. It is difficult to remove the additives



4. A mixture of plastic waste is_________ (broken down at about 700(C in the absence of air) to give hydrocarbons. The hydrocarbon are separated by distillation. They are used as starting material for making plastics. But this method (pyrolysis of plastic waste) is very expensive.

















































	C. Solving the problems associated with recycling of plastics



	1. Manufacturers uses one king of plastic to make an article.

	2. The government sets up collection points for specific plastics at convenient places
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