PART 1 CHEMISTRY AND CHEMICAL INDUSTRY

Lesson One Elements and Compounds

Elements are pure substances that can not be decomposed into simpler substances by or-
dinary chemical changes. At present there are 109 known elements. Some common elements
that are familiar to you'are carbon - oxygen. aluminum. iron. copper . nitrogen . and gold.
The elements are the building blocks of matter just as the numerals 0 through 9 are the
building blocks for numbers. To the best of our knowledge. the elements that have been
found on the earth also comprise the entire universe.

About 85% of the elements can be found in nature - usually combined with other ele-
ments in minerals and vegetable matter or in substances like water and carbon dioxide. Cop-
per- silver. gold- and about 20 other elements can be found in highly pure forms. Sixteen
elements are not found in nature, they have been produced in generally small amounts in nu-
clear explosions and nuclear research. They are man-made elements.

Pure substances composed of two or more elements are called compounds. Because they
contain two or more elements. compounds. unlike elements. are capable of being decom-
posed into simpler substances by chemical changes. The ultimate chemical decomposition of
compounds produces the elements from which they are made.

The atoms of the elements in a compound are combined in whole number ratio. not in
fractional parts of an atom. Atoms combined with one another to form compounds which ex-
ist as either molecule or ions. A molecule is a small . uncharged individual unit of a com-
pound formed by the union of two or more atoms . if we subdivide a drop of water into smal-
ler and smaller particles. we ultimately obtain a single unit of water known as a molecule of
water. This water molecule consists of two hydrogen atoms and one oxygen atom bonded to-
gether. We cannot subdivide this unit further without destroying the molecule. breaking it
up into its elements, Thus. a water molecule is the smallest unit of the compound water.

An ion is a positive or negative electrically charged atom or group of atoms. The ions in
a compound are held together in a crystalline structure by the attractive forces of their posi-
tive and negative charges. Compounds consisting of ions do not exist as molecules. Sodium
chloride is an example of a non-molecular compound. Although this type of compound con-
sists of large numbers of positive and negative ions . its formula is usually represented by the
simplest ratio of the atoms in the compound. Thus . the ratio of ions in sodium chloride is
one sodium ion to one chlorine ion.

Compounds exist either as molecules which consist of two or more elements bonded to-

gether or in the form of positive and negative ions held together by the attractive force of



their positive and negative charges.

The compound carbon monoxide (CQO) is composed of carbon and oxygen in the ratio of
one atom of carbon to one atom of oxygen. Hydrogen chloride (HCl) contains a ratio of one
atom of hydrogen to one atom of chlorine. Compounds may contain more than one atom of
the same element. Methane O “natural gas” CH,Uis composed of carbon and hydrogen in a
ratio of one carbon atom to four hydrogen atoms o ordinary table sugar (sucrose . C,;H;. 0, 0
contains a ratio of 12 atoms of carbon to 22 atoms of hydrogen to 11 atoms of oxygen. These
atoms are held together in the compound by chemical bonds.

There are over three million known compounds. with no end in sight as to the number

that can and will be prepared in the future. Each compound is unique and has characteristic

physical and chemical properties. Let us consider in some detail two compounds water
and mercuric oxide. Water is a colorless . odorless. tasteless liquid that can be changed to a
solid. ice. at 0'C and to a gas . steam at 100°C. It is composed of two atoms of hydrogen
and one atom of oxygen per molecule. which represents 11. 2 percent hydrogen and 88. 8
percent oxygen by mass. Water reacts chemically with sodium to produce hydrogen gas and
sodium hydroxide- with lime to produce calcium hydroxide. and with sulfur trioxide to pro-
duce sulfuric acid. No other compound has all these exact physical and chemical properties o
they are characteristic of water alone.

Mercuric oxide is a dense . orange-red powder composed of a ratio of one atom of mercu-
ry to one atom of oxygen. Its composition by mass is 92. 6 percent mercury and 7. 4 percent
oxygen . When it is heated to temperatures greater than 360°C. a colorless gas. oxygen.
and a silvery liquid metal. mercury. are produced. Here again are specific physical and
chemical properties belonging to mercuric oxide and to no other substance. Thus. a com-
pound may be identified and distinguished from all other compounds by its characteristic

properties.
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Notes

The ultimate chemical decomposition of compounds produces the elements from which
they be made. 000000000000 ODOOOOODOODO

No end in sight as to the number that can and will be prepared in the future. 0 0 0 00O
0000000000000 0000000 asto0 000000000 thatDDOODO
00000 number,

Water is a colorless. odorless. tasteless liquid that can be changed to a solid - ice. at 0C
and to a gas, steam. at100°C. J OO DOD0OODODOODOOODOOODO oOOOOO lo0C
oooooo

Water reacts chemically with sodium to produce hydrogen gas and sodium hydroxide:
with lime to produce calcium hydroxide. and with sulfur trioxide to produce sulfuric
acid D 000000 O0OO0OO0ODODODOOODDODOOODODOOOOOOOOOODOODOOOd
0 OO withess, withe-eD OO O Q00O

Exercises

. Put the following into Chinese

Magnesia (MgO) is generally derived from the mineral magnesite (magnesium carbon-

ate. MgCQ, O or from magnesium salts in seawater and some naturally occurring brines.
Magnesite deposits account for approximately 80% of total magnesia production. Two types

of magnesia are used by industry - caustic calcined magnesia and refractory magnesia.
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Caustic calcined magnesia is produced by calcining magnesite in furnaces . typically at
temperatures of 800° 900°C. Global production is estimated at around 1.6 1. 7Mt(a. of
which China accounts for 35% - 40%. It has a variety of agricultural. environmental .
chemical and industrial applications and is also the precursor for refractory magnesias.

2. Put the following into English
oo oooooooboooogao

Reading Material
Chemical Equilibrium

Recognizing equilibrium systems
1. They can be approached from either end.

e. g chromate ions can be changed into dichromate ions by adding acid. and dichro-
mate ions can be turned into chromate ions by adding hydroxide ions. which remove the

hydroxonium ions.

2CrO¢~ 0 2H; 0" ==Cr, 0~ +3H,0
2. If the temperature is changed. an equilibrium system will change . but if the original
temperature is restored. the system will go back to its original state.
Proving the dynamic nature of an equilibrinm system
This is done using radioactive tracers.
1. Set up an equilibrium system and allow it to reach equilibrium.
2. By sampling and measuring - find the exact composition of the whole system.
3. Now set up an identical system by adding the exact amount you have just measured. but
with one component made of a radioactive isotope - say one of the reactants.
4. Leave the system for a time and sample them again and show that there are radioactive
products. thus proving that even at equilibrium matter is being converted either way.
Reversible reactions

Reversible reactions make products which themselves react to give back the products.
These reactions never stop because once some product is made. it can regenerate the react-
ants from which it came.

e. g acid reacts with alcohol to make ester and water = but ester reacts with water to
make acid and alcohol.

To show a system - like this the equilibrium sign ==is used
acid 0 alcohol ==ester 0 water
Look at the way concentration and rate change with time here.

After time ¢- products are being made at exactly the same rate as they are reacting to
make reactants. Because the two opposite rates are exactly equal. there is no external
change and the system is said to be in dynamic equilibrium.
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The equilibrium law

The equilibrium law states that for any systems in equilibrium, there is a numerical re-
lationship between the concentrations of the products, raised to the power of their stoichio-
metric numbers, and the concentrations of the reactants, raised to the powers of their stoi-
chiometric numbers. This relationship is called the equilibrium constant, K, (when trying
to explain this in an answer you must give an example like this).
e. g. for the system N;+3H, ==2NH,
The equilibrium law states that.

_[NH,T?
K=m]Tm T

Square brackets, [ ], mean concentration of whatever is inside them.
The equilibrium constant, K., for homogeneous liquid systems
Many equilibrium systems are made up of ions in solution. They are all in the same lig-
uid phase. Here K. is written in terms of concentration. For example:
Fe'" (aq) + SCN~ (aq) == FeSCN?~ (aq)

K —_ [FeSCN*~]
¢ [Fe* J[SCN~]

Cu®* (aq) +4Cl~ (aq)==CuCL}~ (aq)

_ [CuCE]
K.= '[Cu2+ JCl- ig

The equilibrium constant for heterogeneous systems

Many systems contain more than one phase and so are heterogeneous. If one of the
phase is a pure solid or liquid, then although the amount of the solid or liquid may change,
its concentration will not. In these cases it is usual to write an equilibrium law expression
that does not contain the pure solid or liquid phase’s concentration (which is actually includ-
ed in the modified equilibrium constant)., These example show this point;

CaCO; (s)=CaO(s)+CO, (g)
K.=[CO.] and K, = p,
Fe, O; (s) +3CO(g)===2Fe(s)+3CO, (g)

_[CO. P _@
K.= [COT and K,= 2

The equilibrium constant, K,, for homogeneous gaseous systems

For gases it is usually more convenient to measure the pressure of the gas than its con-
centration. In a mixture of gases the gas is causing only part of the pressure, so the idea of
partial pressure is used.
The partial pressure of a gas in a mixture is the pressure that the gas would exert, if it alone oc-
cupied the space containing the mixture,

The partial caused by a gas is proportional to the number of particle of the gas, so we
can write;

partial pressure of the gas, p, number of particles of the gas, =,
total pressure of the gas mixture, pr total number of particles in the mixture, nr




which can be rearranged to give p,=ng/nr X pr
ng/nr is the mole fraction of the gas.
So the partial pressure of a gas equals the mole fraction of that gas multiplied by the to-

tal pressure.

Using partial pressures, a form of the equilibrium law can be written in terms of a dif-

ferent equilibrium constant K,. For example:

N.+3H, 2NH, 250, + 0, =280,
pf\lHa péo:i
K,= K=
? psz;-lz ’ PéOzPOZ

The equilibrium constant
The size of the equilibrium constant

The value of size of K. tell us whether there are more reactants or products in the sys-
tems at equilibrium. So

If K., is >10%, there will be far more products than reactants

If K.is <{107%, there will be far more reactants than products

If K., is between 1077 and 10, both reactants and products will be in the system in no-
ticeable amounts.
The equilibrium pesition

The position of an equilibrium system is a term used to describe qualitatively what the e-
quilibrium constant does quantitatively. It gives an indication of whether the reactants or
products are more plentiful in the system. Remember, reactants are written on the left,
products on the right in an equation, so:

Lif the position lied to the left then the reactants dominate:

CH; COOH(D +H,O()==CH,;C0O0™ (aq) + H;O* (aq) K,=1X10"°
if the position lied to the right the reactants dominate;
HCI(g) +H,O(D=—=H;0% (aq) +Cl~ (aq) K.=5.55X10*

The units of the equilibrium constant

Equilibrium constants for different systems can have different units. Just remembers
that the units of concentration are mol dL~! and that the units on each side of the equation

must balance, so;

NH; ]?
For the system: N,+3H,=2NH, K‘=[152][;{]2]3
mol » L™! Xmol « L™

So the units of K. will be=mol *L7'Xmol - L™!

New Words
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Expressions and Technical Terms
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Lesson Two The Anatomy of a Chemical
Manufacturing Process

The basic components of a typical chemical process are shown in Fig. 1, in which each
block represents a stage in the overall process for producing a product from the raw materi-
als. Fig. 1 represents a generalized process; not all the stages will be needed for any particu-
lar process, and the complexity of each stage will depend on the nature of the process.
Chemical engineering design is concerned with the selection and arrangement of the stages,
and the selection, specification and design of the equipment required to perform the stage

functions.

Recycle of unreacted material t By-products—

Wastes

1

Raw

. Feed . Product Product
material . {—|Reaction R o
preparation separation purification

storage

Stage 2 Stage 3 Stage 4 Stage 5
\

‘__ Product

storage

Stage 1

Stage 6

Fig.1 Anatomy of a chemical process

Stage 1. Raw material storage

Unless the raw materials (also called essential materials, or feedstocks) are supplied as
intermediate products (intermediates) from a neighboring plant, some provision will have to
be made to hold several days, or weeks storage to smooth out fluctuations and interruptions
in supply. Even when the materials come from an adjacent plant, some provision is usually
made to hold a few hours, or even a few days, supply to decouple the processes. The stor-
age required will depend on the nature of the raw materials, the method of delivery, and
what assurance can be placed on the continuity of supply. If materials are delivered by ship
(tanker or bulk carrier), several weeks stocks may be necessary; whereas if they are re-
ceived by road or rail, in smaller lots, less storage will be needed.
Stage 2. Feed preparation

Some purification, and preparation, of file raw materials will usually be necessary be-
fore they are sufficiently pure, or in the right form, to be fed to the reaction stage. For ex-
ample, acetylene generated by the carbide process contains arsenical and sulphur com-
pounds, and other impurities, which must be removed by scrubbing with concentrated sul-
phuric acid (or other processes) before it is sufficiently pure for reaction with hydrochloric
acid to produce dichloroethane. Liquid feeds will need to be vaporized before being fed to

gas-phase reactors, and solids may need crushing, grinding and screening.



Stage 3. Reactor

The reaction stage is the heart of a chemical manufacturing process. In the reactor the
raw materials are brought together under conditions that promote the production of the de-
sired product o invariably . by-products and unwanted compounds O impurities) will also be
formed.
Stage 4. Product separation

In this first stage alter the reactor the products and by-products are separated from any
unreacted material. If in sufficient quantity. the unreacted material will be recycled to the
reactor. They may be returned directly to the reactor or to the feed purification and prepara-
tion stage. The by-products may also be separated from the products at this stage.
Stage 5. Purification

Before sale the main product will usually need purification to meet the product specifica-
tion. If produced in economic quantities. the by-products may also be purified for sale.
Stage 6. Product storage

Some inventory of finished product must be held to match production with sale. Provi-
sion for product packaging and transport will also be needed . depending on the nature of the
product. Liquids will normally be dispatched in drums and in bulk tankersO road. rail and
sea) . solids in sacks. cartons or bales.

The stack held will depend on the nature of the product and the market.
1. Ancillary processes

In addition to the main process stages shown in Fig. 1. provision will have to be made
for the supply of the services O utilitiesO needed. such as process water . cooling water
compressed air. steam. Facilities will also be needed for maintenance. firefighting. offices
and other accommodation . and laboratories.
2. Continuous and batch processes

Continuous processes are designed to operate 24 hours a day. 7 days a week. through-
out the year. Some down time will be allowed for maintenance and. for some processes
catalyst regeneration. The plant attainment . that is. the percentage of the available hours

in a year that the plant operates. will usually be 90% to 95%.

. hours operated
[y
Attainment % 94365 % 100

Batch processes are designed to operate intermittently. Some. or all. the process units
being frequently shut down and started up.

Continuous processes will usually be more economical for large scale production. Batch
processes are used where some flexibility is wanted in production rate or product specifica-
tion.

The choice between batch or continuous operation will not be clear cut. but the follow-

ng rules can be used as a guide.
Continuous

1. Production rate greater than 5X100kg Uh



Single product

No severe fouling

Good catalyst life
Proven processes design

Established market

@ s W

Batch

Production rate less than 5X 100 kgUh

A range of products or product specifications
Severe fouling

Short catalyst life

New product

o oA w o

Uncertain design
New Words
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Expressions and Technical Terms
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Notes

O Some provision will have to be made to hold several days . or weeks storage to smooth out
fluctuations and interruptions insupply. U0 000000000 D0O0O0D0O0O00O0OO
00000000000 smoothout O OOOODOO

0 Some purification . and preparation. of file raw materials will usually be necessary before
they are sufficient pure. or in the right form. to be fed to the reaction stage. (1 0 00 00 O
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O If produced in economic quantities . the by-products may also be purified for sale. oo
0000000000000 00000000O000 by-product OO OO0
0 Some down time will be allowed for maintenance and . for some processes. catalyst re-

generationn 000000000 QCODOU00OO0OO0OODOOOOO down time DO OO
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Exercises

1. Put the following into Chinese

The quality system of the Company is in conformity with ISO 9002. Making compre-
hensive use of biotechnology - fine chemical technology. the Company specializes in manu-
facturing and selling C-4 series organic acids and chiral products. These products are widely
used in many fields such as food: pharmaceutical and chemical industries . and are well ac-
cepted by the domestic and overseas markets. The main products are L.-Malic acid . DL-Ma-
lic acid. L 000 -Tartaric acid. L-Aspartic acid. Fumaric acid . Maleic acid and other or-

ganic acids. Annual productivity amounts to 20. 000 tones. The Company has become an

-~ 11 .



important manufacturer of C-4 series organic acids in the world. All the products of the
Company have respectively met the different international advanced standards such as Food
Chemicals Codex: U.S. Pharmacopoeia. British Pharmacopoeia: and the products have
obtained Star-K Kosher Certificate. Above 70% of the Company's products are exported to
Japan. Europe. Australia. the United States and Middle East and they are renown and
well recognized in the international markets. The Company will devote itself to research and
development of enzyme technology and organic electrochemistry. It will continuously intro-
duce new food additives. chiral pharmaceutical intermediates . chiral auxiliaries and chiral
drugs. Depending on superior quality » good service and high reputation - the Company is
willing to establish a long-term mutually beneficial business partnership with overseas cus-
tomers and continue to contribute to the happy life of humans.
2. Put the following into English
goooooobobobbouoboDooobbooboodn

Reading Material

Major Sectors of the Chemical Industry

The chemical industry takes a relatively small number of natural raw materials such as
oil and natural gas. limestone and salt and converts them (by chemical processing or chemi-
cal reactions) into several thousand chemical intermediates. As we have already seen these
are then converted into end or consumer products. It is important to note that value is added
at every stage in this process and the final product may have a value many times that of the
raw materials which were used at the beginning. Clearly the increase in value added at each
stage must exceed the processing costs if the company is to realize a profit on its activities.

The major sectors of the chemical industry are -

® Petrochemicals

® Polymers

¢ Dyestuffs

e Agrochemicals

® Pharmaceuticals

® Chlor-alkali products

® Sulphuric acid (sulphur industry)

® Ammonia and fertilizers (nitrogen industry)

® Phosphoric acid and phosphates (phosphorus industry)

The petrochemicals sector provides key intermediates or building blocksC derived from
oil and natural gas U such as ethylene. propylene . benzene and toluene. These are the
starting points for the synthesis of an enormous range of industrial organic chemicals - which

are produced in the downstream processing of the key intermediates in some of the other sec-
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tors listed.
The polymers sector is the major user of petrochemical intermediates and consumes al-

most half the total output of organic chemicals which are produced. It covers plastics. syn-
thetic fibers. rubbers. elastomers and adhesives: and it was the tremendous demand for
these new materials with their special- and often novel. properties which brought about the
explosive growth of the organic chemicals industry between 1950 and 1970.

Although the dyestuffs sector is much smaller than the previous two: it has strong links
with them. This arose because the traditional dyestuffs which were fine for natural fibers
like cotton and wool . were totally unsuitable for the new synthetic fibers like nylons and
polyesters. A great deal of research and technological effort within the sector has resulted in
the amazingly wide range of colors in which modern clothing is available. Along with drugs
and plant-protection agentsU pesticidesU dyestuffs are examples of fine chemicals- i.e.
chemicals produced in relatively small tonnages which are of high purity and high value per
unit mass.

AgrochemicalsU pesticidesD 1n recent years. along with the pharmaceuticals sector
have constituted a blue-chip sector of the chemical i. e. a very profitable one for those com-
panies which can continue to operate on it.

Pharmaceuticals have been the glamorous sector of the industry for some years because

of their high levels of profitability although this often seems to attract criticism that prof-
its on some drugs are too high. The latter comments have to be set against the very high

risks and costs (in excess of $160 million per marketable compound) of discovering and de-
veloping new products . This sector is unique in both its relationship with its customers and
the fact that demand for its products is little affected by ec6nomic recessions. in great con-
trast to all the other sectors.

The chlor-alkali products sector produces principally the very high-tonnage chemicals
chlorine and sodium hydroxide. It is an area which demonstrates very nicely the influence of
new technology and energy costs on chemicals production.

Sulphuric acid0 sulphur industry U is the most important chemical of all in tonnage
terms. Its production can be regarded as having reached maturity some years ago . but even
now work is being done to remove the last traces of unreacted SO, (for environmental rea-
sons) .

Ammonia and fertilizers is a sector in which it has been difficult to achieve a balance be-
tween capacity and demand and this has often led to major cost cutting and losses for many
companies. In tonnage term it is one of the most important sectors and it is based on the
Haber process for ammonia. This is very energy demanding (moderately high temperatures
and very high pressures O and a fortune is awaiting anyone who can find a viable alternative
route. It will not be easy since no one has yet succeeded despite 70 years of intensive re-
search effortd

Various phosphates are produced from phosphoric acid which is made either by adding

sulphuric acid to phosphate rock (wet process) or by burning phosphorus in air to give phos-



phorus pentoxide which is then hydrated. Major uses of phosphoric acid are the production

of phosphate and compound fertilizers formation of sodium tripolyphosphate (which is used
as a builder in detergents where it forms stable water-soluble complexes with calcium and
magnesium ions O and the production of organic derivatives like triphenyl and tricresyl phos-
phate. These are used as plasticizers for synthetic polymers and plastics.

Soaps and detergents represent an interesting and rather different sector. Interesting in
that early production of soap: Wwith its demand for alkali . can be viewed as the beginnings of
the modern chemical industry. Different from the other sectors in that its products are sold
directly to the public and market share probably has more to do with packaging and market-
ing than the technical properties of the product. Many of its products can be derived from
both petrochemical intermediates and from animal and vegetable oils and fats: © & - alkyl
and aryl sulphonate.

Although some chemicals » such as organic solvents- are used directly - most require
further processing and formulating before they can be put to their end uses. In some cases
where novel materials have been discovered. Major technological advances were required be-
fore they could be processed and their unique properties utilized. Such a material is polytet-
rafluoroethylene. Which is better known as PTFE or under its trade names Fluon (ICI) and
Teflon (Dupont) . When this was first made its special properties of great chemical stabili-
ty. excellent electrical insulation - very low coefficient of friction (hence its non-stick appli-
cations) and very wide working temperature range were quickly recognized. However: its
use was delayed for several years because it could not be processed by conventional tech-
niques and it had to await the development of powder metallurgy techniques.

In order to appreciate the downstream processing and technology let us take as an ex-
ample polyvinyl acetate and one of its applications as a binder in such that a homogeneous
film is produced on evaporation of the water base. What processing steps are involved in
making the polyvinyl acetate and in finally formulating the paintD

The story starts with crude oil or natural gas fractions - e. g - naphtha. which are
cracked to give principally ethylene. The ethylene is then reacted with acetic acid and oxygen
over a supported palladium catalyst to produce the vinyl acetate. Finally this is Polymerized
to polyvinyl acetate which is then mixed with the other ingredients to produce the emulsion

paint.
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insulation Linsju'leifond ». 00 O0O0O000O0O0OO0O
coefficient Okoaui'fifontll ». OO O OO0

binder OUbaindalll ». 000000000 O0O0OCOO
homogeneous [Chomsu'dzimnjeslll . 00000000000
palladium Opa'leidiom@ n. O

Expressions and Technical Terms

synthetic fiber 000 0O

fine chemicals 000000000000
bluechip O0OOOOO0OOOOODOOOOOOOOOO
economic recession [ [ 00

chlor-alkali products 00 00O

phosphoric acid and phosphate 000000
tripolyphosphate 0O 0000

phosphorus pentoxide 00000
polytetrafluoroethylene ogoooaad

powder metallurgy technique 000000
aryl group ». 00O

tricresyl phosphate . 000000



PART 2 CHEMICAL ENGINEERING

Lesson Three Heat Transfer

Heat . as a form of energy- cannot be created or destroyed. Heat can be transferred
from one substance to another.

Heat always tends to pass from warmer objects to cooler ones. When a warm substance
comes in contact with a cold substance the molecules of the warm substance collide with the
molecules of the cold substance . giving some of its energy to the cold molecules. This is on-
ly one way to transfer heat.

In a chemical plant. for example. in a refinery. transfer of heat is very important.
The successful operation of most processes is dependent on correct application of the princi-
ples of heat transfer. Where we are handling a hot material . we may insulate the system to
hold the heatin o where the material is cold . we may insulate to keep the heat out. Efficient
equipment . designed to take full advantage of processing heat. is in use in almost all chemi-
cal plants.

Three methods of heat transfer are conduction. convection . and radiation. Conduction
is the transfer of heat that occurs by direct contact between two objects at different tempera-
tures, or the transfer from one part of an object to another part of the same object without
movement or mixing of particles.

If a silver spoon is placed in a cup of hot coffee. the handle of the spoon will get hot,
Due to the molecular collisions . heat is transferred from the coffee to the spoon. The spoon
becomes hot since it gains heat. and the coffee gets a little cooler since it loses some heat.
Similarly. when one end of an iron poker is placed in a fire . the other end will get too hot to
touch . if. however. one end of a wooden rod is placed in a fire the other end will be
warmed hardly at all.

Convection is the transfer of heat from one place to another within a liquid or gas by
mixing one part of liquid or gas with the other. It could be defined as the process by which
gases and liquids move about . due to changes in temperature and pressure. A gas or liquid
expands when heated. It becomes lighter and moves upward as gravity pulls the heavier
less heated gas or liquid downward. The transfer of heat by convection is used both in heat-
ing and in cooling our homes.

A steam radiator is a good example of heating by convection. Air in contact with the ra-
diator warms and rises because it is lighter than the other air in the room. It is displaced by
cooler air.

Radiation is the transmission of heat from a heated body to a cooler body by heat waves
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or the transfer of heat by electromagnetic waves. Similar to radio signals , radiation can
transfer energy through empty space. Unlike conduction and convection . radiation does not
require a substance to transfer heat.

The heat we get from the sun is an example of radiation. Another example is warming
one’s self by an open fire. The side next to the fire gets warm while the opposite side remains
cool. Turn around and the cool side warms up and the warm side cools off. Since you are
not actually touching the fire . this warming cannot be by conduction. Likewise. it cannot
be heat transmission by convection for only the side next to the fire is warmed. If it had been

heat by convection the both sides would have been warmed.
New Words

transfer Otraensfo] =n Mv. 00000000
tend TtendlD . OO O OO

contact ['kentaekt M ». OO0 00O
substanced 'sabstans M ». O[O

collide [ko'laiddl n. Cw. DO O OO

molecule Tmolikjuc ». 0 O

refinery Ori'fainorill ». 0 OO

operation Lopa'reifonll . OO OOOOO0O
dependent [Wi'pendentll a.0n. DO OO0OOO
application iepli'keifonl . OO0 0O
principle 'prinsepl M », OO0 OO

insulate O'insjuleitl ». Co. OO OO OOO
handle Thendld » 0p. 0 00 OO

efficient O'fifontM o. O O O

equipment [i'kwipmentll =z 0O O

material [moa'tisrislll ». OO OO0 OO0OO
conduction [ken'dakfond » OO OO0
convection Ukan'vekfon n. O O

radiation Ojreidi'eifonl n.Cv. O O

occur b'kalll n.Cv. OO DOODOOOO
particle C'partiklll ». OO0 OO

silver Osilvel aJn 00 0O

collisiond ke'lizanl ». 0 00 OO

similarly C'similalill . OO0 O0OO0OO0O

rod Orodl n. O O O

define Odi'fain I ».Cy, OO0 0000

process Cprousesll ». OO 000

upward O'apwadl a.Llad. 00O

gravity C'graevitil . 0 O



