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UNT. L 
PART- A 

CHA PTEA 5 

The megalith structures, built in prehistoric era are made by placing huge stones one over 

none Without any cementing material in between. The Egyptians were the first to use 

cementing material for uniting blocks and slabs of stone. The Greeks and Romans were 

acquainted with the use of mortar (a mixture of lime and water) as a cementing material. The 

hardncss of these mortars has been attributed to the thorough mixing of the ingredients, and 

eficient ramming. They were also aware that by intimately mixing volcanic material 

(partially or completely consolidated volcanic ash) with lime and sand, mortars with superior 

strenglh could be obtained, and these were not disintegrated by water. Other similar materials 

are Santorin earth and Pozzolona. Such mixtures of lime paste and volcarnic ash are capable of 

giving a hard mass with water, and is not disintegrated by water. These lime pastes, quite 

stable to water, are called hydraulic limes. 

1. 

CEMENT 

William Aspdin is credited for the discovery of Portland cement 1924. He produced an 

improved cement by heating a mixture of limne stone and clay and crushing the resulting product 

to a fine powder. The name "Portland cement" was given because this powder, on mixing with 

water, gives a hard, stone like mass which resembling stone taken out trom the mines in 

Portland island, England. Portland cement is a type of cement, not a brand name. The usefulness 

of cement lies in its ability to cement or bind togather pieces of gravel or bricks, to give hard 

mass. The mixture of cement, fine aggregate (sand) and water is called mortar. If the mortar is 

applied as a paste between coarse aggregate (gravel or crushed rocks) so as to fill all void 

spaces between the aggregates, a hard, rock like conglomerate or mass results after a few davs 
The mixture of cement, gravel and sand with water is given the name concrete. 

Classification 

In the broadest sense, the word cement means substance that acts as bonding agent for 
material. The pastes, glue, portlarnd cement, lime, gum, plaster of Paris, etc., are the examples 

of cementing material. The term cement is strictly used to designate a fine gray powder that is 

used for custru:tion work, which has desirable adhering property. On mixing with water, it 
forms a paste, which binds firmly the aggregates such as, gravel, stone, sand and other such 

similar substances. 

The cement generally used in engineering construction work, can be divided in to the 
follwoing types : 



(1) Natural cement 
(3) Slag cement 
(1) Natural cement: The cement produced by calcining and pulverizing natural cerment 

ocks consisting of argillaceous or clay and limestone, is known as natural cement. The 

:ements do not impart sufficicnt strength, but they are cheaper. 

roperties of the cement varies according to the composition of the cement rocks. Natural 

(2) Pozzolana cement 

(2) Pozzolana cement:Pozzolanic cement is the most ancient of the manufactured cements. 

t was first made from volcanic ash from mount Vesuvius situated around a place called 

'0zzuoi in Italy. Volcanic ash consisting of silicates of calcium, iron and aluminium, when 

nixed with lime and heated, produces pozzolanic cemnent. 

(4) Portland cement 

(3) Slag cement: It 1s prepared from blast furnace slag and hydrated lime. The blast 

urnace slag, which contains mixture of calcium and aluminiumn silicatc, is granulated by 
Jouring it into a stream of cold water. It is then dried and finely pulverized. Slag cements are 

Jaw to harden, s0 an accelerator like clay, salt or caustic soda is somctimes added. Ihey have 
ower strength. 

2. 

Portland cement. 

(4) Portland cement : It is most important and valuable cementing material, used ror 
:onstructional work. Portland cement was discovered in 1824 by Joseph Aspidin, It was named 

pecause paste of cement with water on setting and hardening resembled in colour and hardness 
to Portland stone, a limestone quarried in Dorset. There are many types : (a) Ordinary Portland 
cement, (b) Rapid hardening cement, (c) Extra rapid hardening cement, (d) Portland blast 
furmace cement, (e) Low heat Portland cement, () White Portland cement and (1) Coloured 

Manufacture of Portland Cement 

21 Raw Material for Cement Manufacture: 
Following are required tor the manufacBure of Portland cement: 
/) Calcareous materials, (ii) Argillaceous 

Gypsum (CaSO,.2H,0). 
materials, (iii) Fuel oil or powder coal, (iv) 

() Calcareous Materials : These materials supplies lime. The following kind of 
calcareous, materials used to supply lime are. 

() Lime stone (contains 65-80% CaCO,), (ii) Chalk, (ii) Shale, (iv) Calcite etc. 
1ime is the main constituent of cement. The proportions of lime should be properly 

maintained, because it makes the cement to expand and disintegrate. 
(2) Argillaceous materials: These materials supplies silica, iron oxide and alumina. The 

argillaceous material used are: 

() clay, (ii) marl, (iii) sand, (iv) slate, (v) blast furnace slag. etc. 
silica imparts the strength to the cement and alumina makes the cement quick setting. 

However excess of alumina, weakens the cement. The colour, strength and hardness are 
provided by iron oxide. Gypsum helps to retard the setting action of cement. In fact enhances 
the setting time of cement. 
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dejends the speed of thc 
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(iii) Storage of Ground materials: The ground materials containing 30-40% of water are stores in separate tanks equiped with agitators. 

Flue 
Gases M 

(iv) Correction tank: From raw storage tanks the materials are transferred to correction tanks. When correction tank is full, a sample of material is taken out for analysis. If the slurry is nol of the required composition, it is corrected by adding more of the deficient raw materials. (v) Burning : The slurry is transferred to rotary kiln where burning of raw material takes place and actual chemical changes takes place. The rotary kiln is long steel cylinder with length 30-60 meters and diameter 2-4 meters lined with refractory bricks (Fig. 3). The kiln is slightly inclined doownwards towards the exit end. It t can be rotated a desired speed as it is mounted on rollers. The material is introduced in the rotary kiln from the upper end. As the kiln rotates, the material passes slowly from the upper to lower end at a rate controlled by slope and specd of rotations of the kiln. Heating of kiln is done by burning of pulverised coal which is introduced through special burners. Temperature maintained is 1400-1500*C. As the material passes through the kiln, its temperature is raised to the point of clinkering tempera ture where the actual chemical reactions takes place. In fact, there are different zones in the rotary kiln 
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(a) Drying zone : This is the upper one fourth part of rotary kiln, here the temperatturt. .. 

moderate (100-S00*C). This zonc is known as drying zone, because in this zone water is driver 

out of the slurry by means of hot gascs. 
(b) Calcination Zoncs : Its temperature is about 1000C and it is the middle portions o! th, 

Ailn here organic matter bums away. Calcium carbonatc decomposes in to calcium oxide and 

Carbon dioxide which cscapes 

(c) Burning Zone : It is the hottest and bottom portion of the rotary kiln. In this par 

temperaturc is about 1400*C-1500*C. In this zone, mixture melts and torms little rounded past 

nasses about the size of the pcas which are called clinkers. The clinkers produced is greenist 

or black in colour, the clinkers formed are falls out from this lower end of the kiln. The mai. 

reactions taking place are following 

Temperature 
('C) 

> 100 

> 500 

Various chemical changes takes place are summnarised in table 1. 
Table 1: Reactions taking place in the cemnent kiln 

Reaction and products formed 

> 800 

880-900 

900-1100 

1100-1200 

1250-1280 

1250-15o0 

CaCO, ’ CaO + Co, T 

CaCO, ’CaO + CO, 
2CaO + SiO, 2CaO.SiO, 

3CaO + AI,O, ’ 3CaO.Al,O: 
4CaO + Fe,O, + Al,0, 4CaOFe,O3.Al,O, 

Evaportion of water 

C;A, forms 

Removal of combined water from clay 

Decomposition of CacO, MgCO, 
Formation of CA, C,F and CS begins 

Formation of C,A and C,AF commences, decom 
postion of CaCO, completed, maximum CaO will 
be presett 

Formation of CS reaches maximum, major parts of 
CGA and C,AF form 

Formation of liquid phase 

Formation of C,S, free-lime content decreases 

C= CaO, A = Al,Oz, F= F,O,, S = SiO, 

Commments 

Pure MgCO, decomposes at 600-700*C, and pure 
Caco, at 900*C. But in mixtures (dolomite) 
decomposition occurs at lower temperature 
Decomposes to C,A at higher temperatures 

C,A, C,AF, A, F dissolve and recrystallise on 
cooling 

(iv) Grinding : After cooling the clinkers are carried to ball mills for grinding, the 
clinkers are mixed with 2-3% gypsum (used a retarder, for setting, otherwise cement when 
mixed with water will set quickly) during grinding. 

A comparison between Dry process and Wet process is summarised below: 

3CaO + SiO, 3CaOSiO, 



This process has to be adopted in this case. 

accurate control of consumption can be attained. 
Cement produced is of superior quality, as more 

out the excesS of water. 

It is relatively cheaper and faster process. 

Wet Process 

material has an inherent moisture content 15% or above. 

This process is not suitable when the principal raw 

amount of fuel required longer kiln is required to expel 
consumption low and shorten kiln is sufficient. 

Productions of cost of cement is low, because fuel Productions cost is higher because relatively greate 

Cement produced is of inferior quality. 

It is costly and slow process. 
Dry Process 

4. 
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ment 

(ii) Hardening: Aíter final setting of the solid cement material begins to gain strength and it is this inCrease in strengh of strength depends on chemical it is driet out. But if it is kept moist, the hardening process can continue for years. However, the 
great spved in the beginning but afterward speed is reduced. The hardening of concrete stops as 

rate ot hardening decreases as the time 

which is knovn as 'hardening." The hardening or develop 

combination of cement and water and thus continue with a 

ture. 

2(2CaO.: 
2(3CaO.SiO,) + GH}0-- 3Ca0.2SiO,.3H,O + 3Ca(OH); 

9.SiO) + 4H,0-- 3CaO.2SiO,.3H,O + Ca(OH); 
passes. 

3Ca0.Al;O, + 12H,0 + Ca(OH)1 3CaO.A\,O, + 3OH,O + 3(CaSO4.2H,0) 4CaO.Al;O,.Fe,O, + 10H,O + 2Ca(OH); 

in Fig. 6. 

The hydration reactions are exothermic and the volume of cement incre ases with 
hydration. ln the large structures of concrete, the heat evolved is somehow removed and 

allowances for expansion are provided. Hydrated cements dissociate on heating by destroying 
the bond which held the mass together. 

-’ 3CaO.A,O,.Ca(OH),.12H,0 

6.1 Factors affecting the rate of setting and hardening : 
Unless a retarder is added, Portland cement takes an intial sct too quickly for most 

applications. Gypsum is used as the retardant and is added at the mill beforc final grinding of 
the product. It has been found that 2% gypsum provides the most effective retarding action. The 
initial set of Portland cement should be between 45 minutes and 10 hours. 

When the small particles of cement are mixed with water, they react to form a layer 
of hydrate and gel. In order to continue the reaction, water must diffuse or migrate through 
the everthickening coating. Thus, the hardening of concrete is dependent upon both physi 
cal (diffusion) and chemical (hydration) processes which are speeded by a rise in tempera 

Metastable get 
(collodial' 

Physical changes occuring in the setting, hardening and ageing of the cement can be shown 

-’ 3CaO.Al,0,.3CaSO,.36H,0 
’ 6CaO.AI,O,.Fe,O,. 12H20 

Cement + Water 

Plastic mass 

Crystalline products 
(hydrated) 

Stable gel’ Crystalline products 
(coarser diniensions) 

Setting 

Hardening 

Fig. 6. Schematic diagram of setting and hardening of cement 
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cem
ent 

is
 

pre
par

ed from
 

ma
ter

ials
 with
 a 

hioL
 and

 
du

ra
bl

e.
 orin

g 
Suc

h 
to

 14) 
sor

el 

cm
ent

 :It is
 

pre
pa

red
 by

 
the 

ad
dit

ion
 of

 
a 

str
on

g 

so
lut

ion
 ot

 
ma

gn
esi

um
 

chl
ori

de 

(A
l;0

3.
21

H
,0

). 

Suc
h 

cem
en

t is
 

res
ist

an
t to

 
dil

ute
 

acid
 

so
lut

ion
. 

7.
 

Ot
he

r 

C
la

ss
es

 of
 

Po
rtl

an
d 

Ce
m

en
t 

te
m

pe
ra

tu
re

s. The 

cru
sh

ed
 

gy
ps

um
 is

 

he
ate

d i
n 

ke
ttl

es
 or

 

in
 

rot
arv

 kile ord
er to

 
get 

va
rio

us
 

pr
od

uc
ts,

 

i.e.
, 

half
 

hy
dra

te and 

an
hy

dr
1te

, 

ca
lci

na
tio

n of
 

gy
ps

um
 is

 
car

rie
d 

tend
 to

 
be

 
wh

ite 

if
 

pur
e and get 

som
e 

wha
t 

da
rke

ne
d by

 
the 

pr
es

en
ce

 of
 

su
ffi

cie
nt

 

im
pu

rti
es

 Ir
 

qu
an

titi
es they

 are 
no

rm
all

y 

pre
sen

t. 

Gy
psu

m 

de
po

sits
 are 

tou
nd 

in
 

Ra
jas

tha
n. 

Gy
psu

m 

pro
duc

ts 

are 

no
rm

all
y 

pre
sen

t 

(ao
bu

t 5%) 

in
 

gyp
sum

 but 

the
se are not 

oft
en 

co
ns

ide
red

 

ha
rm

ul 

in
 

h.
 

mi
ner

al 

kno
wn

 as
 

gyp
sum

 

(C
aS

O,
.2H

,0)
, 

Som
e 

im
pu

riti
es such

 as
 

SiO
z, 

Al,
O3

, 

Ca
CO

,. ete 

The raw 

ma
ter

ial
 

used
 for the 

ma
nu

fac
tur

e of
 

pla
ste

r of
 

Par
is 

(C
asO

4-;
 

H,0
) is

 a 
sto

ney
 

Suc
h 

ce
m

en
t has to

 
the 

pen
etra

tion
 of

 
rad

ioa
ctiv

e 

rad
iati

on
s. 

He
nce

, 

the
y find

 

flo
ori

ng
s have

 the 
ad

va
nta

ge
 of

 
bei

ng 

no
n-s

lip
, fire 

pro
ol, not 

eas
ily 

SC
rat

cha
ble

 

t 
(S

M
gO

.M
gC

l,.
11

H
,O

) sets
 

hard
 in

 
thre

e to
 

four
 

ho
urs

, 
ge

ne
ral

ly Use
d in

 
com

pos
ito

 fin
cly

 

gro
un

d 

ca
lci

ne
d 

ma
gn

esi
a. The 

ma
ter

ial
 

som
eti

me
s 

kno
wn

 as
 

ma
gne

siu
m 

ox
yc

hlo
rid

e 

s 
qui

Ck
 

se
tti

ng
 

va
rie

ty 

of
 

cem
en

t is
 

m
an

uf
ac

tu
re

d by
 

ca
lci

nin
g 

lim
es

ton
e and 

bau
xit

e 

(1) 
Hig

h 

alu
m

ina
 

ce
m

en
t: 

It
 

co
nta

ins
 

co
ns

id
er

ab
le 

hig
he

r 

qu
an

tit
y of

 
alu

mi
na

 

(3
4-

56
) 



wa
ter of

 
hy

dr
ati

on
 

and an
 

ac
co

m
pa

ny
in

g 

nc
rea

se
 in

 
the 

po
ro

sit
y of

 
the 

ma
ss. fra

mi
ng

. 

Wh
en 

ex
po

se
a to

 
ire

, e 
ns

ul
at

ng
 

pr
op

ert
ies

 of
 

8y
psu

m are 

im
pr

ov
ed

 by
 

loss
 of

 alt
ho

ug
h 

hig
he

r 

str
en

gth
s are 

po
ssi

ble
. 

Gy
psu

m 

is
 a 

goo
d 

fir
e-

re
sis

ta
nt

 

ma
ter

ial
 

150 
kg

/cm
?, 

ar
op

or
tio

n of
 

an
ny

dr
id

e, hey 

res
ult

 in
 

im
pr

ov
em

en
t in

 
str

en
gth

, 

un
les

s 

they
 are so

 
hig

h tha
t 

a 

of
 

fil
ler

s, and 

fo
rei

gn
 

su
bs

tan
ce

s 

pre
sen

t. 

St
ren

gth
 

in
cr

ea
se

s 

wit
h 

de
cr

ea
sin

g 

am
ou

nt
s 

mi
xin

g 

wa
ter

 as
 

lon
g as

 
en

ou
gh

 

wa
ter

 is
 

use
d to

 
giv

e 

a 
pla

sti
c 

mix
. 

In
cr

ea
sin

g 

am
no

un
t 

o 

am
ou

nt of
 

wa
ter

 

use
a 

au
rin

g 

mI
Xi

ng
, the 

am
ou

nt 

of
 

an
hy

dr
id

e 

pr
es

en
t 

be
for

e 

mi
xin

g, 

kin
d and 

8.2 
Pr

op
er

tie
s of

 
8Y

ps
um

n:
Th

e 

str
en

gth
 of

 
gy

psu
m 

de
pe

nd
s 

se
ve

ra
l 

and
 

ev
ol

ut
io

n of
 

hea
t. 

Sn
cre

ase
 in

 
vo

lum
e 

8Y
Psu

mm
, the 

pr
ob

lem
 is

 
not of

 
ac

ce
le

ra
tin

g the Ho
we

re,
 in

 
cas

e 

the 

se
ttin

g 

rat
e, but 

it is
 

rat
he

r to
 

with
 

wa
ter

. 
nar

den
ing

 
The

 

as
 of

 
di

hy
dr

ate
 

cry
sta

ls is
 

re
sp

on
sib

le for the 

1}
 

H
O

 

+
 

Ca
SO

, 

Hi,
0 

fo
rm

at
io

n of
 

an
 

in
te

rl
oc

ki
ng

 

ma
ss 

’ 
C

aS
O

,2
H

,0
 

with
 

wa
ter

, it 
slo

wl
y 

rea
cts

 and 

pr
ec

ip
ita

tes
 1yd

rate.
 

need
les o

f 
dih

ydr
ate

. Th
us

, if
 

the 

ha
lf-

hy
 

dra
te is

 
mi

xed
 

the 

ia
rd

en
. 

8.1 

Ha
rd

en
ing

 of
 

Sy
ps

um
: 

la
ste

r. 

The
 

ha
lf-

hy
dr

at
e is

 

Is
 

qu
ite

 

sta
bl

e 

and
 The 

an
hy

dr
ite

 

ten
ds

 to
 

ab
so

rb
 

wa
ter

 

he
 

an
hy

dri
te is

 
ov

er
he

at
ed

 

du
rin

g 

Ca
lci

nin
g, 

it 
ten

ds to
 

bec
om

e 

ine
rt and lose

 its 
ab

ilit
y to

 

is
 

rap
idl

y and gets
 

co
nv

ert
ed

 to
 

the 
ha

lf-
hy

dr
ate

. If
 

pa
ck

ag
ed

 in
 

bag
s for use as

 
an

 
ing

red
icn

t of
 

in
su

la
tin

g 

pr
op

er
tie

s, and 

thu
s, it 

ret
ard

s fire
 

da
ma

ge
 to

 

wo
od

en
 and ste

el hav
ing

 

goo
d 

or
 

dea
d 

bu
rnt

 

gy
ps

um
. The 

str
en

gth
 of

 
8Y

psu
m 

us
ua

lly
 

va
rie

s 

be
tw

ee
n 70

 
and 

they
 

pro
duc

e ine
rt re

su
lts

 in
 

gr
ea

ter
 

str
en

gt
h. 

Sin
ce 

hig
her

 

ca
lci

nin
g 

te
m

pe
ra

tu
re

s 

pro
du

ce
 

hig
he

r 

|anh
ydr

ide 
qua

ntity
 upo

n 

fa
ct

or
s 

suc
h a

s 

of
 

ab
ou

t 10
 

mi
nu

tes
. The 

se
tti

ng
 

and 

ha
rd

en
in

g of
 

8Y
psu

mn
 are 

ac
co

m
pa

ni
ed

 by
 

an
 

"se
ttin

g 

occ
urs

 in
 

Ot
her

 

or
ga

ni
c 

su
bs

ta
nc

es
 are 

als
o 

use
d as

 
re

ta
rd

in
g 

ag
en

ts.
 

Wi
tho

ut 
re

ta
rd

er
s, 

abo
ut one hou
r. ra

te.
 

Th
is is

 
ac

hi
ev

ed
 by

 

use of
 

an
im

na
l 

glu
es 

wh
ich

 

keep
 the 

mi
xtu

re 

pla
sti

c for 

reta
rd the 

di
ss

ol
ve

s 

fa
ste

r in
 

wa
ter

 

and
 

th
er

eb
y 

in
cr

ea
se

s the rat
e of

 
re

ac
tio

n wit
h 

wa
ter

. gro
und

 

gY
psu

m 
wa

rm 

wa
ter

 

(1.
e.,

 

ra
isi

ng
 

the 

te
m

pe
ra

tu
re

 of
 

pla
sti

c 

ma
ss) sets

 its 
pla

ste
r, and 

fin
ely

 

use of
 

of
 

or
 

A
 

nu
mb

er of
 

fa
ct

or
s 

aff
ec

t 

the rat
e of

 
in

iti
al 

sti
ffe

ni
ng

 

set
tin

g 

gy
psu

m.
 or

 
For 

ex
am

pl
e, 

of
 

gy
ps

um
. 

Th
is is

 
also

 

kn
ow

n as
 

hy
dr

au
lic

 

cem
en

t it 
ha

rd
en

s 

slo
wl

y by
 

rea
cti

on
 

wat
er Gy

psu
m 

is
 

a 
pe

cu
lia

r 

su
bs

ta
nc

e in
 

tha
t the 

hy
dra

te is
 

less
 

so
lub

le 

in
 

tha
n 

hal
f-

is
 



UsiT. 
I 

Glass 

Glass 
is hard, 

brile, 

amorphous, 

transparent, 

supercooled 
and 

highly 

viscous 

liquid. 
It has 
no 

melting 

point. 
It is a good 

electrical 

insulator. 
It can 

absorb, 

reflect 
and 

transmit 
light. 
It is not 

cked 
by acids 

(except 
HF) 
and 
is a vitrified 

product. 

Glass 
Note 
: Vitrification: 

Glass 
has 
the 

characteristics 
of a 

transparent 

amorphous 
solid. 

When 

glass 

s frmed 
by 

heating 
the 

ingredients, 
a highly 

viscous 

transparent 
liquid 
is formed. 
The 

liquid 
on slow 

liDg 

foms 
an 

amorphous 
solid 
and 
not 

crystalline. 
This 

whole 

process 
is known 
as 

vitrification. 

Manufacture 
of Gass 
: Different 

ingredients 
of glass 
and 

their 

effects 
are 
: 

Effect Facilitates 

melting 
of 

silica 
and 

reduces 

viscosity. 

Constituent 

Makes 

glass 

resistant 
to 

water, 

weather 
and 

chemicals. 

Na,O 

Increases 

softening 

temperature 
of glass. 

CaO 

Increases 

refractive 

index 
of glass. 

K-0 

Increases 

resistance 
to 

chemical 

attack, 

hardness 
and 

refractoriness. 

PbO
 

Do 
not 

transmit 
UV 

light. 

B-0; Fe-O; aw 
W

aterials 
Chief 

source 

incorporating 
are 
: 

1. Sodium 
as Na,CO3 

2. 
3. Calcium 
as limestone, 

chalk 
etc. 

4. Lead 
as litharge 
or red 

lead. 5. Silica 
as quartz. 

6. Zinc 
as ZnO. 7. Borate 

as borax 
or boric 

acid. 

Potassium 
as K,CO3. 



6.2 

8. Cullets (broken glass pieces to increase fusibility). 9. Colours (e.g. yellow-ferric salt, purple-manganese dioxide etc.) 
Manufacturing 

(Steps involved are Mainly) 
1. Melting 

Figure 

2. Forming and shaping 

Gas 

(a) Pot furnace 

Hot flame 
at 1,800°C 

Air 

(b) Tank furnace 

Soda ash 
+ limestone + sand + cullets 

(1) Melting : It can be carried out in 

Manufacture of glass in Tank furnace 

Tank 
furnace 

Regenerative 
Recuperative 

3. Annealing 

Regenerative 
Recuperative 

Hot 
gases 

Hot 
gases 

4. Finishing 

Refractory lining 

Checker 
work of 
bricks 

Note : Regeneration : Utilization of heat of waste gases for heating the incoming fuel g air. The directions of passage of waste gases and fuel gases are changed. Recuperation : In this also the heat of waste gases is utilized in heating the furnaCe. Du incoming gases flow continuously in one direction only. 
Pot furnace : A number of different types of glasses, are handled at a time in different P Tank furnace : At one time, only one type of glass is produced but in large scale. The raw materials are mixed in proper proportions and mixed with cullets. These are f 



GLASS 
Aered and mixture called batch is fused in tank in the open hearth furnace. Heating is done by 

ning producer gas and air mixture over the charge. 

etc. 

Pot furnace is used for making special 
glasses like optical glass, art glass, plate glass 

Comparison between pot furnace and Tank furnace. 
Pot furnace 

In pot furnace the constituent mixture can be 
stirred. Great uniformity is achieved in this 
case as is required in optical glass. 

As the pots are closed, the melt is completely 
nrojected from combustion products as is 
equired in special glass. 

4. In pot fumace process is discontinuous. 
Shaping is done at lower temperature their 
fusion temperature. 

The reactions taking place are given below. 

At 700-900°C Na,CO, + SiO; 

At 900-960°C CaCO; decomposes. 

At 900-960°C 

At 600°C 

Process : Proper proportion of raw materials sand, Na,CO, and lime are taken and mixed with 

ullets (broken glass pieces which helps to lower the melting point). The mixture (called batch) is 

Ow dered and melted in tanks at about 1400°C. When the charge becomes free fronm bubbles of CO, 

and SO, and becomes transparent, it is called 'plain). The liberated gases are passed to the regenerative 

hambers. The process of melting continues and when it becomes free from all types of bubbles of gas 

tis called Seeds' 

Tank furnace is used for large scale production 
of sheet glass, bottle glass and other common 
glass. 

can be made. 

After this stage the melt is transferred into drawing chamber surrounded by working pits. About 

CO0°C temperature is maintained. The undecomposed materials like the chlorides and sulphates of Ca, 

il, alkalimetals and other impurities rises to the top as a scum (called 'glass gall') and is removed. 

he melt is then drawn from working pits and is sent for shaping. 

CaCO, 

Stirring is not possible. So uniformity is not 
achieved in tank furnace and no special glass 

(a) For Soda Glass (Soft Glass) (Batch - Na,CO,, CaCO3, SiO) 

Pb,O4 

It is not protected and no special glass can be 
obtained. 

At <600°C moisture and oxides ofAs, Pb, B etc. and chlorides of Na, K, Fe etc. are evaporated. 

At 700-900°C Soda ash reacts with SiO,. 

Tank furnace 

It is a continuous process charging, melting and 
and shaping is done simultaneously 

temperature is maintained. 

107 

’ Na,SiO, + CO, 

At 1010°C CaO reacts with SiO,. 

At 1010°C CaO + SiO, 

(b) Flint Glass : (Batch -Pb,0, K,CO,, SiO,) 

’ CaO + CO, 

’ CaSiO, 

’ 3Pb) + 0 



At 650-730°C 

At 750°C 

(2) Forming & Shaping : Molten glass is moulded to desircd shapes. 

Propertles of glasses 

(3) Annealing : Glass is a bad conductor of heat, So rapid cooling, makes the outcr surth 
to cool fastly than the internal portion. This unequal cooling causes strain and glass may crack or bre 
So the glass obtained through melting is changod into desired ahape and aro cooled very slowly 
reduce non-uniformity and strain. This process is known as anncaling. 

At 850°C PbSiO, dissolves in K,CO, 

2. 

1. 

3. 

(4) Flnlshing : Cutting, polishing, colouring, shaping etc. include in finishing. 

4. 

5. 

6. 

8 

7. 

9 

PbO + Si0, 

K,CO, + SiO, 

’ PbSiO, 

Glasses possess no sharp melting point. On heating it gradually soflens in a range 
temperaturces and finally changes into a viscous fluid. 
It is a bad conductor of electricity. 

It is a bad conductor of heat: It is highly sensitive to thermal shocks. i.e. it broaks wh 
it is heated/cooled suddenly. 

It undergo devitrification due to which it loses plasticity and the ability to be shapcd 
(Note : When glass is heated and softencd is kept for a long time it looses its transparan 
and forms a crystalline solid. This is called divitrification.J 
Glass is amorphous and non crystalline and hard solid insoluble in waler. 
It is chemically not reactive to most of the acids and alkalis. 

It is brittle in presence of mechanical jerks or vibrations. 
The hardness of glass depends upon the composition of the constitucnts. 
For making durable articlcs, which can withstand thermal shock, anncaling should be do 
during the manufacturing process. 

6.3Types of Glasses & their uses 

Sodalime or Soft Glass 
Commercial glasses can be classified as follows : 

The raw materials are silica (sand), calcium carbonate and soda ash. Their approxim" composition is Na,O.CaO.6Si0,. They are low in cost, resistant to devitrification and relativo resistant to water. They melt easily and can be hot worked easily. Such glasses are attackod by ço reagents like acids. 

Uses : They are widely used as window glasscs, electric bulbs, bottles, building blocks A 
cheaper table wares ete. wherc high temperature-resistanco and chemical stability aro not roquired. 
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SGLASS 

carbonate. 
Their 

obtained 
H

ard 

loes 
: These 

glasses 

(costlier 

than 

soda-lim
e 

glasses) 
are 

used 
for 

chem
ical 

apparatus, 

which Lead 

GlasS 
or Flint 

Glass 

is used, 

instead 
of sodium 

oxide. 

tis 

made 
by 

using 

lead 

oxide, 

instead 
of calcium 

oxide, 
for 

fusing 

together 
with 

silica. 
For 

dense 

Lesd 

glass 
is more 

expensive 
than 

ordinary 

lime-soda 

glass, 
but 

easier 
to 

shape 
and 

work 

with. 

lesd 

glass 
has 
a lower 

softening 

temperature 
than 

soda-glass. 
It has 

higher 

refractive-index 
and 

acellent 

electrical 

properties. 
It is bright, 

lustrous 
and 

possesses 
high 

specific 

gravity. 

its 

approximate 

composition 
is K,0.PbO.6SiO,. 

Uses 
: Lead 

glasses 
are 

used 
for 

high-quality 
table 

wares, 

Optical 

purposes, 

cathode 
ray 

tubes, elestrical 

insulators 
and 
in 
art 

objects, 

because 
of 

their 

high 

lustre. 

High 

lead-content 

glasses 
are 

used 

fr 

extra-dense 

optical 

glasses 
for 

windows 
and 

shields 
to 

protect 

from 

X-rays 
and 

gamma-rays 
in 

nedical 
and 

atomic 

energy 

fields 

respectively. Borosilicate 
glass 
or 

pyrex 

glass 
is the 

most 

common 
of the 

hard 

glasses. 

Such 

glasses 

contain viItualy 
only 

silica 
and 

boron, 
with 
a sm

all 

amount 
of 

alumina 
and 

some 

alkali 

oxides. 
An 

aproximate 

composition 
is as 

follows 
: 

Borosilicate 
Glass 

0.5 3 13.5 Na,O 

K,0 

The 

substitution 
for 

alkali 
(eg. 

Na,O) 
and 

basic 

alkaline 
earth 

oxides 
(eg. 

CaO) 
of the 
soda 
lime 

|Jasses 
by boron 
and 

aluminium 

oxides, 

makes 
a glass 

of low 

thermal 

coefficient 
of expansion 
and 
high 

demical 

resistance.Borosilicate 
glasses 
have 

high 

softening 

points 
and 

excellent 

resistivity 
(i.e. 

shock Poof). 

80 Al,0, 

B,0, 

SiO, 

Percentage 
Component 

Uses 
: They 
are 

used 

extensively 
in 

industry 
for 

pipelines 
for 

corrosive 

liquids, 

superior 

laboratory 

lus, 

kitchenwares. 

television 

tubes, 

electrical 

insulators, 

gauge 

glasses 
and 
in 

chemical 

plants. Aluminosileato 
Cl G

lass 

1 

An 

approxim
ate 

com
position 

is 

5 9 Na,O 
+

 
k,0 

22.5 

55.5 

Percentage 

C
a) 

MgO 

B,0, 

Al,O, 

SiO, 

Component tubes, 

chemical 

combustion 
tubes, 

domestic 

equipments, 
etc. 

*
S

 
type 
of 

glasses 

possess 

high 

softening 

tem
peratures. 

from
 

silica 

(sand), 
calcium

 

carbonate 

and 

potassium
 

This 
glass 
is 

less 
are 
and 

difficulty 

with 
fuse 

point, 

melting 

high 
possess 

They 

K,0.CaO.6SiO,. 

is amposition alkalis 
and 

other 
solvents 

than 

ordinary 

glasses. 

stsCked 
by 

acids, 

G
lass 

Potash-lime 
or 

are 
used 
for 

heating 

operations. 

ambustion 
tubes, 
etc; 

In 

is of PbO
 

added. 

addition, 

K,O 

80%
 

as much 

ontical 
glasses, 

as 

Uses: 

Used 
for 
high 

pressure 

y mercury 



Vitreosil (99.5% Silica Glass) 
It is produced by heating pure sand (Sio,) to its melting point (or about 1750°C). Bazs absence of fluxing agents, it is dificult to get rid of all air-bubbles. Also, �ue to high viscsty of . 

glass at its working temperature, shaping is rather difficult. The final product is translue 
sotlening temperature is about l650°C. Its thermal expansion is lowest. 

lf vitreosil glass is heated for long periods, above its melting point, it finally becOmEs tras 

and is then known as clear silica glass". ie.glass of considerable light transmisSon properties, 
thick of this material allows not less than 93% of light to pass.) 

Uses : It is used mainly for chemical plants furnaces, chemical laboratory wares, ele 

insu lating materials in electrical heaters etc. 

Safety Glass 
It is made by taking two or three flat sheets of giass and in between them aitenate thin 

of vinyl plastic is introduced and the whole is subjected to slight pressure. It is then beated, till the g'ac. 

layers and plastic layers merge into one another to give a sandwich. On cooing, the giass become uie 

tough. When such a glass breaks, it does not fly into pieces, sincè the inner plastic ayer tends to toir 

back the broken pieces of the glass. 
Üses : It is mostly used in automobile and aeroplane industries as wind shields, ec. 

Optcal Glasses (Crooke's Glasses) 
Optical or Crookes glasses contain phosphorous and lead silicate, together with a little cerim 

Oxide. The latter is capable of absorbing u.v. light (which is injurious to eyes). They are given throug 
homogeneity. By very careful manufacturing process and heating the molten mass fora prolonged ine 

optical glasses have low melting points and are relatively soft. Their chemical resistance and durabi 
are appreciably lower than those of ordinary glass. 

Uses : They are used for making lenses. 

Polycystalline Glass 
Polycrystalline glass or pyroceram is produced by adding one or more nucleating agents 

conventional glass batch, which is then shaped into a desired forms. The material is then subjected to 
a controlled heat-treatment. The nucleating agents induce the formation of a large number of su 
microscopic crystallites, which act as centres for further crystal growth. Crystalline glass is not ductik 
it has much greater impact strength than ordinary glass. It exhibits high strength and considerab hardness and can be formed and shaped into articles by moulding. 

Toughened Glass 
It is made by dipping articles still hot in an oil-bath, so that some chilling may take place. ) doing so, the outer layers of the articles shrink and acquire a state of compression, while the inner la are in a state of tension. Such a glass is more elastic and capable of withstanding mechanical a thermal shocks. When such a glass breaks, it does not fly, but a fine powder is formed. Uses : It is used for window shields of fast moving vehicles (like çars, trucks,aeroplanesh window shields of fumaces, automatic opening doors etc. 



Insulating Glass 

Insulating glass is a transparent unit preparcd by using two or morc plates of glass seperated 
by 6 to 13 mm thick gap, filled up with dehydrated air and then, sealing around the edges. This 
orovides a high insulation against heat. Thus, if such a glass is used for seperating apartments, it does 
not transmit heat and the apartments will remain cool, during summer and warm, during winter. 

Wired Glass 

Wired glass is formed by inserting a wire mesh at the centre of the glass sheet, during casting. 
The main advantage of this glass is that when it breaks, it does not fall apart into splinters. It is more 
fire-resistant than ordinary glass. 

Uses : For making fire resisting doors, windows, roofs etc. 
B Laminated Glass 

Laminated glass is made by pressing (or bonding) together two or more sheets/plates of glass 
with one or more alternating layer of bonding materials like plastic resin, asphalt, or synthetic rubber. 
The laminated glass may be : 

(0) Shatter proof (i.e., its pieces do not fly of, when suddenly broken). 
(ii) Shock proof (i.e. It can withstand sudden changes of temperature pressure, without breaking). 

A bullet-resistant laminated glass is obtaincd by pressing together several layers of glass with 
vinyl resins in alternate layers. Ordinarily, thickness of such glass varies from 12.7 mm to 76.5 mm. 

Even thicker types are made for specific uses. 
Uses : As an ideal material for use as safety glass in aircrafts, automobiles, helicopters, submarines 

etc. Bullet resistant laminated glass finds application in making auto mobile wind screens etc. 

Neutral Glasses 
This includes the glasses which are highly resistant to chemical attack and are used in the 

manulacture of syringes. Neutral glasses can be regarded as specialised area of soda-lime glass, in 

Which somne of the alkali has been replaced by alumina, boron oxide, zinc oxide and other constituents. 

Glass Wool 
Glass wool is a fibrous wool-like material, composed of intermingled fine threads or filaments 

3iass. Glass used for this purpose should be completely alkali-free. Glass filaments are obtained by 

ing molten mass of glass through small holes of average diameter of 0.0005 to 0.007 mm 

continuously. The filaments of glass so obtained are thrown over a rapidly revolving drum to get the 

material in wool-like form. 
t1S non-combustible and fire-proof. its electrical and thermal conductivity is low and is compleeiy 

proot. It does not absorb moisture or water: and resists action of most chemicals. It naS 0* 

density and its tensile strength is about eight times that of steel. 

Uses : It is used for sound insulation and heat-insulation purposes, e-g. insulation of a metal 



(GENERAL ASPECTS) 
WHAT WLL You LEARN ? 

After studying this chapter, the reader should be able to : 

FUELS 

Understand the origin and classification of orgarnic fuels. 
Understand the carbonization of coal and manufacturing of coke by different 
methods. 

Explain the advantages of solid, liquid and gaseous fuels. 
Know the methods to increase the yield of petrol. 

1.1 INTRODUCTION 
Fuels are naturally occurring or manufactured combustible organic substances whict 

act as a source of heat. Any source of heat energy is called as fuel. The fuel includes al 

combustible substances that combine with oxygen from the atmosphere with the evolutio 
of large amount of heat which can be used economically for domestic and industrial purposes 

Therefore, the term 'fuel' may be defined as "any fissionable chemical material oran 
reactant which gives energy in the form of heat that can be used for producing powder" 
In other words "Fuel is a combustible substance containing catbon as main constituent 
which is capable of releasing large amount of heat (or energy)". For example : coal, wooc 
charcoal, petrol, diesel, oil gas, producer gas, kerosene, liquefied petroleum gas, CNG etc. 

Combustion is an oxidation process which involves the atoms of carbon, hydrogen, etu 
react with oxygen with simultaneous liberation of heat. The energy is relcásed during th 
Drocess of combustion by the rearrangement of valency electron", in these atoms 
resulting the formation of CO, H,O etc. These products have comparatively heat (energ 
content) and less so, the heat (or energy) relcased during the combustion process is tt 
difference in the energy of the reactants (C, H and O) and that of the products H,0, CO, etc. 

C+0,C0, +97.644 Kcal 

H, +0’H,0+69 Kcal 

Fossil fuels are main (primary) source of fuels which availabie in earth crust. Fossil fu 
are formed by natural resources such as anaerobic decomposition of buried dead organism 
These fuels contain a high percentage of carbon and hydrogen. It involves coal and cru 
petroleum oils, the amount of which are decreasing day-by-day. 



2 CLASSIFICATION OF FUELS 

The fuels arc classificd according to 

12.1CLASSIFICATION OF UBLS ACCORDING To OccURRENOR 

According to occurrence, fuels are classified as : 

Occurrencc 

() Primary or Natural Fucl : These are found in nature as Sich 
petroleum, natural gas ctc. 

S.No. 

1. 

(i) Secondary or Artificial Fuel :Those which are derived from the primary fut. 
coke, charcoal, petrol, kerosene, diesel, coal gas, oil gas, producer gas, blast furn 

2 

1.2.2 CLASSIFICATION OF FUELS AccORDING TO STATE OF AGGREGATION 

According to state of aggregation, fuels are classified as (1) Solid (ii) Liquid (ii) Gaseot 
which may be primary or secondary fuel. 

2. 

gas ctc. 

S.No. 

3. 

6. 

Occurrence 

Primary or 
natural fuel 

Secondary 
fuel 

2. Statc of Aggregation 

Solid Fucl 

accidents. 

Wood, Peat, Ligni. 
Bituminous, Anthracite, 
Dung Coal 

Solid Fuel 

Coke, Charcoal, 
Petroleum ctc. 

Cheap and casily 
available. 
Least risk of fire 

Table 1.1: Classiflcation of Fuels 

They have easy 
storage 

Their handling cost is 
high because labor is 
required in their 
storage and transport 
Combustion rate is 
slow but its control 
and stop is not easy. 
They cannot be used 
in internal 
combustion engines. 

State of Aggregation 
Liquid Fuel 
Crude petroleum 

Table 1.2 : Comnparlson of Sold, Liquid and Gase ous Fuels 
Liquid Fuel Gaseous Fuel 

Costly than solid fuels. Costly, except natural gas. 

Greater risk. 

oil 

Kerosene, Diesel, 
Petrol, Synthetic 
gasoline, Coaltar, 
L.P.G. 

C.g. wood, 

They should be stored in 
closcd containers. 

They can be easily 
transported through 
pipelines. 

Quickly combustible and 
can be controlled and 

stopped when required. 
They can be used in 1CE. 

Gaseous Fucl 
Natural gas 

Coal gas, Producer gas, 
Water gas, Oil gas, Biogas, 
Blast furnace gas, Coke 
OVcn gas ctc. 

Very high risk of fire hazards, due 
to their highlv inflammable nature. 
They must be stored in leak proof 
containers and under pressurc in 
iron cylinders (LPG). 

pe 

They can be casily transported 
through pipclines. 

Combustion rate is fast, controlled 
and stopped casily. 

They can also be used in ICE. 



7 

8 

9. 

10. 

3. 

4. 

They produce ash and 
its disposal is a big 
problem. 
They producc smoke. 

6. 

They have lower 
calorific value. 

They havc low 
thermal cefficiency. 

1.3 CHARACTERISTICs OF A GooD FUEL 

8. 

No ash problem. 

Only high carbon or 
aromatic liquid fuels may 
produce smoke. 

9. 

They have higher calorific 
value. 

They have higher thermal 
efficiency. 

1. High Calorific Value : A good fuel should have a high calorific value, i.e. high heat 
content. Since the amount of heat liberated and temperature attained depends Upon 
the calorific value of fuel. 

FUzLS (GENERAL ASPRCTS) 1.3 

2. Low Moisture Content : The fuel should have low moisture content, because 
moisture content of the fuel reduces the heating value. 

No ash contents arc produced. 

No smoke is produced. 

They have highest calorific value. 

They have highest thermal 
efficiency. 

5. Easy to Transport : The fuel supply should be reliable and transport at a low cost. 

Moderate Ignition Temperature : An ideal fuel should posscss moderate ignition 
temperature so that it can burn smoothly. 
Low Cost :A good fuel should be readily available in bulk at low cost. 

7. Products of Combustion should not be Harmful: The products obtaincd during 

combustion of a fuel should be harmless and non polluting, C0, SO, PH,,H,S, 

PbBr, etc. are very poisonous pollutants of the atmosphere. 

spontaneous ignition can cause fire hazards. 

Low Percentage of Non-combustible Matter : A fuel should have low content 

non-combustible matter, because non-combustible matter contains ash or clinkers, 

which also reduces the heating value. 

Moderate Velocity of Combustion: If the rate of combustion is low, then the high 

temperature may be impossible because a part of the heat liberated may get radiated 

instead of raising the temperature. On the other hand, high combustion rate is also 

not required. Hence, the velocity of combustion should be moderate. 

Size : In case of solid fuel, the size should be uniform so that combustion is regular. 

10. Should not Undergo Spontaneous Combustion : In case of liquid and fuel gas, 

11. Combustion should be Easily Controllable : Combustion should be easy to start 

and easy to stop when required. 

12. Efficient Burning : A good fuel should burn efficiently without smoke. 

13. Storage Cost : The cost of storage of the fuel in bulk should be minimum. 



1.4 
ENGNZRNo 
CHPMISTRY-II 

1.4. 
CA

LO
RIFIc 

VALUE 

Calorific 

value 
of a 

1.4.1 

UNIT 
OF 

HEAT Follow
ing 

are 

the 

units 
of heat 
in 

m
any 

system
s. 

Calorie 

is 
defined 
as 1. C.G

.S. 

System
 

(C
alorie) 

: 

1 calorie 
=

 

4.185 

joules 
=

 

4.185 
x 10 

ergs. 2. M
.K.S. 

System
 

(K
ilocalorie) 

: Kilocalorie 
is 

3. F.P.S. 

System
 

(B
ritish 

Therm
al 

Unit) 
: B.Th.U. 

may 
be 

defined 
as 

"the 

am
ount 

c 

heat 

required 
to 

raise 
the 

tem
perature 

of one 

pound 
of 

water 

through 
1

F
 

(60 

-61°F 1 B.Th.U. 
=

 

252 
cal 
=

 

0.252 

K
cal= 

1,054.6 

Joules 
=

 

1,054.6 
x 10' 

eres 1 Kcal 
=

 

3.968 

B.Th.U. 

C.H.U. 

System
 

(Centigrade 

Heat 

Unit) 
: Centigrade 

heat 

unit 

may 
be 

defned 
a 

"the 

am
ount 

of 

heat 

required 
to 

raise 
the 

tem
perature 

of 

one 

pound 

(b
) 

of wate through 

1°C. 

Thus, 
1 Kcal 
=

 

3.968 

B.Th.U. 
=

 

2.2 

C.H.U. 

4. 

l.4.2 

UNITS 
OF 

CALORIFIC 

VALUE 

(i) The 

calorific 

value 
of 

(in 
C.G.S. 
System

) 

C
alorie/gm

 

(in 
M

.K.S. 
System) 

(in 
EPS. 
System) 

Kcal/kg 
B.Th.U

./Ib 
Relationship: 
1 K

al/kg 
=

 

1000 

calorie/gm
 

=
 

1.8 

B.Th.U./Ib 

(ii) 

W
here 

calorific 

value 
of 

gases 
are 

cxpressed 
as 

IKcal/ 
m=0.1077B.Th.U./f 

Relationship 
:1B

T
hU

./A
-9.3 

Kcal/m' 1
.4

.3
 

TYPES 
OF 

CALORITFIC 

VALUE 

1.4.3.1 

GROSS 
OR 

HIGHER 

CALORIFIC 

VALUE 

(H
C

V
 

Definition 
: HCV 
is defined 
as 

"the 

total 

am
ount 

of heat 

liberated, 

when 

unit 

mass volum
e 

of 
the 

fuel 
is burnt 

com
pletely 

and 

the 

products 
of com

bustion 
are 

cool 

down 
t 

room
 

tem
perature. 
Generally 
all 

fuels 

contain 

som
e 

hydrogen. 

W
hen 

the 

caloriic 

value 
of 

hyiroge! 

containing 

fuel 
is determ

ined 

experim
entally, 

the 

hydrogen 

undergoes 

com
bustiOn 

an 

converted 
into 

fuel 
is defined 
as "the 

total 

am
ount 

of heat 

liberated 
by 
the 

com
al. 

com
bustion 

of a unit 
weight 
(or 

volum
e) 

of fuel 
in 

the 

air 
or 
oxygen. 

"the 
am

ount 

of heat 

required1 

raise 

the 

tem
perature 

of one 

gram
 

of w
ater 

through 

one 

degree 

centigrac 

(15°C 
-16°C)." defined 

as 

"the 

am
ount 

of 

heat 

require 

to
 

raise 
the 

tem
perature 

of one 

kilogram
 

of water 

through 
one 

degree 

centigrade 

1 Kcal 
=

 

1000 
cal. 

solid 

and 

liquid 

fuels 
are 

usually 

expressed 
as below 

steam
. 



H, + 0, Combustion ’H,0+ Heat 
When the products of combustion are condensed to room temperature (2 team 1s converted into liquid water and latent heat is produced. This latent neat o :ondensation of steam so liberated is included in the measured heat and so the Value 1s nown as higher or gross calorific value. 
1.4.3.2 NET OR LoWER CALORIFIC VALUE (LCV) 
In actual use of any fuel, the water vapor and moisture etc. are not condensed ana 

:scape as such alongwith hot combustion gases. Hence, a lesser amount of heat is available. 
Definition : LCV is defined as "the amount of heat liberated when one unit mass/ 

volume of the fuel is burnt completely and the product of combustion are allowed to escape." 
The difference between gross and net calorific value is taken to be 1,056.6 B.Th.U./b 

Tr 587 Kcal/kg. 
Thus, LCV = HCV � latent heat of water vapors formed 
Since, 1 part by mass of hydrOgen gives 9 parts by mass of water. 

LCV = HCV -(Mass of hydrogen in fuel x 9 x latent heat of steam) 
LCV = HCV � (0.09 x H x 587) Kcal/kg 

Where, H is the percentage of hydrogen in fuel and 587 Kcal/kg is latent heat of steam. 



1.3 SoLID FUEL 

Solid fucl refers to various types of solid nnaterial that are uscd as fuel to produces enerey 
and provide heating, usualy releasc through combustion. Wood and coal are important primary 
solid fuel, while carcoal, coke etc. are th secondary solid fuel. 

1.3.1 WooD 

It has been used as a fuel from ancient tune. 1he main inflammable components arc resin and wax which are in snall amounts (0.5-2%%). Ihe major non-inflammable constituent is water 
(25-50%o in freshly cut wood and 10-15% in air drier wood). The variations in calorific value of 
different woods are due to variation in the proportions of organic matters in the wood. The calorific values of dricd wood vary from about 4500 Kcal/kg to 5000 Kcal/kg. Ultimate analvsis 
of wood on dry basis is 49-51%C, 5.9-6.29% H, and 43-45% O,. 
1.3.2 COAL 

Coal is readily çombustible black or brownish black sed1mentary rock normally occuring in rock strata in layers or veins called coal beds or coal strcans. Coal is primarily of carbon along with variable quantities of other elements, chiefly sulphur hydrogen, oxygen and nitrogen. Coal is a very important fuel since give many other useful products on carbonisation in addition to its use as a fuel in a large number of industries and as reducing agent in many chemical process like during iron processing. 

1.3.3 ORIGIN OF COAL 

Two theories viz. insitu theory and drift theory have been proposed by geologist to expla the coal formation. The insiter theory explains the formation of coal at the site of vegetation itself. 
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peat is not used as coal for industrial purposes. 11lhe main difficulties in use of' et . 

(a) Uncconomical production of the deep buried peat, and 

Wood 

(b) Large amount of vater associated with pcat. 

(ii) Lignite (Brown coal): Lignite often reffered to as brown coal or Rosebud coal Lb 

NerthenPacific Railread}, is a soft brown coal witlh characteristics that put it in between 

coal and peat. It is the next stage of coalification after peat. Dry lignite is powdered and 

pressed into salI briquettes and enmployed as a househöld and boiler fuel. Air dricd 
lignite contains C= 60-70%. O = 20%. Its calorilic valuc is about 6500-7 [00 Kcal/ke. 

(iii) Bituminous coal : Bituminous coal and black coal is a relatively soft coal contain in 

Peat 

The average conmposition of air dried peat is: C=57%, H=6o, O-35%, ash=2, 5-6%% an,l 

its calorific calue is about S400 Kcal/kg. 

a lar like substance called bitunen. It is of higher quality than lignite coal but of' poorer 
quality than anthracite coal. It is most widely used. Carbon contents of bituminous coal 
varies from 75-90% und their calorific value is about 8000 Kcal/kg. They are widely used 
in industries for making mctallurgical coke, coal gas and for stean preparation as well 
as domestic heating. They are further subclassificd as ollows (on the basis ofcärbon 
contents): 

(iv) Anthracite coal: These are the product with maximum transformation and are the 
highest in rank. Their carbon content is more than 90% ahd,volatile matter less than 8%. 
These coals arè black is colour. hard and brittle and do not produce much fine powder 
on crushing. These coals are non-cacking and burn without smoke and with a short 
non-lumenious flame giving intense heating. Air dried anthracite contains, C = 93%, H 
= 3%, N = 0.7%o and O = 3% and calorific value is 8800 Kcal/kg. 

Lignite 

(a) Sul-bituminous coal: Carbon contcnt varies from 75-83%, O = 10-20 and calorific 
value is aboui 7u00 Kcalkg. 

(b) Semi-bituminous coal: These are rich in carbon contcnts 83-90%. Thcir calorific 
value is about 8500-8600 Kcal/kg. These are used in coke manufacturîng. 

Fuel 

Table 2 :Average compusition fronm wood to anthracite on coalification 

Sub-bituminous coal 
Bituminous coal 

Seni-bituminous coal 
Anthracite 

Moisture at 

40° and 60% 
relative hurimidity 

25 
25 
18 

-1.5 

Volatile 
niatter 

75 

65 

9-20 

57 

S.6 

6 

N 

0.5 43.5 

S0-56 67 S.0 1.5 
45-50 77 5.0 1.8 

5.7 2.0 35.3 

S.0 2.0 

90 4.5 1.5 

93 3.0 0.7 

26.5 
16.2 

10.0 

4.0 

3.0 

Calorific 
value 

(KCal/kg) 
4600 

$400 
6600 
7200 

8500 

8600 

8750 

20-45 83 



1.3.5 SELECTION OF COAL 

The tollowving factors are taken into consideration, for selection of coal for various uses: 
() Calorific value: The coal with high calorific value is preffered. so that the larger 

quantity of heat can be obtained from the small amount of coal. 
(1) Ash content: The coal with low ash contents is preferred. It does not take part in 

combustion and lowers the hcating value of coal. It poses problem of storage. handling 
and pollution. 

(iv) Calorific intensity: The coal having a high calorific intensity. is always preferred. l: 
may be defined as "the maximum temperature attainable on completc combustion of coal 
with theoretical amount of air". 

As a fuel burns without any flame, the hcat liberated can be considered to be used in heating 
up the fucl bed and the fucl is then turned to burn w:th high calorific. intensity. But, fuel containing 
volatile matter burn with a Mame and the total' heat is liberated over a larger area and thus the 
hcat is less localizcd. Hence fuel burning with a flame have a lower calorific intensity. The 
calorific intensily depcnds-on the nature. quality. quantity and specific heat of gaseous products 
obtained on combustion of coal. Mastly the heat liberate on conbustioa prefeats the aif and trence 
calertfretensity bccemes tow. 

Calorific intensity can be calculated as Name temperaturc 

Hcat of combustion + Specific heat of C 
Flame lemperature = E(Combustion Product x specific heat ) 

The flame temperature is nevcer ataincd in general. but is represents the theoritically attained 
maximum temperature to which a fuel could be heated under ideal conditions. 

(v) Coking quality: It is a very important factor for preparing metallurgical coke. Depend 
ing on thc type of productvresidue formed on heating the coai in the absence of air. it 
mayh be caking coal or coking coal 

Coal 
Cacking çoal, if it produees soft. plastic çoherent mass on heating. 
Cacking coal,ifit produces porous, hard and strongresidue on heating. 

Only bituminous coals'have cacking properties. 
(vi) Size of coal: It should be unilorm to facilitate easy handling and regulation of thc 

combustion process. 
(vii) Sulphur and phosphorous contents: The coal used tor metallurgical purpose mus! 

have least amount of sulphur and phosphorus. Because, these badly affect the properties 
of the metal. Thc gascs produccd fròm such coal are corrosive to equipments and also 
pollute the environment. 



1.3.6 PULVERISED COAL 

The rate of combustion of a solid fuel can be increased by bringing the air into intimate 
contact with the fuel. This can be achicved by pulverising the coal in powdered form (75-85% 
below 74 um). The pulverised coal is scnt along with air into suitable burncrs where the air fuel 
mixturc burns just like gascous fucl. 

The coal having a high volatile matter content are uscd for making pulveriscd coal. As soon 
as it is fired, the volatile matter liberates quickly and starts burning which hclps the combusion 
of fixcd carbon. 

1.4 CoKE 

Coke is an important secondary fuel of industrial importance and is produced by strongly 
heating the coal out of contact with air. This process of heating the coal in absence of air 
to form coke is called 'carbonisation of coal. The properties and cfliciency of coal inprove 
on carbonisation. 

Requisites of a metallurgical coke: 
(i) 

(ii) 

ligh Purity: The best metallurgical coke should contain lowest possible percentage of 
Inoisture (<4%), ash (<6%) sulphur (<0.5%) and phosplhorous (<0.1%). 

Porosity: The metallurgical coke should be porous to provide intimate contact betwcen 
the carbon and oxygen to ensure efficient combustion of fucl. 

(ii) Strength: The coke should be strong enought to withstand the abrasion and pressure 

(v) 

due to arc, fluX etc. 

(iv) Uniformity: The coke should be uniform and medium in size for uniform combustion, 
Calorific value: The coke should posses a high calorific yalue. 

(vi) Cost: Cost should bc low. 

1 

(vii) Calorific intensity: The calorific intensity of the uel should be high enough to melt 
metal. 

(viii) Combustibility: The coke should burn easity but at the same time should not be very 
reactivc. 

1.4.1 PROCESS OF CARBONISATION 

Coal can not be uscd as a metallugical fuel (cxcept in reverberatory furnaces) because it 
docs not have the nccessary purity. porosity and streng!h. During process of carbönisation, when 
bituminous coal is slowly heated, moisture and gases are driven out first. At 270°C, some H,S 
olefine gases are evolved. At 350°C. active decompositionof coàl substance take place with brisk 
evolution of gas and tarry vapours. Below 450°C, the liberated gases mainly coniprisc of hydro* 
carbons. At about 700°C, annount of liberated lI, increases. 



Tne properties ol coke produced mainly depend on the type of coal uscd. the temperatu of carbonisation and the rate of carbonisation. These factors control the porosily. raciiviy e the amount of volatile matter rctained in the coke. 
1.4.2 TYPES OF CARBONISATION 

Depending on the temperature of carbonisation, the following three types of carbonisation are 
Isually performed: 

(1) Low temperature carbonisation (LTC) (at 500-700°C]: This type of carbonisation 
is carricd out mainly for the manufacture of domestic fuel. The coke produced is called. 
low tempcrature coke and the yield is about 75-80%. The coke thus prodúced coritains 
3-15% volatile nmatter and is not sufficiently 'strong-to be used as a matallurgical fuel. 
Since it is casily ignited, it is a valuablc, smokeless, domestic fuel. It calorific value fs 
about 6300 to 9500 Kcal/kg. depending in the coal and the process used. However this 
proces has several disadvantagc as follows: 
(i) Produces hcavy air pollution 

(ii) Poor quality of the soft coke produccd 

(iiü) Loss of liquid and gaseous by products formed 
An important practical dificulty for low temperature carbonisation, of coals is the poor 

transmission of heat through the coal charge. In òrder to overome this difficülty modern 
commercial plants employ either externally heated metal or refractory retorts of narrow 
width or internaly heated stationary or rotary retorts or a combination of two. Some such 
processes developed àt commercial scale include: 

(i) Fuel research board (UK) vertical retorts. 

(ii) CFRI (India) vertical retort with gas circulation. 
(iii) Rexco process.: 

(2) Medium temperature carbonisation (at 700-900°C] [MTC): This type of carbonisat ion 
is carried out at 700-900°C. The yicld or total light õils and phenols are more in MTC 
than HTC. The tar obtained by this mcthod have different properties than the tar ob 
tained from HTC. Light oil obtaincd in this process have more paraftinic and diolefinic 
hydrocarbons. Thus MTC is done to obtain greater yield of particular type of by prod 

ucts. 

(3) lligh temperature carbonisation |HTC] [>900°C]: High temperature carbonisation 
is used for the production of pure, hard, strong and porous metallurgical coke. The yield 
of coke is 65-75%. and the volatile matter is I-3%. The calorific value is` lower 
6000 Kcal/m') than that produced in LTC. 

(s000 
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luble 3 : Differences between law and high tempcrature carbonization 

Low temperaturc carbonization 

leating enperature: 500-700°C 
Yicld of coke: 75-80% 

o of volatile matter in coke produced: 
5-15% 

Mechanical strengu: not mechanically 
SIrong. 
Use: Good for donestic purpose. 

Quantity of by product gases: I30 
Is0m'/tonnè. 

Calorilic value: 6500-9500 Kcal/m 
%o of' aromatic hydrocarbons in gases : 

Jower 

lHardness of' coke : soft 
Sunoke produced on burning coke: 
Sokeless 

% of straight chain hydrocarbon: smaller 
Steel relorts arc required for this purpose 

Coking rate is very slow 
I.ess luel consumnption and less 
temperature is required. 

High temperaturc carbonization 
900°-1200°C or above 

65-75% 

1-3% volatile matter 

Hard and have good mechanical 
strength. 
Good for metallurgical proccss 
300-390 m'onne 

S400-6000 Kacl/m' 

Higher 

Hard 

Smoky 

Higher 
Retorts made of refractor bricks are 
used for this purpose. 
Coking rate is high than LTC 
More anount of fuel is required to 
attain high temperature. 



Fig. 20 : Production of producer gas 

linng 
Retraclory brick 

Ash 

Ash outlet 

Cokc at 1000 C 

outlet Producer gas 

Feeder 
Cup & Cone 

vith a lntle 

Zonc --
Conbustung 

Zone 
Huuction 

Zunc Distillation 

with small amounts of methane, whereas 
volatile bituminous coals give a richer gas 

amount of moisture or steam. High 
used, (b) temperature of operation, and (c) 

producer gas depends on (a) nature of fuel 
called producer. The composition of 

at about 1100*C in special type of reactor 
over a red hot coal or coke bed maintained 

prepared by passing air mixed with steam 
of H2, CH, and CO,. Producer gas is 

nitrogen gas. It also contains small amount 
carbon monoxide and non-combustible 

gaseous fuel. It is a mixture of combustible 
(i) Producer Gas : It is a secondary 

coal gas, ol gas etc. 
Under this group, the important gases produced are producer gas, water gas or blue gas 

10.2 Manufacture of Gaseous Fuels: 

(b) It is used for the synthesis of number of chemicals. 

(a) It is an excellent domestic fuel and can be conveyed over very long distances througn pipe-lines. 

C.H, = 5-10%, H, = 3%, traces of other gases like CO and CO,. 

value about 12000-14000 kcal/n². The approximate composition of natural gas is CHË = 79070, 

of the heavier unsaturated hydrocarbons than that of dry gas. It is having greater caloriic 

LPG, it 1s reated to remove propane, propane butane and butane since wet gas has large amount 

gas. When natural gas is associated with crude oil. it is called dry gas. To use the wet gas as 

petroleum deposits. When natural gas occurs along with petroleum in oil wells, it is called wet 

sulphide, manly tound in the vicinity of coal mines or oil fields. It is also associated witn 

propane, butane, pentane and traces of other gases like carbon dioxide, nitrogen, hydro8en 

Natural gas is an important primary gaseous fuel. It is a mixture of methane, ethane, 

PARTB 
10.1 Natural Gases : 
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.7 LiQUID FUELS 
The main largest source of liquid fuel is "Petroleum" or "Crude oil"and almost the 

quid fuels are derived from petroleum. The petroleum is mined and is subjected to fractional 
stillation to obtained a wide range of fuels. The liquid fuels are characterized by low lash 
oint, higher calorific value, low viscosity at ordinary temperature and low moisture and 
ilphur contents. 

The liquid fuels are also obtained synthetically from the hydrogenation of coal. Low 
oiling fractions of petroleum are used in petrol engines while higher boiling fractions of 
etroleum are used in diesel engines and oil fired furnaces. Kerosene is used for heating and 
Doking liquid fuels, find extensive use in domestic and industrial field. 

Advantages 
(i) They have higher calorific value per unit mass than solid fuels. 

(i) They burn without forming dust, ash, clinkers etc. 
(iü) They are easy to transport through pipes. 
(iv) They require less amount of air for complete combustion. 

(v) They can be used as internal combustion fuels. 

(vi) They require less volume for storage as compared to solid and gaseous fuels. 

(vii) They are clean in use and economic in labor. 

(viii) Combustion can be started or stopped at any timne resulting in economic use of fuel. 

However, they are highly inflammable and give unpleasant odor during incomplete 
Tmbustion. The cost of liquid fuel is relatively much higher as compared to solid fuels. There is 

greater risk of fire hazards, particularly in case of highly inflammable and volatile liquid fuel. 

.7.1 PETROLEUM 
Petroleum' or crude oil (In Latin, petra = rock, oleum = oil) means rock oil. It is a source 

f many liquid fuels like gasoline, diesel, kerosene etc. that are in current use. It is also a very 

ood source of petrochemicals. These petrochemicals like alkane, alkene, benzene etc. are 
Tnverted into raw materials like ethanol, acetic acid etc. which find extensive applications in 

Ldustries for the production of drugs, detergents, polymers etc. It is also named as mineral oi 
ecause it occurs beneath the earth. It is a dark greenish-brown, viscous oil found deep in 



1.7.1.2 CLASSIPICATION OF CRUDz PeTROLeUM 
Crude petroleum may be classified into three classes, depending on the nature of 

1ydrocarbons. 

(1) Paraffinic base petroleum: It is mainly composed of the saturated hydrocarbons 
trom CH, to CysH, the hydrocarbons from C,H to CH,, are semi solids called 
"Waxes." 

(ii) Asphalt base petroleum : It is mainly contains cycloparaffines and naphthaleres. 
(iii) Mixed base petroleum : It contains both paraffinic as well as asphaltic 

hrydrocarbons. 
1.7.1.3 MINING OF PETROLEUM 

The crude oil is found well deep below the earth. The oil is found deep below the 
impervious rock floating over salty water (brine). It is often associated with natural gas 
(mainly methane) which exerts pressure on the oil surface and drives it out with high velociry 
through natural openings. 

Natural gas 

Natural gas 

4-Cunpresd a1: 

Flg, 1.4: Mining of Crude Oll and Use of Air-lift Pump 

Mining of petroleum is done by drilling hole in the carth's crust and sinking pipes upto 
the oil bearing porous rocks. Usually oil rushes out by itself due to the hydrostatic pressure 

of the natural gas or it may be pumped up using an air-lift pump or a lift pump. 



The 

air-lift 

pum
p 

is a device 

containing 

tw
o 

co-axial 

pipes, 

low
ered 

into 
the 
oil 
k 

Compressed 
air 
is forced 

through 
the 

outer 

pipc 

causing 
the 
oil 
to 

flow
 

of the 

inner 
one can 

be converged 

through 
pipe 

lines 
to 

refinery 
and 

processed. 

1.7.1.4 

REFINING 
OP 

CRUDE 

PETROLEUM 

As already 

mentioned, 

petroleum 

coming 
out 

from 

ground 
is 

dark 

colored, 

thick 
lio 

and 

mixture 
of various 

hydrocarbons 

containing 
a lot 
of 

im
purities 

(sand, 

brine 

etc.). 
Ir 

thercfore 

separated 
into 
a num

ber 
of uscful 

fractions 
by 

fractional 

distillation. 

"The 

process 
of 

separation 
of crude 
oil 

into 

various 

fractions 
by 

fractional 

distillat and 

desired 

specific 

products 
can 
be obtained 

from 

these 

fractions 
by 

rem
oving 

objectionat 

impurnties 
is known 
as refining 
of petroleum 
and 
the 

plants 
set 
up 
for 
his 

purpose 
are 

called refineries. 
" 

The 

proccss 
of 

refining 

involves 
the 

following 

steps 
: 

(i) 

Rem
oval 

of W
ater 

by 

Cottrell's 

Process 
: Crude 
oil 

com
ing 

out 

from
 

the 
ear 

crust 
is an 

em
ulsion 

of oil 

and 

brine 

(salt 

water). 

The 

crude 
oil 
is allowed 
to

 
flo 

between 
tw

o 

highly 

charged 

electrodes 

where 

colloidal 

water 

droplets 

coalesce 

form
 

large 

drops 
and 

separates 
out 

from
 

the 
oil. 

(ii) 

Removal 
of Sulphur 

Compounds 
: The 

crude 
oil 
is 

allowed 
to 
be 

treated 
wit 

copper 

oxide, 

where 

sulphur 
is 

converted 
into 

insoluble 

copper 

sulphide 

which 
m: 

be removed 
by 

filtration. 

They 

exhibit 

bad 

odor 

and 

color, 
ca 
use 

corrosion 
of m

etal 

parts 
of 

IC
E 

and 

lowe the 

response 
to 

the 

anti-knocking 
agent. (ü

) 

Fractional 

D
istillation 

: The 

crude 
oil 
is 

heated 

first 
in 
an 

iron 

retort 
at apot 400°C. 

The 

most 
of oil 
is evaporated 

(except 

asphalt 
or 

coke). G
ases Petroleum
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cap 
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Heavy 
oil 
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at 400°C 

Crude 
oil 

B
ubble 

tow
er 

Flg.1,5:ractional 

D
istllation 

of 

Crude 

Petroleum
 



S.No. Name of 

1. 

3. 

4. 

5. 

6. 

1ne not Vapors are then passed into the long fractionating column. Fractionaun~ COumn 1S a long cylindrical tower containing a serics of horizonta! stainless steel rays at Short distances. Each trav is providod with small chimney which arc covered 
Win loOSe cap callcd bubble tower. As the vanors po high, thcy bccome cooler and 
Condensc. The higher boiling fraction (300°C) condenses first at the bottom while 
lower bolng fractions will condense later near the top of the tower. T hc outieS m 
(Ower arc provided in the side of the column to withdraw a number of fractions. 
Various fractions are collccted at intermediate points, depending upon thcir boiling 
points. High boiling fractions, getting collected at the bottom, can bc further 
subjected to cracking to get more useful low boiling fractions. 

Various principal fractional products and their uses are given in table 1./. 
Table 1.7: Fractlons by Distllation of Crude Ol1 

7. 

fraction 

gas 

Petroleum cther 

Uncondensed (retincry) Below 30°C 

Gasoline (petrol) 

Kerosenc 

Diescl oil or fucl 
oil or gas oil 
Heavy oil (on further 
fractional distillation 
gives following) 
(a) Lubricating oil 
(b) Vaseline 

Naphtha or solvent spirit| 120-180°C 

(c) Grease 

Boiling 

(d) Paraflin wax 

range 
(°C) 

(b) Petroleum coke 

30-70°C 

40-120°C 

180°C-250°C 

250°-320C 

320°-400°C 

Residue may be cither : above 400°C 
(a) Asphalt 

Approximate 
composition in 

terms ofhyd rocar bon 
containing C atoms 

C, toC, 
C-C, 

C-C, 

C,-Cin 
Ci-Cio 

C-C. 

Ci-C 

Cy and above 

Applications 

Gascous fuel (LPG) 
As exirncting solvent, 

in dry-cleaning 
Motor fuel, solvent 
and in dry-cleaning 
As solvent and indry-cleaning 
Domestic fuel,jet fuel, 
tractor fuel,for preparing 
laboratory gas, as illuninate 
Diescl engine fuel, 
fecd stock for cracking 
To obtaingasoline 
by cracking 

As lubricants 
In cosmetics and medicine 
to prepareointments 
As lubricant 
In candles, wax paper, boot 
polish, tarpolin cloth etc. 

Water proofing of roofs and 
road making 
Aselectrodes and fucl 



1 11C InOSt 1mportant lquid iucis obtainca iTOM pe°oIeum dre gasOIne, Kerosenc ou an.. 

diescl oil. 

1. 

2. 

3. 

1. 

4. 

2.. 

3. 

Pctrol: This fraction is obtaincd between tenperature range 40-120°C. It consice 

of a mixture of hydrocarbons such as CH,, (pentane) to CgHsoctane). Its calorifr 
valuc is about 1 1,250 Kcal/kg. It is highly volatile and inilammable. The approximate 

compositicn of pctrol is : C = 84%, H= 15%; N,S,O = 1%. 

S.No. Factor 

It is uscd as a fucl for intermal combustiton (IC) cngines of automobiles and aeroplanes 

Kerosenc Oil:This fraction is obtaincd between 180-250°C. It consists of a mixture 

of hydrocarbons such as C,H,,(decane) to C,H(hexadecanc). Its calorific value 

is 11,100 Kcal/kg. The crude kerosene oil is slightly colored while a good and pure 

varicty of kerosenc oil is colorless. Duc to high boiling point range (200-300°C). 

kerosenc does not vaporize casily. 
The approximatc composition of keroscne oil is : Carbon (C)= 84%; H= 16%; 

S= Less than 0., 1%. It is uscd as a domestic fuel in stove, as jet engine fucl and for 

making oil gas. 
Diescl Oil: This fraction is obtaincd between 250 - 320°C. It consists of a mixture 

of hydrocarbons such as C,H,, to C,H. Its calorific value is about 11,000 Kcal/kg. 

Its density is 0.86 to 0.9S. It is used as a diesel engine fuel. 
Table 1.8: Comparison of Important Liquld Fuels 

Distillation range 
Hydrocarbons 
Calorific value 

Use 

Cost 

Petrol (gasoline) 
40-120°C 

C,H,, to CHs 
11250 kcal / kg 
Internal combustion 

engine fuel 

Costties 

Kerosenc 

180°-250°C 

C,H, to CieH 
l1,100 kcal/kg 
Domestic fuel 
and for making 

oil gas 
Chec 

Diesel 

250-320°C 

CisH_ -C1gHyg 
11,000 kcal/kg 
Diesel 

engine fuel 

Cosier 


