I. SHORT ANSWER TYPE QUESTIONS

mﬁtp!ﬂiu scale and sludge formation.
. [R.T.U.2018]

OR
Differentiate between sludge and scale?

— —

M
Sol. When'the precipitate for.med is soft, slimy and loose,
known as sludge and is hard and firmly adhering on the inner
walls pf boilers, known as scale. '

Prob.2 Essential parameter of potable water.
- [R.T.U.2017]

W
Sol. The essential parameters of potable water include color,
odor, pH, total dissolved solids, hardness, alkalinity, elemental
compounds such as iron, manganese, sulphate, nitrate, chloride,
fluoride, arsenic, chromium, copper, cyanide, lead, mercury,
zinc and coliform bacteria.

e —

Prob.3 Calgon conditioning of boiler. [R.T.U.2017]
OR '
Write short note on Calgon conditioning. [R.T.U. 2011}

Sol. Calgon conditioning : When calgon [Sodium meta-hexa
phosphate Na,[Na,(PO,),] is added to boiler water, it prevents
the scale and sludge formation by forming soluble complex
compounds with CaSQO,.

Na, [Na,(PO,), ] = 2Na" +[Na,P,0,,]”
2CaSO, +[Na,P,0,,]* —[Ca,P,0,,]" +2Na,SO,

hat do you understand by hardness of water?
R ————

.S-a. The characteristic property of water which prevents the

lathering of soap, due to presence of certain salts of calcium
i like AI**, Fe** and

and-magnesium and other heavy metals (like Al",

Mn?*) dissolved in water.

Pro
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Prob.5 What do you mean by boiler corrosion?

Sol. The “decay™ or “disintegration™ of boiler material either
by a chemical or electrochemical reaction with its environment
is known as “Boiler Corrosion™.

Prob.6 Give the causes of priming.

Sol. Priming caused by (i) the presence of large amounts of
dissolved solids (i) very high water level (iii) high steam
velocity (iv) improper designing of boiler (v) sudden increase
in steam production rate which leads to sudden boiling.

_v..o_u@\a!\}na do you mean by sedimentation?

Sol. The process of allowing water to stand undisturbed in
big tanks for some time in order to facilitate the settling down

of the coarse suspended particles due to the force of gravity
is called sedimentation.

Prob 8 What is break point chlorination? -
p

{ Engineering Chemistry
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2. Sedimentation : The process of allowing water {0
stand undisturbed in big tanks for some time in order to
facilitate the settling down of the coarse suspended particles
due to the force of gravity is called sedimentation,

3. Filtration : This is the process of removal of conrse
impurities (e.g coagulated colloidal material, suspended matter
etc.) and some of micro-organisms by passing water through
a porous material consisting of a bed of fine sand and other
granular materials. The porous material used for i

Itration is
called a filter

The filters used for water treatment are of two types
(i) gravity type filters, and (ji) pressure type filters. The gravity
type filters can further classificd as slow sand filter and rapid

sand filters. The water for municipal supply is usually filtered
by gravity sand filter.

ez
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Sol. “Chlorination of water to such an extent that not only
living organism but also other organic impurities in water are
destroyed is called break point chlorination.”

1. Lonc Answer TYPe QUESTIONS

%

iscuss the treatment of ground water to be used

or~@0mestic purposes. |R.T.U.2018]

Sol. Treatment of Water for
(Purification of Water)

The table list the types of impurities and the process to
be employed for removing them.

Municipal Supply

S.No. | Process used

for Removal
1. |Screening

Impurities

Floating material such as

leaves and twinges.
Suspended impurities such
as sand, clay

Colloidal impurities and
large organism
Pathogenic bacteria

2. |Sedimentation

3. |Filtration

L__4. [Disinfection

1. Screening : It is a process of removing floating
materials like leaves and twigs etc. from water, Raw water is
passed through screens having holes, when the floating matter
is retained by them and water is allowed to pass.

Water

NN

=

Filtered
ter
outlet pipe

Under Drain Channel

Fig. : Sand Filter

4. Sterilization ( Disinfection) of Water : The filtered
water still contains small amounts of pathogenic (disease
producing) bacterias which must be removed or destroyed if
the water has to be used for drinking or municipal purposes.

The process of destroying/killing of pathogenic bacterias
and other micro-organisms from water to make it safe for
use is known as disinfection and the chemicals used for this
purpose are called disinfectants. Disinfection does not ensure
total destruction of all living organisms. On the other hand,
sterilization means complete destruction of all living organisms
which is possible by boiling the water over a period of time.

Characteristics of an Ideal Disinfectant

(i) It should kill the pathogens quickly at room
lemperature.

(i) Itshould be inexpensive,
(iii) It should not be toxic to human.

(iv) 1t should provide protection against any
contamination in water during conveyance or storage

Prol hat is softening of water? Explain the softening

of wive¥ by Zeallte stiethod with diagram and clemical

f-'-'tll'IIl-'
reaction. . = [R.T.U. 2018}
OR
Describe zeolite method of water softening with its
limitations. IR.T.U.2017)

Sol. Softening of Water : The process of removing the
hardness causing salts from water is called softening of water.

Hard water is unsuitable for industries as well as for domestic
purposes. Therefore, it is necessary to remove the hardnesss

of water before using in various industries, boilers etc. The
softening of hard water can be done by :

(i) Removal of hardness causing salts of calcium and
magnesium, ’

(i) Conversion of these salts into soluble sodium salts.
Combination of the above methods.

;_.sn_a_d:nmm causing salts can be removed main ly by
three methods,

()  Lime-SodaMethod (ii) Zeolite Method and (iii) lon-
exchange Methods.

Zeolite or Permute Method : The name zeolite is
derived from two Greek words (zein + lethos) which means
‘boiling stone’. The name was first used by Cronstedt (a
Swedish geologist in 1756) to a certain group of naturally
oceurring minerals so that released their ‘water of hydration’
inthe form of steam. This is a sodium aluminium orthosilicate
or sodium zeolite : Na,O. Al 0,.x8i0
tol0andy=2106 (w
Z is the insoluble rad

2 -y HyO, where x =2
hich can be expressed as Na,Z, where
ical frame work). Therefore. zeolites
are naturally occurring hydrated sodijum alumino silicate

_.=..=n_.m._m which are capable of exchanging reversibly its sodium
1on with the hardness producing ions such as Ca¥™, Mg,
Zeolites are of two types
(i) Natural Zeolites are non-porous
are derived from green sands b
with NaOH. e.g.
Natrolite : Na,0.A1,0,. 4810,. 2H,0;
Thomsonite : Na,0, AL, Al)0,38i0,.2H,0
Laumontite : Ca0.ALO,. 4 8i0,.4H,0

. amorphous and
Yy washing, heating and treating

(ii) Synthetic Zeolites are porous and possess a gel
structure. They are usually prepared by heating together china
clay, feldspar and soda ash. Synthetic zeolites possess higher

exchange capacity per unit weight as compared to natural
zeolites,

(=)

1. Structure

Hard water inlet —> j

4= Gravel
layer
Injector
NaCl o ue-.“a
solution = o sink B
T —p outlet

Fig. 1 : Permute Process for Softening of Hard Water
2. Process

This process removes both temporary and permanent
hardness. Zeolite can be represented as Na,Z. where Z is
the insoluble radical framework. The zeolite (Permutit) is
loosely packed over a layer of coarse sand in a tank (see
fig.) . Hard water is allowed to percolate through a bed of
active granular Na,Z. The Ca?* and Mg?* ions present in
hard water get replaced by the sodium ions of zeolite. The
various reactions that take place are as follows—

Ca (HCO), + Na,Z —— CaZ + 2NaHCO,
Mg (HCO,), + Na,Z —— MgZ + 2NaHCO,
CaSO, + Na,Z —— CaZ + Na,SO,
MgSO, + Zan.N — MgZ +Na,S0,
CaCl, + Na,Z — CaZ + 2 NaCl
MgCl, + Na,Z —— MgZ + 2 NaCl
Fe (HCO,), + Na,Z —— FeZ +2 NaHCO,

Mn(HCO,), + Na,Z — MnZ +2 NaHCO,
Hardness Zeolite
This sodium salts formed in the above reactions remain

dissolved in the softened water a

nd do not cause any
hardness,

Regeneration of the Zeolite

When the process is continued for, the zeolite is

completely converted into calcium and magnesium zeolites
and gets exhausted. Now the su

and zeolite regenerated b
10% solution of NaCl.

pply of hard water is stopped
Yy treatment for some hours with

- o & a A 4 4 4 & B B
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Fig. 2 : Scheme for Softening of Water by Zeolite Process
When the sodium salt of zeolite is formed.

CaZ + INaCl == Na,Z + CaCl,
MgZ + 2 NaCl == Na,Z + MgCl,

Afier this treatment, the packing is washed with water
to remove the chloride of Ca®*.and Mg?* formed in the
regeneration process. The washings are led to drain and in
the regenerated zeolite is used again for the softening process.

Soft water obtained by this method is used for laundry
purpose and can not be used for boiler purpose because it
may cause caustic embrittlement.

Note : The amount of NaCl used for regeneration of
exhausted zeolite and the hardness of water may be
calculated using following formula

50% W x V, x10°

Hardness of water (Mg/L) = 38.5%V
: 1

Where :
W = Amount of NaCl present per litre in gms.
V, = Total volume of NaCl used for regeneration in litre

V, = Total volume of water softened

Ittres.
Limitations of the Process
1. The water containing turbidity and suspended

impurities can not be treated by this method because
turbidity clogs the pores of the zeolite bed.

2.
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Anions are not removed by this method. Wat
containing HCO; gets converted to NaHCO,.

NaHCO, —_, NaOH + €O,

Such ion is not suitable for boiler which cau
corrosion of boilers. Since NaOH may lead
caustic embrittlement,  *

If water contains large quantities of Mn*" and Fe
ions as these ions convert sodium zeolite into the
respective zeolite which are difficult to |
regenerated.

Water containing mineral acids, destroy the sodiu
zeolite and hence they must be neutralized wi
Na,CO, in advance, before feeding the water in
the zeolite bed.

The softened water obtained by this proce
contains several dissolved salts. Such water isn
fit for boiler use. .

Hot water should not be used as the zeolite ten
to dissolve in it.

Advantages of the Process

1.

6.

The hardness is almost no:é_mnn_%..,mgo,.nn a
water of about 10 ppm hardness is produced.

The equipment used is compact and does not occu
much space.

No impurities are precipitated, so there is no risk
formation of sludge in treated water.

For maintenance as well as operations, less skill
needed.

It is quite clean and rapid process which requir
less time for softening.

The process automatically adjusts itself to wat
of different hardness.

Disadvantages of the Process

1.
2.
3,

Treated water contains more sodium salts.
Turbid water cannot be treated satisfactorily.
The process only replaces Ca** and Mg?* by N

ions but not all other ions which are harmful
boilers.

All acidic anions (like CO,?~ and HCO; ) leaves
NaHCO, decomposes producing CO,

which results in corrosion and Na,CO, hydrolys
to NaOH, which results in caustic embrittlemen

Hm:.hn.:hn..n:n_ Ch 1} "

Sol. Conversion into CaCQ, equivalents

Pro sample of water having the following analysis :
Mg(HCO,)), = 73 mg/L
Ca(HCO), = 162 mg/L
CaSO, = 136 mg/L
CaCl, = 111 mg/L
MgCl, = 95 mg/L
NaCl = 58.5 mg/L

Constituents| Amount |Multiplication CaCOy
Factor equivalent

“HCO, 396.5 ppm| 100/122  |396.5%100/122
=325 ppm

YT 42 ppm _ 10024 _ﬁx_osa
=175 ppin

T 90 ppm ﬁ 100740 |90x100/40 —
=225 ppm

% \ ,
A Calculate the mmm@. permanent and total

ﬂ FeS04.7H,0

3%3_ 100/278 T?EEN.; ’

hardness of water i Eﬁ%

[R.T.U. 2018} f

=5 ppm
H 1.5 ppm ~ 100/2 f.mx_ooa ﬂ

=75 ppm

Mol. weight of Ca(OH), o CaCO, equivalent of mg?*

Lime Requirement
Sol.
Constituents | Amcunt mg/L| Multiplicatlon Factor ~ CaCO,; Equivalent —
1A) L] =[Al* M)
100 100
Mg(HCO,), 73 ~ v __ e o= S0me L #
100 F 100
Ca(HCO,), # 162 _ ¥ 162x 122 =100mg
100 100
CaSQ, ’ 136 ’ ST __umuqvnuoo.:ﬂ
100 100
—_ Ix—=l iL
CaCl, _ 11 ﬁ T ~ Vg = 100mg
NaCl — 585 fcaﬂ._.ﬂ E,E.&_Em._nn._ =

Temporary hardness is due tb bicarbonates of calcium
and magnesium. :

Temporary hardness = 50 + 100 =150 ...._w:..
= 150 x 0.07°Cl

[ 1 mg/L=0.07°Cl}

= 10.5°Cl

Permanent hardness is due to chloride and sulphate of
calcium and magnesium

Permanent hardness = 100 + 100 +100 = 300 mg/L
= 300 x 0.07 °Cl
= 21°Cl

Total hardness of water = 10.5+ 21 =31.5 °Cl

Ans.
Ans,

Prol e alculate the requirement of Lime and Soda for
softeltthg 10° litres of water.

Analysis of water is as follows :

HCO = 396.5 mg/Lit; Mg*® = 42 mg/Lit
Ca™ = 90 mg/Lit; H* = 1.5 mg/Lit
FeSO,.7H,0 = 14 mg/Lit

100 +HCO;™ + FeS04.7H,0+H*
91 . .
* aaunzq of lime) x Volume of water
. s
e T8 TS 4 B B s
100 100 1000 (in grams)

=39057.2g=39.0572 kg
Soda Requirement .

CaCO, equivalent of Ca® +
_ Mol. weight of Na,CO,

== x| Mg?* +FeSO, TH,0+H* -
HCO;”
97.2 :
X n_aﬁﬂcm_a\ of soda) x Volume of water
_106

a|xcd+ppm+m+qm|u~m._x3.ux _.%
100 100 1000 (in grams)

=15969.96 g=15.96996 kg

Prob.S Discuss preventive measures to minimize the
problem of scale formation in boilers, |R.T.U.2017|

Sol. Prevention of Scale Formation

The purity of Lime is 91% and that of Soda is 97.2%.
, . [RT.U.2017)

Blow-Down Operation : The blow-down operation is done
to prevent higher concentration of undesirable substance in
boiler water. This removes a portion of the concentrated water
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:‘r' (v) Sodium Aluminate (NaAlO,) Conditioning
NaAlO, + 2H,0 __, NaOH + Al (OH),}
[Gelatinous ppt)
¥ NaOH reacts with MgCl,, precipitates Mg?* as Mg(OH),
MgCl, + 2NaOH ___, Mg(OH), 1 + 2NaCI
d Mg(OH), and AI(OH), are flocculent precipitates and
§ they entrap finely suspended and colloidal impurities along
:' with silica. Now these precipitates can be removed by blow

down operation,

(vQ Radioactive Conditioning : The energy radiations
emitted by radioactive salts placed inside the boiler waterata
certain points. These salts prevent scale formation.

(vii) Electrical Conditioning : This is done by sealed glass

EC.9
Destrucuon
Ouidation Fowmation ol of ehlor-organe Free
pdarosis Sl 1] e
g = orine
by ehlonne ehloramines

Resndual Chlorne

L e Applied Chlorine

Fig. : Break Polnt Chlorination Curve

Addition of chlorine in such dosages is known as brelak
point or free residual chlorination. The breakpoint chlorination
ensure complete destruction of organic compounds, which
gives color, unpleasant odour and bad taste, In addition to ita

complete destruction of disease producing micro-organisms

bulbs, containing mercury (Hg) connected to a battery and
the bulbs kept rotating are placed in the raw boiler water.
Mercury bulbs emits electrical discharges when water boils
which controls scale forming particle to stick together to form

is also ensured.
Advantages
(1) It oxidizes complete organic matters, dissolved

organic and chloramines take place.

sludge.

(viif) Complexometric Method : Scale formation can also
be prevented by adding a solution of EDTA (1.5% alkaline,
PH=8.5)to boiler feed water. EDTA reacts with scale forming
cations to form stable and soluble complex.

p!ain_brmk point chlorination with diagram
and aiso write it’s advantages. — ,

Define degree of hardness. A standard hard
water solution contain 30 g CaCO0, per litre 30
ml. of this required 25 ml, of EDTA solution on
fitration 30 ml, of water sample required 20
ml, of EDTA solution. The sample after boiling
required 15 ml. EDTA solution. Calculate
femporary, permanent and total hardness of
water sample. IR.T.U. 2016)

-

—
Sol.(g) Bréak Point Chlorination Curve : It may be defined
as the chlorination of water to such an extent that not only
living organism but also other organic impurities in water are
destroyed.

When chlorine is added to water, it is used for different
reactions like oxidation of oxidizable substance, chlorination
of organic substance, destructive oxidation of organic
substances and disinfection of pathogens.

Initially all the chlorine added is consumed and there is
no free chlorine. This is due to complete oxidation of oxidizable
substances. As the applied chlorine increases, there is steady
increase in amount of residual chlorine. This stage corresponds
to formation of chloro-organic compounds and chloramines

when the dose of chlorine increase, destruction of chloro

ammonia and other reducing particles.

(2) It removes color (which is due to the presence of
organic compounds). ]
{3) It destroys (~ 100%) all the bacterias.

It removes bad odour and bad taste.
So@)cgne of Hardness : The degree of hardness of
waltcT'is conveniently expressed in terms of equivalent amount
of CaCO,. Although hardness of water is never present in
the form of calcium carbonate because it is insoluble in water
and hardness is actually caused by bicarbonates, chlorides
and sulphates of calcium and magnesium.

Given 1 litre of Standard Hard water contain 30 g
CaCO;
I ml of Standard Hard water contains 30 mg
C8C0]
Now 25 ml of EDTA

=30 ml of Standard Hard Water

=30x30

=900 mg of CaCO,
= | m| of EDTA

900
=55 M8 of CaCO, equivalent hardness

=36 mg of CaCO, equivalent hardness
(1) Calculation of Total Hardness of water
30 mi of sample water

=20ml of EDTA

=20x36

= 720 mg of CaCO; eq. hardness
- 1 litre of sample water

= 7200 mg of CaCO, eq. hardness
Total hardness of water

=7200 ppm

P

(Ec10)-

(2) Calculation of Permanen

30 ml of boiled water

1 litre of boiled water
= 5400 mg of Ci
Hence Permanent hardn
= 5400 ppm AR
(3) Calculation of Temporary Hardi _
= Tota) Hardness — 5
= 7200 - 5400 = 180!
Prob.7(a) What is the basic principlt _
titration, also give qham{l_u‘lg__
(b) What do you understand by
: process? £
(c) Calculate temporary p
total hardness present
from following data obtain
method when 40 ml. o
Soap solu}ian' 3
i) Lather factor = 0.0
?i):) Total hardness = 14.6
(iii) Permanent hardness =
(iv) Standard hardwater (2
CaCOy) = 30.8 mi so

So.(a) Basic Principle of Comple:
Hardness of water can be
(complexometric) metl'lod: 3
EDTA (ethylene dlam.m
extraordinary strong complexing age!

HOOC——CHk> R—CH—(
HOOC—CH Y
As, it is not very soluhlc-.:{_

the form of its dls?d‘mm
lexometric titrations.
comp’!‘:lis acts as a tetra/hexa
itself with metal ions (thrgu
stable, soluble and eglorl&ss on

water is due t0 Ca_ and&i e
conventionally determined |
standard solution of Na,H,!
notetheendpoint. |
When hard water is
or its sodium _.r.al!s f'o
(Cat*) or magnesism __

1 A
Ca ]+m |
Mg“ el i.
The titration 1 €A i
Erichromeblack—'l‘_-'!’l'l#:
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1 litre of Permanent hardness = 2.233x
= 55.833 mg CaCO; eq.

Permanent hardness = 55.833 mg of CaCO; eq./I

or 55.833mg/L

Hence temporary hardness = Total hardness —

Permanent Hardness

=115-55.833
=59.167 mg/L

P;ob.;@; Calculate the amount of lime and soda

needed for softening 1,00,000 litres of water
containing HCI = 8.3 mg/L, Al, (SOy; = 36.2
-mg/L, MgCl, = 11.5 mg/L, NaCl = 29.30 mg/
L. Purity of lime is 90% and-that of seda is
98%. 10% chemicals are to be used excess in
order to complete the reaction quickly.

(b) Describe carry over and caustic embrittlement.
How can they be prevented? |R.T.U. 2016)

——— e T T T = T

Sol.(a) Conversion into CaCO; Equivalent :

S. |Substance | Amount | Multiplication | Equivalent
No. of Factor of
substance |~ CaCO,
kL HCl 83mg/L | ° 100 100 8.3 [
i —%8.3
73 73
; =]1.36
2. | Al (SO, [36.2 mg/L 100 100
— —x36.2
114 114
=31.75
3. MgCl, |11.5mgL 100 100
S —x11.5
95
: =12.10

Note : NaCl does not cause hardness
Volume of water = 100000 litre

Lime Requirement :

:zj [11.36+31.75+12.10) mg/L
100

=40.85 mg/L
Lime required of given quality (i.e. 90%) with 10%

CXCCSS
100 110
= 40.85 x X ——
90 100
=49.42 hg/L

100000 litres of water required

Ik

= 49.42 mg/1x 100000 x ——>
10” mg

=4.942 kg of lime

{EC.11)

Soda l‘eql"l ement :
—-—(“l 36 + ;l.],‘*‘ﬁ.‘ollllglll.

106
—[5521lmg/L
100[ Jmg
=58.52 mg/L.

Soda required of given quality i.e. 98% purity with
10% excess

=58.52x@xl—|0-=70.80 mg/L
98 100

Soda required for 100000 litre of water

_, 70.80 mg/Lx100000 litre x —~&
_ 10° mg
= 7.080 kg of soda.
Sol.(b) Carry over : The phenomenon of carrying of water
along with impurities by steam is called “‘carry over”. This is
mainly due to priming and foaming. Priming and foaming
usually occur together. They are objectionable because-

(i) Dissolved salts or suspended solids in water carried
by the wet steam to superheater and turbine, blades, where
they get deposited as water evaporates. This deposit decreases
the efficiency of boiler.

(i1) Dissolved salts may enter the parts of other machinery,
thereby decreasing their life.

(iii) The maintenance of the boiler pressure becomes

difficult because of improper judgement of actual height of
water,

Prevention :

(i) The prime means of preventing carryover is to have
good mechanical steam separation devices.

(i) For low/medium pressure fire tube boiler where steam
purity is not stringent, gravity separation its normally
satisfactory.

(i) As steam pressure rises the difference in density
reduces making gravity separation less effective.

(iv) Carryover can never be eliminated completely.

(v) The primary consideration in the selection of boiler
and its operating is the amount of carryover that can
be tolerated.

Caustic Embrittlement : This is the phenomenon during
which the boiler material becomes brittle due to the
accumulation of caustic substances. It is a form of corrosion
caused by high concentration of sodium hydroxide in boiler
water. It is most likely to occur in boilers operating at high
pressures, where NaOH is produced in the boiler by the
hydrolysis of some residual Na,CO, obtained from water
softening process like lime soda.

Na,CO, + H,0 — 2NaOH + CO, :
The formation of NaOH makes the boiler water caust':'
This caustic water penetrates into the minute hair c‘:?;e:
présent in the inner side of boiler by capillary action.




,’o water evaporates and the concentration of dissolved NaOH
moreases progressively which attacks the surrounding area,
therety dissolving the iron of boiler as sodium ferrate.

Fe + 2NaOH — Na,Fe0, +H,0 7
Sodium ferrate
3Na,Fe0, + 4H,0 — 6NaOH + Fe,O, + H, 1

6Na,FeO, + 6H,0 + 0, —— 1 2NaOH + 2Fe,0,

This causes the formation of irregular inter-angular
cracks on the boiler metal particularly at place of high local
stress like bend, joints, rivets etc. Caustic embrittlement is a
case of stress corrosion and is a localized electrochemical
phenomenon. The concentration cell set up du

ring this
phenomenon can be expressed as shown—

Iron at the point Concentrated [Dilute [tron

of high local stress NaOH(aq) NaOH(aq) |at plane

e.g. nivets, bends, |[solution solution surface

with the iron surrounded by dilute NaOH at plane surface
acting as the cathode, while the iron surrounded by conc.
N2OH acting as the anode. The iron in the anodic pait-gets
dissolved or corroded.

Preveation of Caustic Embrittlement

() The water to be used in boilers shoufd be softened
by sodium phosphate instead of sodium carbonate.

(i) Thetanninor lignin should be added to the boiler
water which blocks the minute crakes and thus
preventing the infiltration of NaOH.

(iii) It can be prevented by the addition of sodium
sulphate which aiso block the hair cracks, thereby
preventing infiltration of caustic soda solution in
these. Generally the concentrations of Na,S0,:
NaOH are maintained at | : 1,2:1,0r3:1 for
operating pressure of 10, 20 and greater than 20
atmospheres respectively to check caustic
embrittlement in boilers. However, use of a very
high concentration of Na,SO, may lead to the
formation of CaSO, scales. Then Na,PO, should
be used. Na,PO, is an effective conditioning agent
and also is over 300 times than Na,SO, in
suppressing embrittlement.

(vj The excess of alkali in boiler feed water should
be neutralized.

(v) The use of a excess of sodium nm_._uo:wn.a should
be avoided in lime-soda process in boiler feed
water treatment.

(vi) The pH of the boiler feed water should be carefully
adjusted to 8-9.

Engineering Chemistry

Prob.9 (a) Write shore notes on Permutit meth
the lime-soda, Zeolite and I
method.

(8) A sample analysis gave the Jollowing resulys -
H;50, = 198 mg/L, CaS0, = 274 mg/L,

MgS0, = 28 mg/L and NaCl = 28 mg/L water

is to be supplied to the town of the Population of

one lakh only. The daily consumption of water

is 60 litre per head. Caleulate the cost of lime

and soda required Sor the softening the

hardwater Sor town for the month w&a.r 2004,

If the cost is Rs. 10/ per kg and soda is

Rs. 8/ per kg. IR.T.U. 2016)

od. Compare
n-exchange

Sol.(a) Permutit Method : Refer 1o Long Answer Prob.2,
Comparison among Lime-soda, Zeolite and Ion-
exchange method :

S. Lime-Soda Zeolite Process .ﬂmﬂzlnnl
No. Process Process
I. [Treated water Treated water | Treated water |
contains contains residual | contains residual
10-15 ppm hardness of 0-15 | hardness of 012
residual hardness, ppm. ppm.
2. |Operating Operating Operaing
expenses are high. | expenses are low. expenses are high,
3. Low capital cost [Cost of material | Cost of material | '
process. lant is high. plant is highest.
. 4, Acidic water can | Acidic water Resins are very
be treated, cannot be treated. | inert. Acidic water
is well treated. .
5. Raw water can Water must be Water should be
have suspended | free from free from
impurities. suspended suspended
impurities. impurities.
6. Coagulation No removal and [ Not required,
filtration removal | disposal is
of sludge is required.
required. i .
7. Hardness of water |Not required. Not required.
must be know . in
advance,
8. Treated water Treated water No dissolved
conlains lesser contains more solids.
amount of dissoived solids.
dissolved solids. _
9. Plant occupies Plant occupies | Plant occupies
more space. less space, less space.
Demerits | Disposal of large | Do not remove wn_:mS only i
amount of sludge | CO,. Treated _ozm.uo_ HCO7,,
formation during | water contain COy
process more Nat salts | €16,
Merits | Economic Automatic ﬁm.: .vn used for
process. process easy and mn_&.n and
cheap. alkaline water.

Sol.(b) Given data :
H,S0, =198 mg/L
CaSO, =274 mg/L

Engineering Chemistry

EC.13
MgSO, =28 mg/ o
NaCl =28 mg/|. What is hardness of water? Explain hardness
Population = | lakh determination by EDTA method. i
Daily consumption = 60 ljfre per head it s

No. of days = 3]
Cost of lime = Rs. 10/- kg.
Cost of soda = Rs. 8/- kg,
Total volume of water consumed in 31 days;
V= 100000 x 60 x 3]
, = 186,000,000, _

CaCO,
Equivalent

H,80, and NaC) n._oow

n't cause hardness.
Lime Requirement H

74
o = aof_.gm SO41mg/Lx Vol. of water
' 74
. F=133
_coﬁ 3.33]x186,000,000
P =3,211.1412kg i
Soda Requirement :

’

106
= Qﬁommoa + ?ﬂme‘h 1mg/Lx Vol.of water

= .”mmﬁo 1.47 + 23.33]x 186,000,000
=44,321.568 kg
Softening Cost : .
= Cost of Lime + Cost of Soda
=(3,211.1412 % 10)+(44,321.568 x 8)
=386,683.956
=386,684 Rs,

Profy.10) cplain temporary and permanent hardness of
er. Discuss various chemical methods of
disinfection of water, IR.T.U. 2015, 2012; R.U. 2000)

OR
Explain EDTA method for determi, of hardness
of water. [R.T.U. 2015)
OR
Explain temporary and permanent hardness of
water. IR.T.U. 2014)

What is hardness of water? What do yoa understand
by temporary and permanent hardness?
[R.T.U. 2011, 2016}

Sol. Hardness of Water : Hardness in water is that
characteristic which “prevents the lathering of soap”. This is
due to presence in water of certain saits of calcium, a_umq.ai..-_
and other heavy metals dissolyed in it. Hardness of water is
of two types :

(1} Temporary (Bicarbonate type) hardness.

(2) Permanent (Non—carbonate type) hardness.

1. Temporary Hardness (Carbonate Hardness):
The temporary hardness of water is due to the soluble
bicarbonates of calcium and magnesium. When water is boiled,
the bicarbonate ions present in it are decomposed to carbonate
and carbon dioxide.

Ca(HCO,), - CaCo, 4 +H,0+cC0, T
Mg(HCO,), — Mg(OH), { + 2co, 1

The Ca®™ and Mg?* ions readily combine with the
carbonate ions to form insoluble CaCO, and MgCO,.So the
temporary hardness can be largely removed by easy means
like boiling etc, -

2. Permanent Hardness (Non-carbonate Hardness):
Itis due to dissolved chlorides, sulphates and nitrates of calcium
and magnesium. The difference of total hardness and temporary
hardness is also called non—carbonates hardness. The hardness
caused due to the presence of chlorides and sulphates of CaMg,
Fe and other heavy metals, cannot be removed by boiling,
Hardness of water is objectionable for following reasons :

(a) Large amount of soap i$ wasted to get the desired
results in iaundry industry, since soap has no cleaning
action unless all the Ca, Mg or heavy metal ions
are precipitated.

(®) In industries, these salts of water during course of
circulation ge: deposited at different parts of boilers
as scales, damaging the system by corrosion, heat
resistance, choking etc.

EDTA : Refer to Long Answer Prob.7(a),

Various steps involved in this method are :

(1) Standardization of EDTA solution.

(2) Determination of total hardness of water.

(3) Determination of permanent hardness of water,
Calculation

50 m/ of standard hard water = V, m/ of EDTA

50 x Img omﬂnnou =V, m/ of EDTA

i . BT T O

h B
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50
Im/ of EDTA = v, m8 of CaCO, eq.
Now 50 m/ of given hard water =V, m/ of EDTA

VI'KSO

mg of CaCO,; eq.

. 1000V,
. 1 L of given hard water = — -

V‘F
Total hardness = 1000 ;}’ mg// or ppm.

Now 50 m/ of boiled water = Vs m/ of EDTA

V, x50 i
=Ty, mg of CaCO, eq.
1000V,
1000 m/ of boiled water = 2 mg of CaCO; eq.
1
1000V.
Permanent hardness = — 2 ppm

Temporary hardness = (Total — Pe

1000(V, - V;)

7

Temporary hardness =

Chemical Methods of Disinf

The disinfection of water can
following methods :

(1) Chlorination Me
commonly used disinfectant.
or in form of concentrated solution in
and sufficient time of contact should be

disinfection.

Raw water

. Concentrated

inlet by
chlorine

)
— —~
/—__\V_ﬁ [
—‘g__g:

VN
AN

I

Sterilized
water outlet

Fig. 1 : Chlorinator

H,0+Cl, 223, HOCI+HCI

10-15min

HOCI — Bacterias are killed
isinfection by chlorine is known as

Apparatus used ford

chlorinator. It is 2
plates. From its top

ection of Water
be carried out by the

thod : Chlorine is the most
[t may be added directly as gas

solution

— High tower

large tower containing nu
raw water and chlorine solution are

mg of CaCO,; eq.

rmanent) hardness

ppm

water. Correct dose
ensured for effective

Baffle
plates

mber of baffle

mixed during their passage

introduced. These get thoroughly
ater is taken out from the

through the tower. Disinfected w

outlet at bottom of chlorinator.
(2) By Bleaching Powder Method : Chlorine may

be added in the form of bleaching powder. The chemical
reaction of bleaching powder in water is given below :

CaOCl, + H,0 — Ca(OH), +Cl,
Cl, + H,0 — HCl+ HOCI (unstable hypochlorous acid)

HOC! — HCl +[0] (nascent oxygen)

The nascent oxygen destroys pathogens by oxidation.
(3) Ozonization Method : The ozone is highly
unstable, harmless gas and an excellent disinfectant. It
breakdown liberating nascent oxygen and kills pathogens.
0,— o, + [O] (nascent oxygen)

Disinfection of water by ozone is carried out in ozone sterilizer

which is having separate inlets and outlets of water. Separate
inlet for ozone is also provided. During the treatment, ozone

is manufactured and bubbled through water contained in
sterilizer. The sterilized water is removed from top through

the outlet.
Raw water :__\
inlet AR
r——"c—- (0,) Ozong inlet
d
Sterilized S
water =:|, Sterilizing
chamber

Fig. 2 : Ozone Sterilizer
(4) Boiling Method : Water becomes free from
disease causing bacteria if water is boiled for 10—15 minutes

at 60° to 70°C.
(5) Chloramine (CINH,) Method : It is an excellent

bactericidal.
CINH, +H,0 — HOCI+NH, (disinfectant)
HOCI] — HCl +[O](nascent oxygen)

ﬁ

Prob.11 What are the requirements of drinking water?

How is turbid water clarified on a large scale?

Explain the principle involved. [R.T.U.2015)
OR

What are the characteristics of drinking water.

Explain various steps involved in removing

suspended impurities from the water. [R.T.U. 2014}
OR

What is municipal water? Describe all the steps

involved in getting municipal grade potable water.
(RT.U.2013]
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W Wscribe lime-sodua process for water softening.

ve the chemical reaction involved during the

softening. [R.T.U.2015)
OR
Write short note on Reactions involved in Lime-soda
method. [R.T.U.2014]
OR
Describe the continuous hot lime-soda method for
softening hard water. Also give the cliemical reactions
involved in lime-soda process.
[R.T.U. 2012, (11 sem.) 2009, 2008}
- OR
Describe the continuous lime soda process of softening
hard water. Compare between continuous cold and
hot lime — soda process.
Sol. Continuous Lime-Soda Process : The basic principle
of this method is to convert all the soluble hardness causing
constituents into insoluble precipitates by appropriate chemical
reactions.
In this process, a suspension of calcium hydroxide (lime) and
sodium carbonate (soda) 1s added to water in calculated
quantities based on the concentration of impurities.
Reactions Involved in Treatment
(a) Ca(HCO,), +Ca(OH), — 2CaCO, +2H,0
(b) Mg(HCO,), +2Ca(OH), - Mg(OH), +2CaC0, + 2H,0
MgCO, +Ca(OH), - Mg(OH), + CaCO,
(c) Ca™ +Na,CO, — CaCO, +2Na*
(d) Mg®" +Ca(OH), — Ca®" + Mg(CH),
Ca™ +Na,CO, — CaCO, +2Na'
(e) CO, +Ca(OH), —» CaCO, +H,0
() 2H* +Ca(OH), — Ca®* +2H,0
Ca** +Na,CO, — CaCO, +2Na"
(8) 2HCO; + Ca(OH), — CaCO, +2H,0+CO;”
(h) Fe?* +Ca(OH), — Ca®* +Fe(OH),
Ca* +Na,CO, — CaCO, +H,0
(1) Al (SO,), +3Ca(OH), — 3CaSO, +2Al(OH),

3CaSO, +3Na,CO, = 3Na,S0, +3CaC0,




§|ncc 100 parts of CaCO, are equivalent to 74 parts of
Ca(OH),. the lime required fnr removing hardness 15

L Enginearing Chamistry)

M
Prob.13 A sample of water on analysis has been found to

contain the following impurities in ppm.

Lime Required = ]7;){ [1 crrl[),(,::" v 2 Ca(HCO ), = 48.5
)

Mg(HCOy, = 29.2
T4 4
TempMg?* + Perm Mg + Fe'" + Al 4 €O, MgCl, = 3.5
" MgS0, = 4.8
t CO, ~ Na” AlO
+ H (HC or H,50,) + H ) ) CaCl, = 33.3
Soda Required CaS0, = 54.4
Calculate the quantity of lime and soda required for
106 p Mg? + A" + Fe'* )+ H' ~HCO] | . ol
= ?D—“ erm(Ca™ + Mg ) e softening of one million litres of water. (RTA5. 2015)
Advantages of Lime-Soda Process m&; :
: SOL T Constituents | € | Lauivalent | Hardness m terms of |
1. Less amount of coagulants are required. | " r)w‘“;""" :‘":2’)’ " r},o, - f
2. The pH of soft water is higher which prevents . g ..l
corrosion of the distribution pipes. — i i ; | E_ |
. s ; | CaHCO), 4%5 ppm | 81 i i
3. Amount of impurities such as iron and manganese 1 i WinZ =B |
Sirnira.s Thae s +
are also decreased. - ‘ | MgHCO) | 292 ppm | 73 22439, "
4. Water produced after treatment is of alkaline nature o Se— L2
: ; MgCl; [35ppm 475 )
Amount of micro organism are reduced. : | 350 == 60ppm |
. 5. Itisvery ecc-momiqca'. method. L MgS0, "l 4.8 ppm ; €0 . "'5_,: )
Disadvantages of Lime-Soda Process G, an Fe13 o
1. This process cannot be used for domestic purpose { , TT Bt
because it is difficult to find amount of lime-soda | CaSO | 54.4 ppm | 68 5442 - soppm
required. | | 8
2. ltisnot suitable for laundry industry, where CaCO, 74
may end up on the clothing, Lime required = — [Ca(HCOl}z 2Mg(HCO,), +
3. Skilled and careful supervision is required for :
efficient and economical operation. MgCl, + MgSO, as CaCO; eq.] * Volume of Water
4,

It creates the problem of disposal of sludge.

.~ The hardness of water is not completely removed

e [2994+2(20)+3 68 + 4] x 10°
Comparison between Cold and Hot Lime-Soda Process

= [77.62) x 10°mg -
lS.No.ICold Lime-Soda Process {Hot Lime-Soda Process j lOO
1. |Reactions are slow Reactions are fast and _ 6
\ \ \mmplm B = 57.4 x 10°mg
{ 2. [Filtration is slow. {Filtration is fast. =574 kg
| Very efficient.

Softening capacity is low. |Sofiening capacity is high,
i \Use of coagulant is No coagulants are required,

1 3. {Less efficient.
L

necessary.

Soda required =
6. |Requirement of lime

I S

106
100 — [MgCl, + MgSO4 + CaCl, +

Less quantity of lime is

CaS0, as CaCO3 eq.] x Volume of water
consumption isas per _  |required as temporary X
stochiometry. hardness is removed by
boiling ' [3 68 +4 + 30 +40] x 10° mg
\;I Steam is not used, " |Steam is used, which increases ]00

fuel consumption.
\ 8. |Residual hardness of soft |Residual hardness of soft _ o 6 4
\wam pmduced is 50-60 \wnler produced is 15-30 ppm. - 100 *x77.68 x 10°=8234 x 10

=8234kg

mg
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Proh.19 Explain Demineralization process of water

softening with diagram. [R.T.U. 2014}
| OR

Write short note on the Deionization method of

softening. [R.T.U. 2013}

.Sol. Ion Exchange Process (Demineralization or

Deionization) - |

The substances capable of exchange of ions with the
electrolyte solution are called ion exchangers. The process of
ion exchange is the property of an ion exchangers to exchange
an ion in its structure with an ion in solution that is brought in

contact with it.

'Since all the cations and anions are completely removed
in this process, so it is known as ‘complete deionization’.
Ion exchangers are organic cross, linked, insoluble, high
molecular weight, polymers with a porous structure, and the
‘functional groups’ attached to the chains are responsible
for the ion-exchange properties. The ion exchanger of ion

exchange resins may be classified as




(ES20)—

Cation Exchangers :
functional groups like (- COOI
exchanging their 1 {
thew contaer:

Resins containing acidie
1, S().ilcn.',)m‘ccupnhlcnl'
ons with other eations which comes in
and henee they are termed
C.Bstyrene divinyl benze

or carboxylation
hydrogen ions with

as cation exchangers
ne copolymers which on sulphonation,
acquire capability to exchange their
other cations in water.
hey can be represented as R7H" where R represents
the insoluble polymer matrix.
The exchange reactions are

2R -H My PR, Mg 21!

2R H' 4+ Ca'™ 2R, Caq 20"

SO HHC—=Cli—CH SO H SO, H
-=-CH—}H CH—CHq - -
: -+ =+ (Bval sible oen i
SO, 11 SO (Exchangeuble Hydrogen ion)

Fig. 1 : Cation Exchanger (Sulphonate form)

Amberlite IR - 120; and Dovex — 50 are commercially

available cation exchange resins.

—CH—~CH—CH, —CH— CH— CH—CH~

©Q

COOH COOH

C‘H,.-— CH— fH;
—CH~CH CH—CH—

-4 o o
COOH COOH
Fig. 2 : Cation Exchanger (Carboxylate form)
Anion Exchangers : Resin containing basic functional
group like amino or quaternary ammonium (-N"R,) or
quaternary phosphonium or hydroxides or hydrochloride are
capable of exchanging their anion with other anions in water
and therefore are known as anion exchangers e.g. styrene
divinyl benzene or amine formaldehyde copolymers. These
after treatment with dilute NaOH solution, b.ccome capab!e
to exchange their OH™ anions with other anions present in
waler.

—@lneaﬂng Chemistry)

—CH= Cll—— 1, —— ==
O
CHNMelon
CH———CH—— ¢},
—CH—~CH CH—CH—
HNMeOIHT CHNMEOH™
Fi

ig. 3 : Anion Exchanger (Hydroxide
They can be simply
represents the

form)
represented as R* OH™ where R*
insoluble organic matrix,

The exchange reactions are

2R' OH +80}" >R SO, +20H"
R*OH" +CI' - RC| +OH"
2R OH" +CO? = R,CO, +20H"

Amberlite 400 and Dovex-3
anion exchangers,

Process : The apparatus used for softening hard water
by this method consists of two conta
cation exchange resin and the
over a bed of pravel,

Hard water is first passed
resin. The cations present in ha
H" ions of the resin,

Ca™ +2R™ -H' —R,Ca+2H"
or
Mg"™ +2R" - H' - R,Mg + 2H" :
The water coming out of the first container thus contains

free ions in acidic in nature. It is now passed through the

anion exchange resin. This resin exchanges the anions with
OH" ions.

are commercially available

other anion exchange resin

through the cation exchange
rd water get exchanged with

R*-OH™ +ClI" - RCI+0H"
2R' -OH" +S0O%F - R,S0, +20H"
(Anion exchanger) (In hard water)
The OH" ions thus formed combine with free II* ions to
form H,0 molecules.
H" + OH™ - H,0 o
Thus, the water coming out from the second container is
neither acidic nor basic and is free from all cations and anions
that were present in hard water. It is known as deionized or
demineralized water. )
Regeneration : The continuous use of resins exhaust
them after some time. Therefore, they must be regenerated.
The exhausted cation exchanger column is regenerated'by
passing a solution of moderately conc. HCl or H,S0, solution
through it.

R,Ca+2H" —2RH" +Ca® (washing)

iners, one containing ,

Engineering Chemistry

Nomer contuuing 'sad smions

Fig. 4 : Deionization of Water

[.t is followed by washing with distilled water and the

washings containing Ca?*, Mg2* > CI” or 80, are drained
ont.

Thf: exhausted anion exchanger column is regenerated
by passing a solution of moderately conc. NaOH solution
through it.

R,S07" +NaOH— 2R - OH" +s0% (washing)

R-CI +NaOH - R -OH + CI

Again, the column js washed with deionized water
and the washings contaj

ning Na* and $O,2 or CI" jons are
drained pur.

Prob.20 Write short note on Priming and Foaming.

IR-T.U. 2014, 12, 11 (1 Sem.), 09, 08]

Sol. Priming and Foaming : When a boiler produces steam
rapidly, some particles of the liquid water are carried along
with the steam. This process of “Water—Steam™ formation is
called Priming, Priming is caused by
() The presence of large amount of dissolved solids
(b) High steam veloc ities
. (c) Sudden boiling :
(d) Improper boiling design and
(¢) Sudden increase in steam production rate.
Foaming is the production of persistent foam or bubbles
in boilers, which do not break easily. Foaming is due to
presence of substances like oil.
Priming and foamin,
objectionable because
(a) Dissolved salts in boiler water are carried by the
Wet steam to super — heater and turbine blades,
where they get deposited as water evaporates. This
water reduces their efficiency.

(b) Dissolved salts may enter the parts of other
machinery, where steam is being used, thereby
decreasing the life of the machinery,

(c) Actual height of the water column cannot be judged
properly, thereby making the maintenance of the
boiler pressure becomes difficult.

g usually occur together, They are

1]

t

> m
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Prgb.21 Write a short note on scale and sludge formation.
= ’ [R.T.U. 2044, 11]

OR
Describe scale and studge Jormation in boilers.
How are they removed? Discuss in detail,

[R-T.U. 2012, Raj. Univ. 2004]

i
== —_——
Sol. Boilers are used for steam generation. When hard water
is evaporated, progressively the

saltis increased.

When their saturation points are
salts of calcium

reached, the dissolved
2 with other soluble

d on the inner wallg of boilers and in
re to the me!

and magnesium alon
impurities are precipitate
due course of time adhe

tal surface in the form of
scales and sludges

Hear

' M o
L00se precipitate suspended Hard adl\cnngcnn:mg on inner
navater (sludge)

walls of boiler (scale)
Fig. : Scale and S|y,
When the

; dge in Boilers

Precipitate formed s soft, slimy and loose,
Known as sludge and is harg and firmly adhering on the inner
walls of boilers known as scale.

The sludges are generally form
have greater solubility in ot water
are formed in colder parts of boj|

Theories of Scale Formag;
Prob. J5.

Theories of Sludge Formation
(8) Decrease in Solubilj

ed by the substance, which

than cold water. So, sludges
ers.

on: Refer 1o Long Answer

(b) Hydrolysis of Salts : The |
are hydrolyzed under high ot

ble Magnesium sa g
temperaty
Mg(OH), scale. frembares

onditions to give soft

Mg(OHy, | + 2HC) ¢
‘ OMmposition ; T}, iti
bicarbonates of calciym and magnes:ucrlneco::izssn;ﬁ:d

ce
tes CaCO3:1nd MgC 3 Tespectively,
Ca(HCo,), - CaCo, | +H,0+c0, 1

Mg(HCo,), MgCo, |+
; o)

MgCOJ may furthe : et

r de e i
water 1o givh Mg(OH)2 COmpose near boiling point of

MgCo, +H, 0 Mg(OH)z d +CO, 1
oz 2

—_—

s — S

h—_‘\

\ concentration of dissolved

Ez)—

These salts
scale and sludge

(d) Formation of Silicates : If small amount of SiQ
is present in boiler feed Water it give rise to formation of
CaSiO; and MgSiO,, adhere very firmly to inner walls of
boiler. .

Removal of Scales and Slud

L. If they are loosely bound to inner surface of the

boiler, can be removed with the help of scrape or
wire brush or wood. .

2. Ifthey strongly adhere to walls and are hard, can
be removed by dissolvirg them by adding certain
chemicals like
(@) 5~10% HCl solution.

(b) EDTA solution.

Blow down operations : In continuous blow down,
adefinite concentration of substance in boiler water
is maintained. Intermittent blow down is aimed at
removing sludge from a boiler water. Thus blow
down operation is attempted to keep salt

concentration at a specific level and to control sludge
in the boiler.

%— ——
Prob.22 (a)What is softening of water? Describe softening
of water by zeolite method with diagram.

precipitate and deposits inside the boiler as

ges

[RT.U.2013)
OR

Write short note on zeolite method, [R.T.U. 2012)
(b) The hardness of 5000L of water sample was
removed by zeolite softner. Zeolite softner
requires 100L of NaCl solution containing
10,000mg/L of NaCl for regeneration. Determine

the hardness of sample water.

|R.T.U. 2013

Sol. (a) Softening of Water : Refer to Long Answer
Prob.2(a).

B ——

mxv, x50
v, X585

m = Concentration of NaCl = 10,000 mg/! .
v, = Velume of NaCl required for regeneration

Sol. (b) Hardness (mg/l) =

=100L
v, = Volume of hard water to be soften
=5000L _ }
10000x100x 50 i
Hardness (mg/l) = TS000x585

=170.94 mg/l



Previous YEARS QUESTIONS

1. SHORT ANSWER TYPE QUESTIONS

Proi.l ;'ha! is meant by the term cracking? [R.T.U.2018]

Sol. Cracking : Cracking is a process by which the larger
molecules are broken down into smaller molecules giving more
useful lighter fractions.

Cracking consists of conversion of C-H and C—C bonds
of high molecular weight hydrocarbons into more usable low

e

boiling hydrocarbons of lower molecular weight.
CioHp = CsHjp + CsHyg
_________—_—————___

Prob.2 Arrange n-octance, naphthalene, iso-octane in
increasing order of their knocking tendency. |R.T.U.2018]

#

Sol. Naphthalene < Iso-octane < n-octane
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Prol a1 are Net Calorific Value (NCV) and a Gross
Calorific Value (GCV) of fuel? IR.T.U.2017)

Sol. Higher Calorific Value (HCV) : It is defined as the
total amount of heat generated when a unit quantity of fuel is
completely burnt and the products of combustion are cooled
down to room temperature.

The fuel when containing hydrogen is bumt. the hyvdrogen
present undergoes combustion and will be converted nto
steam. As the products of combustion are cooled to room
temperature, the steam gets condensed into water and latent
heat is evolved. Thus, the latent heat of condensation of steam
50 liberated is included in the gross calorific value

Lower Calorific Value (LCV) : During combustion of
the fuel, water vapour escapes as such along with hot
combustion by-product gases and thus, are not condensed
Hence, a lesser amount of heat is available. This is called
lower or net calorific value and may be defined as the amount
of heat liberated when one unit mass of fuel 15 burmt
completely and hot combustion products are allowed 10
escape.

Thus, LCV=HCV - latent heat of water vapour formed

Since, | part by mass of hydrogen gives @ parts by mass
of water, the equation becomes :

LCV=HCV - (mass of H; n fuel x 9 » latent heat of

Prob{7 §ive the uses of oil gas.

Sol. Oil gas used to improve the calorific value of water gas
and the mixture of the two gases is called carburetted water

m.u..m.O...Wum.mcmun__-m_nwo;—oJ.mE
ProW8 La#fulate the gross and net calorific value of a

coal sample having the following composition : C = 80%,
H=7% 0=3%,8=35%, N=21% and ash = 4.4%.

Sol. Gov - | 5 0s0c - 34,500 - mfu:uhom K Cal/kg
~— 100 \ 8)

100 '"8)
GCV
NCV

= | 8.080x80+ 34,500 7-2 |+ 2.240x3 5 |K Cal ke
|

=8828.025 KCalkg

=GCV - 0.09H = 587 K Cal’kg
=[8828.025 -0.09x 7x 587]K Cal/ kg
= 8458215 K Cal/kg

Il. LonGg Answer TyYpPE QUESTIONS

mv-.:w-_\fl—&wer ,awa:na?.-_.bn..amzﬂc,__..nucm&.\.tlmw
deterrifiied by Bomb Calorimeter. |R.T.U.2018]

—_—

Prob.4 What is meant by calorific value of a fuel?

Sol. Calorific value of a fuel is defined as “The total quantity
of heat liberated, by the complete combustion of one
unit mass (or volume) of fuel.™

Prob.5 Give any two characteristics of a good fuel.

Sol. 1. High Calorific Value : The fuel should have a high
calorific value, i.e. high heat content. Since the
amount of heat liberated and temperature atlzined
depends upon the calorific value of fuel.
2. Low Moisture Content :The fuel should have

low moisture content, because moisture content of

the fuel reduces the heating value.

Prob.6 What do yon understand by “octane number” of a
Suel?

Sol. The octane number of a fuel is the percentage of volume
of iso—octane in a mixture of iso—octane and n-haptane which
having the similar knocking characteristics of fuel as under
test in standard condition.

Sol. Determination of Calorific Value by Bomb

Calorimeter : The calorific value of solids and non-volatile

liquid fuels is determined by Bomb-Calorimeter.
Construction : It consisis of following parts :

(1) Sreel bomb : It is strong cylindrical container made
up of stainless steel. It is provided with gas tight
screw cap or lid. The lid is provided with two holes
for electrodes and one for oxygen inlet valve.

A small ring is fitted to one of the electrode which acts

as a support for silica crucible

(ii) Bomb is placed in copper calorimeter containing
a known amount of water. It is provided with an
elecrrical stirrer and Backmann's thermometer.

(iii) Copper calorimeter is surrounded by the air jacket
and water jacket to prevent any loss of heat due
to radiation.

(iv) Crucible made up of nickel, or fused silica which
contains the fuel. The crucible is placed inside the
ring antached to one of the electrodes.

Working : A known amount of given fuel is taken in
silica crucible supported over the ring. A piece of fine
magnesium wire is tightly stretched across the electrodes
touching fuel sample.

[
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Fig. : Bomb Calorimeter .

The bomb is placed inside calorimeter which contains known
amount of water. After through stirring, initial temperature of
water is noted with help of thermometer. The electrodes are
connected to 6 volt bartery and circuit is completed. Fuel burns
with evolution of heat. Heat produced is transferred to water
which raises the temperature of water. Maximum temperature
is recorded. Time taken to cool the water in calorimeter from
maximum temperature (o room temperature is also noted.

Calculations ; Let weight of the fuel sample taken=x gm

Weight of water taken in calorimeter = W gm

Higher calorific.value =L cals/gm
ent of calorimeter, stirrer, thermometer etc.
=wm

Initial temperature = 1,°C

Final temperature = 1t,°C
Heat liberated by burning of fuels = xL
Heat absorbed by water and apparatus = (W+w){(ta- t,)
Since, Heat liberated = Heat absorbed

XL =(W+w)(1,-1))
L (HCV) =(W-+w)1t,—t,¥x

H = Percentage of hydrogen in fuel then, mass of
water produced from one gm of fuel

Witer equival

Heat taken by water to form steam
. = 0.09 H x latent heat of steam (587 cal/g)
LCV = HCV - Latent heat of water formed
«={L (HCV) - 0.09H ~ 587} calories/gm
) For more accurate results, corrections have to be
incorporated in above equation.
(i) Fuse wire correction : The heat produced, as

»  measured above, the heat given out by ignition of
fuse wire used.

(=)

(ii) Acid correction : Under high pressure and
temperature, nitrogen and sulphur present in fuel
oxidized to sulphuric acid and nitric acid.

(iii) Cooling correction : Rate of cooling and actual
time taken is added to rise in temperature.

(W + w)(1, —t, + cooling correction)

—(Acid + fuse wire correcfion)
Mass of fuel(x)

~-(HCV)=

ﬁwuuhdf_. 'hat is water gas and its composition? How it is
prepared on industrial scale? Explain its uses.

[R.T.U.2018|

Sol. Water Gas : Water gas is also called blue gas because
it burns with blue flame. Water gas is a mixture of
carbonmonoxide and hydrogen (50% along with small amount
of non-combustible gases such as carbon dioxide and nitrogen.
The equipment used for production of water gas is identical
to that used in production of producer gas. The difference
lies in the operation. This consists two operation cycles ie.,
alternatively air blowing and steam blowing.

Fig.

Reactions involved : When steam (H,0) reacts with
red hot coke at about 1000°C, the following reactions take
place

C+H,0 — CO+H, — 29 kcal (endothermic)

C+2H,0 > CO,+2Hy — 19 keal (endothermic)

As both above reactions are endothermic, the fuel bed
(Coal/Coke) cools down.

The above endothermic reactions cause a fall in
temperature of coal bed. In order to raise the temperature,
steam supply is withdrawn and in its place only air is
introduced. The following exothermic reactions take place.
The outgoing gases generated in this cycle are -

C+0;, — CO,+ 94 keal
2C + 0, — 2CO + 53 keal




there i
maintained by alternativ
composition of w;
and N, = 4% and
1Uis enriched w
called Carburey

EC.36

A mixture of CO, and N,

. cannot be used
S A rise in temperature Lo

as fuel byt
about 1000°C, |y s properly
ely sending stean and air, Average
ater gas is CO =419, H,=51%, CO, = 4,
thas calorific valye of about 2,800 keal/m?.
ith some gaseous hydrocarbon, This is so
ed water gas containg CO=25%,H,= 35%,
hydrocarbons = 35%, N,y = 5% and CO,=5%. ~
Uses of Water Gas -

() Water 2as is used to remove
from full cell apphication,
(i) 1t reacts with producer pas and produces fuel gas,
(i) 1t is used 10 gain pure hydrogen for synthesis of
Ammonia.
(iv) This gas is also used in Fischer-Tropsch process to

convert a mixture of carbon monoxide and hydrogen
into liquid hydrocarbons.

the carbon monoxide

Prob.3 Calculate the weight of air needed Sfor complete

combustion of 5.0 kg of a coal cantaining 80% carbon,
15% hydrogen and rest is

Engineering Chemistry
get sofiness, well ang fuse

together during, combustion, can
be converted ino cokes. Bituminous cogl can be converted
into coke. This process of carbonization is also called
destructive distillation. The quality and yi:lds of various
products depends mainly on (i) rank and type of coal
carbonised, (ii) lemperature of carbonization and
(i) duration ol carbonization. Carbonization 1sused to produce
metallurgical coke, smokeless fue
gas making
The useful 1
where as g

I for domestic purpose, and

Quids produced are benzo
aseous by product is cogl gas,
Steps in Carbonization P

le, oilsand tar,

rocess :

Bituminous coals — 2, Moiciire

and some gases are eliminated

A 260°C-270°
(approxima

Decomposition of
coal followed by

H,0, H,8, low molecular

oxygen. [R.T.U. 2018}
Sol. We have
Constituents Weight Combustion Weight of O,
in kg Reaction (in kg)
of coal ,
(kg) | | -
0.80 ﬂ Cr0:=C0: | pone @ _ors |

Total 0, =333
O3 inTuel = 0.05 |
1

Net 02 =3.28 _
Total weight of air needed for complete combustion of 5 kg
of coal
5x3.28x100
- 23
=713 ke An

weight alkanes and
alkenes are formed

Al a00eC

Coking coals are formed wrc . Hydrogen is

becomes soft and plastic s eliminated

Plastic mass forms a
—wre , foam like mass with

Coke is formed by
N evolution of gases

solidification of foam
like mass

—

high
iemperalure

Beehive’s Oven Method : This is the earliest and cheapest
method for the manu facturing of metallurgical coke,

Construction : The Beehive's
structure made of bricks.
high and having a

has two openings, one at the top for the ¢f
the other at the side through which

oven is a dome shaped
This is about 4m wide and 2.5 m

S.

vwoéw}i is carbonization of coal? Explain Beehive

coke oven method of coal carbonization.

(b) Explain the composition and uses of coal gas.

IR.T.U. 2017/

removed. This side o
and when desired.

Volatile matter eliminates or burns through the parti

Sol.(a) Carbonization of Coal :

When coal is heated
strongly in absence of air, it looses volatile matter and gets

converted into lustrous, dense, strong, porous M.En_ no_,nwnav
mass known as coke. This process of converting coal into
coke is called carbonization. The coal having a tendency to

side door, Combustion is
top layer to the bottom layer takes
carbonization takes about 3-4 day
coke formed is quenched with wa

the coal charged and average about

capacity of about 8-10 tonnes of coal. It
harging of coal and
the coke formed is
pening also act as inlet for air supply

Process : The coal is charged through :,5 top opening
and evenly levelled to form about 0.6-0.75 m thick _wv_m._.. man
air is supplied in from the side opening and the coal is ignited.

ally closed
allowed to proceed in a gradually
diminishing supply of air, so that slow carbonization fromthe
place. The complete
s. The hard metallurgical
ter and taken out from the
discharge side opening. The yield of coke is about 60-80% of
5-6 tonnes of coke per oven.

Engineering Chemistry

After the process s over,
continue the next operation wit}
such type of ovens can be wo
wastage of heat
this method

Limitations

() Yield of coke is lowe

(1)  Lack of :ax._y.__c_. of operation.

No recovery of by-products which are useful

chemicals takes place

_._na radiated from roaf
10 the coal bed

the oven is hot enough to
ha fresh charge and several
rked in series to minimize
Fhe by-products are non recoverable in

r duce to partial combustion,

Fig. : Beehive's coke oven
Sol.(b) Coal gas : Coa| g

characteristic odor. It is lighter 1l

It bums with long smoky flam
keal/m?, Its av

as is a colorless gas having a
han air and slightly soluble in water.

e. s calorific value js about 4,900
crage composition is constituent H,

Applications
‘The important a
(i) Asa fuel,

(i) Domestic and commercial illumination,

(i) In metallurgical operations fo
atmosphere.

ProbS Calculate the

coal sample having th
C=80%,

ash = 4.4%
[Gross CV in kcal/kg,

pplications of coal gas are ;

r providing reducing

gross and net calorific value of a
¢ following composition

H=7%0=3% 5= 3.5%, N=2.1% and
C=8,080; H = 34,500;8= 2240).

[R-TU. 2011, Raj. Univ (Back) 2008)
Oh

Calculate the gross and net calorific
sample having the Sollowing
C=80%; H= 07%; 0=03%; § = 3.5%; N=2.1% and
ash = 4.4%

values of a coal
composition :

[R.T.U. 2017

Sol. Gross Calorific Value (GCV)

= | s0g0xc Lﬁ%T‘ﬂﬁzoxm keal / kg
100

{ EC.37)

= —L_| 808080 + 34500 Tm +2240x3.5 | keal /kg
100

n ﬂn_wmga%cc +228562.5 + 7840] keal / kg

= 8828.025 kealfkg.
Netcalorific value = GCV — 0,094 x 587 kecal/kg

uawum.ouulc.oex.\xqu keal/kg
=8458.215 keal/kg ,

Prob.6 What is carbonization of coal? Describe Otto-
Hoffmann’s By-product oven method of coke manufacturing.

IR.TU. Dec. 201, 6f

Sol. Carbonization or Man
Long Answer Prob. 4(a).

Otto-Hoffmann’s By-Product
Method : This method has advantage that the by-products
like coal gas, NHj, benzoy! oil, tar €tc. are recovered and
heating is done externally by coal gas evolved during the
process itself or by producer gas.

Principle : The heating is done on the basis of
regenerative principle of heat economy, i.e. utilization of
the waste flue gases for heating of checker works of bricks.

Construction : The by-product coke oven consists of a
number of narrow silica chambers. Each chamber is about
10-12 meter long, 0.40-0.45m wide which

ufacturing of Coke : Refer 1o

Coke Oven

h end for coke discharge.
Assingle oven can hold about 16 to 24 tonnes of coal.

Working : Finely powdered coa
charging hole at the to
closed at both ends t
burning producer ga
1200°C and normal
to achieve as econo

lis entered through the
p of the ¢hambers which are then tightly
0 cut ofT the supply of aj

Chanibers
Toaded with cowl

Mt regeneraton
Mutgony waste
waes hear

before excapung
to chimney
WASE gases
10 himney

Waste gases 1 b
ta chunncy Aty -

Coke ovens way

regenenton

Fig.

: Onto-Hoffman's By-product coke oven with Fegenerators
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the help of a water seal. A pipe from the hydraulic main leads
to the gas holder. This pipe has a testing tap.

To
laboratory

Hydraulic
main

Fig. : Manufacturing of oil gas

The retort is heated to red hot and a stream of kerosene
oil is allowed to fall on the bottom of red hot retort. As it
comes in contact with red hot surface of the retort, the
kerosene oil decompaoses into number of lower hydrocarbon
gases like CH,, C,Hg, C,H, etc. A tarry material of volatile
nature is also produced. The resulting gaseous mixture passes
out through the bonnet over to a hydraulic main (a tank
containing water). Here tar gets condensed. Thep at the testing
tap, from where the samples of gas can be taken for testing.
The proper cracking of oil is estimated from the color of
the gas. A good oil gas should have a golden color. Finally the
gas stored over water in gas holders. Yield of the gas is about
40 to 50%. Oil gas is conveyed to laboratory through pipes
from the gas holders whenever required.
Application
Oil gas is used to improve the calorific value of water
gas and the mixture of the two gases is called carburetted
water gas. Oil gas is also used as laboratory gas.

Engineering Chemistry

Moving-bed (Fludised-bed) Catalytic Cracking :
In this process the solid catalyst is very finely powdered to a
fluid from that it behaves almost like a fluid (liquid) and can
be transported in the gas stream. Figure represents a typical
appratus.

The heavy oil vapours are mixed with the fine catalyst
and forced to a large reactor at 500°C. Here the vapours and
catalyst mixture forms a floating and moving bed. The
cracking starts to produce smaller molecules in vapour form
and some carbon. The carbon gets deposited over the catalyst
particles, due to which they become heavy and settle down.
The heavy catalyst particles are then sent to a regenerator,
where they are heated to 600°C to burn off the carbon. These
active catalyst particles now are brought back to the reactor
along with the fresh oil vapours.

Flue gasos c":::::’ Coolor
. Light
Cawiysl ‘? }c!ona > tracton
-ugenm:tor\ \Kj
Al
{”/c 00 —p Gases
Reganarsiad
catalys _l Stabilizer
e - - x
\\\Ll < naiciay —
Foad I Heavy oil
it & ! . .
f= ' "Il> ciint . gk » Gasoline
=Y = cablyst matching Gasaling » gas
— & column
e

CIULT ant catalyst +— Air

Blowar

Fig. : Moving-bed type catalytic cracking

The vapours formed in the reactor are passed through a
centrifugal separator called cyclone, which does pot allow to
pass through catalyst particles but allow to pass the vapours
to the fractionating column. Here heavy fractions get
condensed to oil while light vapours are allowed to pass through
the coolers. In the cooler, they get condensed to liquid gasoline
along with same dissolved gases. This gasoline is finally passed
through stabilizer, where dissolved gases are removed and
more petrol is collected.

lmt is cracking of fuel? Describe with diagram
moving-bed catalytic cracking of petroleum.[R.T.U. Dec. 2016]

Sol. Cracking : Refer to Q.1 (Short Answer)

Important cracking processes developed so far are

(a) thermal cracking, (b) catalytic cracking

(a) Thermal cracking : When heavy petroleum oil is

heated above the decomposition temperature, the molecules

are broken and rearranged to give smaller molecules of the

paraffin and olefin series and some hydrogen.
R.CH,.CH,.CH,R'— R.CH.CH, + CH;R’

Thermal cracking can be carried out either in (i) liquid

phase (ii) vapour phase.

(b) Catalytic cracking : When cracking is carried out

in the presence of suitable catalysts, it is known as catalytic

cracking.

vith

Prob.9 Write short note on any two of the following.

@Clmqﬂﬂen‘sﬁcs of good fuel, JR.T.U. Dec. 2016]
) Refining of petroleum [R.T.U. Dec. 2016, 15, 13/

(c) Pulverized coal and its advantages [R.T.U. Dec. 2016]

Sol.(a) Characteristics of good fuel :

. High calotific value (Heating value) : Since the
amount of heat liberated and temperature attained
depends upon calorific value, calorific value of fuel
should be high.

2. Ignition temperature : In order to have active
combustion, the fuel should be heated to a sufficient
temperature. The minimum temperature at which
active combustion of the fuel takes place when the
firing is at once started, is called as ignition
temperature.

High ignition temperature causes difficulties in
combustion of fuel, a large amount of heat energy
is required, but safe during transportation and
Storage. Low ignition temperature is dangerous for
transportation and storage, it may cause fire hazard.
Hence, an ideal fuel should have moderate ignition
lemperature.

3. Low Ash or non-combustible matter : As non-
combustible or ash content reduces the heating
value, increase the cost of storage and disposal,
besides it causes major enviornmental problem. The
non-combustible matter increases the cost of fuel.

4. Low moisture content : The presence of moisture
will reduce the heating value. It has to be dried
before use. Moisture content should be as low as
possible. The coal may contain moisture in two
forms, i.e. free and inherent moisture, Free moisture
is that which wets the coal and it can be removed
on exposure to air. Inherent moisture is that which
is locked in the pores of coal and is not visible. Air
dried and even freshly mined coal appearing dry
may contain inherent water. It can be removed by
heating.

5. The combustion product should not be
harmful: Fuel should be such that a safe and clean
combustion is ensured. Too much smoke and
obnoxious odours are not desirable. The fuel on
combustion should not liberate harmful, dangerous
products which can cause harm to living organism
and environment. The harmful gases are such as
SO:. CO. H:S. PH3 etc.

6. Moderate velocity of combustion : The velocity
of combustion should be moderate. If it is slow, the
required high temperature may not be attained,
whereas in case of high, major part of heat energy
will be radiated to atmosphere.

7. Easy to Store and Transport : It should be safe,
convenient and economical for storage and
transport. It is costlier for gasesous fuel in
comparison to solid and liquid fuel.

8. Low cost : The fuel should be cheap and readily
available.

Sol.(b) Refining of Crude Petroleum : Petroleum coming
out from ground is dark colored, thick liquid and mixture of
various hydrocarbons containing a lot of impurities (sand, brine
etc.). It is therefore separated into a number of useful
fractions by fractional distillation. )

“The process of separation of crude oil_ into various

fractions by fractional distillation and desired specific
products obtained from these fractions by removing
objectionable impurities is known as refining ?f Pe""’"_“""f
and the plants set up for this purpose are called oil refineries.
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The process of refining involves the following steps :
(i) Removal of Water by Cottrell’s Process :
Crude oil coming out from the earth crust is an
emulsion of oil and brine (salt water). The crude oil
is allowed to flow between two highly charged
electrodes where colloidal water droplets coalesce
to form large drops and separates out from the oil.
Removal of Sulphur Compounds : The crude
oil isallowed to be treated with copper oxide, where
sulphur is converted into insoluble copper sulphide
which may be removed by filtration.
They exhibit bad odor and color, cause corrosion
of metal parts of ICE and lower
the anti-knocking agent.
(iii) Fractional Distillation -
first in an iron retort at ab

oil is evaporated (except asphalt or coke).
-The hot vapors are then passed

into the long fractionatin g
column, Fractionating column is a long cylindrical tower
containing a series of horizontal stainless steel trays at short
distances. Each tray is provided with small chimney which
are covered with loose cap called bubble tower. As the vapors
go high, they become cooler and condense. The higher boiling
fraction (300°C) condenses first at the bottom while lower
boiling fractions will condense |

ater near the top of the tower.
The outlets in tower are provid

ed in the side of the column to
withdraw a number of fractions. Various fractions are

collected at intermediate points, depending upon their boiling
points. High boiling fractions, getting collected at the bottom,
can be further subjected to cracking to get more useful low

(ii)

s the response to

The crude oil is heated
out 400°C. The most of

boiling fractions.
‘ /r—-o Gases
_J Petroleum
Tray £ 1% ether
. K]‘—":” Gasoline
CS:)TV?‘?: S Naphtha
Ifpot > Kerosene
oose
cap/ > Diesel ol
=* Lubricating .
L oil
_— i
Crude Ny .
p Furnace = Heavy oil
oil at 400°C

Bubble tower
de petroleum
Fig.: Fractional distillation of cru . .
Sol.(c) Pnh'ferized Coal : The combustion rate of coal with
o : n of air is slow due to less area of contact beﬂt:veen;
::Z:*m rate of combustion can be increased by either (1.
i

={ Engineering Chemistry)
increasing the amount of ajr which results in waste of heat as

heat is carried away by excess of air or (i) finely powdering
or pulverizing the coal which results ir

Its in increased area of
contact between coal and oxygen. Pulverized coal can pe
nveyor or stream of air,
parable with that of liquid

transported by means of screw co

and thus, transportation is quite com
or gaseous fuel.

The chief advanta

ges associated with the use of
pulverized coals are :

(i) Complete combustion is obtajned with less excess
of air and reduces wasta
temperature, and hj
achieved,

ge of heat. Higher
gher thermal efficiency are
(i) Rate of combustion can be controlled easily as in
case of liquid or gaseous fuels, ‘
Heating of the furnace can. be stopped or started
atany time, and thus, resulting in saving of fuel.
Low grade coals having high ash content can be
economically used. This is particularly important
for Indian coals (most coals contain high ash).
(v) Overall operation costs including labour are low.

(iii)
(iv)

Prob.10 Describe the determination of calorific value of
gaseous fuel by Junker’s Calorimeter, [R.T.U. Dec, 2016}

Sol. Determination of Calorific Value By Junker’s'..
Calorimeter : The Junker’s calorimeter is used to determine

the calorific value of gaseous fuels: It involves the followi‘ng
main parts in its construction, -

. 7 ’
Thermometer -
- To Measuri
Section A-A S “Vl::tl"
czx::\lb:‘;l::n Flues X .1 q ?

=3

Head

/

L) // vt Gases

Condensate

Gasmeies

Fig. : Junker's Gas Calorimeter L
(1) Bunsen Burner : There is a gas burner which is
clamped at the bottom and can be easily pulled out of ?
combustion chamber or pushed up into it during the

performance of experiment. This special type of burner is
called Bunsen Burner.
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.:‘L-..l,f"m‘" Analysis of Coal @ It includes determination
percentage of carbon, hydrogen, sulphur and nitrogen.
- (a) .Ik‘h‘mlustmn of Carbon and Hydrogen : About
< gm accurately weighted coal sample is burnt in a current
Pparatus. Asaresult C and H of
;O respectively. The

. sorbed res
" KOH and CaCl, tubes of known weight DI
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{Engineering Chemistry)

EK()” + (‘()2 4 KJCOll + H;O
CaCly + TH;O —» CaCl,. 7TH,O
Increasein weight of KOH tubex12x100
% of C= — Weltht ol oo
eightof coalsample taken x 44

. Increase in weight of CaCl, tubex 2 x 100

% of H = _—Wcighlurcmlsmnpk takenx18

(b) Determination of Nitrogen : To estimate the
percentage of nitrogen, a known quantity of powdered and
dry coal sample is taken in kjeldahl's flask and heated with

cone. H,50, along with CuSO, inthe presence of K,80,

as catalyst Thus, clear solution is obtained (i.e. when whole
mitrogen 1s converted into ammonium sulphate). It is treated
with excess of NaOH 1o when liberate ammonia.

N, + H,S0, - (NH,), SO,
(NH,), SO, + 2NaOH -» Na,SO, + 2NH, + 2H,0
INH, + H,80, -» (NH,),S0,
The NH,, thus, liberated is distilled over and absorbed

. N
in a known volume (V,) of standard H,SO, solution 0"

The volume of unused H,SO, isthen determined by titrating

N .
against with standard 10 NaOH solution.

Sphoah hoad

o (Rjehtsnl ' oapl), NI, - Stcam

Comnxal

Mask

Kpown volume of
wd 11,80, scrd

Fig. : Estimation of Nitrogen by Kjeldahls Method
The percentage of nitrogen in the coal can be
determined by knowing the volume of acid consumed by
liberated ammonia

Culculation:
Let, the weight of coal sample taken = w g
Volume of standard acid Solution of normality

N
— =V ml
10 _ . _
folume of the standard alkali solution of normality

N/10 required for titration of excess acid (unused acid ) =vml
Because acid and alkalies neutralize in equivalent

amounts . .
So. the volume of acid solution of normality (N/10) left

1000 ml of IN NH, solution = 17 gof NH, =14 g of

Volume of acid solution of normality N/10 used for

neutralizing

NH, = (V= v)ml=x ml
xml of N/10 acid solution = x ml of (N/10) NH, solution
hito.-n

14
xmlof N,"NH;" =mx x x N, g of Nitrogen
100

xXxN;x—
w

: 14
% of Nitrogen = 1000
% of Nitrogen
g Volume of acid consumed x Normality x1.4
Weight of the sample

_LAXN; xx
w

(c) Determination of Sulphur : A known amount of
coal sample is burnt completely in bomb calorimeter in a
current of oxygen by which sulphur present in coal is
converted into sulphate. The ash obtained from the oxygen
bomb calorimeter is extracted with dil. HCI. The acid extract
is then treated with barium chloride solution, when barium
sulphate is precipitated. This precipitate is filtered, washed
and heated to constant weight.
. Weight of BaSO, obtainedx32 x 100
%of § = Weight of coalsample taken in bombx 233
(d) Ash determination is carried out as in proximate analysis.
(¢) Oxygen : The total s4m of the percentage of carbon,
hydrogen, nitrogen, sulphur and ash content subtracted from
100, gives the percentage of oxygen.
% of oxygen= 100 ~ % of (C + H+ S + N + ash)

— ]
Prob.13 Determine the theoretical weight of air required
Jor the complete combustion of fuel having C= 75%,
H = 8% and O = 3% percentage composition. Assuming
that 50% excess alr Is to be used, calculate the weight of

air supplied. [R.LU. Dec. 2016
Sol. We have:
Constit- |Wtin 1 kg {Combustion Wt of Oy
uents _|of coal (kg) [Reaction (In kg)
c 0.75 C+0,-» CO, D.TS‘B-Z
e 12
H 0.08 \ 16
H B 0.08= — =
Do 2
- H.O 0.64
0 [0.03 - i O
__Ash__10.14 ~ -
Total Oy = 2 64
1Oy in fuel <0 03
o Net O; = 2.8)

unused = v ml
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~——{Engineering Chemistry)
d : Refer to Long Answer

(i) Beehive's Oven Metho
Prob. 4(a).

(i) Otto-Hoffmann"'s By-Product Coke Oven Method :
Refer to Long Answer Prob.s.,

l‘mﬁt‘ i! rite short note on Reforming. [R.T.U. 2012§
OR

Whar is reforming? Explain various reforming process
of gasoline. [R.TU. Jan. 2014)

Sol. Reforming : Reforming is a process involving
modification of the structure of molecules by the action of
heat, pressure and a catalyst (usually platinum (pn)) to give
high octane petrol and petrol chemicals feed stock. This is
carried out to convert “styaight chain hydrocarbon with a
low octane number to branch chain or eyelic compounds
with high octane number. This process also known as
upgradation of gasoline.” The anti-knock characteristics
of gasoline can be improved by reforming.

By reforming process.

() Paraffins are converted to isoparaffins.

(i) Paraffins are converted to naphthalenes.

(iii) Naphthalenes are converted to aromatics.

C;H,¢ + Catalyst—— C,H; + 4H,

Hydrogen

— CgHg +3H, T
Benzene Hydrogen

Toluene
CsHy,
Cyclohexane

Reforming is carried out either thermally or by the
presence of catalyst (catalytically).

Thermal Reforming )

This process involves heating the straight run gasoline
in a reactor at 500-600 °C under a pressure of 85 atmosphere
in the absence of a catalyst. The conditions are well contro!led
to prevent the formation of gas at the cxpense_of gaso[_mc.
The degree of reforming is controlled by quenching (cooling)
the product vapors by a cold oil spray. The reformed plnl::c!ucts
are then fractionated to remove rcs;dllml gases (Stablhz"‘lg)&
During thermal reforming some cracking also occurs to ysfal
alkancs and alkenes. These may undergo dehydrogenation
followed by cyclization to give naphthalenes.

Gases

Cold o G
Straupht nin ¢
pasaline
et 5ot ey 4] Quencher Subliuzze
. Reformed
Pressure = 85 atm Stham e
: ming of stralght run g'a.ml'.l'm
T hed chain alkanes also

Conversion of n-alkanes to branc
takes place during this process.

Eﬂglnean‘ng Chmnlstry)

Catalytic Reforming

This process produces a product having better fuel
characteristics at lower pressure as compared 1o thermal
reforming. Catalytic reforming is done in the presence of a
catalyst (Platinum supported on alumina) at 460-530°C and
35-50 atmospheric pressure by using either a fixed-bed or
moving (fluidized) bed process. This process using Pt as
catalyst is also known as platforming and reformed or
stabilized gasoline is also known as Plat-formates.

H; compressed
and recycled

Low boiling
companents
(o avend r\'rllnlwel

fi‘n

‘reaction with H,) Melumied
pawiline

Heater
aS00C ar s00°C

Fig. 2 : Fixed-bed catalytic reforming process
A few of reforming reactions are given below, These
are dehydrogenation, dehydrocyclization, [somerization and
Hydro-cracking reactions.
(1) Dehydrogenation : Cyclic alkanes undergo
dehydrogenation to form aromatic compounds,
CH, CH,

OO )

Cyclohexane

=3Hy
Benzene

Methyl
Cyclohexane

Toluene

—{ EC.45)

(2) Debydrocyclization : n-alkanes become cyclie
alkanes, which undergo dehydrogenation and form
aromatic compounds,

CH,
i, CH, H,
\('H
H,C Hy ™ -
| — — O
oy H2 S = N
C 4y
" % A Methyl Cyclohexane Toluene
T CH,
n - Heplane

(3) Isomerization : This is used for the conversion of
a straight chain compound into a branched
hydrocarbon.

CHy~—(CH, ), —CH, = CH;~—CH—CH, —CH,—CH,
n-liexane l
CH,
(2 methy] perane )

(4) Hydro-cracking : n-paraffins are mixed with
hydrogen and passed over a hot catalyst.
Hydrocracking takes place resulting in higher
hydrocarbons.

[Pt}

——— ZCHJ—-(CI-IQD,""(H,
n-Pentane
The liberated hydrogen can be used to hydrogenate
alkane, to remove sulphur in feed stock oil or to promote
cracking of larger molecules.

CHy == (CHy)y — CH, + 1,

n-Decane

Prob.17 A gas used in an internal combustion engine had, 40% of H, 30% of CH 0 17% of CO, 5% of N,, 3% of C;H,
ind 5% of C,fly Find the volume of air needed Jfor combustion of gas. If air supplied is 45% excess, find the volume

wmalysis of dry products.

[RT.U. Jan. 2016
—eee
Sol. . e I
Constituents | Volume in 1m” of gas Combustion Reaction O; required Volume of dry gas
: - (in m®) (in m?)
Hz 0.40 | 1 o ——
H; + 501 - H,0 0.40x5=0,2
CH, 030 " |'CH,+20,-»C0,1 21,0 | 03052508 CO, =030 1=0.30
-0 0.17 = =
“a co+ o, .»co, 0.17x~;—=0.035 = i
T T D = — N; = 0.05
C;Hj 0.03 CiHg +50, - 3CO, +4H,0 | 0.03x5=0.15 CO,=0.03 x 3=0.09
H 0.05 = =0.
CH, C,H, +§Oz —2C0, +H,0 0.05x—;—=0.125 SRS wibl
Total 1.16 0.71




O, required = 1.16 m®

Therefore, Air required =1.16x ]-;2 =5.52m’

Excess air required =5.52x % =2.484m’

s s 3 0.52164 m*

Total air supplied = 5.52 + 2.484 = 8.004 m?

§£’0_4£?_ =6.323m>
100

CO, in combustion products =0.30+0.17+0.09 + 0.1
=0.66 m®

O, in combustion products = 0.5216 m*

Total N, = 6.323 + 0.05=6.373 m®

Total volume of dry combustion products

0,(0.5216) + N, (6.373) + CO, (0.66) = 7.5547 m’

Therefore, volume percentage analysis of dry products
will be as following :

Volume of O, in excess air =

N, from air =

Co, =2 00X100 _ g 9330,
7.5547
. Ll RN EL
7.5547
b [ _0S26x100_ o0,
7.5547

Pro hat is proximate analysis of coal? Explain the
steps involved in proximate analysis of coal. (R.TU.2014]
OR

Write short note on Elemental analysis of fuel.
[R.T.U. Jan. 2016]

: OR
Write note on proximate analysis of coal and its
significance. JR.T.U. 2015]
OR

What is the proximate and ultimate analysis of
coal? How carbon, hydrogen, sulphur and nitrogen are
estimated? [R.TU.2013]

OR

What is ultimate and proximate analysis of coal?

Discuss their significance. How are ultimate and

proximate analysis done? o [R.T.U.2012, 2011

Describe methods of proximate analysis of coal.

o A e 5
What is the significance of proximate analysis? :
[R.T.U. 2%1 ﬂj,‘ 2009, 2007; Raj. Univ. 2005, 2003, 2002, 2001}

i - ition of fuels varies widely
Sol. Analysis of Coal: The composition 0
and hence it is necessary to analyze and interpret the results.
These tell us about fuel so that it can be selected for proper
industrial use, price fixation and commercial classification.

{ Engineering Chemistry)

The quality of a coal is ascertained by the following two
types of analysis :

1. Proximate Analysis

2. Ultimate Analysis

Proximate analysis gives valuable information about the
practical utility of coal. Proximate analysis is comparatively
cheaper and simpler as against ultimate analysis which is
very tedious and the costs of the equipments required are
very high. :

However, two types of analysis are complimentary and
give necessary data to decide about the quality of coal.

(i) Proximate Analysis : It is empirical but important
analysis dealing with determination of moisture contents,
volatile matter, ash content and fixed carbon.

(a) Determination of Moisture Content : A known
quantity of coal sample is heated at 105-110° C in crucible.
Then cooled in desiccator, the loss in weight represents the
moisture content.

XY x100

Xx= WeKight of sample
y = weight of sample after drying,
x —y = weight loss on drying.
(b) Determination of Ash Content : A weighted
sample is heated to 800° C in electric furnace for | hour.
Then cooled in desiccator. The residue is weighted as ash.

% of mixture =

where,

weight of ash left
weight of coalsample taken

(c) Determination of Volatile Matter : A weighted
sample of coal is heated in crucible for 7 minutes at 950° C.
Crucible is cooled rapidly to prevent any oxidation. The loss
of weight is reported as volatile matter.

% of volatile matter

Loss in weight due to removal of volatile matter
- Weight of coal sample taken

(d) Determination of Fixed Carbon

% of fixed carbon =100 - (% moisture + % volatile
matter + % ash).

(i) Ultimate Analysis of Coal and Coke : Refer to
Long Answer Prob.9.

Significance of Proximate Analysis : It helps us to
determine the quality of coal. The following factors are taken
into consideration, for selection of coal for various use.

1. Calorific Value : The coal with high calorific value

is preferred.

2. Moisture Content : Coal with low moisture is
preferred. Moisture in coal reduces the heating
value of coal.

3. Ash Content : The coal with low ash contents is
preferred. It does not take part in combustion and
lowers the heating value of coal.

% of ash =

x 100




U -

and S = 1%. Calculate the high and low calorific values
by using Dulong’s formula. {R.T.U. 2015]

Sol. C=84.5%,N=0.5%, H=6%, 0=28.4%,and S=1%
According to Dulong’s Formula
Higher calorific value of |
C =8080 cal/gm = 8080 kcal/ kg
Higher calorific value of
H = 34500 cal/gm = 34500 kcal’kg
Higher calorific value of
S = 2240 cal/gm = 2240 kcal’kg -

Higher calorific value "

HCV = IIR[SOSO x C+ 34500(}1 —%) +2240 S] kcal/kg

—

. 8080 x 84.5 + 34500(6 —ﬁ] +2240x l]kcang ‘
100 : 8 ) . . _

= -1-(1)— 682760 +34500(4.95) + 2240 | keal/kg
g

o

= —[682760+170775 + 2240 keallkg

=8557.75 kcal/kg

Low calorific value

LCV =[HCV - 0.09H x 587 ] kcal/kg

=[8557.75-0.09(6)x 587 |

— 8240.77 kealkg
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(Engineering Chemlstry )=
(8) The following data were obtuined in a Junker's
calorimeter experiment :

Volume of gas burnt = 0.1 n’ at STP

Weight of water heated = 25 kg

Temperature of inlet water = 20°C

Temeprature of outlet water = 33°C

Welght of steam condensed = 0.025 kg

Calculate the higher and lower calorific value. Take

the latent heat of steam as 580 kcalkg. '

[R.T.U. 2013, ] Sem.2008)

’ Sola) HCV= (W, + W,)LT, ~Ty)=8
_(250+150)(29.1-27.3)%4.187
072
=4187 k/kg
Sol.(b) Given
V=01 m’
W=25kg
T, =20°C
T,=33°C
m=0.025 kg

Hcv-.‘_v_r%;_u

- 25(33-20)
0.1

LCV=HCV - (%)wsso J

K/ kg

W/ kg

= 3250 k cal/m’

0.025
5
i g

=3105 k cal/ m’

-3250-[

—
Prob32 (a) Define and classify fuels. Describe and give
importani characteristics of good metallurgical coke and
Hoffpann process of manufacturing coke.
ﬁﬁ’lm‘ is Knocking in an IC engine? How il is
rel 1o the structare aJ constituent Kydrocarbons?

Define Octane number. [R.T.U. 2012/

Sol.(a) Fuels are naturally occurring or manufactured
combustible organic substances which act as a source of heat.
Any source of heat energy is called as fuel. The fuel includes
all combustible substances that combine with oxygen from the
atmospliere with the evolution of large amount of heat which
can be used economically for domestic and industrial purposes.

Therefore, the term “fuel’ may be defined as “any
Jissionable chemical material or any reactant which gives
energy in the form of heat that can be used for producing
powder”. In other words “Fuel is a combustible substance
comtaining carbon as maln constifuent, which ks capable of
releasing large amount of heat (or energy)”. For example :

conl

. wood, charcoal, petrol, diesel, oil gas, producer gas,

kerosene, liquificd petroleum gas, CNGetc.

Classification of Fuels ¢ The fuels are classified

according to :

as(i

I.  Occurrence

2. State of Aggregation

Classification of Fuels According to Occurrence

According 10 occurrence, fuels are classifiedas:

(i) Primary or Natural Fuel : These are found in
nature e.g. wood, peat, petrolcum, natural gas etc.

(i) Secondary or Artificial Fuel : Those which are
derived from the primary fuels e.g. coke, charcoal,
petrol, kerosene, dicsel, coal gas, oil gas, producer
gas, blast furnace gas etc.

Classification of Fuels According to State of Aggregation

According to state of aggregation, fuels are classified
) Solid (ii) Liquid (iii) Gaseous, which may be primary or

secondary fuel.

Table : Classification of Fuels

8. |Occurrence State of Aggregation
No. Solid Fuel |Liquid |Gaseous
Fuel Fuel
1. {Primary or |Wood, Peat, |Crude Natural gas
natural fuel |[Lignite, petroleumn
Bituminous, |oil
Anthracite,
Dung Coal
2. |Secondary |Coke, Kerosene, |Coal gas,
fuel Charcoal, Diesel, Producer gas,
Petroleum  |Petrol, Walter gas,
ele. Synthetic |Oil gas,

gasoline, [Biogas, Blast
Coaltar, |furnace gas,
L.P.G. Coke oven

gas etc.

Important Characteristics of Good Metallurgical

Coke : It must have following characteristics—

(i) Purity : The percentage of ash, moisture, S and P
contents should be as low as possible.

(i) Porosity : Higher the porosity, larger will be the
surface area, meaning complete combustion.

(iii) Size : Size of coke should be uniform,

(iv) Strength : The coke should be quite compact, hard
strong to withstand dropping abrasion as well as
the presence of the over burden.

(v) Calorific Value : Coke should have highcv,

(vi) Reactivity : The coke used for water gas
manufacture must be reactive to steam,

(vii) Combustibility : Coke should burn easily,

)

Metallurgical Coke (Hard et
Otto-Hoffmann’s By-Prod
Refer to Long Answer Prob.¢
Sol.(b) Knocking : When low q
combustion engine which does not
of oxidation in internal comb
that the last portion of the
instantaneously, producing an
‘Knocking’.
Relation between Ch
Knocking: The chemical st
hydrocarbons has a close relati
(i) 'Knocking tendency
compactness of the mo
&yclic structures. So, olefins o
chain lengths has better ant
knocking) than the corres
i) In normal paraffins, the kn
% increase in the length of the
example, the tendency 1o k
paraffins the orderis:
n-heptane > n-hexane >
(iii) Branched chain hydroca
knock properties (less kno
paraffins. Thus the ord
different isomers of’
n-heptane> 2-methyl he:
(iv) Aromatic hydrocarbons
have very high anti-knoc
knocking tendency). 3
In general knocking tendency:
order: oo
Straight chain paraffins >
> Olefins > Cycloparaffins = 4
So, knocking hﬁmbeel‘l found
containing straight chain pa
increasing carbon chain) and
aromatics and branched chain
tendency decreases with the inc

Prob.33(a) Wiat
Describe the 4
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CORROSION AND ITS

Engineering Chemistry

Sol. A series which involves an arrangement of various
electrodes in the increasing order of their standard reduction
potentials or decreasing order of standard oxidation potentials
on hydrogen scale, is called “electrochemical series”.

CONTROL

CHAPTER IN A NUTSHELL

O Corrosion
Corrosion is the disintegration of an engineered material
into its constituent atoms due to chemical reactions with its

surroundings.
Q Causes of Corrosion

Metals exist in nature in the form of oxides, sulphides,
sulphates and carbonates, etc. These chemically combined
states 6f metal known as ‘ore’ has low energy and is thus
thermodynamically stable state of metal. A considerable
amount of energy is required for the extraction of the metal
Therefore, the extracted metal (in the isolated form) has
_:m.—.nw energy and thus it is thermodynamically unstable

.state. Thus it is the natural tendency of metal to go back to

the.thermodynamically stable state (ore of metal). During

this course mostly oxides are forméd. .

Oxidalion oF  (omagid i

Ore of metal oy Pure el renon . Release of c
(Thermodynamicaily) o (Thermodynsmicallg .
stable siste (Reduction) unstable wste , .

ProWN.1 Water line corrosion.

Sol. Water Line Corrosion : When water is stored in a
metallic tank, it is observed that the metal below the waterline
gets corroded. It is because the water below the waterline is
poorly oxygenated and acts as an anode. The metal above
the waterline is highly oxygenated and acts as a cathode.
Hence corrosion of metal below the waterline takes place

JR.T.U. 2017}

Pro .N\U&.hzm corrosion.

U Consequences of Corrosion

The main consequences of corrosion are :
1. Plant shut down due to failure.
Increase in maintenance and production cost.
Contamination or loss of product.
Loss of useful properties of metal and thus loss of
efficiency.
5. Decrease in production rate because efficiency is
less.
6. Replacement of corroded equipment is time
consuming,
7. 25% of annual world production of iron is wastec
due to corrosion.
From the above discussion it becomes clear that study
of corrosiop and its prevention is essential to both tht
enflineers and metal lurgists.

&

Sol. The process by which the metals have a tendency to g
back to their combined state is known as Corrosion. The corrosior
is thus exactly the reverse of extraction of metals

Pro a.w.wn\ﬁsa is wel corrosion?

Sol. The corrosion involving the flow of electrons from
particular part of the metal surface called anodic area an¢
some other part called cathodic area through a conductin
solution is called electrochemical or wet corrosion.

Prob.d What do you understand by “electrochentica
series?”

Prob.5 What is meant by the term passivity (Passivation)?

ol Passivation is the phenomenon by which a metal or alloy
exhibits a much higher corrosion resistance due to the
farmation of a highly protective, very thin (about 0.0004 mm
thick) and quite invisible film on the surface. This film is
msoluble, non-porous and of such a ‘selfl healing nature’ that
when broken, it will repair itself on re-exposure to oxidizing
conditions.

———
Prob.6 What do you understand by galvanizing?

Sol. Galvanizing : The process of coating of layer of zinc on
steel is called galvanizing. Since Zn is anodic with respect to
' ' ; : :

Fe, Zn undergoes corrosion and the specimen is saved.

11@V¢ What is pitting corrosion?

Sol. Pitting corrosion is a localized accelerated attack at
some place on the metal surface, pitting corrosion thus results
in the formation of pinholes, pits as well as cavities in the
metal, and these irregularities may penetrate deep into the
metal causing destruction of pipes and tubes.

Prol8 What is calorizing? 4

— -(EC.59)

tin is cathodic with respect to Fe, still this method is
superior. This is because tin is a time tested metal, and is
non-toxic.

Ovgamic
wvent

hlute sulptnne
aced

Fig. 2 : Tinning of Steel Sheet

Tinning involves the following steps.

1.Degreasing: The base metal is first washing with
benzene or toluence to remove greasy oil malerial.

2. Pickling: After then, the base metal is pickled
(washing) with sulphuric acid to remove surface impurities
(oxide layer).

3. Flux treatment: Then it is dipped in NH,CI/8nCl,
flux and dried. The flux helps the molten metal to adhere to
the metal sheet.

4. Hot dipping : Then, the base metal dipped in molten
tin followed by dipping in palm oil. The palm oil protect the
hot tin-coated surface against oxidation.

Excess of tin removed by rolling and form a thin film of
uniform thickness on the steel sheet.

Applications
1. Copper sheets coated with tin are used for making

Sel. Calorizing : The base metal is heated with a powder
mixture of Al and Al O, together with a trace of ammonium
chloride as a flux in a drum at a temperature of 840°C —930°C
for 4-6 hours. Calorized steel is used for making furnace parts.

Pro 2.9 What is chromizing?

Sol. Chromizing : The bgse metal is heated with a powdered
mixture of 55% chromium and 45% alumina ata temperature
of 1300°C ~ 1400°C for 3 to 4 hours in a closed drum. The
used of aluming is to prevent the coalescence of chromium
particles. )

_._.,—.ozo Answer Type QuEsTIONS

5
_.:._L/_ _..?.3_:.: the importance of “liming" in corrosion
control, [R.T.U. 2018)

Note : Read ‘timing* as finning.

Sol. Cathodic Metal Coating (Tinning) : The process
ofuniform coating of tin on iron is called tinning. Although

tensils and household equipments.

Variety of food stuff like meat, fish, fruits are
preserved in tinned cans which last for years.
Various type of body food like milk powder are
preserved in tinned cans. .

4. Edible oils, butter, cheese, medicines are preserved in
tinning cans.

2

w

Prob.2 Wiy iron pipe is galvanized? [R.T.U. 2018}

Sol. Iron is the most commonly used construction metal due
to its low cost and easy availability. It can be protected from
corrosion by covering its surface with metallic coatings. The
process of coating a layer of zinc on iron is called galvanizing.
Zinc is anodic in nature with respect (o iron. Hence, coating
of zinc on iron is anodic, because its electrode potentials is
lower than that of the iron which is base metal here. Zinc
acts when anode is attacked, leaving the underlying cathodic
metal (iron) unattached, even if it is exposed when pores,
breaks or discontinuities occur in such an anodic coating.
Iron is not corroded, till all the coating metal (Zn) is consumed.
This is the reason why iron pipe is galvanized.




Prob.3(a) Explain theory of wet electrochemical corrosion
mefals.

Discuss various methods for the prevention of
rrosion. [RTU 2017/

Sol.(a) Wet or Electrochemical Theory : The corrosion
involving the flow of electrons from a particular pan of the
metal surface called anodic area and some other pant called
cathodic area through a conducting solution is called
electrochemical or wet corrosion
This type of corrosion occurs under the following
conditions—
(i) When conducting liquid with varying amount of
oxygen is in contact with a metal
(i) When two dissimilar metals or alloys are in contact
with cach other in the presence of an aqueous
solution or moisture
According to this theory, the corrosion of a metal in
agueous solution may be thought of as a two step process,
i.e., oxidation and reduction. This Lype of corresion exists,
due to separate anodic and cathodic areas between which
current flows through the conducting medium and corrosion
cell is formed.
Oxidation reaction takes place at anodic area, so anodic
metal is destroyed by assuming combined state (like metal

oxides) or dissolving state. Hence, corrosion always occurs
at anodic areas.

Metal wons

M .
+ne
qIn_i /ﬁxa on )

Dissolves in Form compound
solution like metal oxide

Whereas, at cathodic area, reduction takes place,
consuming the electrons involved in the oxidation (Anodic)
reaction, with the evolution of hydrogen or absorption of
oxygen, depending upon the nature of corrosive environment,

Thus, corrosion takes place as a result of local action,
which involves

(i) presenceofa conducting medium

(ii)  the formation of separate anodic and cathodic areas
in contact with each other

(iii) corrosion of anodic parts only and

(iv) formation of corrosion product somewhere
between electrodes,

Example of corrosion is rusting of iron.

The popular examples of absorption of oxygen type
corrosion is, rusting of iron in neutral aqueous solution of NaCl
in the presence of oxygen.

{Eng ing Chemistry)
The surface of iron is covered with a film of oxide
However, if this iron oxide film develops some cracks, anodic
areas are developed on the surface of iron metal These
anodic areas are small surface part and almost whole of the
rest metal surface forms large cathodic part

e

LSRR

Oxygen Absorption
At the anodic areas, iron dissolves as Fe’* ions with the

goofe o3 PR
Fig. - Mechanism of Wet Corrasion by

liberation of electrons (oxidation)

Fe ——— Fe?* + 2¢ (At Anode, Oxidation)
I'he liberated electrons flow from anodic to cathodic
arcas through the iron metal, where electrons are taken up

by the dissolved oxygen as

H,0+ O, +2¢ » 20H" (At Cathode, Reduction)

The Fe’" ions formed at anode as well as OH- jons

formed at cathode and combine to form a compound TAC_:U.
which is soft brown rust.

Fe** + 20H- — Fe(OH),
In presence of excess oxygen, Fe(OH), is oxidized to
Fe(OH),.
4Fe(OH), + 2H,0 + O, ——— 4Fe(OH), 4
This product, known as yellow rust has the actual
composition as Fe,0,.3H,0.

If the supply of oxygen is limited then the corrosion
product is Fe,0,, (the black anhydrous magnetite) i.e.
Ferrosoferric oxide is formed.

6Fe (OH), + O, ——— (Fe,0,. Fe0),.6H,0
The net corrosion reaction due to rusting of iron is :
4Fe + 30, + 6H,0 —— 2(Fe,0,3H,0)
Rust
Note : As we know that Fe** ion is smaller in size than
OH- ion, the Fe? ions will diffuse more rapidly than OH-

ions, hence corrosion takes place at the anode, but rust is
deposited at or near the cathode.

Engineering Chemistry

Sol.(h) Corrosion Control
Corrosion) :

1. Using Pure Metal

I'he corrosion resistance of a given metal may be
improved by increasing its purity. Purification of metals like
Al Mg, etc., provides a coherent and unpervious —.-..o.uh:e_n
oxide film on their surfaces, when exposed to environment.
However, corrosion-resistance of a purified metal depends
on the nature of corrosive environment. For example, the
corrosian resistance of Al depends on its oxide film formation,
which 1s highly protective only on the high purity metal. So,
‘impuritics in a metal cause heterogeneity, which decreases
corros o the metal

2. Proper Designing

I'he design of the material should be such that “corrosion
even if it occurs 15 uniform and does not result in intense and
localized corrosion™, Some important design principles are

(i) Iftwo dissimilar metals in contact have 10 be used,
they s ¢ as possible 1o each other in the

(Protection against

should not be painted or coated
imilar cathodic metal, because
any break in coating would lead 1o rapid localized corros

i similar metals are o be in contact, the
suld have as large area as possible:

whereas lic metal should have as much s
arca as
\\ ’,
il 0
i M A P G5
\\\\ = (Good design)
Bl jowt
(Poos desgn)
\ Weld joirt \ Weid jont
(Best design)

(Bem design)

Fig.1 : Different types of Joints
(iv) Prevent the occurrence of hetrogeneties, both in
the metal and in the corrosive environment. Thus, a proper
design should avoid the presence of crevices between
adjacent parts of the structure, even in the case of the same
metal, since crevices permit concentration differences. Bolts
and rivets are, therefore undesirable for this reason and these
should preferably be replaced by a butt-weld.

(v) Avoid the contact of dissimilar metals in the presence
of a corroding s Ol

Ifthis principle is not fallowed, then corrosion is localized
on the more active metal (in the imm2d;ate vicinity of contact).
While the less active metal remains protected.

(vi) Whenever the direct joining of dissimilar metals, is
unavoidable, an insulting fitting may be applied in-between
them to avoid direct metal-metal electrical contact,

the formation of stagnant pools or damp areas.

(viii) It is desirable that the design n__.oia for adequate
cleaning and flushing of the critical parts (i.e., susceptible 1o

dint, deposition etc.) of the equipment.

w
7
7
Z
Z
Z
Z
7z
Z
Z
A

7.

Poor design because it
prevents free
circulztion of air

Best design because it allows |
free circulation of air and .
proper druinage and easy
washing

Fig. 2 : Prevention of corrosion by design

Sharp corners and recesses should be avoided because

they favour the formation of stagnant areas and accumulation
of solids, etc

e Froascred shjpes
vecesy i Weld

bend

~
Weld

(Poor design)

(Pour design) (Best design)

Fig. 3 : Prevention of corrasion by design
3. Cathodic Protection : The principle involved in
this method is to force the metal to be protected to behave
like a cathode, thereby corrosion does not occur. There are
two types of cathodic protections

(i) Impressed Current Cathodic Protection : In this
method, an impressed current is applied in opposite direction

to nullify the corrosion current and concert the corroding metal
from anode to cathode,

.

Fig. 1 : Electrons are supplied from an external cell so that the

object itselfl becomes cathodic and is not oxidized

—EE)

i i t should be
(vii) Whenever possible, the equipmen
Evvo:o“_ on legs to allow free circulation of air and prevent
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The object to be protected is made cathode by connecting
it to negative terminal of DC source. This type of cathodic
protection has been applied to open water- box coolers, water-
tanks, buried oil or water pipes, condensers, transmission line
towers, marine pipes, laid-up ships, etc. This kind of protection
technique is, particularly, useful for large structures for long-
term operations.

(ii) Sacrificial Anodic Protection Method: In this
protection method, the metallic structure (to be protected) is
connected by a wire to a more anodic metal, so that all the
corrosion is concentrated at this more active metal. The more
active metal itself gets corroded slowly, while the parent
structure (cathodic) is protected. The more active metal so
employed is called sacrificial anode. The corroded sacrificial
anode block is replaced by a fresh one, when consumed.
completely. Metals commonly employed as sacrificial anodes
are Mg, Zn, Al and their alloys. Important applications of
sacrificial anodic method include protection of buried pipelines,

underground cables, marine structures, water-tanks, etc.

e

0,(g) +4H° + de* — 2H,0

Mg (Cathodic reaction)
Mpg(s) —— Mg + 2¢" Protected object
(Anodid reaction) Mg 7 Daeanas
Pl

Fig. 2 : An anode of a more strongly reducing metal is
sacrificed to maintain the integrity of the protected object
4. Application of Metallic Coatings
The coating of one metal over the other is the most
important method of protection from corrosion.’ Such
protective layers may be produced on the surface by more
corrosion resistant metal (such as Ni, Cr, Zn and Sn) by the
process.of electroplating, hot dipping, vapourising etc.
(i)Metals such as Au, Ag, W, Pt etc. (noble metals) are
used for electroplating on the desired metal. When a noble‘
metal is electroplated, it projects the base metal by virtue of
its noble character. Tin plating and nickel plating are the most
common examples. The electroplating of zinc is known as
cold galvanizing. In electroplating, the object to be plated is
made the cathode. The electrolyte is a salt of the meta_! to be
deposited. The anode may be of the metal to be deposited or
it may be an inert eleg:trode (such as graphite). The anode
(that of the metal to be deposited) dissolves to coat the metal
in the solution. Au, Ag, Cr, Ni, Cu; Zn, Sn etc. can be

electroplated. _

(ii) Vapourising: Some metgls can also be used as
surface layers (deposition) by allowing their vapours to strike
metallic surfaces with which they undergo alloying. Zn and
Al are examples of this category. T!lt? deposition of _Zn by
this process is known as dry galvanizing and deposition of

aluminium s called calourising.

(iii) Hot Dipping: It involves coating metals with films
of metals having low melting points like Zn, Sn, Pb etc. This
process involves dipping the cleaned metal in the both of
molten metals. The liquid metal forms an alloy with the solid
metal and as a result, a coating is formed on the surface. Tin
plated iron and zinc plated iron (galvanizing) are the examples
of ‘Hot dipping process’.

The tin coating of iron does not allow iron to have a
direct interaction with moisture and air and hence no rusting
takes place. In Zn coating of iron, even when the protective
coating is broken, iron is still resistant to corrosion (or rusting)
because Zn is above iron in electrochemical series (so, Zn is
more reactive than Fe). . ‘

A cheaper coating called ‘terneplate’ is produced by
dipping iron in a molten alloy containing 20% Sn (tin) and
80% Pb (lead).

(iv) Metal Spraying: It is only used when hot dipping
is not possible. This method is also utilized for hugé structures
such as bridges or industrial plants etc.

In scoop process, molten metal (Zn, Al, Cu etc.) are
sprayed on the cold surface to be coated from spraying pistol
and this adheres strongly but does not actually penetrate.

(v) Cementation : In this method, the metal to be
deposited forms an alloy with the surface of the metal on
which deposition occurs. The articles to be coated are packed
in powdered coating metal in a drum which can be rotated
and heated at a temperature slightly below the melting point
of the more fusible metal.

e
Prob.4 What is corrosion? Discuss the mechanism of
electrochemical corrosion. [R.T.U. 2016,

Sol. Corrosion is the disintegration of an engineered material
into its constituent atoms due to chemical reactions with it
surroundings. One of the most widely accepted definition i
that “Corrosion is the slow but spontaneous
deterioration of metals (except gold and platinum) by
chemical or electrochemical reaction with it:
environment”,
Examples
(1) Formation of a layer of reddish brown scale o
Fe,0,.2H,0 on the surface of iron, also known at
“rusting of iron”.
Fe + 2H,0 — Fe(OH), + H,

2Fe(OH), +§o2 —Fe,0,.2H,0

(2) Formation of green layer of basic carbonate, CuCO
+ Cu (OH), on the surface of copper when exposet
to moist air containing CO,.
(3) Reaction of Cl, gas with Mg or Sn.
Wet or Electrochemical Theory : Refer to Long Answe

Prob.3(a).

—
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Pro Write short notes on the following :
a) Galvanic corrosion,

L (b) Stress corrosion.
1. (c) Pitting corrosion _ [R.T.U. 2014]

Sol.(a) Galvanic Corrosion : When two dissimilar metals
like Zn and Cu are electrically connected and are exposed to
an electrolyte, the metal higher in the electrochemical series
with more negative electrode potential form anode and
undergoes corrosion. Zn, which is higher in electrochemical
series forms the anode and is attacked and gets dissolved,
while Cu which is lower in electrochemical series, acts as
the cathode. Since corrosion is due to the set up of a galvanic
cell it is called ‘galvanic corrosion’. Galvanic corrosion is
also known as’ Differential Metal Corrosion (DMC).
Mechanism : When Zn is in electrical contact with copper
and is immersed in a corrosive environment, zinc metal, being
higher up in the electrochemical series, acts as the anode
and gets corroded, as shown in fig., whereas, the copper metal
which is lower down in the series (+ve reduction potential)
behaves as the cathode of the dissimilar metals. The tendency
of a metal to corrode in a galvanic cell is determined by its
position in the “galvanic series” of metals and alloys. As a
result of this, corrosion current is flow from the anodic area
(Zn) to the cathodic area (Cu) by the driving force which is
due to the potential difference between the two.
- Corrosion of zinc is given as follows :
At the anodic area,
Zn — Zn*? + 2e~(Oxidation and Corrosion)

At the cathodic area,

1 - e
5 0, + H,0+ 2e~ — 20H(Reduction and Protection)
Overall reaction is the formation of Zn(OH),.

-

 Zn+ -:12-'02 + H,0 — Zn(OH),
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() Corrosion by Hydrogen Evolution : In acidic
medium corrosion of zine occurs with the formation
ol zine salt and evolution of 1 ..
/n+ HCl —» 7nCly+ H,
(1) By Oxygen Absorption : In ncutral medinm, the
cathodic reaction gives Ol ions which react with
zinc ions forming its hydroxide as given above.

Ina galvanic corrosion cell of the type explain about Zn
gets corroded while Cu is protected.

Comosion current
—_—

“uthode

=/ 20

Electrolyte

______ protected)

Fig. : Galvanic Corrosion
Sol. (b) Stress Corrosion : Stress corrosion or stress

cracking is the type of corrosion which in commonis fabricated
articles of some alloys like high zine brasses and nickel brasses
are destroyed by this corrosion and such corrosion is due to

the presence of stresses caused by heavy working like rolling,
drawing, insufficient annealing etc,

( s
Cathinde
7

]

Stress part
gramn boundary
(Anode) wherd T

v
Lortoston takes //
%;//

Yoce
e rn A
A

Cuthode

N

Fig. : Stress Corrosion
This type of corrosion is the combined effect of static

tensile stresses and the corrosive environment on an alloy
and is uncommon in case of pure m

probably due to localized electroche
along narrow paths forming lecal
on the metal surface. Presence
which develops localized zones o
These become very chemically re
even by a mild corrosive envi
formation of a crack.

Stress corrosion is characterize
attack that takes place w
negligible. Stress corros
selective. For example,

(i) Mild steel is stres
nitrate solution

(i) Brass is stress corroded by ammonia

etals. Stress corrosion is
mical corrosion occurring
anodic and cathodic areas
of stress produces strains,
fhigher electrode potential,
active and they are attacked
ronment, resulting in the

d by a highly localized
hen.the overall corrosion is almost

ion agents are highly specific and

s corroded by caustic alkalies and

W C’Itﬂ"‘a

(i) Stainless steel is stress corroded by chjoride
solutions,

Sol. (¢) Pitting Corrosion : Pitting corrosion is a localized
accelerated attack at some place on the metal surface, pitting
corrosion thus results in the formation of pinholes, pits as
well as cavities in the metal,

and these irregularities may
penetrate deep into the metal causing destruction of pipes
and tubes,

Pitting corrosion may be due to the following importam;
reasons—

(a) External environment is not homogeneous.

(b) Metal surfaces are not homogeneous.

(c) Filmsare not perfectly uniform.

(d) Environment is not uniform w
concentration.

(¢) Crystallography directions are not
reactivity, -

(f) Scratches or cut edges sliding under load.

ith respect t

equal in th

Corrosion

— ~ - Pproduct
o~

o x
V4%
Flow of ¢

More oxygenated cathode
H,;0+1120, +2¢’ — 20M-

.
s

X0

e—Fe +2¢
LI //

Fig. : Pitting Corrosion at the Surface of Iron

Pitting is generally caused as a result of breakdown ¢
cracking of the protective film on a metal at specific poin
and pitting is neither uniform nor has a constant rate. As
result of pitting, small anodic and large cathodic areas a
developed and once a pit is formed, the rate of corrosion w:
be increased. Pitting occurs mostly in chloride solution
containing a depolarizer (oxygen or oxidizing salt).

%
Prob.8 What is corrosion? Explain the mechanism ofn
electrochemical corrosion and its prevention.

[R.T.U. 20
OR

Explain “rusting of iron” with the help
electrochemical theory of corrosion.  [R.T.U. ?0.
—_———ee—e————eeeeeeeeeeeeeeeeeeeeee—e—e—e———
Sol. Corrosion : Refer to Long Answer Prob.4.
Mechanism of Wet Electrochemical Corrosion : Refer
Long Answer Prob.3(a).
Prevention : Refer to Long Answer Prob.3(b).

e ——
Prob.9 Write short note on dry corrosion and pilli
‘bedsworth’s rule. IRT.U. 20

e S
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Exposed surface Volatile
of metal metal oxide Fresh surface
i i i exposed for further attack
*0, 7T Metal oxide BB
—_— OGO lote?
(of air) volatilizes @.

Complete

corrosion
Fig. 4 : Volatile Oxide Layer
(iv) Porous : When metal oxide layer has pores or
cracks, the atmospheric O, penetrates the metal
through these pores or cracks. Corrosion continues
till the entire metal is converted into its oxides, e.g.
Li, K, Na, Mg etc. form porous oxides.

Exposed surface Exposed porous
of metal surface of metal oxide .
1 l Fnure metal
L3 i 1 converted into metal oxrde
" -
' .0 PALATR moanan
2 Lt W EEME 21
H - 4 H > |
A U I
2L L L

Complete corrosion
of metal

il Fig. 5 : Porous Oxide Layer
wﬁ{g—Bedworth Rule : Protective and non-protective
‘nature of oxide layer mainly depends on the Pilling-Bedworth
Rule’. According to this rule, an oxide is protective or
non -porous, if the volume of the metal oxide is at least as
great as the volume of the metal from which it is formed. On
the other hand, oxide layer is non—protective or porous, if the
volume of the metal oxide is less than the volume of the metal
from which it is formed, because it cannot prevent the
diffusion or access of oxygen to the fresh metal surface
below.

Pilling—Bedworth Ratio : The ratio of the volume of
the metal oxide formed to the volume of the metal consumed.

This is called as Pilling-Bedworth ratio.

Volume of the metal oxide formed
Volume of the metal consumed

Ratio =

Thus, Li, Na, K etc. and Mg, Ca, Sr etc. form porous
oxides of volume less than the volume of metals and promotes

corrosion continuously non—stop.
On the other hand, metal like Al forms oxides of valume

higher than the volume of metal. Due to the absence of any -

pores in the oxide film, the rate of corrosion rapidly decreases
to zero. '
(b) Corrosion by Anhydrous Liquid
This corrosion occurs when the anhydrous liquid attacks
diréctly on the surface metals. Anhydrous liquids are of three
types—
(i) Inorganic Liquid : At ordinary temperature, HF,
Br2 etc. directly attack the metal surface and cause
such tvne of corrosion.

~{ Engineering Chemistry)

.e - - . - -’
(ii) Organic Corrosion : Phenols, picric acid etc.
attack directly to metal surface and cause such type
of corrosion even at room temperature.

(iii) Liquid Metals : When liquid metal is allowed to
flow over solid metal at high temperature, corrosion
occurs, and is known as liquid metal corrosion.
It leads to weakening to solid metal.

(¢) Corrosion by Other Gases

This occurs when dry gases like H,, Cl,, F,, CO,, S0,,
H,S etc. directly attack the surface of the metal or alloy which
depends mainly on the chemical affinity between the metal
and gas. But the degree of attack depends on the formation
of protective and non protective layers on the metal surface.

For example,
(i) 2Ag+Cl, — 5 2AgCI

AgCl film being protective and thus protects the metal
from further attack of chlorine on silver.

(i) Sn+2Cl, — SnCl,

SnCl, film being volatile and hence Sn undergoes
excessive corrosion.

Dry corrosion depends upon the following conditions.

(i) Chemical Affinity : More the affinity existing
between metals and environment, corrosion will be
more and vice—versa. Highly reactive metals such
as Na, K, Ca corrode rapidly even at room
temperature. But even at high temperature, noble
metals are not corroded.

(ii) Temperature : Higher the temperature, greater
is corrosion.

(iii) Corrosion Product : More volatile and porous
corrosion product increases the rate of corrosion.
Stable corrosion product decreases the rate of
corrosion. ’

The soluble or volatile products of corrosion get r_eadily
removed from the metal surface and fresh metal area exposes
for further chemical attack.

m

Prob.10 (a) What is atmospheric corrosion? Why metals
like Cu, Sn, Pb, Al etc are corrqded slowly as
compared to Na, Ca, Mg, Fe etc?

(b) What is electrode potential? Explain mechanism
of corrosion by galvanic cell action.[R.T.U. 2012)

e e



FLASH AND FIRE POINT

Flash point of an oil is the lowest temperature at which
the combustible liquid gives-off sufficient vapors that
Spontaneously ignite for a moment when a small flame is
brought near the vapor of lubricating oil.

Fire Point of oil is the lowest temperature at where the

vapors of an oil began to produce a continuous flame.
CLOUD AND POUR POINT

When the temperature is lowered upto a particular point,
the oil becomes cloudy in a

ppearance. This temperature is
called cloud point.

When temperature is lowered upto a certain
temperature, the oil ceases to flow or pour or becomes
semisolid. This temperature is known as pour point.
FRICTION

When two surfaces come in contact, simple laws of
friction are followed with exceptions.

The friction generated, thus, can hamper the system in
three ways:

(i) Energy Loss : Work done is far less as compared

to power supplied to a unit.

(ii)) Heat Generation : Friction give rise to heat which
may cause deformation of shape and seizure of
surfaces.

(iii) Material Loss : Moving parts either break or
deformed.

LUBRICANTS

(i) Any substance introduced between mov ing or
sliding surfaces to reduce friction in order to avoid
or reduce the wear and tear is known as lubricant.

I. SHORT ANswER TYPE QUESTIONS

Previous Years QUESTIONS

{Enginecring Chemistry

(ii) The process of reducing friction between two sliding
or moving bodies by the introduction of lubricant is
known as lubrication.

FUNCTIONS OF LUBRICANT

1.

Prevents direct metal to metal contact, hence

reduce wear and tear and surface deformation.
2. Prevents loss of energy so efficiency is increased
3. ltuprevents seizure of machines
4. Actas coolant in engines
5. Act as seal around prston ring to prevent loss of
pressure or scaling
6. Remove contaminated products
T

>712.7.a___:r.ri;.:,r_o: :...m_::m,.u__ag_:nqe:mm:n
parts

8. Reduces maintenance cost of machines
MECHANISM OF LUBRICATION

(TYPES OF LUBRICATION)

l. Fluidfilmor hydrodynamic lubrication (Thick film).

2. Boundary lubrication (Thin-film lubrication).

3. Extreme pressure lubrication.
CLASSIFICATION OF LU BRICANTS

r:.if:::p
I T ] L
Liquid lubncating ol Emulsion Scmisolid (Grease)  Solid
Ol water  Water in oil
T T
Ammal/vegetable Mineral oils Blended o1l Syntheue o)
|
I I 1
Light oil Medium oil Heavy oil Residue

e ————————— e ———

Prob.2 Define the term lubricant and mention their

important functions. [RT.U. 2018}

Pro rite the name and composition of Portland
cement. [R-T.U. 2018}
Sol. Composition of Portland Cement :
Oxides Abbreviated | Percent
form Limit
Lime (CaQ) _ Cc 60-67
Silica (Si0); S 17-25
Alumina A..P_No.._u A 3-8
Iron Oxide (Fe,0;) F 0.5-6
Magnesia (MgO) i 0.1-4
Sulphur trioxide (SO,) — 1-2
Soda and Potash (Na,O + K,0) — 0.5-1.3

Sol. Lubricants : The metal to metal

esistance
can be minimized by using certain suitable substances which
form a thin layer in between the moving parts, which keep
them apart such substance are called lubricants

Any substance introduced between moving or sliding
surfaces to reduce the friction in order to'avoid or reduce the
wear and tear is known as lubricant
Functions of Lubricants :

(1) The foremost important function of a lubricant is to

reduce friction.
(2) It reduces wear and tear and surface deformation.

(3) Itactsasacoolant and carries away the destructive

heat produced due to friction.

4)

(5)
(6)

(N
(8)

(9}

It
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Ttacts as a seal around piston ring, ICE and cylinder
wall, thereby preventing the leakage of gases under
high pressure from the cylinder as also scaling of
bearing against the entry of dirt.

Itreduces expansion of metals by frictional heat.

It reduces unsmooth relative motion of the moving
shiding parts

I reduc

enance and running cost of the machine.
cks between bearing and other engine
parts therehy reducing noise

[Lalso carries away comtaminated products. Later,

they can be removed from the system by oil draining
or by ol purification system.

?.}uw Importance of annealing of glass.

IR.T.U. 2017}

Sol. Importance of Annea ng

() Making the entire
that temperature
caused from th

(i)

glass item uniformly hot and holding

steady long enough to remove all stress
¢ manufacturing process

Annealing cycle also include cooling down slow enough

50 as do not allow oo much stress to build back up.

—._.aﬂ \\w__:.._a__:.as significance of viscosity measurement.

[R.T.U. 2017/

1

Sol. Significance of Viscosity Measurement :

Viscosity of lubricating oil determines its performance
under operating conditions

2. Ifthe viscosity of 1quid 1s too low, the flyid lubricant
film cannot be maintained between the moving surfaces,
as a resu

Ifthe viscosity of the lubricating o
friction will take place.

" which excessive wear may take place
15100 high, excessive

Prob.5 Define cement.

Sol. Any substance which have adhesive and cohesive
properties and capable of bonding materials like bricks, stones,
building block etc is called cement. The main constituents of
cement are of various aluminates and silicates of calcium.

Prob.6 How cement can be clussified? Explain in brief.

Sol. Cement can be classified in two types :

(1) Hydraulic Cements : These are most w idely

used and capable of setting and hardening under water,
Examples - portland cement.

(2) Non-hydraulic Cements : These are the

cementing material which harden in air. It cannot be used
under water,

Example - Ordinary Cement

Proh.7 \_S.:: do you understand by “portland cement™?

{EC.73)

Sol. Portland cement is the most important reliable
cementing material is also known as “magic _uesd._.n..... It
consists primarily of compounds of lime, alumina, m_.__nw and
iron. It forms a paste when mixed with water. This paste
subsequently hardens and binds the aggregates (crushed rock,

sand, gravel etc.) together to form a hard durable mass called
concrete.

Prob.8 Define refractories.

Sol. Refractories are those material that can withstand at
extremely high temperature without softening,
deformation in shape

physical identity at elevated temperature.

melting or

Prob.9 Give the properties of refractories. :
Sol. (i) Refractoriness

(i) Thermal Expansion and Construction

(iii) Strength or Refractoriness Under Load (RUL)

(iv) Porosity

(v) Thermal Spalling

(vi) Corrosion and Erosion Resistance

(vii) Chemical Inertness

(viii) Thermal Conductivity

(x) Electrical Conductivity

(x) Heat Capacity

(xi) Dimensional Stability

(xi1) Permeability

(xiii) Texture

Prob.10 What is meant by fire clay bricks?

Sol. Fire clays are hydrated aluminium silicates having'the
general composition, >_~Ou.~wm0u.quO with impurities of
sand and gravel, alkalies oxide, sulphate and sulphide, silicates
and carbonates of Ca and Mg, small quantity of TiO,. These
raw materials are used for making the fire clay refractory.

Prob.11 Give any two uses of fire clay refractories.

Sol. 1. The fire clay refractories are used for linings of blast

furnace, reverberatory fumnaces, stoves, open hearths in the
steel plants.

2. Thesc arc also widely used in foundrics, lime,

continuous ceramic pottery and metallurgical kilns, glass, brass
and copper furnaces.

Prob.12 Define glass.

- Refractory retain their chemical and .

i
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Sol. (i)
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Sol. Glass is a super cooled liquid consisting of a mixture of
silicates. Physically, glass may be defined as a amorphous
hard, rigid, transparent or translucent, brittle, super cooled
liquid, non crystallire substance having no definite melting point
and appropriate high viscosity to prevent crystallization.
Chemically, glass may be defined as a fused mixture
of silicates of alkali and alkaline earth compounds and other

glass constituents like CaO, MgO, SnQ),, barium oxide and
lead oxide.

e

Prob.13 Give the advantages of optical fibres.

Sol. 1. Have low signal attenuation.

2. Have very large information transmission capacity.

3. Have small size, lighter in weight and low cost
transmission.

4. Fibre is much more reliable and ease of
maintenance. .

5. Communication is more confidential and private and
no cross—talk in optical fibres.

6. Have very wide bandwidth.

R_{'Ob.l4 What do you understand by optical fibres?

m
Sol. Optical fibres are extremely fine-pipes, hair thin diameter
made from high purity and low dispersion glass which can be
used as wave guide for telecommunicaticn by transmission
of high frequency pulses of light without decrease in infensity.
It is made up of high purity glass core (Ga—doped) having a
higher refractive index and cover in a equally high quality
cladding (fused silica) of lower refractive index.

Pro rite down any two functions of lubricants.

The first and foremost function of a lubricant is to
reduce friction. 4

(i) Tt prevents the direct contact between rubbing
surfaces, hence it reduces wear and tear and
surface deformation. Thus, it reduces the
maintenance and running cost of the machine.

Prob.16 Give the qualities of a goo_d liquid lubricant.
ey

Sol. A good liquid lubricant must possess:

(i) Low vapour pressure or high boiling point

(i)  Adequate viscosity for particular service conditions

(iii) Low freezing point

(iv) High oxidation resistance and heat stability

(v) Non corrosive properties

(vi) Resistance to decomposition at higher and elevated
temperatures.

e
. oy
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Pro hat do you understand by “SAE number”?

Sol. The efficiency and viscosity of these oils at various
temperatures is provided by an index known as “SAE
number” given in accordance with norms of Society of
Automobile Engineers (SAE).

Prob.18 An oil sample under test has a viscosity same as
that of standard gulf oil (low viscosity standard) and
Pennsylvanian oil (high Viscosity Index standard) at
210°F. Their viscosities at 100° F are 61 sec, 758 sec
and 420 sec respectively. Calculate Viscosity Index of the
same oil.

Sol. L =758 sec, H =420 sec, and U = 61sec

L-U
. - foi . %100
So viscosity index of given sample L=
ml 758-61 %100
758 -420
V.I.=206.2

Prei)ilQ Define flash point and fire point.

Sol. Flash point is the lowest temperature at which the
lubricating oil gives off enough vapours that is ignited for a
moment, when a test flame is brought near it. The fire point is
the lowest temperature at which the vapours of the lubricating
oil burn continuously for at least 5 seconds when a test flame
is brought near it.

Prob.20 What do you understand by “cloud point”?

Sol. The particular temperature at which lubricating oil

becomes cloudy or hazy in appearance, is called its “cloud
point”

Prob.21 What do you mean by “SEN number”?

Sol. The time in second in which oil and water emulsion
separate out in distinct layers is called “steam emulsion number
(SEN)’ or ‘demulsification number’. A good lubricant
possesses low steam emulsion number.

Prob.22 What is meant by “saponification number”?

Sol. Saponification Number or value of an oil is the number
of mg of KOH required to saponify fatty material present in
lg of the oil.




3. Polar groups to promote wetting and spreading over

the metallic surfaces at high pressure.
Active atomns or groups which can form chemical
bonds with the metals or other surfaces.
5 Highviscosity index.
6. Heat and oxidation resistance.
7. Good oiliness.
Following are the lubricants used for boundary lubrication
(1) Solid lubricants, greases and mineral oils
These are thermally stable but possess poor oiliness
which is improved by adding small amount of fatty
acids or fatty oils.
(ii) Vegetable and animal oil and their soaps : They
. possess oiliness but poor stability because they
decompose at high temperature. They are aiso used
as additives to improve oiliness of mineral oils.
(iii) Graphite and molybdenum disulphide either
alone or as stable suspensions : They can bear
ompression as well as high temperature and posses
low internal friction.

escribe with a neat diagram how Portland
Cement is manufactured by wet process. Explain
chemical reaction involved in the process. [RT.U. 2018
Sol. Wet Process : It is quite common and is universally
employed for manufacturing of portland cement.

Following are the steps involved in manufacturing of
cement :

(i) Crushing : Raw materidls are grinded in ball mills
and passed to tube mill conveyed through means of screw
driver. The material is mixed with 30-40% water before

- grinding.

(ii) Mixing of Raw Materials : The muddy mixture
thus formed is known as slurry, which is generally stored in
big tanks. This slurry contains about 38 to 40 percent water,
The slurry is then pumped into the rotary kiln where it is burnt.

(iii) Burning : Actual chemical changes take place in
rotary kiln. The rotary kiln is perfectly tined with refractory
bricks to avoid any thermal loss.
TheKkiln is slightly inclined downwards towards the exit end.
[t can be rotated at 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 speed of
rotations of the kiln. Heating of kiln is done by burning of
pulverized 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 temperature where the actual chemical reactions
take place.

Engineering Chemistry
In fact, there are different zones in the rotary kiln Viz.

&)

= (basiny
_Pl?_ ™

Lime Stone
250m

e
pieces
Rall Mill

e
Powder

Comain
1§10 400,
no

Sluny
Refravtony hined

-y

Powdered

A
cold
clinker

Raller

hl.c,?:s

strong &
Packing bags

Fig. : Rotary kiln for cement manufacturing
(2) Drying Zone : This is the upper one fourth part of
rotary kiln, here the temperature is moderate (100-500°C).
This zone is known as drying zone, because in this zone; water
is driven out of the slurry by means of hot gases.
(b) Preheating Zone: Temperature in this zone varies
from 500 to 700°C where clay decomposes.

(¢) Calcination Zone : Its temperature is about 1000° C
and it is the middle portions of the kiln. Here, organic matter
bums away. Calcium carbonate decomposes into calcium oxide
and carbon dioxide which escapes.
CaCO; — Ca0 + CO,T

(d) Burning or Clinker Zone : It is the hottest and
bottom portion of the rotary kiln. In this part, temperature i
about 1400° C-1500° C. In this zone, mixture melts and forms
litle rounded pasty masses about the size of peas which arc
called clinks. The clinkers produced is greenish or black ir
color, the clinks formed are falls out from this lower end o
the kiln. The main reactions takes place are following :
CaCO; — CaO + CO,
2Ca0 + Si0, — 2Ca0.5i0,
3Ca0.+ Si0; — 3Ca0Si0,
3Ca0 + A0y — 3Ca0.Al,0,4

4Ca0 + Fe,0; + ALO; — 4Ca0 - Fe,04* AlO,

Engineering Chemistry

(¢) Cooling of Clinkers : Clinkers formed as pellets
are very hot 1o handle; so, they are allowed to cool very
carefully at moderate rate. The cooling of clinkers is done by
air quenching cooling system in which atmospheric air sucked
through a suction pump and hot clinkers are allowed to pass
through the air, as a resulr, clinkers are cooled but the sucked
air becomes hot and in further passed 1o the pulverized coal
1o ncrease its temperature for its efficient burning. In cooling,
cave is Lo be taken 10 cool them at moderate rate because if
cooling is fast then the clinkers are converted with glass balls
and with slow cooling rate then desired B} form is converted
into ¥ form and n both the cases, these will no binding
behaviour in the clinkers.

(N Grinding : Afier cooling,

the clinkers are grounded
to a fine powder in b

all mills, according to the class of the
product. Finely ground clinkers sel very quickly by absorption
of moisture from the atmosphere. Therefore
(2-3%) of gypsum is added which acts as r
quick setting of the cement,

. a small quantity
etarder to prevent

Gypsum retards the dissolution of C
tricalcium sulphoaluminate (3Ca0.Al
which is insoluble.

3A by _,.n.w:.:_..m
10;. x Cas0,.2H,0)

3Ca0.AL,0,+ xCaS0,.2H,0 - 3Ca0.A1,0,.xCaS0,2H,0
CiA Lgypsum

Tricalcium sulpho-
aluminate (Lnsoluble)
Formation of insoluble product prevent toa early further
reactions of setting and hardening. This mixture of ground
clinkers and gypsum powder is known as portland cement,
which is now ready for packing

(g) Packing : The ground fine powder of cement is stored
insilos from which packed by automatic machines into 50 kgbag.
Role of Gypsum in Portland Cement : Gypsum is
added during grinding of cement. Gypsum is used as a retarder

for setting, otherwise cement when mixed with water will set
quickly during grinding,

Gypsum is good fire-resistant material hav

insulating properties and thus retards fine damage t
and steel framing.

_u_,c,h.w,
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lassify various types of glass and write short

(a) Borosilicate pluss
(b) Alumino silicate glass

(c) Optical glass [R.T.U. 2018

—(EC.77

Sol. (1) Glasses are classified as follows :

(i) Soda lime glass or soft glass

(ii) Potash glass or hard glass
(iii) Lead glass or flint glass

(iv) Borosilicate glass or pyrex glass or jena glass

(v) Alumino silicate glass

(vi) Optical or crooks glass

(vii)Safety glass or laminated glass

(viii) Tonghened glass

(ix) Wired glass

(x) Glass wool

(xi) Photo chromic glass

Borosilicate glass or pyrex glass or Jena glass : It
contains boron trioxide (B;0;) and silica with a small amount
ofalumina and alkali metal oxide.

The percentage composition of different components
are as follows :

80.5% silica (Si0,), 13% B,0;, 3% AL,0;, 3% K,0,
0.5% Na,O. .

Al,Oy and B0, gives Al*3 and B*3 ions for pyrex
glass. Al*3 may replace Si*4 in S$iO; tetrahedra. Similarly, B*3
replaces some Si*4 in the tetrahedra skeleton ie., its thermal
coefficient of expansion is very low and chemical resistance

is high. Pyrex glasses have very high softening temperature
and are shock—proof,

Properties

(i) Low thermal coefficient of expansion
(i) High chemical resistance
(ii) Excellent shock—resistance ’
(iv) High softening point
Uses
(i) Superior laboratory apparatus like flasks, beakers etc,
(i) Television tubes, electrical insulators etc,
(iii) Industry for pipelines for corrosive liquids,

(b) Alumino Silicate Glass
has higher percentage of AL,G, and |
with comparison of borosilicate gl
this type of glass is as follows :

55%, 8i0,, 23% ALO;, 7% B,0,, 9% MgO, 5% Ca0
and 1% (Na,0 + K,0)

Property : |
temperatures,

: Alumino silicate glass
ower percentage of B,0,
ass. The composition of

¢ It has exceptionally high softening

Uses : Alumino silicate glass is used for
1. High pressure mercury discharge tubes
2. Chemical combustion tubes
3. Cenain domestic equipments etc.
(¢} Optical glass : They contain phosphorous and lead

u,.._._n.mﬁ together with a small amount of cerium oxide (CeO,).
Optical glasses are used in optical instruments because they
have the following important characteristics -

8 08 0 0F 000 2220229002 00 0@ 4
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{Engineering Chemistry)

(i) Low viscosity so that it becomes free from bubbles
in molten state.
(i) Itshould not be devitrified even upon long annealing.
(i) The raw material should be free from impurities like
(iron) so that glass produced is colorless.
(iv) Its surface should not be spoiled even on long exposure
to the atmosphere.
Optical glasses contain cerium oxide which is capable
of absorbing the U.V. light (which is injurious to eyes).
Properties : Optical glasses are relatively soft, have
low melting point, low durability and low chemical resistance.
Uses : They have high refractive index and used for the
manufacturing of lenses.

Prow rite short note on Role of Gypsum. [R.T.U.2014]
OR

Role of gypsum in cement. [R.T.U. 2017}

Sol. Role of Gypsum _

When water is mixed with cement, the paste becomes
rigid within a short time called flash set or initial setting
because of the fast hydration of the basic constituent C,A.

3 Ca0 ALO, + 6H,0 - 3Ca0. ALO,. 6H,0%

The formation of hydrated crystal of C,A prevents further
hydraiion and hydrolysis reactions of remaining constituents
(C,5, C.S & C, 4F). In order to make these constituents to
react with water, gypsum (CaSO,. 2H, O) is added as retarder
to slow down the rate of flash set by forming soluble sulpho

aluminate complex. :

3CaOALO, + XH,O + YEas0,. 2HO -
3Ca0Al,0; Y CaSO,- Z H,0

(1-3) (10-33)

Due fo the slow rate of flash set, C, AF is now in a
position to react with water to form the gels and crystals

4Ca0 ALQ, Fe,0O, + TH,O — 3Ca0O AlLO, 6H,0 +
CaO Fe,0, H,0

These gels on the passage of time shrinks and leaves
capillaries for the water to come out and react with the
constituents C,S and C;S for their further hydration and
hydrolysis reactions which are responsible for the
development of ultimate strength in the cement overa period
of time.

3Ca0Si0, + X H,0 — 2Ca0 (X - 1). H,0 + C(OH),

2Ca0 Si0, + X H,0 — 2Ca0 Si0,. X H,0

The formed gels contains free water which is gradually
withdrawn by the anhydrous core of cement. Thus, gels begins
to harden due to gradual dehydration. This dehydration is
followed by crystallization in which 3-dimensional interlocking
of reaction product takes place. As degree of crystallization
increases hardness and strength of set mass increased. The
rate of hardness imported by the basic constituent is in the

given order.
C,A>C,SS>C,AF> C,S

Cement + Waler

Plastic Mass
/ \’

MCt&SlﬂIlc gel Crystalline Hydrated Product

Stable ge} ————> Crystalline Product

W
Prob.5 What is cement? Explain manufacturing of cement
by Rotatory kiln technology with diagram and reactions
involved in the process. [R.T.U. 2017/

W
Sol. Cement : Cement is a commonly used engineering
material, having adhesive and cohesive properties because of
which it has been widely used in binding bricks, stones and
building blocks. Cement is an anhydrous powder obtained by
burning a mixture of various metallic oxides (Ca, Al Fe & Si
etc.) at high temperature of about 1500-1 700°C. Cement
power on addition of water due to hydrolysis and hydration of
its basic constituents. Setting and Hardening of cement takes
place and works as binding material.

Rotatory kiln technology : On analysis, the Portland
cement is found to contain the lime, silica, alumina, iron oxide,

‘magnesia and other oxides. The percentage composition of

the Portland cement is shown as below -
_Table : Composition

Oxides Abbreviated | Percent

‘ form Limit
Lime (Ca0) C 60-67
Silica (Si0), S 17-25
Alumina (A:0;) A 3-8
Iron Oxide (Fe;05) F 0.5-6
Magnesia (MgQO) — 0.1-4
Sulphur trioxid (SO;) — 1-2
Soda and Potash (Na,0 + K,0) — 0.5-1.3

As it is clear from the above, lime is the main ingredient
forming about two third of the cement. It is very active
constituent and its proportion plays an important role on the
qualities of cement. A high content of lime generalily increases
the setting time but gives a high early strength. But too little
content of lime reduces the strength of cement.

An excess of lime many make the cement concrete
unsound and liable to be disintegrated. Silica and Alumina
are also the main and active constituents of cement, having
important effects on the properties. A high percentage of

silica usually prolongs the setting time but increases the

strength. A high percentage of alumina tends to reduce the
setting time but to increase the strength.

Iron oxide is not so important constituent, but Portland
cement derives its characteristic grey color because of it. It
may also combine with lime and silica at a high temperature.
The other constituents do not have any effect on the qualities

of cement.




{(Engineering Chemistry)
(1) Using refractory with high porosity, good .lhcrmal
conductivity and low coefficient of expansion.
(2) Avoiding sudden temperature changes. ’
Proper furnace design.
Sol@m nufacturing of glass consists of following high
levet-steps :
1. Melting
(1) Pot furnace
(i) Tank furnace
2.  Formingand shfaping

3. Annealing
: 4.  Finishing
. | Melting

1. Raw materials in proper proportions (sand, soda ash
lime stone) are mixed and finely powdered.

: 2. The homogenous mixture known as Batch is fused
with some broken glass, called “Cullet” in any of the
two types of furnaces ‘

3. The homogenous mixture is melted either in
(a) Pot furnace or
(b) Tank furnace

4.  The batch melts and fuses at 1800°C

Forming and Shaping, Annealing and Finishing

I Molten gas is converted to desired shape by blowing
or moulding or pressing between rollers- “Forming and
Shaping”

2. Articles are then cooled gradually at room
temperature.- “Annealing”
The longer the annealing period better the quality of
glass.

3. Afterannealing, the articles are subjected to cleaning,
polishing, cutting, sand blasting etc.,- “Finishing”

Properties :

1. Incredibly thermally shock resistant (can be taken from
red heat and plunged into water without cracking)
2. Low coefficient of thermal expansion

3. Optical transmission properties from ultra violet to infra
red ‘

4.  Good chemical resistance
5. Excellent electrical insulator
Uses ‘
1. Windows
2. Lenses
3. Mirror substrates
[ 4. Crucibles, trays and boats '
5. UV transmitting optics (synthetic fused silica)
6. IR transmitting optics
7. Metrology components




)

Functions of the Ingredients of Cement

1. Lime is the main constituent of cement. Its proportion
must be properly maintained. However, excess of lime
reduces the strength of cement, because it makes the cement
to expand and disintegrate. On the other hand, presence of
lesser amount of lime then required also reduces the strength
of cement and makes it quick setting.

2. Silica imparts strength to cement and usually prolongs
the setting time.

3. Alumina makes the cement quick—setting. However,
excess of ALO,. weakens the cement,

4. CaSO_.2H,0 (Gypsum) helps to retard the setting
action of cement. It actually enhances the initial setting time
of cement.

S.Iron oxide provides (a) Color (b) Strength (c)
Hardness to the cement.

6.50, (Sulphur trioxide) in small proportion, is
desirable when present in small amount, it imparts soundness
to cement. However, its excess reduces the soundness of
cement.

7. Alkalis
efflorescent.
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Prob.10 \Discuss the use of Seger’s cone test and RUL
tests Yor a good refractory. [R.T.U. Dec. 2016/

OR
What are refractories? Discuss the Seger'’s
pyrometric cone test and RUL test. [R.T.U. Jan. 2016)
OR
Explain Refractoriness Under Load (RUL) test.
[R.T.U. 2013]

: Excess of alkalis causes the cement

OR
Write note on Seger cone test und RUL- fest.
[R.TU. 2015]
OR

How can you measure the refractoriness and

refractoriness under load of a refractory material?
" [R.T.U. (1 Sem.) 2008/
OR

Explain Segercone test and RUL test of refractory
material. [R.T.U. 2012, 2010, 2009, Raj.Univ.(Back) 2008/

OR

Pyrometric Cone Equivaleni (PCE) test (Seger-cone

test) fR.T.U. 2013/
OR

Explain Segercone test and RUL test of refractories.

[R.T.U 2007/

Sol. Refractories : Refer to Long Answer Prob.3(q)
Seger’s Cone Test : Refractoriness is a measure
of fusibility of refractory materials. It represents the softening
temperature of refractories. This temperature 15 oPserved
either with the pyrometers or in terms of Pyrometric Cone
Equivalent (PCE) value. In PCE value, refractoriness can be

(Egmcering Chemistry)
determined on a sample in the form of a cone which is either
cut from the material or prepared from the ground sample,
The softening of the cone is indicated by the top bending over
and the tip touching the plaque on which cone is placed. The
PCE is reported in terms of the standard cones and is equivalent
to that corresponding in time of softening with test cone. If
the test cone softens earlier than one cone and later than
other, then the PCE value will be approximately between two
cones.

The test refractory in the form of cone generally is 38 mm
height and 19 mm base. Size is kept along side the similar
sized standlard cones and all are heated uniformly at 10° C
per minute. kach standard cone is made of a particular
refractory materia! of a definite softening temperature are
assigned serial number with increasing softening temperature.
When the test cones softens and loses its shape, at the same
time one the standard cones whose refractoriness is near to
that of the test cone will also soften, the serial number of that
standard cone is noted. For example, the silica brick has a
PCE of 33 with a softening temperature range 1700—1750° C.

It indicates that this refractory can be used in furnace with
operating temperature.

Pyromelric cone Softened and

touching the base

T deformed apex just

Fig. : Mcasurement of refractoriness : Seger's cone Test

Refractoriness Under Load (RUL) : This represents
the resistance of a refractory material to the combined efforts
of heat and load. RUL is the temperature at which the

deformation begins and at which at least 10% deformation -

takes place. It is necessary that refractory material must also
possess very high mechanical strength even_at operating
temperature to bear the maximum possible load without
damage.

Strength of Refractory (Refractoriness Under Load) :
The high temperature load-bearing characteristics of a
refractory material is determined by refractory under load
test or R.U.L. test.

In R.U.L. test, the spccimen of refractory of size Scm?
and height 75cm. under a load of 1.75kg/cm? is heated in a
carbon resistant furnace, The heating rate is maintained at
10°C/minute.

The temperature at which 10% deformation occurs on
test specimen is reported as R,U.L.

The determination of deformation is done by recording
the height af the enerimean at different temnaratura

(Engineering Chemistry)-

On the basis of R.U.L. test, the refractory material
are classified as ;

R.U.L. | Ruractory material
137.°C [ High heat duty brick
1300°C | Intermediate heat duty brick
1100°C | Moderale heat duty brick

Prob.11 Describe fire clay refractory, its properties and
uses. [R.T.U. Dec. 2016/
5 OR
Write short note on Fire clay refractories.
[R.T.U. Jan. 2016, 2012, 11}

Sol. Fire Clay Refractories : Fire clays are hydrated aluminium
silicates having the general composition, Al,0,.28i0,.2H,0
with impurities of sand and gravel, alkalies oxide, sulphate
and sulphide, silicates and carbonates of Ca and Mg, small
quantity of TiO,. These raw materials are used for making
the fire clay refractory.

Preparation : Fire clay refractories are prepared from
finely ground raw material, and grog (powdered calcined fire
clay). Grog is made by pulverizing rejected crucible, broken
sugars. The exact proportions of the constituents depend on
the type of bricks to be desired. Spalling character will be
lesser when greater is the percentage of grog like, neutral
fire clay bricks contain 40% SiO, and 55% Al,O,, while acidic
-fire clay bricks 55% Si0, and 35% Al,0;. Remaining balance
consists of K,0, Ca0, FeO, MgO etc.

Manufacturing of Fire Clay :

L Fire clay (raw material)

. | De-aeration and Grinding

v

Finely ground plastic fire clay

Add water | Grog(power calcined fire clay)
A

=
Mouldable. plastic clay

Shaping

L

! Wet refractory bricks

Slow air drying

Dry refractory bricks

1 Firing at 1200 - 1400°C

Dry hard fire clay refractory bricks

Fie. : Manufarturing of fire clav refractare
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Ag Chemistry T

The manufactured glass being
and if the glass materials are allowed
layers will cool down first, leay ing th
of stress and strain (because the
heat). Due to this unequal expansion the glass materials are
much likely to crack to picces. The

Y cannot withstand change
of temperature or shock. To avoid such problem, annealing
13 needed.

a bad conductor of heat
tocool rapidly, the upper
< Inner portions in a state
glass is bad conductor of

The manufactured glass material
critical temperature to redyce inte

long time. Then glass must be co

13&@}5 is optical fibre? Discuss the structure and
working of optical JSibres. IR-TU. Dec. 2016/

OR
Write short note on Optical Fibre, IRT.U. 2012
: OR
Write short note on fotal internal reflection in Optical
Fibres. IRT.U. 20117
OR
What is Opticat Fibre? Describe the na:m.hwtnt.n:.
working, ad ges and applicati

1ppli S of optical fibres.
IRTU. 2010, 2009. 2008, Raj. Univ. 2006, 2005]

Sol. Optical Fibre : A revolutionary new technology based
o light wave communication through hair, thin strands of glass
:alled optical fibre, is transforming communication network
of the world for communication of voice, video signals and
figital data to adistant place. In order to communicate millions
f informations at a time, carries waves of extremely high
Tequencies wil| be required. It can be achieved, if light rays
re used as carrier waves, ordinary method of communication
S not suitable for trans, Ing signials modulated with light

:E.F:DZESE."F_._Bst_,m n
atons and random Nuctuations in
ission of informations modulated
hrough hair thin glass fibre got

The study of properties related with Propagation of light
vave through the fibre is called fibre aprics and fibre is then
alled oprical Toral Internal Reflection Jibre.

Total internal reflection is a phenomenon that happens
vhen a Propagating wave strikes a medium boundary at an
ngle larger than a particular critical angle with respect to the

ormal to the surface. If the refrative index is lower on fhe

EC.85
other side of the boundary and the dent angle is greater
than the crictial angle, the wave can not pass through

In case of refraction o

+ from Snell’s law, we have

fir, sina W, sing (n
Iflightis passing from denser to rarer medium through a

i)
o and p = s so with F: - m‘_

plane boundary. then n,

€quation (1) reduces to

% sin Vi

—-SINT Le., sir — o
: @)

LE sin = SN wy

sini =

th (i) < (£nas[pu>1]

: As angle of incidence j j
IS0 increase and for cert
become 90°. The y alue of an
r=90°

ncreases, angle of
am value of j(< 90°)
gle of incidence for which
and if denoted by@.

3

Sin90 |
le.sint =
n

—.(3)
Equation (2) in terms of critical angle can be written as

. sini
_M::.:::!:cn_au::v‘"

sin @,
—_—
Case I : If >0, sinr> |
Physically, th

...(4)
This means that r js imaginary,
situation implies that refracted ray does not
exist so that tota ghtincident on the boundary will be reflected
back into the same medium from the boundary. This
phenomenon is ¢ ed total internal reflection.

Working Principle : The principle of optical fibres is
based on light ransmissj i
Optical fibres are
ultra high purity,
coated with a |

s. The fibres are
index

hca_:x??__aa__:t‘ 1.5)
Fig.2
E_.n:__w_: ainqv_:c:c

. 4 + it undergoes
successive total interna) reflecti

alls and trave|

~ omnth T £,

Adown tha lanatl, nfthe fikes alnnn . .

total internal reflection takes place at the m.._—n_.wmuu ..Bs.zmﬂp
the high refractive index core, [usually made of <.§.ﬂu§
doped with germania (Ge,0)] and the lower refractive index
sheath or cladding of pure glass. Light can be transmitted over

many kilometers without decrease in its intensity due to total
interal reflection by optical Tibres. 3

n this way. ray undergoes repeated total internal
reflection unul it cinerges out of the other n_.E of fibre, n<_n._=
if the fibre is bent Thus, the light ray is guided __.”..u.._.aa.”
fibre from one end 1w other end without any energy being

due to refracton

Fibre Construction : An optical fibre is a hair ::M. _#.2.“.
i o
made of glass quartz or transparent vo.u._.:nq having radius
it m
Outer jacher
ihlack ol wethare)

Fig. 3 : Structure of an Optical Fibre
An optical fibre consists of
(1) core !
(i) cladding

pating > Y
.a_,.._,...”»"a"_ ."w an innermost nu._.,:a._._n-,.uu: e.m...nh.”
made up of ultra pure glass —_u,E:m _:E._ Bwﬂn...._.n
index (p, = 1.7). The core os:..nm__m__.~ m_ma_ L_uo:n
core diameter can vary from about Smm to aboy
M_.,_”.“_ﬂ.___“:n : The core is m,.:._.om.__n.mn by n:M____MM
cylindnical shell of lower refractive _:Moz :.._ﬂn :._..-
n.,,__r.i...r_;»__._m, I'he cladding helps to keep —.pnwu_
within the core through En.uzn_J.o__E:E._ A_._mcu:u.
internal reflection The cladding diameter is
125 mm e

“oating : 1t is a safeguard for core and ing
.A_.m_.”__..u.“rr.r.a_cm_r..,_. eflects. A mc_—.vsm”“ Woam_m.._”_mn
:.,_ imary coating) is done whose diame ellor
250mm for greater strength and v_qc_nn.“_wmngzsw
fibre. This is followed 3...52:2 ayer
Kknown as secondary coating

s of Optical Fibre : 2 .
() _._U.._. Communication ".m.__:n oplics nm_“....:._na_wmm_“__-.«_.
with the communications ny c_s.._r., <o.n_._n ”.%Mﬂor:nn_ ok
figital data by transmission of light thr e
s _r_uw Transmission of Image : _Qummmnwn_uc Ho B
,A_unn to another place through the optical i _d.m mo.“_a_ il
M___uum can be bent in any shape and no obstruction i

|
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(Engineering Chemistry Jm

s fitted with an agate jet that can be kept closed or

open by avalve rod fitted with a ball made of brass

The lid of the cup s fitted with a thermometer. w hich

indicates the ojl temperature

(b) Heating bath : 0j] Cup 1s surrounded by a
cyhindrical copper bath containing copper with
containing water having an outlet for taking out

water. a stirrer with four blades and a thermometer

(e) Kohlrausch Mask : 11 s 4 special type of receiver

for receiving the oil. Its Capacity 1s 50 ml to the

mark in its neck

Working : Water is filled in the bath and the brass ball
iskept in position to seal the orifice. Test oil is filled in the oil
cup upto the tip of the indicator An empty Kohlrausch flask
is kept just below the jet. The desired temperature at which
the viscosity is 1o be measured, maintained by stirring the
water and o1l in the heating bath and the oil cup respectively.
The ball value is lified and the time is noted for 50 ml of the oil
to collect in the flask and the value is immediately closed to
stop the overflow of the oil.

> Thermometrny

care

cool

in th

o srrcr blage

Metalhe bestias

Py 3 > Pelarcr
g i

Water buch

Heatleg rute red 10 v ewpin

Pro IJ/! Write short note on Sifica Refractories.

. [R.T.U. Jan. 2016}
OR

Explain Silica Refractory. [RT.U. 2014, 12, 11}

_—
Sol. Silica Refractories : It contains 90 to 95% silica and
about 2% lime is added during grinding to furnish the bond
preparation. The raw material used for the manufacturing
ofsilica bricks are quartz, quartzite, ganister, sand, sandstone
etc. The silicious rock is first crushed and grounded with 2%
lime and water and results the thick paste.

It is converted into bricks either by hand moulding or
by machine pressing. The bricks are dried in air and heated.
Afler drying, bricks are burnt in kilns. In about 24 hours, the
temperature is slowly raised to about 1500°C. This hlgj;
temperature is maintained for about 12 hours. This step is

cristobalite (allotropic transformation). Then, cooling is done

fully and it takes about 7 days 10 14 days

Crystobalite is slowly changed into tridymite duris

ing. So that a mixture of tridvmite and cristobalite results
e final bricks. In final silica bricks mixture of tridymite

and crystobalite is present

Q5% pure silica binding mare "J[
(50 e -
|

|

) s himg J ( ”

v ushing £
—_
| f terial
L |

. ]
Plastic mass of silica |
J

Morlding

L Wet refractory bricks ]

Quanz particles are bonded

temperature by lime and impuri

.Ji-ft.'l.'"—,
g oul

l
LS-Iu:J is transformed to crystob

n 2b 14 danys

£ a

Refractory silica bricks
(Crystobalite is slow Iy changed into tridymite)

Propc
1.

Fig. : Flow chart (lfmrmyfu.:.furmg of Silica Bricks
rties
Silica Bricks are yellowish in colour with brown
specks (buff coloured). It depends upon the raw
materials used for making them.
Composition : Si0, = 959, AlLO; = 0.75%, Fe,0,
= 0.5% CaO = 2%, and MgO = 0.05% o
Hardness : Silica bricks are quite hard and abrasion
resistant
Texture : Silica bricks have homogenous texture
free from air-voids and other moulding defects
Thermal Conductivity : It is greater than that of
fire clay bricks and is 0.0013 gm cal. per second at
200°C
Porosity : 20-30% porosity which imparts |
spalling and good thermal ol
bricks,
Refractoriness : The fusion temperature of silica
refractory is about 1700° C, thus, the refractoriness
i1s high, therefore, it can be used at an operating
lemperature of 1690°C.

oW
laraclensies o sifica

{ EC.89 )

very important. Since it allows quanzite 1o be converted into

] ]

f

.
¥ ]

GZD

8. Refractoriness Under Load (RUL) o
Bearing Strength : It is 5 kg/em® at I'
9. Chemical Nature : These are acidic in

etc. except HF. Silica n:frac_ tories are
alkalies and basic slag specially at higher
10. Spalling Resistance : On heating silica u
following allotropic changes .
Quartzite =———= Tridym ite === C
(Sp.gr=2.45) Sp.gr =|r2:|- :
(Crysialline)  (a-Form of silica ‘
gilmhﬂswmmhmhtﬂq‘luﬁk
expansion of about 15%. when heﬂedm i ;
reversible and the brick retums Lo its original size when ¢
This expansion is caused by reversibleallotropic trans n
Sudden changcs_intcfppcﬂrafuwmd pumrewwlﬂ.
-onvert quartzite into tridymite NG i
:ausc the bricks to expand to the um::f ofabout 1 7::11‘
use in the furace and the srrucn::d mﬂ?'
therefore, these bricks are heated and cooled v
Heating at 1500°C for about one complete g
necessary during the manufacture of silica bricks,
spalling will take place. 2 L
pa Them&nwd;mm?halqu i
i) Highcrushing rengi'l .
:ii) High tens:‘lemngﬂ}mho'lm:ﬂ_ :
(i) Refractoniness as hsg_h‘ls Ww ;
(iv) High percentage of silica, but low com
of other oxides ; e
™) Novolmchmgp:sf::ﬁ?w_.
(vi) Lirtle or no spalling Wi ﬂw\ 0.
fluctuation in temperature.

musofookqomm’m'-- s

due to their high thermal CON=PPe
Prob.22 What is the importance of anne
making process? oR

Sol. Auncaling : Refer 10 Long dusver
Importance of Annealing : Refer Short e
ro ¢ constituents
=23 Write effect of different constiti '
;:cribe the fnnqﬂcudnt pnust q?
chemical _
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{ Engineering Chemistry
every 1° Crise a flame is introduced for a moment with the he]
of shutter. Flash point is recorded at the temperature when
flash appears in the form of weaker sound and light. The procedur
is continued as before until the oil vapor catches fire, which stay
upto a minimum for five seconds. This is fire point of an oil.

Shutt g
co:Lr(c): —] Pilot burner
“~ Test flame burner
Oil level S
pointer Opening
Oil cup
Stirrer—
Fig. : Pensky-Marten's Apparatus
Pro xplain Classification of lubricants, [R.T.U. 201

OR
Write note on Classification of lubricants.  [R.T.U. 201

Sol. Classification of Lubricants

Lubricants are classified on the basis of consistenc
as:

1. Liquid lubricants or Lubricating oils
2. Semisolid lubricants or Greases
3. Solid lubricants

Their use in machinery depends on the workir
conditions of the machinery.

1. Liquid Lubricants _

Liquid lubricants are also known as lubricating o
Lubricating oils reduce friction and wear between two movii
metallic bodies by providing a continuous fluid film in betwe:
them.

A good liquid lubricant must possess:

()  Low vapour pressure or high boiling point

(i) Adequate viscosity for particular service conditions
(i) Low freezing point '

(iv) High oxidation resistance and heat stability

(v) Non corrosive properties : :
(vi) Resistance to decomposition at higher and elevat:
temperatures. :

Liquid lubricants also act as: -

(i) Cooling medium

(ii) Sealihg agent

(iii) Corrosion preventors

They are further classified as-

(A) Animal and Vegetable oils
(B) Mineral oils or Petroleum oils
(C) Blended oils

(D) Synthetic oils

(Engineering Chemistry

2. Semi-solid Lubricant or Greases

Lubricating grease is a semi—solid lubricant obtained by
combining lubricating oil with a thickening (gelling) agent
(soap). Lubricating oil is the principal component and it can
either petroleum oil or a synthetic hydrocarbon of low to high
viscosity. The thickeners consist primarily of special soaps of
lithium, sodium, calcium, barium, aluminium etc. Non
soap thickeners include carbon black silica gel, poly urea, other
synthetic polymers and bentonite clay etc. They improve heat
resistance. The fibrous structure of the thickeners traps the
oil and enables lubricant to cling to moving parts.

Applications

Greases have the following uses:

1. Where lubricating oil cannot remain in place due to high

load, low speed, intermittent operation, sudden jerks etc.
e.g. rail axle boxes.

2. Grease works at high temperatures in bearings and
gears.

3. Inmachines used for textile, edible materials, paper etc,
where dripping of il is undesirable.

Greases are also used in the situations where bearing

needs to be sealed against entry of dust, dirt, grit or
moisture etc,

3. Solid Lubricant
Where oils and greases are either undesirable or
inadequate. Then, solid lubricants are used in drypower form

or mixed with water/oil, solid lubricants are preferred over
oils and greases due to following reasons:

1. Where operating conditions are such that a lubricating
film cannot be secured by use of oils or grease.

2. Where operating temperature or load is extremely high,
such that oil or grease does not stay at desired place.

3. Where a lubricating film cannot be maintained due to
their contamination by dust or grit particles, e.g. in
» commutator bushes of electric generators and motors.

4. Where combustible lubricants cannot be used.

An ideal solid~film lubricant should have the following
characteristics:

() Good thermal conductivity

(i) Low shear strength (frictional resistance)
(iiij) Chemical inertness

(iv) Strong adhesion to the applied surface and
v) Smbility at operating temperatures.

Prob.32 Define lubrication. Explain extreme pressure’
lubrication with suitable example. IRT.U. 2013, 1
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NHCOOCH

o

Parv-auctamnc phem

Synthesis

NHUOC M

Lrmow e o

(8 ] (8 2} *
Pary s s

Properties and uses : Paracetamols exist as white
crystalline powder, spaningly soluble in water, soluble in alcohol,
and very slightly soluble in methylene chloride. Paracetamols
produce antipyresis by acting on the death have been
observed following over dosage, hepatic damage is likely in
an adult who takes more than 10g in a single dose or if a 2-
year old child takes more than Jg

Il. Long Answer Tyre QuesTions
E JExplain substitution reaction with the help of

example.

%_—T_——_-—__

Sol. Substitution Reactions : These reactions mvolve the
duplacement of an atom or a group by another atom or group

.y e

Sebattation Reacton

RCMAY » ¥ RCH,CHY « X

[ara—— Vm ey Tangem Prodiay

It takes place at
I s’ hybridised carbon (alkane, haloalkane, alcohol)
2 sp’ hybridised carbon (benzene)
A substitution reaction can be uncleophilic,

electrophilic or froe radical substitution resciton

Lamang Lroug

_d Nocloophilxc Substtuton Reaction |
t Electrophilic Substatution R-u?]

Saubstianon

Free Radical Substitution Reaction |

{Engineering Chemistry)
1. Nucleophilic Substitution (SN) Reactions
These reactions involves the anack of a nucleophile
and are more common in aliphatic compounds. For example,
hydrolysis of alkyl halides by aqueous KOH
R-X+K-OH->R-0H+KX
In general it may be represented as -
T u e
Nu: + R X —=——p R-Nu+X:
These reactions may follow two mechanism
(1) Unimolecular Mechanism 5. 1)
The rate or

such reactions depends only on the
concentrabion of alkyl halide (susbstrate) and is mndependent
of nuckeoph:ie
Rate a [RX] ()
Such reactions are belived 1« be completed in two sicps
The first step is the rate determining step (slow) in which

they alkvl halide onreds 1o give carbonum won. In the second

step, the carbonium on combines with the nucleophile to give

the substituted product Th
L3

of ter-buty| bromide

can be explamned by the hydrolysis

}i\‘)'- CHLACBr — _r{nx\lH'Bf.
The rate of above reaction depends only on the
concentration of (-buty! bromade
Rate = k{(CH,), ( Br) (2)
Based on the kinctics, the reaction takes place ir
following two steps
First Step
ML HC & M‘C!
H(>(*Br l‘-?—b C Eo&.
HC ' HC l
- -
Aliyl haiude L arbocaton
Second step :
HC CH, HC
\ @/ > Pa :
c + OH ——» HC C— OH
, Nucloophule HC Substitsted produc
CH, '

The energy profile diagram of a two step S, reactior
1s shown in fig (2)

Fig | - Types of Swhatiiuion Reaction

.

(Brginerring Chemistry )
Solvents play very important role in S 1 reactions s
the tonization s facilitated by solvation of carbocation.
(ii) Bimolecular (S, 2) Mechanism
The rate of such reactions depends on the concentration
of alky! halide (substrate) as well as the base (nucleophile).
Rate a [RX] [OH ] 4
Such reactions are completed in one step. Consider the’
nydrolysis of methy| bromide by aqueous NaOH.

HO '+ CH, - Br —» HO - CH, Hr
Kinetic studies of this reaction reveals that the rate of
such a reaction depends upon the concentration of alky! halide
as well as the hydroxide ion. '
Rate a [CH,Brj [OH ] A4
If the concentration of any of them is doubled then the
rate of reaction is also doubled and when the rate or reaction
of any one of them is halved, the rate of reaction 13 also halved
In such a process the hydroxide ion (nucieophile) attacks
the carbon atom from the side opposite to that of the bromine
(leaving group). This is because of the fact that both hydroxide
1on and the bromine are electron rich. $0, the bond breaking
and bond making are simultancous processes and such a
mtmmrominmtwammmhmhm
stom appears (o be pentavalent. In transition state, carbon stom
s joined to three substituents by full covalent bonds and to the
nucleophile and leaving group by partial bonds. The three
substituents acquire a coplanar geometry. .

u?’-—"‘-‘"r\c-u. Stow, |ud “\cln » ot
"'7 .Ic —OID-C;::-

The energy profile of such a resction is shown in Fig
). '
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(b) Sulphonation : In this reaction sulphur trioxide (S0,)
acts as an electrophile.

So,
H.S0,
.

) Free Radical Substitution Reactions

o 0
N\
57

Q /CI

benzenesulfonic acid

Such reactions begin with (he formation of a free radical
which substitutes a group or atom present in the reactant
molecule. The reaction of methane with chlorine in the
presence of light is a free redical substitutiion reaction.

CH, +Cl, — CH,Cl +HCI

The first step is initiation i.e free radical formation by
homolytic cleavage of bonds. Second step is chain propagation
and finally chain termination step

Initiation
Initiation step may happen spontaneously or may be
induced by heat or light depending on the type of bond.
Cl, = 2CI-
Chain Propagation

In this step, a molecule reacts with a free radical to
generate a new radical.

CH, + Cl+ — CH,+ + HCI
CH, + Cl, — CH,Cl +Cl+
Chain Termination

This step is also known as destruction of free radicals.
This step involves a combination of two like or unlike radicals
to form a new bond.

¢l > Cl,
CH,» + Cl- - CH,CI
CH,+ + CH,» - CH,CH,

Prob xplain addition reaction with the help of

example.

Sol. These reactions are characteristic of compounds
containing multiple bonds. The alkene (=), alkynes (=), C=0,
C = N react by addition to multiple bond. Thus in addition
reaction there i¢ increase in the number of groups attached
to the substrate and decrease in its unsaturation. Addition

Engineering Chemistry
reactions are of four type namely electrophilic, nucleophilic,
free radical and concerted. The first three are the two-step
processes, with initial attack by electrophile, nucleophile ora
free radical. The sccond step consists of a combination of
the resulting intermediate with a negative species, a positive
specics or a neutral entity. In addition, attack at the two carbon
atoms of the double or triple bond is simultaneous.

{ Electrophilic Addition |

Fz:n_no_ur.,:n Addition

Addition
Reactions

_ Free Radical Addition ‘_

[ Concerted Addition
1. Electrophilic addition reaction -

These reactions are brought about by the attack of
electrophiles and are generally given by compounds containing
carbon-carbon double and triple bonds. For example addition
of HBr to propene. This reaction takes place in following
steps :

Step 1 : H* from HBr is added to propene to form a
n-complex, which then forms isopropyl carbocation
(2°-carbocation, which is more stable than 1°-carbocation).

@
CH, - CH = CH, - CH, - CH = CH, -+ CH, - CH - CH, + BP
Propene _
H
Isopropyl
carbocation

Step 2 : The bromide ion (nucleophile) combines with
the carbocation to give isopropyl bromide.

qu

9 =] .

CH,-CH-CH, + Br— CH,-CH - CH,
Propene

8 5
H - Br
n-Complex

Isopropy! bromide

The product formed in above reaction follows
Marknownikoff’s Rule, according to which the negative part
of'the addendum is added to that doubly bonded carbon atom
which bears the minimum number of hydrogens.

In the above case during first step : two carbocations

may be formed giving two different products in foliowing
manner.

k=1
CH,-CH=CH,+§ — cH,cH-cH, 2, cH -cH-cH,
2%.Carbocation Hw
r
2-Bromopropane
cH,-CH, e, =225 CH, - CH, - CH,Br
1° Carbocation 1-Bromopropanc

The major product of the reaction is 2-bromopropane

as the secondary carbocation formed is more stable than

Engincering Ch ']

primary carbocation forming _._:oaowqa_um._._n. Thus,
MarkownikofT’s rule is obeyed.

Anti-Markownikoff*s Addition or Peroxide Effect :
According to this effect, the addition of HBr to propene in

presence of peroxides gives |-bromopropane as major product
rather than 2-bromopropane.

Hlir ~ HBr
CH, - CH-CI «="v CH,-CH =Cll, —"=— CH,-CH,-CH,- Br
! Peraxilo Propene Féroxida 1-Bromopropane

e
- :

! This is because in the presence of peroxides the addition
involv ¢ radical mechanism. This effect was put forth
\\\\\.cm. _,mﬂmm\n—_ and Mayo, so it is also called Kharasch cffect,

2. Radical Addition Reactions

=

The addition reactions of alkenes catalyzed by small
amount of peroxides or irradiated by ultraviolet light are nearly
always free radical 'chain reaciions and often lead to the
formation of polymetric products. These reactions are
illustrated by some examples.

Addition of HBr to Olefins : This is most famous
‘abnormal’ addition to alkenes and the entire mechanism
consists of chain initiation, propagation and finally termination.

Chain Initiation : It starts with light or by thermal
decomposition of initiators such as peroxides. The peroxides
present in most olefin samples due to autoxidation, are
sufficient to initiate the chain, In fact, olefins must be carefully
purified to suppress the radical processes.

b9
CH.-CO-0C-CH,

Dibenzoy| peroxide

_ew-wre 2C,H,CO,

Dibenzoyl oxy radical

CH,CO,+ HBr —— 5 C,H,COOH + Br'

Chain Propagation : With propylene the chain
propagating steps are as follows :
nﬂ/ﬂ\m.: CH, —> Br=CH,- CH - CH,+ 9 hcatimal,
. exothermic

Br+

Br — CHL, ~ CH - CH,+ HBr ——> BrCH,~ CH, - CH, + Br* + Thealimal,
exathermic

Thus, the overall result is ‘anti-Markownikoff, addition,

i.e. reverse of the normal addition to the olefin. The bromine
adds to the less hindered end of the bond and forms a more
stable radical. Therefore, we find that with the decomposition

&)

of a single initiator molecule, a large number of molecules of
the produgt are formed.

This abnormal addition of bromine is a good method of
preparing primary bromides from terminal olefins.

Chain Termination : Chain termination occurs by
combination with bromine atoms, or with alkyl radicals or by
coupling or disproportionation of alkyl radicals.

2Br —» Br,

ﬂq

Br- CH,- CH-CH,+Bf ——> Br—CH,-CH-CH,

2Br - CH, - CH - CH, ——> Br-CH,-CH-CH-CH,-Br

b
“ CH, CH,

Itis interesting to note that in presence of polar solvents
or in presence of inhibitors like thiophenol or hydroquinone.
the above addition becomes a heterolytic process. It is
homolytic in conditions in which it is described. So we can
say that homolytic addition is the result of peroxide effect and
distinguishes it from ionic reactions. g

We can explain the anology in orientation in the samc
manner as we explain orientation in heterolytic addition. In
heterolytic addition, just as the secondary carbocation
CH,~®CHR is more stable than primary ®CH, - CH,R, s0
is the secondary radical CH,Br — CR is assumed to be more
stable than the primary radical *CH, —~ CHR - Br. Therefore,
the basic difference is not that in one, the process is heterolytic
and in the other it is homolytic, but in one case the addition
begins with the formation of a new C—H bond whereas in the
other it is the C-Br bond, which is formed first, However, if
somehow the reaction conditions could be so altered that the
i | attack at the double bond were by a H radical, than
Markownikoff’s type of addition would be expected.

Having read the mechanism of addition of HBr to olefins
in presence of peroxides, it is pertinent to ask if HCl of Hi
also combine by radical addition? In this connection it has to
be noted that HCl or H1 do not undergo abnormal addition to
olefins under normal conditions. The reasons for failure are
different for the two compounds. The H-Cl bond is too strong
1o be broken readily in the atom abstraction reaction. The
hydrogen iodide bond breaks up easily to give atoms but these
do not add rapidly to double bonds.

R +HI 25 gy +1°

| 1
¢ . N~ __ 7 Slow —_ct
'+ Jc=c{ 5 j_c-C




" addition of acids (HCl), alcohols to he
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3. Nucleophilic Additions

The carbony! group of aldehydes and ketones facilitates
addition reactions by both nucleophilic as well as electrophilic
pathways. The electron deficient carbonyl carbon atom can
react with nucleophiles while the electron rich carbonyl oxygen
can react with electrophiles. The typical reaction of: aldehydes

and ketones is nucleophilic addition involving a base can be
represented in general as

Nu Nu
R N : |
/ == " . H —_—
Pt > & w\n// K
o] R On
One of the simplest addition reactions to the carbonyl

group is the cyanohydrin reaction. Cy
carbonyl ¢arbon atom to give an unstable
(alkoxide). The alkoxide being a stron
proton from the solvent or another mo
HCN to form the cyanohydrin,

©— B e, T
:.n!nzz + CN — :hl\n —o H, HC — HE — OH
H ?

Other examples of nucleophilic additions include the
miacetals or hemiketals,

addition of Grignard reagents, addition of organozine
compounds (Reformatsky reaction), etc. An interesting
example is the aldol condensation.

1“& U—S_:.: is Elimination Reaction? Explain its

reaction mechanism with an example.

anide jon adds to the
intermediate oxyanion
g base then abstracts a
lecule of the weak acid

Sol.  These reactions are reverse of addition reaction and
involve the loss of atoms or groups from the same molecule
to form multiple linkage. On the basis of mechanism,
climination reactions may be of two types.

1. a-Elimination : This type of elimination is very

rare and involves elimination of two groups or atoms from the
same carbon atom. For example,
CHCl, —— :ccl, + Hal
Chloroform Dichlorocar
bene
2. B-Elimination : It involves the removal of two
Eroups or atoms from the two adjacent (& and B) carbon
atoms of the molecule. For example,

2C-C{—=>C=C< +HX
i |
H X

CH,—CHBr - CH, -=<X% CH,_ CH = CH, + HBr

| Engineering Chemistry u

.—.rnmoqnwnmo:mu«anonniu unimolecular (E)) or
bimolecular (E,) mechanism.

1. Unimolecular (E,) mechanism

When the rate of an elimination reaction depends only
on the concentration of the substrate, Like 3,1 reactions these
also oceur in two steps. For example, dehydrohalogenation of

-alkyl halides. The first step involves the ionisation of alkyl
halide to give carbonium ion (slow) and the second step involves
that fast abstraction of a proton by the base adjacent to B-
carbon leading to the formation of alkene.

oH, oo o,
O ey, Wn —Br—s ¢ +Bf

_
CH, CH,

t-Butyl bromide t-Butyl carbonium ion

(i)
CH, CH, \_._/Am CH, CH,
s
/m_&)l\ +OH —— /%\ + HO
CH, CH,

2-Methyl propene
When there is a possibility of formation of two types of
alkenes, then the main product is most highly substituted alkene
as per Saytzeff rule. For example

CHi = CH, — CH~CH, A, cyey = CHCH, + CH,CH,CH = CH,
_ KOH

2-Buiens 1-Burans
Br

(-
The other common example of E| reaction is
dehydration of alcohols, Which occurs as:

0 cH,—CH,—on —H_ CH, —CH, —H,0

@ CH,—CH, ——> CH,= CH, + 1°
2. Bimolecular (E,) Mechanism

. When the rate of an eljmination reaction is dependent
both upon the concentration of substrate as well as the

attacking reagent, the reaction js of second order and is

represented by E,. For example, reaction ofalkyl halide with
ale. KOH.

CH,—CH,—Br+KOH — cH,= CH, + H,0 + KBr
(ale )

Rate = k [CH,CH,Br) [KOH]

()

‘ Au:u__annz.s Chemistry }—

The mechanism is a one step process in which the
abstraction of the proton from the B-carbon and the expulsion

of the leaving group, i.e., halide ion from the a-carbon atom
occur simultaneously.

[ a
R—CH-— n:ﬁﬁ.x ———> R-CH=CH,+H,0 +X°
_

H
b

This is also known as dehydro _._m_omnsmmo: reaction.

\Eﬂa yhﬂ is free radicals? How they are formed.

Sol. Free radicals, compared to many other electron deficient
species, show less tendency to undergo rearrangements. The
largest number of radical rearrangements known are those in
whichan aryl group migrates to an adjacent position. However,
no example of a hydrogen or alkyl shift in a monoradical has
been reported. The first case of a phenyl migration scheme
was observed in 1944 by Urry and Kharasch, Treatment of
_.nr_o_.o.m,_dmz..%_.M.urnn_.._v_.ouusn with phenylmagnesium
bromide, in the presence of cabaltous bromide, afforded a
mixture of products. The following radical mechanism was
proposed to rationalize the prodvcts. The neopenty| radical

(VII) may abstract a hydrogen atom to give the normal
product:

C.HMgBr + CoBr, —— C.H,CoBr + MgBr,

C.H,CoBr,

.
» CH;+ CoBr

ﬂ.r;. Me

|
& —C—CH,Cl + Conr

_ _— $— C— CH; + CoBrCl
J .
Me r Me
vl
Me
|
. = —C—
Me \\iz;:.:“_._ Teaction > % _O Cch,
| . / 2 Me
oi_ﬁf:_“ \L/. d
Me “_Rearrangement | Me SE—cuye
& migration Me ~—
Vi vl
T:
7_#
H—C—CH,¢
|
Me

EC.105
t-butylbenzene, or it may also rearrange to a more stable
tertiary :-Mwo& (VIIL) which then ».ni..._m _wown_w_vﬂ.uﬂﬁu Both
the radicals. (V1I)and (V1iI), dimerize and are disproportionate
in their yields. This sequence of steps S-m.oa..m:_!&. by sub
sequent workers who generated the radicals by different
methods and observed exclusive migration of the phenyl group.
In cycle compounds, equation (1)

F ¢ -Butyl Peroxide O’ CHA4+ CO
" CcH.CHO

1)
of the migration of a phenyl group was reported by Wild and
Philip. The mechanism of radical rearrangemenits has not been
investigated in detail but the intramolecular | , 2-shift, in general,
may be described. This assumes the formation of a triangular
non-classical radical (1X) which presumably provides a path
of lower activation energy compared to the dissociation and

-coupling processes. Moreover, for aryl migration additional

resonance structures are available for the delocalization of
the odd electron, as shown, an
an in (X).

d thus stabilization is possible

“«——> elc.

oG ~—C o~
7/ N\

Based on the molecular orbital treatment of Huckelx, it
has been argued that the transition state (IX) is less stable
than either the initial or the rearranged product when R is
hydrogen or an alkyl group, This implies that there is no reason
to expect 1,2-alkyl or hydrogen shifis in radical reactions
though they are well known inthe corresponding carbocations.
No unambiguous case of an alkyl or hydrogen migration is
yet known in simple radicals. Kornblum and coworkers
pyrolyzed optically acti

.
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(EC.106)

-

ICH‘ CH,”
|
CH, —-cI:-u 0 —%—> CH,—C
|

H OH

(X1)

evidence of hydrogen migration in the photochlorination of
isobutane because the isobutyl radical did not rearrange to
the t-butyl radical. Similar results by other workers have
demonstrated that such rearrangements are unlikely.
Considerations of orbital symmetry do not apply to reactions
proceeding through bridged intermediates. Thus intermediates
of the above type are possible.

The migration of an alkyl group in carbocations is
frequencly observed, but the free radicals show no tendency

to rearrange. Seubald observed no rearrangement of 2,2-
dimethylpentanal to t-amyl radical on decarbonylation in the

liquid phase.
H Me H H !\lde

' | I eroxide, 130°C f 5
CH—C—C—C —CHO %> CH,—(!;‘n—Clj-CI{,
[ e

H Me H H Me

Me

—%—> CH,— CH,—,c' — CH,Me

Kharasch and cowrkers brominated 2,2,4,4-
tetramethylpentane under u.v. light in the gaseous phase and
obtained a rearranged product, 2-bromo 2.3,4,4-
tetramethylpentane. The bromo derivative wa' deutified by
treatment with silver nitrate which yicided 2,3,4,4-

tetramethylpentane.

Me Me I\Iflc C{-I_. hlflc
| [ i
CH.—C — CH, — C — CH, —2—> CH.—CI' —CH — r|: —CH,
hl.flc Me Br Me
1 IBr,
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—CH, ——> CH—C— ClH —(l; —CH,
I
Me Me
These authors postulated the formation of the original
product as the result of the initially formed secondary to the
rearranged tertiary ra .
interpretation was questioned later and it was suggested that
the rearrangement actually took place on reaction of the
rearranged bromide witl silver nitrate. Nevertheless, recently,
several reactions have been reported in which the alkyl group
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I CH, Me

dical by a 1, 2-shift. The validity of this -
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migration has been observed to be even faster than that of
the phenyl group. Green and coworkers, for instance, among
others, isolated two major products (X1I) and Xlla) in the
decarbonylation of B-methyl-B-phenyl-B-peroxypropiolactone.

A possible mechanism for this may be postulated as

follows :
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These products are derived from a diradical ir:ten'nediate
and the yield of (XII) via methyl migration (path a) is almos!
five times more than that obtained from phenyl migratior
(path b). The formation of these products can, however, be
explained alternatively by a two-step rather than ar
intramolecular rearrangement. According to the latter pathway.
the migrating group may fragment and then recombine in the
cage to form the product. Though alkyl migrations have been
suggested to take place at high temperatures, the complexity
and low yields of the products obtained in such cases a re still

ambiguous.
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Carbocations.
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Sol. Carbocations are prone to rearrangements. During thes¢

rearrangements, less stable (1° or 2°) carbocations are

converted into more stable (2° or 3°) carbocations either by

1, 2-hydride shift or by 1, 2-methyl shift. For example :

CH, — CH— CH, 1, 2-Hydride/shift oy C+H-—CH;
| ;

Isopropy) carbocation
(2°, more stable)
n-propy| carbocation
(1°, less stable)

CH, CH,
I . i
CH, — ] H— CH, —LZMetylshit- . oy _ o CH,—CH,
. +
Te | carbocation-
CH, e;g:?zn:rsubla)m
n-propyl carbocation .
(1° less stable)
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