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Course Objectives:
e To familiarize engineering chemistry and its applications.
e To impart the concept of soft and hard waters, softening methods of hard water.
e To train the students on the principles and applications of electro chemistry, polymers , surface
chemistry and cement.

Course Outcomes: At the end of the course, the students will be able to:

COL1: Demonstrate the corrosion prevention methods and factors affecting corrosion.

CO2: Explain the preparation, properties, and applications of plastics, elastomers & conducting polymers.
COa3: Explain calorific values, octane number, refining of petroleum and cracking of oils.

CO4: Explain the setting and hardening of cement.

COb5: Summarize the concepts of colloids, micelle and nanomaterials.

UNIT I Water Technology

Impurities in water, Hardness of water and its Units, Disadvantages of hard water, Estimation of
hardness by EDTA method, Estimation of dissolved oxygen.

Boiler troubles —Priming, foaming, scale and sludge, Caustic embrittlement, Industrial water
treatment — specifications for drinking water, Bureau of Indian Standards(BIS) and World health
organization(WHO) standards,lon-Exchange processes. desalination of brackish water, reverse
osmosis (RO) and electrodialysis.

UNIT 11 Electrochemistry and Corrosion

Electrodes-Electro chemical cell,Nernst equation, Cell potential calculations.

Primary cells — Zinc-air battery, Fuel cells -hydrogen-oxygen, methanol-oxygen fuel cells — working of
the cells. Secondary cells— Nickel-Cadmium (Ni-Cd) and lithium ion batteries-working of the batteries
including cell reactions.

Science of Corrosion: Introduction to corrosion, Electro chemical theory of corrosion, differential aeration
cell corrosion, galvanic corrosion,metal oxide formation by dry electro chemical corrosion,Factors
affecting of corrosion, corrosion controlling methods: Sacrificial and impressed current cathodic

protection. Electro plating (Nickel and Copper) .



UNIT 111 Polymers & Fuel Chemistry

Introduction to polymers, functionality of monomers, Mechanism of chain growth and step growth
polymerization.

Plastics - Thermoplastics and Thermosetting. Preparation, Properties and applications of PVC, Teflon,
Bakelite and Nylons.

Elastomers — Buna-S, Buna-N : preparation, properties and applications.

Fuels — Types of fuels, calorific value of fuels, numerical problems based on calorific value;
Analysis of coal (Proximate and Ultimate analysis), Liquid Fuels, refining of petroleum, Octane
and Cetane number- alternative fuels- propane, methanol, ethanol and bio fuel-biodiesel.

UNIT IV Modern Engineering Materials

Composites: Composites- Definition, Constituents, Classification- Particle, Fibre and Structural reinforced
composites, properties and Engineering applications

Refractories- Classification, Properties, Factors affecting the refractory materials and Applications.
Lubricants- Classification, Functions of lubricants, Mechanism, Properties of lubricating oils —

Viscosity, Viscosity Index, Flash point, Fire point, Cloud point, Pour point and Applications.

Building materials- Composition, preparation of Portland Cement, Setting and Hardening of cement.

UNIT V Surface Chemistry and Nanomaterials

Introduction to surface chemistry, colloids, nanometals and nanometal oxides, micelle formation,
synthesis of colloids (Braggs Method), chemical and biological methods of preparation of
nanometals and metal oxides, stabilization of colloids and nanomaterials by stabilizing agents.
Adsorption isotherm (Freundlich and Longmuir), BET equation (no derivation), Applications of
colloids and nanomaterials in catalysis, medicine and sensors.

Textbooks:
1. Engineering Chemistry, Jain and Jain, 16th Edition, 2013, Dhanpatrai.
2. Engineering Chemistry, K. N. Jayaveera, G. V. Subba Reddy and C. Ramachandraiah,First
Edition, 2013, McGraw Hill Higher Education.

3. Peter Atkins, Julio de Paula and James Keeler, Atkins’ Physical Chemistry, 10/e,
Oxford University Press, 2010.

Reference Books:
1. H.F.W. Taylor, Cement Chemistry, 2/e, Thomas Telford Publications, 1997.
2. D.J. Shaw, Introduction to Colloids and Surface Chemistry, Butterworth-
Heineman,1992.
3. Text book of Polymer Science , Fred W. Billmayer Jr, 3" Edition.
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1.1 Source of water:

Surface water and ground water are the main sources of water. The surface water can be
further classified into four major sources.

1. Rain water 2. River water 3. Lake water 4. Sea water
1.2 Hard water and Soft water:

* 1. Hard water:

Water, which does not produce lather with soap and produces white scum is called
hard water. This is due to the presence of  dissolved Ca and Mg salts.

2C)7H35COONa + Ca™ — (C}7H35C00), Ca + 2Na*

2. Soft water:

Water, which produces lather readily with soap solution is called soft water.

1.3 Hardness of water:

Hardness is the property or characteristics of water, which does not produce lather with soap.
Hardness can be detected by treating water with soap.

2C|7H35COON& + CaClz — (C|7H35COO)2 Ca+ 2NaCl

1.3.1 Types of Hardness:

Hardness of water is two types:
1) Temporary hardness ii) Permanent hardness

1.3.2 Temporary hardness (or) Carbonate hardness: This is due to the presence of
bicarbonate of calcium and magnesium in water. This can be removed by boiling the water,
When water is boiled the soluble bicarbonate of calcium and magnesium are dec

omposed g
insoluble carbonates or hydroxide. ‘

A
Ca(HCO3);- = CaCOs + H,0 + CO,t

. 1.3.3 Permanent hardness of water (or) Non-Carbonate hardness : This is due to the

presence of presence of sulphates and chlorides of calcium and magnesium. CaCl, CaSQ,
MgCl, MgSO0;, are responsible for permianent hardness of water.

1.3.4 Measurement of Hardness: The hardness is measured in milligram per litre. It js
usually expressed in terms of CaCO; equivalents per litre. The reason for choosing CaCO; g

e



standard is because its molecular weight is 100 and equivalent weight is 50, which is easy for
calculation and it is the most insoluble salt in water.

. ' Weight of the salt
C = X 100
aCO;, equwalent Molecular weight of the salt

Weight of the salt
Equivalent weight of the salt

Temporary hardness = Hardness due to Ca(HCO3); + Hardness due to Mg(HCO3)>

Permanent hardness = Hardness due to CaCl, + Hardness due to CaSO, + Hardness due
to  MgCl, + Hardness due to MgSOq

Total hardness = Temporary hardness + Permanent hardness

' 1.3.5 Units of hardness: The following are the common units used in hardness

measurements.

1. Parts per million (ppm): It is the parts of calcium carbonate equivalent hardness per

10° parts of water
(or)
1ppm = 1 part of CaCOj3 equivalent hardness in 10° parts of water.

2. Milligrams per litre (Mg/L): It is the number of CaCOj; equivalent hardness in one

litre of water
(or)
Mg/L = 1mg of equivalent hardness per litre of water.
Degree clark: 1°Clark = 1part of CaCO; equivalent hardness per 70,000 parts of

water.
4. Degree French: 1%Fr = 1part of CaCOj equivalent hardness in 10° parts of water

Fable. 1 Molecular weight of some hardness producing salts

Hardness Molecular Equivalent
Producing salt weight weight
Mg(HCO3 ), ; 146 73
Ca(HCO3), 162 81
MgCl, 95 47.5




MgSO, 120 60
CaCl, 111 55.5
CaS0Oq4 136 68

Mg(NO; ), 148 74

Exercise Problems:
1. Calculate temporary permanent and total hardness of a sample of water containing

Ca(HCO3), = 32.4mgL™" , Mg(HCO3),=29.2mgL"", CaSO, = 13.5mgl",
CaCl;=22.2mgL".

Name of the hardness | Amount in | Molecular Amounts equivalent to CaCO;
producing salt Mgs/lit weight
Ca(HCO;), 324 162 32.4X100 _ 20mes/lit

162 )
Mg(HCO;3 ), 29.2 146 29.2X100 _ 20mgs/lit

146 )
CaSO4 13.6 136 13.6X100 = lOmgs/ht

136 ’
CaCl, 222 11 22 0 2 Omes/lit

111 :

Temporary hardness = Hardness due to Ca(HCO; ), + Hardness due to Mg(HCO3),
=20 +20 = 40 mgs/lit.
Permanent hardness = Hardness'due to CaSO4+ Hardness due to CaCl,
=10 + 20 = 30 mgs/lit.
Total hardness = Temporary hardness + Permanent hardness

=40 + 30 = 70 mgs/lit.



PRINCIPLE: The hardness of water is generally due to the presence of soluble salts of

calcium and magnesium. EDTA (ethylene diammine tetra — acetic acid )used as complexing
agent.

Structure of EDTA

HOOC~——CH, CH;—COOH
N*——CH;*CHrﬂN

HOOC—CH, CH;—COOH

Since EDTA is insoluble in water, the disodium salt of EDTA is used as complexing agent
with Ca*? and Mg* ions.

NaOOC —CH, CH;—COOH
N—CHz—CHz—N

HOOC——CH, CH;—COONa

When Erichrome Black- T (EBT) indicator is added to the hard water sample, it forms wine
red colour, unstable complex with Ca*? and Mg"? ions.

Ca? orMg?)orM*? + EBT —» M-EBT
( g’ (Umdmble Wime < Ye cleu Graple ﬂ)

When this solution is titrated against EDTA solution, the colour of the complex changes
from wine red to deep blue which indicates the end point, i.e.,EDTA formed stable complex
with Ca*? and Mg"? ions.

M_EBT + EDTA —» , M—EDTA +EBT ENCORR AN

Procedure:
Preparation of solutions:

EDTA Solution: 1t is prepared by dissolving 3.72 g of EDTA in 1000ml of distilled water .

(skale. colowlots CovarleN) e



dissolved in small quantity of dil. HCl and mmade

A : -dwater: 1gm of pure CaCOj is
Standard hardwater: 1g p S hE 0 ccfivaledt

upto 1000m! using distilled water. 1ml of the solution contains 1mg

hardness.

| Buffer solution: Add 67.5gms of NH4Cl and 570 ml of NI are dissolved and the solution is

made upto 1000 ml using distilled water.

EBT indicator: 0.5 gms of EBT is dissolved in 100ml of alcohol.

Experimental procedure:

Standardisation of EDTA Solution: Pipette out 50 ml of standard hard water into a clean
conical flask. Add Sml of buffer solution and 2-3 drops of EBT indicators and titrate it
against EDTA solution taken in the burette. The end point is the change of colour from wine

red to steel blue.
Let the volume of EDTA consumed be V; ml

Estimation of total hardness of water sample: Pipette out 50 ml of the given hard water
sample into a clean conical flask and titrate it against EDTA as before. Let the volume of
EDTA consumed be V> ml

Estimation of permanent hardness of water sample: Take 100 ml of the same hard water
sample in a 250ml beaker. Boil it for 15 min. During boiling temporary hardness gets
removed. Cool and filter the solution and make upto 100ml in a standard flask by addirg
distilled water.

Pipette out 20 ml of the made up solution into a clean conical ﬂésk and titrate it
against EDTA as before. '

L_et the volume of EDTA consumed be V3 ml

. Calculations:
V' ml of EDTA consumed by 50 ml standard hard water

Viml of EDTA =50 mgof CaCO;
50 |
1 mlof EDTA = v—mg of CaCOs3
|

Estimation of Total hardness:

V,ml of EDTA consumed by 50 ml standard hard water

1 ml of EDTA consumed %mgof CaCO;
!



Vomlof EDTA =V, X %ng of CaCO;
|
. ) 50
.. 50 ml of sample hard water contains = —V— X V, mg of CaCO;3
I

.. 1000 ml of sample hard water contains = 2X % X 1000mg/L

V2 il
Total hardness = —X 1000mg/L
Vi . — @

Estimation of Permanent hardness:

50 ml of boiled water =V3ml of EDTA

1 ml of EDTA consumed \Sl—omg of CaCO3
|
50
Viml of EDTA =V3X —V—mg of CaCO3
1

0
.". 50 ml of boiled hard water contains = %— X V3 mg of CaCO3
1

. 50 , V
.*. 1000 ml of sample hard water contains = —X —5—8 X 1000mg/L
) 1

v ’
Permanent hardness = TIEX 1000mg/L — @]
!

Temporary hardness = Total hardness — Permanent hardness

= ¥ ¥ %1000

Vi Vi

V2.V3
= 1000
2% oo

1.5 Boiler Troubles:

re used for steam generation. The troubles that arise in the boilers in the boilers due

Boilers a .
oiler feed water are called boiler troubles.

to presence of impurities in the b



The major boiler troubles are (1) Priming and foaming (2) Boiler corrosion (3) Caustic
embrittlement (4) Sludge and scale formation.

1.(a) Priming:- Priming is the process of production of wet steam. During steam production
certain water droplets also get into the steam due to dissolved solid impurities in water, high
level water, sudden rise of temperature, poor boiler design.

Priming can be avoided by (i) using soft water (ii) Low level water in boiler (iii) good boiler
design

(b) Foaming:- Foaming is the formation of stable bubbles above the surface of water. It is
. mainly due to presence of oil and alkali in the boiler feed water.

Foaming can be avoided by (i)adding anti foaming agents like synthetic polyamides.(ii)
adding coagulants like sodium aluminate, aluminium hydroxide.

2.Caustic embrittlement:-

Caustic embrittlement is the phenomenon during which the boiler material becomes brittle
due to the accumulation of NaOH in boiler.

Source of formation of NaOH are generally by using highly alkaline water (or) Na,COs
present in water.

Na,CO3; + H,O0 — 2NaOH + COy1

This NaOH moves into the minute hair cracks present in the inner side of boiler by capillary

- action and attacks the surrounding area, there by dissolving iron of boiler as sodium ferroate
(Naz F602).

Fe + 2NaoH — NayFeO, + H,

This causes the embrittlement of boiler parts particularly at bends, reverts, joints etc.
Causing failure of boilers.

3. Scale and sludge :-

a) Sludge : A loose and slimy precipitate formed within boiler is called Sludge. Salts like
CaCl,. CaSOs MgCl, MgSO0y etc., are responsible for sludge formation in boilers.

Dis advantages: (i) Sludge is a bad conductor of heat. (i))Excess of sludge formation
decreases the efficiency of boiler.

* Prevention: (i) using soft water (ii) Frequent blow-down operation should be carried out,

b) Scale: A hard, adhering coating on the inner walls of boilers is called scale. Salts like
CaS0q4, Ca(HCO3),, etc., are responsible for scale formation in boilers,

Dis advantages: (i) Scale acts as a bad conduct of heat (ii) W

astage of (or) energy (iii)lead ing
Lo explosion.



This causes the embrittlement of boiler parts particularly at bends, reverts, joints etc. Causing
failure of boilers.

3. Scale and sludge :-

a) Sludge : A loose and slimy precipitate formed within boiler is called Sludge. Salts like CaCl,,
CaS04 MgCl, MgSO;, etc., are responsible for sludge formation in boilers.

Dis advantages: (i) Sludge is a bad conductor of heat. (ii)Excess of sludge formation decreases
the efficiency of boiler.

Prevention: (i) using soft water (i) Frequent blow-down operation should be carried out.

b) Scale: A hard, adhering coating on the inner walls of boilers is called scale. Salts like CaS0y4,
. Ca(HCO;),, etc., are responsible for scale formation in boilers.

Dis advantages: (i) Scale acts as a bad conduct of heat (if) Wastage of (or) energy (iii)leading to
explosion.

Removal of scale: (i)Scale can be removed by thermal shocks(ii) using wire brush (or)scarper(iii)
carbonate scale can be removal by 5-10% HCI.

PREVENTION:-

There is two treatment methods to prevent scale formation. 1)Internal treatment method 2)
External treatment method.

1.6 Characteristics of drinking water:

As per the WHO and by Indian council of medical research(ICMR) the followings are the
_ Important characteristics of potable water.

It should be clear, colorless and odorless
It should be cool, pleasant to taste
It should be free from harmful bacteria and suspended impurities.

It should be free from dissolved gases like CO,, H,S, NHj,
like lead, arsenic, Manganese etc.

Hardness should be less than 500ppm.
Chloride content should be less than 250ppm.
Fluoride content should be less than 1.5ppm.

Total dissolved solids (TDS) content should be less than 500ppm.
P of the potable water should be 6.5 to 8.5.

il e

etc., and poisonous minerg

S R

1.7 Specification for drinking Water:



Water used for drinking should have certain quality
criteria and their standards for drinking water.

. The following summaries several quality

S.No Parameter WHO Standard in | ISI (or) BIS Standard in
Mg/liter mg/liter
I Colour, Odour& Colourless, Colourless, Odourless &
Taste. Odourless & Tasteless.
Tasteless.
2 P" 6.9 6.9
3 Total dissolved 1500 | -
solids(TDS)
4 Dissoved Oxygen | — -—mee- 3.0
5 Chloride 250 600
6 Sulphate 400 1000
b Nitrate 45 | e
8 Cyanide 0.02 0.01
9 Fluoride 1.5 3.0
10 Chromium 0.05 0.05
11 Lead 0.05 0.1
12 Arsenic 0.05 0.2

1.9 Ion — Exchange Process

I'on - exchange resins are insoluble cross- linked long chain organic polymers.

Process : The process involves the following the following steps.

. The first chamber is packed with cation exchange resin. When hard water passed through abed
Of cation —exchange resin it exchange hydrogen(H") ions with Ca™ , Mg, K*, Na* etc.of

hardwater.

2(R-H" + Mg"? — R,-Mg*+2H"

2(R-H" + Ca™ — R,-Ca*?+2H*



The second chamber is packed with anion exchange resin. The water coming out from first

. - <2 2. .
chamber contains H*, CI', So4™ and Cos ions. It is now passed through second chamber. Here
. . " ’ i i 2 ) B
itexchange OHions with anions like CI™, S04, Co3™,HCoj".

R-OH + CI" - R-ClI'+OH"
2R -OH" + So4? — R;-So0s? + OH
Thus hardness producing cations and anions are removed.

The H"ions from first chamber combines with OH- produced from second chamber to form
water.

H"+OH — H,0

Hard Water In—e =mmm =

’ | Appvendeamu | psamopeen |

5 5 85

i i o oo 0o

Catiow Exehaager Anion Exclanger
Bt

" Ued i~
Injector A or Injector
- Gravel: 3
| (F
i e e v e o t
To
Sink . -
Sink R -{— :
Acid Pump Sof:“*at’cr*. Alkaline
Regencrator Qut Regenerator

Regeneration of resins

(1) The cation exchange resins can be regenerated by passing Dil.Hcl.
Rz-Mg™+ 2Hel — 2R -H"Y + MgCl,
(ii)  The anion exchange resins can be regenerated by passing NaoH.

R-CI'+ NaOH — R - OH" + NaC]



Advantages: (i) The softened water by this method completely free from salts.
(i))Highly acidic (or) highly alkaline water also can be softened.

Dis - Advantages: (i) The experiment is very costly. (i) Turbid water decreases the efficiency of
. resins.

1.10 Desalination of Brakish water:

The water containing dissolved salts with a peculiar salty or brackish taste is called brackish
water. The process of removing the salts from the water is known as desalination of brakish
water.

1.10.1 Reverse Osmasis

If pressure in excess of osmotic pressure is applied on the higher concentration side, the
solvent flow is reversed ie., solvent flows from higher concentration to lower concentration.
This process is called reverse osmosis.

. Salt water is taken as higher concentration and water is taken as solvent. If
pressure is applied on the salt water, the water flows from salt water to water side. -

semipermeable
pressure membrane

4 o K
s ;
o1

1.10.2 Electro-dialysis:



The process of decreasing the concentration of salts in saline water using in selective membranes
under the influence of direct current is called electro-dialysis.

Qiluote

Forared

The electro-dialysis cell consists of a series of cation permeable membrane ‘C’ and anion
permeable membrane ‘A’ . Saline water is passed under pressure about 5-6 kg m™ between
membrane pairs and electric field is applied across the two electrodes immersed in saline water .
The cations ions move through ‘C’, while anions move through ‘A’ Then fresh water produced
in ‘CA’ is collected and the concentrated brain water from ‘AC’ compartment is discharged.

1.11 Descriptive type questions

" 1. What is meant by carbonate and non-carbonate hardness of water? Explain with examples.

2. What is the principle of EDTA method? Describe the estimation of hardness of water by
EDTA method?

3. Explain scale and sludge formation in boiler. How are they removed.

4. What are ion exchange resins? How will you purify water by resins and explain the
advantages over the methods.

5. Describe the Reverse Osmosis method for desalination of water.

6. What is desalination? Describe the Electro dialysis method for desalination of water?

1. 12 Short answer questions
1. Define Hard water and Soft water?

' 2. What is carbonate hardness and non- carbonate hardness?
3. What are the units expressed to hardness of water?



4. What is permanent hardness of water? mention the’salts caused for the permanent

hardness?

5. What is Temporary hardness of water? mention the salts caused for the temporary
hardness? .

6. Why Expression of hardness in terms of equivalents of CaCOs ?

7. What are scale and sludge? |

8. What is meant by priming and foaming? .

9. What is caustic embrittlement? Cause of caustic embrittlement? How it is prevented? -

10

- What is meant by Reverse osmosis? (Or) write the principle involved in desalination of
water?

11. Define Brackish water?

12. Distinguish between soft water and (DM) demineralised water.
13. What is Electro dialysis?
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SCIENCE OF CORROSION

i ack is called
Corrosion: The Process of decay of metal by environmental attack
Corrosion.

Types of Corrosion:

S -orrosion is divided
On the basis of environment to which it is exp0§8d; corrosion
Hito two types.

i) Dry Corrosion (or) Chemical Corrosion

if) Wet Corrosion (or) Electro Chemical Corrosion

. Dry Corrosion (or) Chemical Corrosion:

By direct chemical action of the environment on the surface of metal in

absence of moisture is called Dry Corrosion (or) Chemical Corrosion.
These are 3 types:

a) Oxidation Corrosion
b) Corrosion by other gases

¢) Liquid metal Corrosion

a) Oxidation Corrosion:

Direct attack of oxygen on the metal in the absence of moisture is called

Corrosion. Alkali and alkaline earth metals are rapidly oxidized at low

temperatures. At high temperatures except s1lver gold all metals get
oxidized. S |

2m—2m* +2¢” - Oxidation

O,+2e” =20% . Reduction

2m+0, = 2m* +20% _ 2mo
(or)

2m+ O, = 2mo

MO = Metal Oxide
Mech anism;

The nature of the metal 0X

ide formed Plays an important role in Oxidatiop
Corro sion.



Case - I: -
If stable layer:If a stable metal oxide layer is formed it tightly adhere to

the met i . : :
al surface. It is 3 protective film and shields the metal from further
corrosion.

Ex: Oxide film on Al, Sn, Pb, Cu, W, etc,

skahle M Lau? B

|mm |+ O, ety | —> Mo Cevrosion

Metal +0, — Stable Metaloxide Layer — No Corrosion

Case - II: If unstable layer: If unstable oxide film formed on the metal surface it

decomposes back into metal and oxygen. Hence metal is retained and corrosion

is not possible.

Ex: Au, Ag (Gold, Silver)

L_,‘—.,. AN k_-as\ef mo

. e bal
o o o P

Metal + O, — Unstable — Metal + O,

Case-III: If Volatile: If a volatile oxide layer is formed evaporates soon leavin g

the metal surface for further attack. This causes rapid and continuous corrosion.

Ex: MoO3 - Molybdinum Oxide Mo Forha

L Orid 1t

e o [ I Tt

" Metal + O, —metal —metal = Fi urther Oxidation

Case-]V: If Porous: If porons metal oxide layer formed, it contains pores, crade 1,

Provide access to oxygen to reach the underlying metal. Hence corroson

Continuous till the entire metal converts into metal oxide.

cf ° ’—é MO
RN m’ iy CodTo S en 60_aars
Meka) e Mot | ‘

Metal + O, —mo — Further Corrosion Occurs

—_—

A

|\

B



Pilling - Bed worth rule:

This rule states that an metal oxide layer is protective, the volume of oxide
layer is at least as greater as the volume of the metal. Then no corr-osion occurs.

Volume of Metal Oxide

Specific Ratio =
Volume of Metal

b} Corrosion by other gases:

The gases like SO, CO; Clp, Ha, Fa2, etc., cause Chemical Corrosion. The
extent of corrosion depends mainly on reactivity of the gas and metal. The

degree of corrosion depends on the formation of Protective (or) Non-

Protective film on the metal surface.

Ex: Protective film: Agcl formed on the surface of Silver protects it from

further corrosion.

Ex: Non-Protective film: Formation of volatile Sncl; by the attack of
chlorine gas on the tin.

c) Liquid - Metal Corrosion:

When a solid metal (or) its alloy dissolution in liquid metal (or) the liquid
metal penetrates into the solid metal, latter undergoes corr-osion, in which
metal becomes weak.

. Wet Corrosion (or) Electro Chemical Corrosion

According to electro chemical theory wet corrosion takes pl ace.

i) When conducting liquid is in contact with metal.

ii) When two dissimilar metals (or) dissimilar parts of same metal arein
contact with an electro chemical solution.

iii) When two metals (or) two parts of the same metals are immersed (u)
partially dipped ina solution.
This type of corrosion takes place due to existence of sepamwate Cathodicg.
Anodic areas.
Wet (or) Electro Chemical Corrosion is two types.
a) Evolution of hydrogen type corrosion

b) Absorption of oxygen type corrosion




7)/Evolution of Hydrogen type Corrosion:
This type of corrosion takes place when electrolyte solution 1s acidic in

nature.
When Iron (Fe) metal is immersed (or) contact with acidic medium.
' At Anode: Iron metal converted info the metal ion by loss of electrons.
Fe — Fe* +2¢~ (Oxidation)

The released electrons from anode, flow through the metal from anode to

cathode. A e sAubiom
— N
[ i Bl S G i e
— w ‘g
4

-chi'\c Qe A

>

Fe — F'eb::- 22

At Cathode: The H+ ions absorbs the electrons and are converted into hydrogen
- gas.
2H* +2¢” — H,Gas T (Reduction)
The total reaction:
Fe+2H* > Fe* +H, T,
So, the metal dissolved in the solution releasing hydrogen gas. Hence meta |
gets corrosed. This corrosion is called evolution of Hydrogen type corrosion.,

b) Absorption of Oxygen type Corrosion:

Y\ When metals are in contact with slightly alkaline (or) neutral solutionwi th
some amount of dissolved oxygen. This type of corrosion takes place.
Ex: Rusting of Iron is the absorption of oxygen type corrosion.

- At Anode:lron dissolves as Fe?* with release of electrons

Fe — Fe** +2¢~ (Oxidation)

A ialrve So Lu(’.‘M

S\l ameda ¢ Al

F" E‘) < C,qh'wdv:c RYe 5
e e s




At Cathode: The liberated electrons flow from the anodic to cathodic area

through iron metal where electrons are taken up by dissolved oxygen to form

OH ™ 1ons.

1 .
Oy + 1,0+ 2¢” —>20H" (Reduction)

Fe' +20H > Fe(OH)2 J

In case of sufficient oxygen

LFe(OH), +0, 4H,0 -kFe(OH), Yellow rust
]
2Fe(OH), + 50, = Fe,0,.2H,0  Rust (Dark reddish brown)

In case of limited oxygen: The corrosion product is Fe304

Comparison of Chemical & Electro Chemical Corrosion

Chemical Corrosion Electro Chemical Corrosion

' 1) | This corrosion is due to direct|1) |It is due to the formation of
chemical attack by environment. large number of Anodic &

Cathodic areas.

2) | It is explained by .absorption |2) |It is explained by Electro

mechanism. Chemical reactions.

+ 3) | Corrosion products are produced | 3) | Corrosion occurs at the anode

at the place where corrosion and corrosion product at

takes place. | cathode.

L 4) 2 It occurs both on homogenous & | 4) | It takes place only on

| heterogeneous solutions. heterogeneous processes.

LSJ It is slow process. 5) | Itis fast process. o

. GAT.VANIC CORROSION

When two dissimilar metals are connected electrically and exposed togy

electrolyte, the metal pocessing higher oxidation potential (or) higher in electy
che mical series becomes anodic and undergoes Corrosion. This type of Corrosig

is kknown as Galvanic Corrosion.



For example:Zn and Cu, Zn and Ag, Fe and Cu

. 7 .
Zn and Cu: When Zinc and Copper connected and exposed to corroding

environment zinc becomes anodic because of its higher oxidation potential

. Hence zn gets corrosed where as copper undergoes reduction and protected.
Mechanism:

AtAnode: zn—zn™ +2¢” (Oxidation)
At Cathode: cu* +2e¢” — cu (Reduction)
This corrosion occurs at the anodic metal.
While cathodic part (cu) protected from corrosion. .
Galvanic Corrosion can be prevented by |

i) Avoiding Galvanic Couple

ii) Keeping an insulating material between two metals
Examples:

i) A steel pipe (anode) connected to bronze plumbing.
ii) Lead antimony solder (anode) around copper wire.
iii) Steel screws in a brass marine hard ware.

Galvanic Series:

Oxidation potentials of various metals and alloys are measured by using
standard calomel electrode. When those oxidation potentials arranged in
decreasing order, a series is formed known as Galvanic Series.

The Galvanic Series

Anodic
1. Mg o |13. Brass
| S
2. MgAlloy Z 14. Monel
3. Zn 15. Silver Solder
4q. Al 16. Cu
S, Al Alloy 17. Ni
6. Mild Steel 18. Ca Stain less steel
7. Castlron 19. 18-08 Stain less steel
8. High Ni CastIron 20. 18-08 Mo Steel



Pb 21. Ag
Sn 22. Ti
lcenel 23. Graphite
2. Ni-Mo-Fe alloy% 24. Au
< 25. Pt
(&)
Cathodic

CONCENTRATION CELL CORROSION (OR) DIFFERENTIAL AERATION OF
CORROSION

This kind of electro chemical corrosion is due to the formation of
~oncentration cell formed by the variations of concentration mainly oxygen (or)
.ty olectrolyte on the surface of the base metal.

The most common type of concentration cell corrosion is differential
seration corrosion. Which occurs when one part of metal is exposed to different
Air con centration from other part. This causes a difference in potentials between
the different areas. Poor oxygenated metallic part becomes anodic and undergo
oxidation well oxygenated partact as cathodic in nature.

Exam ple: Zinc metal partially dipped in brakish water (Nacl + H20)

The zinc rod above the solution is more oxygenated and hence is cathode.
Whereas parts immersed have less access to oxygen and it acts as anode. Hencea
difference of potential is developed on the same metal and the flow of electrons
rakes place from anode producing metal ion or corrosion.

AN S m—yznt +2e Anode

: Cahode - —1502 +H,0+2e —»20H" Cathode

&
(™




Factors influencing Corrosion

The rate of corrosion mainly depends on
a) The nature of the metal

b) The nature of the environment

’/6 Nature of the metal

i)

ii)

Position in Galvanic Series: The rate and extent of corrosion depends on

the difference in their positions in the galvanic series when a pair of metals
/ Alloy are considered.-[When two metals (or) alloys are in contact with
conducting medium, then the metal at a higher galvanic series is more

active towards corrosion].

Over Voltage: The decrease in hydrogen over voltage of a metal increase

the rate of corrosion. For example: If Zn metal is dipped in 1N H;SOu4
Corrosion takes place with evolutionof hydrogen gas. But, when few drops
of CuSO4 solution are added Zn gets corroded rapidly. The initial rate of
corrosion slow because of high hydrogen over voltage of Zn which is
0.70V. After adding CuSOs some copper gets deposited on Zn metal
forming cathodes and the hydrogen over voltage becomes 0.33 V. Thusth e

decrease in over voltage enhance the corrosion of metal.

iii)Relative areas of Anode and Cathode: The rate of corrosion depends o n

the small anodic area and large cathodic area. The large cathodic areath €
demand for electrons will be more and hence the greater the rap o f
corrosion of the anodic area.

(or)
The corrosion in the anodic part is directly proportional to the ratjy o £
areas of cathodic part and anodic part.
Ex: A small steel pipe fitted to a large copper tank undergoes ry; ]

corrosion.

iv) Nature of Surface film: All metals produce a thin surface film of ti,-

" oxides. The ratio of volume of metal oxide to the volume of the metalig

. —k B
»



called Specific Volume Ratio. [S.V.R]. If the Specific Volume Ratio is more
the corrosion is less,

I

2orex: Ni Cr : e ' » ‘
rex: Ni, Cr and W are having 1.6, 2.0 and 3.6 specific volume ratiom

Hence the rate of corrosion for (W) tungsten is lJeast even at high

temperature.

v) Purity of the Metal: The rate and tendency of corrosion increase with
increase in exposure and extent of the impurities. The corrosion of metal is
low when its purity is at high.

Ex: Zn metal containing impurities such as Pb (or) Fe undergoes corrosion

due to formation of local electrochemical cells.

vi) Physical state of metal: Metals in the form of granuals, crystals etc,
undergo greater corrosion. The smaller the size greater will be corrosion,
because they undergo greater stress.

vii) Passive Character of Metal: Some metals like Ti, Al, Cr, Ni and Co show

passive due to formation for non-porous thin and protective film of self-
healing nature. Passivity of metal decrease corrosion rate.

For ex: Corrosion resistance of stainless steel due to passive character of
Chromium present in steel.

viii) Volatility of corrosion products: If the corrosion products is volatik,

the underlying metal is exposed further and cause severe cOrrosion.

Ex: Corrosion product of MoOs is volatile.

ix) Solubility of Corrosion Product: If the oxide film formed as corrosin
product is soluble in contact medium then the corrosionis rapid.

B) Nature of the Environment (Corroding Medium):
hance the rate of corrosion

i) Temperature: An increased temperature el
ii) Humidity of air: The humidity of air is the deciding factor in atmosphei C
defined as “the relative humidity aby &

corrosion “Critical Humidity”. Itis

which atmospheric corrosion rate of metal increases sharply”. The vglueo 1

critical humidity depends on nature of metal and corrosion product.



In humidity environment (a) The rate of corrosion is higher due to gases
and vapours present in atmosphere furnish water to the electrolyte,
essential to establish an electro chemical corrosion cell. (b) The oxide film
formed, has tendency to absorb moisture which creates another

electrochemical cell corrosion.

iiij)Presence of impurities in atmosphere: Presence of corrosion gases such

as SOz, COz, H3S, 03 etc, in atmosphere increases acidity and high electrical
conductivity which causes severe corrosion.

1v) Presence of suspended particles in atmosphere: Presence of suspended
particles like Nacl, (NH4)2SO4 absorb moisture and acts as strong

electrolyte there by enhancing electro chemical corrosion. If charcoal

present absorbs sulphur gases and moisture and slowly increase the rate
of corrosion.

V) Influence of pH: The corrosion is higher is acidic media than basic and

neutral media.

Ex: In undergoes corrosion more rapidly in acidic media but undergoes

minimum corrosion in alkaline medium (PH=11)

vi) Nature of ions present in the environment: If the ions present chlorides,

silicates etc., enhance the rate of corrosion.

For ex: Chlorides present in the medium destroys the protective film on
the surface of metal.

If silicates present, they inhibit further corrosion forming insoluble
silicates on the metal surface.

Con trol of Corrosion: (Protection Against Corrosion)

Following are some methods for control of corrosion.

1) Cathodic Protection: In this metﬁbd, the metal to be protected is forced to
actas cathode, thus avoiding corrosion. It is two types.

1) Sacrificial anodic protection: In this method the metal (or) metallic

Structure is protected by a more anodic metal which gets corroded. Thue

more active metal (acting as mode) is called sacrificial anode. Tl



corroded sacrificial metal is replaced by a fresh one when consumed

completely.

Ex: Mg, Al, Zn and their alloys are used as a Sacrificial anodes.

Protection of buried pipe lines, underground cables, marine structures etc.,

is made by this method.

n this method, am impressed

d current Cathodic protection: 1
t to nullify and

to the corrosion curren
ode to cathode. Now the meta

n. The comxmonly used

ii) Impresse

current is applied in opposite
t the corroding metal from an
it is protected from corrosio
bon steel, scrap, iron and pla_tinum.

conver
become cathodic,
anodic materials are graphite, car
Ex: This type of cathodic protection is app

pes, marine pipes, etc.,
- D&

lied to open water- box coolers,

water tanks, water pi

1
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Definition: Polymers are macro molecules(giant molecule (or) High melecuiar ng’ght
compound) made by lmkmg alarge number of small molecules

- Cxla
5 e ‘E@Lmb | ™. | ?da‘l”“"“f"
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Polvmerlsatton The reactlon by whlch monomer umts combme to form polymers is te

as polym erlzatton

. , ) ]
Degree of polvmerlzatlon ‘The number of repeating unlts m a chaln is known as Degree 0

Polymerlsatlon ) - I
Nomenclature of Polymer _
. ~

a) Homo polymer: Polymer made out of same (or) ldehtlcal moriomer units are known N
’ ) ,

as homo polymer. k | iy BAE= M e PA— ki
EX:_. __M..-M—M-'M"M'_ == ;

" Howo PorymER

2-3-3"

- L. CL&«AW_L‘,AL oo Pé%'ma 12y
b) . l;lEtero polymer. Polymers are made from dlf.erent types of monome;:s are hetero

polymer(or) Co- Polymer. o, _-';J_

LR N M = M —

| Ex: ‘ | |
’ ‘ (e
_|.. _ \ ¢ Helbevo Py .M,_.,)
. \ oo om0~ < — L
= l_-,,_ o - c-; ot ot SanYE & . L S s St
i = | . | : ) X

El

Tactijcity: It is the Orientation (or) arrangement of functional groups in polymerinan
ord erly (or) disorderly manner with respect to main chain is called tacticity.




There are malnly three kinds of tacticity.

|

a) lsotactic polymer: If the functional groups are arranged on the same side of the
chain. It s called lsotactrc polymer

|

Ex: .

e R

o e et - .
AR ———. o————

b) Svndrotactlc P°|Vmer' If the functional groups are arranged in alternatlve fashron

o —m'”*he'mam":hamﬁt ls~called Syndlotactrcpolymer Dol A b g
. EX: ; . . “ ' . , ; 2 S T REpe

c)’ Atactrc poymer If the functronal groups are arranged at ramdom around the :
cham lt is called atactic polymer ' SN Ve b

:% @ ,

P

Functu)nahty The number of bonding srtes present ina monomer Is called_ as rts
funr:uonahty e :

Every ‘rnonorrier"rr'io'st have minimum two bonding sites for polymerization process.

Bo-nd\lrnd g.\b¢*$ A i
Polymerisation: 7 -
' :pO|an er

The process (or) chemical reaction by which the no.of small molecules to form big

is called polymerization.
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.Types of polymerization: (i) Addltlon polymenzatuon (ia) Condensation polymerizatiqn (iii)
Co- polymerlsation 8 .

Addmon polymenzatlon (or) chain polymerlzatlon

This type of polymerlzation several bi functional monomers combine to form polymer by
addmon reaction with out elim!natlon of any byproduct

Ex: (i) Polymerisation of ethylene.

. . mng=cH mg& "EC“H —ht

E"M[‘am N Pa.{'iﬁ"“"“."' o
Ex: (ii) Polymerisatlon ofvmyl chlor[de' ‘ ' |
. : - - .4.
- 2= ) - 3 Cﬂ\'ﬁl\ﬁi—
C..\ . P\I C Cpcr\»\‘ v-nVl Qs’\l"“‘:j
Ex: (m) Polymerisatlon of styrene | | ‘, .
| . ne —<SH .
. H c = ciH : —> —E == ‘H 2\
. 5‘(‘112:1-»:. ' Pé&H gh{ﬂ&mg—-

Condensation polymenzatlon (or) Step wlse polymerizatlon

In c0ndensation polymenzat:on, the polymer will form by step-wnse reaction between the
same {or) different polar group containing monomers wnth ellmmatnon of small molecules
like H,0 and HCI and NHs, '

EX Nylons 6, Novolac, Bakehte, polyester

) Pehigertot t b W . e
Eo_?—cl-—oooa W SRS ?
SRy \ | .
= | _E X \C,‘-o-r'—-—CeHlf-f- Mo
| | o
| \
4+ W
;T\“j\_yf\(olto'a

H _
\ — ...c, H
H a+-nNHo o —(<H, de !
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co- Polymerlsatlon'

When two (or) more different t
ypes of monomers undcr 0 sl
. isxcalled cospolymerisation.. .o .n | go simultancous polymcrizatlon it

'

2% 1 G Res wubbex @) Sy Yeme ubies Gﬂ) t-;um\— S Rubliet

“C"H:E‘c“"c'“"c‘“;. A~ Mol =eH :Ec_ll ~CH = CH~CH = CN, cH 3—

il ol
e Gf-s ~ubleR.

b o -

PSRN SO, S AR .

e o4 i.' o v w e S AR ceimsemm s '..'|'..||\;|.IJ¢I.\'U'II'5' I
, b wt e . _ .
_A\d‘#iﬂ'on polymerlsa_'tlon L e B T Condensatlon polymensatlon
1. . Additon polymensatlon takes place 1. ...Condensatlon polymensation takes p
-between same monomer umts : ‘ : between two (or) more monomer.
: 2 'Thls reactlon proceeds a fast manner faal, . 2 .Reeétl_on-p_rocgeds co.mparaltqvc.ly :
3. No byproduct is formed o 3. By p"ro"duéts are formed.
Y L, _'Hngh molecular welght polymerls formed 4. .'Molecular weight of the polyme: |
L , i o _ "steadlly throughout the reactlon
5. ’l'h"erm'oplailc{t'loSfare p"ro'duc'e'd R :
B, . s hermosett'ng P'ast'cs are produced
6. Homo- chain polymer is obtained . | . s
: ¥ P : - .‘Hete'rol-..chaln po'lym_erls_ o__bt,al_r_l.ed

L] Y

. echamsm of addmon polvmerlzatlon

{ [chamsm of addmon polymerlzatlon can be exolélned by'eny oneof the.fo‘lloWIng-‘typesl

1 Free radlcal mechamsm 2 lomt: mechamsm

Free rad:cal mechanlsm (or) Free radlal polymerization

The reaction proceeds as follow.

Decomposition of initlator = s e 2R
Step-1 2 Initiation | 2 ¢ R’ +M 2 RM

Step-2 - Propagation - RM” 4+ M = RMM’



0 vy
(_,yu'é,;
i (57
|
SN Tor i N N L] . ' ' ‘'
= Termination - RM- =M+ RM- -M" <5 M- <M= -M4-F-
| ¥ ' t
/
molecular welght compounds like azo rompmnul 5, peroxlde, Hydro peroxides are
as initiators. e,

n be explained by the polymculznllon of vinyl chlorlde.

|

|

|

|

= Initiation = | ='2R'CF, ee Badital f
e |

oy Blatow . ,
R CH =< — R-ct, - C'\H
A d.

- = F"c:ﬁ:\aa&:o'ﬂ >

._CH—-
- ¥, - —cn’ <Y —r-w > E{QH —CF})-C-H
\
A d

—— ~ !

— \ exmn M\-' o
. ___________._-———

Ty ent et _fcw._ H_ - 2
2_[: A58 _c.\-\»-—)— 3 i“—l" L > 7
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- . - I
echanism (or) lonic polymerization

ing on th e nature of ions lonic polymerization takes pliace in.two ways.
Cationic addition polymerization

Step-1. - Initiation _ L
\/@ CH -:.-.GH —-—) 7 C—H -¢H® C,C"*"“b"ﬁ 14m o)
I N

* =

L

5 Step-2 émgat'_cm

@ Lﬁ
@ ...c.H'-"-H =&l ! T — i —c—“ C“—L
>~ 5 g

Step-3 3 Termination CH

lermination C,H L
+cn ’}CH en® "EC - 3 : ,l,‘
-< I+ | \——ﬁv\lo‘ﬂ L =

A

> I s
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% '.‘,.,};Zlegler = hatta polvmerlzat!on (or) Co-ordinatlon polvmcr]zﬂtlon :
d trl alkyl alumlnum ls knOWn as Zleglcr-natia"]é'ptziWst. :
R AL RUTPURE O,

‘M ,.;.,c

: 'The mixture of tltanium halldes an

i this, process trl alkyl aIumInum adsorbs oh the surf‘iCe bf tltanlum C*“Of‘d‘-‘ and ioFms

o '.fr‘electron deﬂclentv brldse Str”d”re I '

. ‘ ?-

\—-}

n this structuré, fltanlum chloride acts as catalyst and alkylaluminum acts as ‘co-cataiy st,

In the presence of Ziegler-natta catalyst co-ordination polymerization occurs and gves

isotactic polymer.
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Theseme plastios @0 TThewme phaskic wesims:
Thes /
} e are the polymers which become soft on heating and hard on cooling. On
.reh >
]eatmg, they become soft.again and can be remolded to desired shape. During the
act /
on of heating weak secondary vanderwaal’s forces are broken while on cooling,

these secondary bonds are re- -established. Ex: PVC, Polythene, Teflon, Polystyrene.

Ml Mt M= e
\ \ ' ' t r ’.’—% NW‘ \I‘V‘AJ- =
' ] :
ap— — -_S‘ 5
N\ —M—M M. M—
i') Thermo Settlng plastlcs (or) Thermo settlng reslns N i e B

n initial heatmg and Iater ranmot “be "
tbe reformed Because
yde resln etc.

These are the polymers which are fusible o
~_softened by heating. Once they are set on heating they canno
of strong oov_alen_t,b__on_ds Ex: Bakelrte, polyester Urea formaldeh

M e— M o—M o s
—M_N\\/Ni Ni Ni"— \ /’5'"5"‘“7\5 Cnlerr

.—-"—
'
i

Dil’jfe‘renceé between Thermo & Thermosetting plastics:

Spenwans o Me A

“Thermosetting plastics

Th ermoplastlcs

"Rasins are p'ro'du_c_ed “by cond ensa

1. The reslns are produced by addition
ploymensatlon G

" ploymerisation .
' : ' ; 2. These resins have three
network structure connec‘ed bords.

dimen tic

2. They are made up of long chain
They are soften on heating and hardenon | 3. They are'fu'éibl‘e Orl-'ih:i’ti'élh'e-ating only
cooling. = a TR . .

‘ : _ . 4. Molecular weight of the polyrmer |
4. High molecular weight polymer is formed | steadlly throughout the reaction

5. Thermosetting plastics ar_e produced.

5. Thermoplastics are produced

6. Hetero-chain polymer istb tahed

Homo- chain polymer is obtained ]
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Diffe'renceé between Thermo & Thermosetting plas;legg.

‘)

These are t oy : '
the polymers which become soft on heating and hard on cooling. On

-reheatin ) ,
: g, they become soft,again and can be remolded to desired shape. During the

action o ;
T sgf !\‘e-;ting V\enk secondary vanderwaal’s forces are broken while on cooling,
condary bonds are re-established. Ex: PVC, Polythene, Teflon,-Polystyrene.
— Mi M= M—M—
\ \ (
I

. ‘ Nf" M‘____% \/\IC-‘V»{\[AMJ_A(W

el o

1) I

Thermo settin Iastlc (or) hermosettlng reslns

These are the polymers whnch are fusible on initial heating and later can‘nnt be =

. softenled bV heatlng Once they are set on heatmg they cannot be reformed Beca use

of strong covalent bonds. Ex: Bakelite, polyester, Urea formaldehyde resm etc.

Mf’”\"’f""‘"‘“"""“””"_" v lom
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Thernaoplasfics . G afeall o e 'Therhnsettirig'plas'ties

1. ‘The resins are produced by. addition' C1. 'Resms are produced by cond ensat
' _ploymerlsatnon : ponmensation

, 2. These  resins have. th ree dinmmentio
2. Theyare made up of long cha'in ‘network structure connected bords.
3. They are soften on heatmg and harden onl| 3. "fhéy are fﬁéib'l'é oh-ih’itiélhéatmg or ly.

coolmg ' g . :

: : 4. Molecular welght of the polyrmer T
4. High molecular weight polymer is formed steadlly throughout the reaction_
5. Thermoplastics are produced 5. Thermosetting plastlc_s are produced.

Hetero- chain polymer isob tained

Homo- chain polymer is obtained 6.
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oH oH ol =
' cyolt ’
@ | 11‘0 H \. @’ 4 __‘I. @ g™ lru[sb‘lt:m/ 'r(éﬁ-__”f'“{‘
cr= ”“{MJ rvwd\uﬂ  <AioH Pharast
Phand.

2% Step: .Condensation between “hydroxyl micthyl phenol ‘and phenol to give ' linear
polymer(Novolac) o~

ol o'l

ol _
@/cuﬂ:‘j\‘w | .‘ - NOC&\(‘J‘J

—~=3%-Step:—Snmall-amount-of hexamethylene-tetramine is added. It produces. formaldehyde.
_and ammonia formaldehyde converts the soluble and. fusible novolac into hard. This

mfué:ble solid cross linked three dimensional polymer called bakelite. PRI e e
"ol ok g

'b,lr-l' ol C oy
Progertles )] Bakehte is very hard mfus:ble and ngld

ii) It has high resLstance towards heat mo;sture and chemlcals

\
iii) It has very good electncal msulatmg propertles

'USES: i) Bukelite is used for making electric insulator parts like switches, plugs, switch

‘boards etc.
ii) It is used for rnakmg articles hke telephone parts, radio, and s V Cabinets.

m) Bakellte used in pa:nts and varmshes w) lt is used For maklng bearings and in " grinding -
wheels. / L ' ;
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Fuels

Primary (Natural) Fuels

Solid

Ex: Coal,
Wood

Characteristics of a good fuel:

Liquid

Ex: Petroleum

Gases

Ex: Natural
gases

Secondary (Artificial) Fuels

Solid

'Ex: Coke, charcoal,

lampblack

Liquid

Ex: Petrol, diesel,

kerosene

A good fuel shohld have the following propérties

(i) It should have high carbon content

(ii) It should have high calorific value
(ili) The velocity of the combustion should be moderate
(iv) It should be cheap and readily available

(v) It must be easy to handle store and transport minimum cost

(w) It should have less moisture and ash
' (vu) lt should not produce undesnrable (or) toxnc gases.

Solid fuels Solld fuels are the fuefs in the sohd state. Ex Coal, Coke

Gases

Ex: Producer éas;

Water gas,
Oil gas

'Coal 'Coal is a primary solid fuel It is formed by the partucle decay of plant matenal Underth e

!nfluence of heat, pressure and bacterial action underneath the earth.

Classification of coal:



Coal is an important kind of solid fuel that is derived from vegetable matter. The vegetati ons
under the earth with the effects of pressure, temperature and bacterial action have b een :

converted into various K

inds of coal.

There are four kinds of coal based on their “carbon content” and “calorific value”.

Wood > Peat » Lignite » Bituminous coal » Anthracite coal
I >-—Carbon content and Calorific value increases - — —>
Fuel Percentageof |\ orific val Main Applications
: Carbon . Calorific value in Applications
i = - | Itisa brown fibrousjelly _like
1. Peat 50 4125 -5400'K. cal/kg | mass. Itis first stage of coal.
] : H-6%, Ash—2.5-6%
o : Dark brown coloured coal. It
2. Lignite 67 6500 —7100 K. cal/kg ce{n,be easily |gn|'t,e gnd burn
with long brown flame.. .
N H-5%, Ash—0-20%
3. Bituminous . ‘ N
(a) Sub-bituminous S ' Used in making coal gas of
(b) Bitun’iinous, ‘ 88 8000 8500 K. cal/kg metallurgical coke
" (c) Semi-bjtuminous - '7
: el .. . |Mhisthehighest rank of scoal
4. Anthracite 93 8650 —8700 K. cal/kg | It has low volatile matteand

moisture.

Analysis of coal:

To assess the quality of coal, the followirig two types of analysis carried out.

(i) Proximate analysis

(i) Ultimate analysis

(i) Proximate analysis: it is a quantitative analysis of the following parameters.

(a) Moisture content




(b) Volatile matter
(c) Ash content

(d) Fixed carbon

(a) Moisture content: the coal sample (1g) is finely powdered dried Is weighed in a silica
crucible and the crucible heated in oven at 105 - 110° C for one hour, cooled in d esiccatorsand
=

P
weighed.
E h 0 ] ¥ loss in weight
rom that, b moisture = 00
welght of coal taken

(b) Volatile matter: The moisture free coal Is taken in silica crucible taken out and heated 7
minutes at temperature of 925° C + 20° C and then crucible taken out and cooled.
e e

On the basis,

. lossi ightduet l latil tt ;
% of Volatile matter = ossinweight due to removal of volatile matter x 200

weight of coal taken

(c) Ash: the residual coal in the crucible Is héated without lid in a muffle furnace at 700°C +

50° C for 30 minutes, then taken out and cooled.
—

weight of residue
' e x100
weight of coaltaken -

% Ash =

- v B

(d) Ffixed carbon: The sum total of the percentage of moisture, volatile matter, ashare
subtractéd from 100, =ebil g gt S E 3 . S

fixed carbon = 100 — %(moisture + volatile matter + ash)



(b) Volatile matter
(c) Ash content

{d) Fixed carbon

{a) Moisture content: the coal sample (1g) is finely powdered dried Is welghed In a silica

ated in oven at 105 - 110° C for one hour, cooled in d esiccatorsand
- (______—-"

crucible and the crucible he
e

weighed.

loss inwelght x 100

oN ’n S ‘ .s : =
From that, % moisture welght of coal taken

(b) Volatile matter: The moisture free coal is taken In silica crucible taken out and heated 7
minutes at temperature of 925° C + 20° C and then crucible taken out and cooled .
— '__cﬂf

On the basis,
% of Volatile matter =

lossinweight due to removal of volatile matter ;
x 100
welght of coal taken

{c) Ash: the residual coal in the crucible is heated without lid in a muffle furnace at 700°C +

50° C for 30 minutes, then taken out and cooled.
e —————— b

e

weight of residue
Ash = e
245 weight of coal taken X %00

1Y

T -

(d) Fixed carbon: The sum total of the percentage of moisture, volatile matter, ashare

subtractéd from 100, =g BN -

fixed carbon = 100 — %(moisture + volatile matter + ash)
t

'
!
v
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UI>Imatc analysis: It Is the clemental analysls of coal used for the determination of carbon,

hydrogen, sulphur, nitrogen ash ahd oxygen.

s completely burnt In a steam of

(a) Carbon and_Hydrogen: about 1g of welghed coal |
n present In the coal sample are

oxygen In'a combustion tube. Carbon and Hydroge

converted into COy, H,0. The CO; and H,0 are absorbed separately in anhydrous CaCl;

and KOH bulbs respectively. From_th'ell_ncreased welghtslof the tubes the percentage of

carbon and hydrogen can be calcu]atéd '

T Increase inwelght of CaCls 2 1o,
e weight of coal sample taken

weight of coal sample taken. — 44

' 9b Carbon =

... [b) “_Ni'_trd'geh'(Kjéldal's method): the determination of nitrogen content is.carried out by
‘kjeldal’s method. The known amount of bowde_reg-'-co'al sarhp|e is heated with Conc..
H,S0, along with ~K;SO; in long h'eckéd flask (kjeldal's flask). Nitrogen in the coal is
C,an‘f'er?‘ed:'!_T_J'tO_-Amr.n’Oni,um Sulphate _and,tléar-sdlutiQn is obtained. The clear solution is
“thenr eacted. W'th excess OfNaOHand the liberated Ammonia-is distilled over and is
. -absorbed in a known volume of acid solution. The unused acid is determined by titration
'3 With.-stan'dard'N,aOH. From the \jéid'mfe {caf';acid used, :the-bercent-age"Of Nitrogen in-coal
can becalculated. - e - FE S M ;

o of N; in Coal = - q\,,lume ofactdused ;F_Normallpy of acid ” 14 G100
weight of-goal_sample taken 1000




(c) Sulphur Content: a known amount of coal sample Is burnt completely in a bomb
calorimeter. During this process sulphur Is converted Into sulphate, which is extracted
with water. The extract Is then treated with BaCl, solution so that sulphates are

precipitated as BaSO,. The precipitate Is filtered, dried arnd weighed. From the weight of
BaSQO, percentage of Sulphur can be calculated.

weight of BaS0O, 32

% of Sulphur = X
©of Sulph weight of coal sample takcen * 233

x100

Ash: it is carried out in the Same way as in proximate analysis.
Oxygen: percentage of oxygen is obtain
ash from 100.

-

ed by sub_tracting the sum of percentage C,H, N, Sand

%of Oxygen= 100 -% (C+H+ N+ S + Ash)

Significance of Uliimate Analysis: o L : * ol R
(a) Carbon and Hydrogen: the quality of coal is based
Higher the percentage of carbon and hydro

its calorific value.

on‘the percentage o Carbon inijt.
gen, better is the quality of coal and higherjs -

(b) Nitrogen: it has no calorific value and hence its pi‘esencé in coal is undesirable. -
(<) sulphur: through, Sulphur increases. the calorific value, its presence s undesiralle

because the combustion products SO, an‘dsog can corrode the equipment and do
causes air pollution. '

(d) Oxygen: High Oxygen content can reduce the calorific valu gy¥n ;

(=% Carbonization: When coal is heaté"d”strdng_ly in the abserace of air. It is conve_rt,éd_ inty
lustrous, dense, porous and cohererit rﬁas;s known ad coke. This process of convertm£ B
coal into coke is known as “Carbonization” JERE R R

1



Liquid Fuels:

The fuels present in the liquid state are called Uquid Fuels. The liquid fuels have some
advantages and disadvantages follows
' -

Advantages:
1. liquid fuels are clean and require less arhount of air for complete combustion.
2. They possess higher calorific value than solid fuels.

They burn without forming dust, ash etc.

2. They can be easily ignited and emission can easily controlled.
5. They are used as internal combustion fuels.
1)
Disadvantages: )

1. Care must be taken duringss&emg. Stoi-ye
2. Costis relatively higher than solid fuels.

3. They give bad odour.

4. There istiskof fire accidents.

petroleum (or) Crude oil:

The word petroleum is derived from Latin.

. Petra — rock, oleum — oil, It is also known as crude oil; It is dark greenish brown coloured oil
_pbtained from a greater depth under earth’s crust. The average composition of petroleum® s

2795 -87.1%

H:11.5-14.8%
i - 5:01-—35%
S O+MN :01-05%

‘Classification of petroleum:




Mining of petroleum:

Mining of petroleum is generally done by drilling holes in the earth crust using drilling machines
with\i s. Pipes are Introduced up to oll level, OIl usually pushed out to hydraulic pressure of
natural gas. N _ T e = Crra0otBod why

wai— F o=y e |
R
%)

é-q'ﬁ’\;; @LN'Q; =

When the pressure of natural gas is not sufficient, then compressed air is sent through 2
parallel pipe to the first pipe that is two co-axial pipes to the first Eib"e?-Air\ypderpressure is
passed through the outer pipe and the oil comes out through the inner pipe. '

Refining of petroleum (or) Crude oil:

Petroleum obtained from the earth crust is a mixture of oil and water, dist, sulphur @m pounds

aetc. the process of removal of impurities from ‘crude oil and sep.arationiof various factions at
Ji erent temperatures is called refining of petroleum. ' :

Step I: Separation of water (Cptrt.vr‘e‘ll’_s process)

The crude oil will always_ mix with brine water_l(sa,l_‘t water) forming emulsions. The tude ol is
allowed to flow through two highly charged electrodes. The colloidal emulsion of oil:nd water
coalesce (separate form) to form large water droplets which is separated from the oil,

Step Il: Removal of sulphur _corﬁpounds

In this step harmful sulphur compounds areﬂsepa-ra‘te}d by treating the oil with coper ~oxide
forming solid copper sulphide which is separated by filtration. '

Step IlI: Fractional distillation

L ]

This step involves the fractional distillation in which the crude oil is heated o duvue .o~ <o
an iron retort to remove the volatile components by evaporation. The hot vapours; e then
passed through a tall cylindrical tower consisting of a number of horizontal stainless 0 1 trays




fractional column, In this column fractional condonsation tnkes

at short distance called the
first folluwml by lower bolling fractions.

place inwhich higher bolling fractions condense

: ~l=— " " Moo enl 48
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Important petroleum producis'

1. Gasoline oil (or) petrol: lt is obtained between 40° C - 120° C. It Is a mixture of hydrocarbons
from CsHizto CoHzo. It has composition of C - 84%, H = 15%, N +5+0 = 1%. Its calorific value Is
11,250 K.cal/kg. o

2. Kerosene oil: It is obtained between 180°C- 250° Candisd fnlxture of hydrocarbuns such as
Caol Iu to C15H34 I\pproximate comnosition Is C — 84%, H- 16%, S < 0.1%. Its calorific value s
11,100 Keallke. \

3. Dlesel o:l It is a fractlon obtamed between 250° C- 320° C and Is mlxing of CisHaa to can
hvdrocarbons It calonflc value is 11000 K. cal/kg

' PR |

KHOckmg (Gasolme) Knocking is a kir‘id‘ of explos[ve due to rapid pressure rise occurring inanlc

engine, ... . 2 Lot d5a it & o

i34 a :
Octane number (or) Octane rating:'

OCtane number is introduced to express the knocklng characteristics of petrol. It has been
fouand that n heptane knocks very ‘badly, Its antl knocking value has been given zero on the
otNer hand Iso — octane gives very little knocking. So, its antl — knocking value has been given
10q,
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? UNIT-IV(Engineering materials)

it cement is a material having the property of setting and hardening when make into
- - with water and has adhesive and cohesive properties capable of binding materials
i . " asetc.
(or)
A rinally powdered mixture of calcium silicate and calcium sluminates is called “cement”.
. ..ui of cement: cement is classified into 4 types. They are :

/1 Natural Cement: This is obtained by calcining and pulverizing natural rocks consists
of clay and lime stones. Calcium silicates and calcium aluminates are formed because
of the combination of silica and 4itimina with calcium oxide.

* nerties: Natural cement is quick setting and posses-low strength.

(2) Puzzolana cement: This cement have been prepared and used by Romans. In ltaly
there was a place called Puzzold}a where the volcanoic ash contains calcium silicates,
aluminates iron etc.

(3) Slag cement: It is obtained from the blast furnace slag and hydrated lime mixed
together in powdered from slag cement sets very slowly and also has relativelylow
strengths. o

(4) Portland cement: Portland cement was discovered by Joseph Aspidin in the year
1824. Portland cement is a mixture, of calcium silicate and calcium aluminate and 2
to 3% of Gypsum.

Properties: (1) Itis a hydraulic.
(2) It has high strength. _
(3) Setting and hardening takes 3 to 7 hrs.

(5) Special cement: Present days a number of special kinds of cement like water proo f
. white cement, rapid hardening cement etc are available in the market whic b
are with are some speciall properties. These cement have some specialized appliéatior)
{~ridisiiag) only,
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Chemical Composition of Portland cement: According to .S
Portland cement should satisfy.

—

269-1975. Composition of

(a) Ratio of the percentage of lime (Cao) silica (Sioz) alumina (Al,03) and iron oxide when

calculated.
Therefore

| 2.8510,+1.2A1,05+0.65F .05

Should be greater than 1.02 and not less than 0.66.

(b} The ratio Al,03/Fe,;03 not less than 0.66.

(c) Magnesium oxide (Mgo) not more than 6%. .
(d) Sulphur trioxide {Sos) not more than 2.75%
(e) Insoluble residue not more than 2%.

Chemical composition: 1. Cao (lime) ------- 60-66%

2. SiB2 (silica) —---- 17-25% |
) Fe 04 (Tnen sxida) — 05
L Ay o, Lcﬂ\-\m?m) -

5. Mgo (.’;"\‘\-6'1#45"\‘0" 4

& 503 C‘:m\?lmﬂ,. Fsiordde ) =

7+ Nao a0 (Al 1la L)

. o B ©
Average compound composition: C,%;S- (:_Tvs\ Ca) Kimwr

o (B £ e
C. A CT"{.\ ) Lo

AL

=0.661t0 1,027
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Day-2to 7:.
4Cao Al,O3F '
1203 8203+7_!'133‘-———* 3Cao Al;03 6H,0+Cao Fe;03 H,0+420KJ/KG (initial strengkh)
Day!%}—»ﬂ%“s:- ” |
2(2La0 310+ 7H0 ——» 3Cao 25i0, 6H,0+BCa(OH),+250KI/KG
The [l ~~11 and hardening of element
2B eardi 0o M2 .
400 B 20— 3Cao 25i82 3H20+3Ca(OH)2+500K)/KG
{Béaa S fD;_) AbHLo

) i | 'lDdL\,

| Cermennls +w~r¢s;,

Sl ok o o5 G Dand
C’\*—f%&n “:é/g:fm 40&.(0 H))__

[

Analysis of cement or testing of cement

As per Indian standard: 269-1969
Cal GZEsssy

£ . Lin;e saturation factor= 2.85i02+1.2A|203+O.6‘5Fe203 =0.66 to 1.02

B ogue’s equation percént
(Z35=54.1%

AUV P Y

I} The ratio of Al,03/ Fe20s3 shall not be legs than 0.66

1 |n scluble residue not more than 2%

than 6% & Soz not more than 2.75%

s “~
\‘ 4
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V. Setting times=30 min(initial)  Final=10hrs

VI. Heat of hydration = after 7 days <= 65 cal/gm

After 25 days <= 75 cal/gm
Compressive strength: after 3 days >= 1600 Ib/sq inch

After 7 days >+ 2500 Ib/sq inch
(or)

3days: not less than 1.6kgf/mm?

17days: not less than 2.2kgf/mm?

Here kgf is ki!ogram _fc;rc‘e—_;9.80'7f—\;l "N means newton.

I e
| Refractories . o’

Refractories may be defined as any material that can withstand high temperature without

softening melting or undergoing deformation in shape and size.

Classification refractories

(1) -Acidic refractories: These consists of acidic materials like aluminum(Al,0s) andsilica

‘ (Sio,) Zirconia ik
(2) Basic refractories: These are consists of basic substance like Cao, Mgo
(3) Netural refractories: These are made from weak acidic and basic substance ik e

carbon, chromite, graphite, zirconia, layborumdum.

Criteria of a good refractory material:
l. It should not be affected by a sudden change of temperature and shouldyjt h
stand high temperature

It should not melt at the operating temperature
. It should be chemically insert to the corrosive gases molten Metals, Slags, etc

Not crack and suffer loss in size at operating temperature
V. Its expansion and contraction should be uniform with change of temperature

Properties of refractories (or) criteria of refractories:
o with stand high temperature witi; ; 2

2. Refractoriness: It is the ability of the refractory t

2ny deformation.
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Mea U ’ .
surements of Refactoriness: This ability can be tested using Pyrometric cone test (or)
hg.er c‘one test. So refractoriness is expressed in terms of PCE (Pyrometric Cone Equivalesnt)

ld:\ +§ a number representing the softening temperature of a refractory material of
andoud. (W% V)

SR = 4¥M¢LO'1ES are small pyramid shaped, 38mm high and 19mm long sides
?th’ﬁﬁat\&u[a\ base. The test cone and standard cone are heater und er standard conditions
~eN€ permnihe test cone softens earlier than standard cone. The PCE of test cone
‘\Q"’\:’V‘"’ma-“ Value of two standard cones. If the test cone soften along with standard cone

AP LEvaiue of test cone will be same of standard me. Thus a good refractory should have
g Jmuorin.u_g

Softened and deformed
apex just touching
the base

37

~Plaque

. Chemical inertness: This is the property of showing inactiveness to the, chemical reaction
vith, fuelashes, Slags, furnace gases etc.

1. Thermal expansion: The expansion of a refractory under hea_t is called therma! expansion.
A refractory should have least possible thermal expansion.

5. Porosity; Refractories generally contains pores either due to manufacturing defects or in
—corp oration of saw dust etc. during manufacture. Porosity is defined as the ratio of its
porous volume to the bulk volume.

oo gy WP
Doy oty T *100
W-A
W =\apight nf <aturated specimen (with water) in air.
L ey spacitaen

A =w gight of saturated specimen (with water) in water

W - i sy, W=Weight of saturated specimen, D=weight of dry specimen, A=weight

<

of sat yrated specimen in water,

Adva mrages:

I=N\ wiahly porous refractory reduce thermal spalling

in furnaces oven retorts etc.
(B, rughly porous refractory can be used in f
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Disadvantages: Highly porous refractory reduces,

(a) Strength

(b) Resistance to corrosion p

(c) Resistance to abrasion

6 Thermal spalling: This is the property of breaking, cracking (or) peeling off a refractory
under high temperature so, a gad refractory must have thermal spalling,

. o P
7 Thermal conductivity: It depends up on the chemical composition and porosity oF
refractory. Most of the furnaces are lined inside with refractory materials of Jow therma
_cgpdpctivity in order to heat losses to outside by radiation.

o 8. Dimensional stability: This is the resistance of refractory material to any volusne chznges
on its exposure to high temperature Gver a loig period tinTe'ls called dimensional-stabijity. A
good refractory should have high dimensional stability.

9. Refractoriness under load (or) Strength (RUL): Refractory should have high mechznical
strength to with stand the load applied under operating temperature. Thus z god
refractory should have high load capacity which can be measured by RUL test.

10. Abrasion Resistance: A good refractory should resist the abrasion action of fuel gzes,
flames, Slags etc.

11. Electrical conductivity: Generally, refractories are poor conductors of electricity. (Expz2ct
graphite) so refractories have low electricity conductivity. .

Causes for the failure or refractory materials: | ,

1) The most common cause for failure f refracfbry‘is chemical reaction withthe
environment. The acidic refractory is affected by basic atmosphere and bisic
refractory is affected by acidic environment. -

2) If the refractories are highly porous then the atmospheric particles like smoke, ¢st,
carbon, co etc many get trapped in the pores so that the ability of the refractorypts
decreased.

3) Overheating (or) high temperature the rate of chemical reaction gradually inérea;gs,
Sometimes, rise in temperature beyond the safe limit it may leads to distraction 5 £
refractory.

4) The thermal spalling and mechanical spalling also causes the failure of refracy,
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