
Chemistry-II 

 

Q.1)Answer any five of following: (15 Marks)                    

a)Gold does not get corroded due to oxidation.Why? 

Gold forms an unstable oxide film on metal surface.They get 

decomposed on metal surfaces back to metal & 

oxygen.Consequently,oxidation corrosion is not possible such a 

case.Thus Pt,Au and Ag don’t go under corrosion 

Metal+Oxygen →Metal oxide →Metal+Oxygen. 

 

b) Give the composition,propoerties and uses of Duralumin. 

➢ Element Composition of Duralumina 

• Al=95% 

• Cu=4% 

• Mn=0.5% 

• Mg=0.5% 

➢ Properties of Duralumina 

• It is light weighted  



• Highly ductile 

• Easily castable 

• Good conductor of heat and electricity 

• Its tensile strength can be increased by heat treatment  

• It approaches steel in strength and yet its density is one 

third that of steel. 

➢ Uses 

• It is also used in making surgical 

instruments,cables,fluorescent tube caps etc. 

• It is also used in making automobile and locomotive parts 

because of its high ductility and good electrical 

conductivity. 

 

c)Define octane number and cetane number. 

o Octane No:-The octane number can be defined as the proportion 

by volume of isooctane in a mixture of isooctane and n-heptane 

which shows the same knocking property as the fuel under test. 

o Cetane No:-The percentage by volume of cetane in a mixture of 

cetane and α-methylnaphthalene  which just matches the 

knocking characteristics of diesel oil under test is called as cetane 

number. 



o d)Give classification of composite materials. The composites are classified 

on the basis of reinforcing material or structure as follows:                                            

 

e)List any Six principles of Green Chemistry. 

1. Prevention of waste. 

2. Non-hazardous chemicals. 

3. Auxiliary substances. 

4. Renewable feedstocks. 

5. New analytical methods. 

6. Safer chemicals. 

f)Explain the advantages of galvanizing over tinning. 

Metallic coatings are either anodic or cathodic depending upon the 

electrode potential of base method & coating metal.They are used for 

the prevention of corrosion of metals.Metallic coatings can be divided 

into anodic and cathodic coating.Galvanising is a coating of Zinc over 

iron,here zinc acting as anode and exposed area of iron acting as 

cathode.It means area of anode is larger.Comparatively in tinning 

coating of tin is acting as cathode(large area)and exposed area of 

iron(small) acting as anode.Here area of anode is small therefore 



corrosion will be faster in tinned article as compared to galvanized 

article.Therefore,galvanizing is more preferred than tinning. 

 

g)A coal sample contains C=70%,O=23%,H=5%,N=0.4%,Ash=0.1%.Calculate GCV 

and NCV of the fuel. 

HCV=
1

100
[8080C+3500(H-O/8)+2240S) 

       =
1

100
[8080X70+34500(5-23/8)+2240X0) 

       =
1

100
[565600+73312.5] 

        =6389.12Kcal/kg. 

LCV=[HCV-
9

100
 X H X 587] 

      =[6389.12-
9

100
 X 5 X 587] 

      =[6389.12-264.15] 

      =6124.97 Kcal/kg. 

Q.2)a)Explain the following factors affecting the rate of corrosion.(15 

marks) 

i)Relative areas of anode and cathode:If the anodic area is very small 

as compared to cathodic area,corrosion occurs.The reason is current 

density at a smaller anodic area is much greater and the demand for 

electron by the cathodic area. 

ii)Effect of pH:Acidic mediums are more corrosive than neutral or 

alkaline mediums.All the metals have a particular pH value at which it 



has highest corrosion resistance,below and above that value it 

corrodes faster. 

iii)Purity of Metal:If metals are impure,then impurities present in them 

cause heterogeneity which gives rise to small electro chemical cells at 

the sites where metal & impurities are exposed top environment,& 

thus corrosion starts affecting the entire metal. 

b)i)0.5gm of coal sample was burnt in Bomb Calorimeter experiment 

produced 0.06gm of BaSO4.Calculate percentage of sulphur. 

Data: 

Weight of BaSO4=0.06gm 

Weight of coal=0.5gm 

To find: %S 

Solution: 

%S=
Weight of BaSO4 X 32 X 100

Weight of coal  X 233
 

     =
0.06 𝑋 32 𝑋 100

0.5 𝑋 233
 

     =1.64% 

 

b)ii)What is supercritical CO2?Give one application of it. 

Supercritical Fluids:- A fluid heated to above the critical temperature 

and compressed to above critical pressure is known as supercritical 

fluid.Supercritical carbon dioxide is non-flammable,non toxic and 

inexpensive.As the solubility of most of the solute changes near the 



critical point,they can be recovered from the solvent by reducing the 

pressure/temperature to below critical point. 

c)Write a note on sandwich panel type layered composites. 

Sandwich Panels:Sandwich panels are designed to be light-weight 

beams or panels having relative high stiffness and strengths.A 

sandwich panel consists of two outer sheets or faces that are 

separated by and adhesively binded to a thicker core.Faces are made of 

a relatively stiff and strong material,typically aluminium alloys,fiber-

reinforced plastics,titanium,steel or plywood. 

 

 

Functions: 

i)They impart high stiffness and strength to the structure. 

ii)They must be thick enough to withstand tensile and compressive 

stresses that result from loading.The core material is light-weight has a 

low modulus of elasticity.Typical “core” materials include synthetic 

rubbers,formed polymers,balsa wood and inorganic cements. 



Core servers the following two structural functions: 

i)It separates the “faces” and provides continuous support fit the 

faces. 

ii)They resist any deformations perpendicular to the face plane. 

iii)It provides a certain degree of shear rigidity along the planes which 

are perpendicular to the “faces”.Another popular core consists of a 

“honeycomb” structure thin foils that have been formed into 

interlocking hexagonal cells,with axes oriented perpendicular to the 

face plane. 

  

The honeycomb material is normally either an aluminium alloy or 

aramid polymer.Strength and stiffness of honeycomb structures 

depend on cell size,cell wall thickness,and the material from which the 

honeycomb is made. 

Sandwich panels are used in a wide variety of applications including 

roofs,floors,and walls of buildings,and in aeroplanes and aircraft(i.e 

for wings,fuselage and tailplane skins.)  



Q.3)a)With neat and labeled diagram explain fixed bed catalytic 

cracking.(15 marks) 

Fixed Bed catalytic cracking:Heavy oil is vapourised by heating in an 

electrical heater.The vapors are passed over a series of trays 

containing catalysts such as crystalline aluminium silicate,silicate 

benzoate,bauxite and zeolites.The reaction chamber is maintained at 

425o C to 5400C and under pressure of 1.5kg/cm2.The cracked gases 

are taken out from the top of the reaction chamber and allowed to 

pass into fractionating tower. 

 

b)i)Write short note on atomization. 

In this method,liquid metal is forced through a small orifice and jet of 

liquid is broken down by blast of compressed gas.Now a days in 

advanced/modified atomization process,the metal is atomized by 

striking a rapidly rotating disc 

 

ii)What is pigment?Give its two functions. I 



PigmentsPigments:Pigments are the inorganic materials which 

produces color to the materials. 

Functions: 

a) It imparts an aesthetic appeal to the film.                                                                                                                                                                                                                                                                                                    

b) It imparts strength to the paint film. 

c) It gives opacity and color to the film. 

d) It protects the film by reflecting the destructive U.V. light. 

3)c)Calculate the percentage atom economy for the following 

reaction. 

CH3NH2+COCL2 →CH3N=C=O+2HCL 

Solution: 

CH3NH2  + COCL2 →CH3N=C=O + 2HCL 
(41)             (99)          (57)          

 

%Atom Economy=
Molecular weight of the product

Total molecular weight of reactant
𝑋100 

                         =
57X100

41+99
 

                               = 43.86% 

CH3NH2=12+13+14+2 

              =41 

 COCL2=12+16+2X35.5 
            =99 



CH3=C=O=12+3+14+16 
                =57 
Q.4)a)Explain with the help of diagram wet corrosion in neutral 
medium.(15 marks) 
 

 

Electrochemical corrosion occurs:    

i)When conducting liquid is in contact with metal. 

ii)Two dissimilar metals or alloys are dipped in electrolyte. 

 

• The corrosion can take place by H2 evolution mechanism or O2 

absorption,mechanism. 

• The wet corrosion in neutral medium takes place by O2 

absorption mechanism. 

Take an example of Fe in contact with water. 

• Fe covered with oxide film acts as cathode and a crack in coating 

acts as an anode. 

• At room temperature the water consists of 8ppm of O2. 

• Being larger area of cathode,protected layer of Fe2+ ions. 

• At crack,anode Fe sheds e- & goes into the water as Fe2+ ions. 

Fe → Fe2++2e- 



O2  in water accepts e- and OH- is formed. 
1

2
O2H2O+2e-

→2OH- 

Fe2++2OH- combine to form Fe(OH)2 & further precipitates 

Fe(OH)2  Ferric hydroxide. 

Fe2++2OH-
→Fe(OH)2 

Fe(OH)2+
1

2
 O2H2O →2Fe(OH)2↓ 

                                       Ferric Hydroxide 

Q.4)b) 

i)Explain the green chemistry principle “prevention of waste”. 

• The ability of chemists to redesign chemical transformations to 

minimize the generation of hazardous waste is an important 

step in pollution prevention. 

• By preventing waste generation we minimize hazards associated 

with waste storage,transportation & treatment. 

• Greener route of indigo creates very less wastage due to 

renewable feedstock and enzymes used in conventional 

synthesis such as aniline,chloroacetic acid are avoided.Overall 

atom economy increases. 

• Other example include green synthesis of Ibuprofen & adipic 

acid. 

 

ii)Write a note on ‘Matrix phase’ of composite material 

• Composite materials are combination of two or more materials 

with significantly different properties than the original 

materials. 

• Composites are made up of Matrix & Reinforcement. 

• Matrix is a continuous phase which holds the reinforcement. 



• Matrix is more ductile,soft phase. 

• It holds dispersed phase and share load. 

• It phases the stress to reinforcement via interface but protects 

the reinforcement fibers. 

• Ex.Concrete:Where cement is matrix and sand,stones are the 

dispersed phase. 

Q.4)c)Mention four drawbacks of plain carbon steel. 

1) Increase in C content decreases ductility and increases 

brittleness. 

2) Carbon steel cannot be deep hardened. 

3) At high temperatures PCS lose their hardness and mechanical 

properties deteriorate at higher temperatures. 

4) They do not have corrosion resistance. 

Q.5)a)Calculate weight of air needed for complete combustion of 2kg 

of coal containing C=70%,H=10%,O=10%,N=5% and remaining ash.(15 

marks) 

1kg of coal contains 0.7kg C,0.1kg H & 0.1kg O2 

Combustion reactions                                       Weight of O2 required(kg) 

1) C + O →CO2                                       0.7 × 
32

12
=1.86 

 

 

2) H2+
1

2
O2→H2O                                      0.1×

16

2
=0.8 

 

Weight of O2=1.86+0.8=2.66 

Available O2=0.10 

 

Total O2=2.56 

 



 

Air contains 23% O2 by weight 

∴Min quantity of air required=2.56×
100

23
 

                                                     =11.13 kg. 

For 2kg of coal air needed=11.32 × 2 

                                               =22.26kg. 

 

b)i)Explain the method of impressed current cathodic protection. 

i)Impressed current cathodic protection is to convert anode to 

cathode by nullifying the rate of corrosion.The structure is connected 

to D.C. 

• This is done by rectifying a.c ensuring the connection between 

anode and new electrode. 

• Anode used is an inert material such as graphite,pt etc. 

• Anode is buried in backfill such as gysum to increase the 

electrical contact between soil and metal. 

• This protection is used for underground structures like water 

tanks,pipelines,transmission towers etc. 

• The method is better and more efficient than sacrificial anode 

method. 



 

 
 

ii)Give two purposes of alloying 

1) To enhance the hardness of metal. 

Ex.Pure Fe is soft but PCS is hard 

2)To lower melting point 

Wood’s metal (Bi,Sn,Cd,Pb have high melting pointer but wood’s 

metal has m-p-71oC that’s why used to make safety fuses.) 

 

C)Explain conventional and green route of manufacturing of Adipic 

acid. 

The traditional starting material for adicpic acid synthesis is benzene & 

green synthesis uses D-glucose. 

Conventional Synthesis: 



 

 
Q.6)a)What is compaction in powder metallurgy?(15 marks) 

Explain powder injection moulding method with suitable diagram. 

Compacting is the operation of obtaining object produced by the 

compression of a metal powder generally while confined in a die. 

• Compaction is done without the application of heat. 

• Loose powders are converted into required shape with sufficient 

strength to withstand ejection from tools and sintering process. 

• In case like cemented carbide,hot compaction is done followed 

by sintering. 

 

• Methods of compacting 



a) Cold pressing. 

b) Powder injection moulding. 

c) Hot compaction. 

 

a)Cold pressing 

The powder with lubricant or binder and compacted in rigid dies by 

axially loaded punch. 

b)Powder injection moulding 

The powder is mixed with 30-40% binder and moulding is done by 

injection into mould by screw. 

c)Hot compaction 

Hot compaction mechanism is activated by higher processing 

temperatures and external pressure. 

• The hot compaction include Axial & Isotactic hot pressing,hot 

forging,hot extrusion etc. 

• The compact obtained by any above processes is known as green 

compact & further sintered. 

Powder Injection Moulding  

• The powder is mixed with 30-40% binder. 

• It is injected into mould by screw. 

• Mould is cooled and debinding is done. 

• This method gives good stability and green strength of 

moulded prodicts  

• User:This process creates very complex shapes from cemented 

carbides,tungsten alloys ceramics etc. 

 

Powder Injection Moulding 



 

 
 

Q.6)b)i)Mention the characteristic properties of composite materials. 

i)Properties of composites 

• Stronger & stiffer than metals. 

-for same strength,lighter than steel by 80% & Al by 60%. 

• Highly corrosion resistant 

• Tailorablethermal expansion properties. 

Can be compounded to closely match surrounding structures to 

minimize thermal stress. 

• Exceptional Formability  



Composites can be formed into many complex shapes during 

fabrication 

• Stealth property  

It can be made low observable by radar by seeding appropriate 

materials. 

 ii)Distinguish between Cathodic Protection and Anodic Protection 

 

 Cathodic Protection Anodic Protection 

i) This can be applied to all metals. This can be applied to the 
metals showing the active 
passive behaviour. 

ii) This does not required use if 
electricity 

This requires electricity. 
 

iii) Standard & Simple Can be used under server 
condition and specific 

 

Q.6)c)Define fuel.Give the characteristics of good fuel. 

Definition: 

A fuel is a substance which generates energy when burnt & can be 

used for various purposes. 

 

Characteristics of a good fuel: 

• A good fuel should have high calorific value. 

• A good fuel should have moderate ignition temperature. 

• A good fuel should have good availability,easy to store and 

handle. 

• A good fuel should have moderate velocity of combustion 

• It should have low S, low ash and high C & H content. 



APPLIED CHEMISTRY II 

 

1. Answer any five from the following     (15 M) 

a. Select the compound which possesses highest octane number and highest cetane 

number out of n-heptane, n-octane and isooctane. 

Ans: 

Octane number: 

n-heptane  00 

n-octane  60 

isooctane  100 

 

Cetane number: 

n-heptane  100 

n-octane  00 

isooctane  60 

 

 ∴ The highest octane number is of n-heptane and highest octane number is of 

isooctane. 

b. Iron does not rust even if the zinc coating is broken in a galvanized iron pipe. 

Give reasons. 

Ans: 

1. Anodic coating type of coating protect base metal “sacrificially”. Corrosion of 

iron does not enhance even on breaking “anodic coating” as it heals its film. 

2. The iron, coating metal is at lower electrode potential than zinc base metal. 

3. Galvanizing is a process of coating iron with thin coat of zinc to protect them 

from rusting. 

4. The iron sheets are cleaned with dilute H2SO4 i.e. pickling to remove 

impurities. In this process, NH4Cl flux is used.  

5. Molten zinc is maintained at 425-4300C and it becomes the reason of iron and 

rusting even of zinc coating is broken in a galvanized iron pipe. 

 

c. Calculate the higher and lower calorific values of coal sample contains 84% 

carbon, 1.5% sulphur, 0.6 Nitrogen, 5.5% hydrogen and 8.4% oxygen. 

Ans: 

Dulong Formula 

G.C.V = 1/100[8080C + 34500(H-O/8) + 2240S] kcal/kg 

     = 1/100[8080*84+34500*(5.5 – 8.4/8) + 2240*1.5]kcal/kg 



         = 1/100[678720+153525+3360] 

   = 1/100[835605] 

   = 8356.05 kcal/kg 

       ∴ G.C.V = 8356.05 kcal/kg 

 Net calorific value = G.C.V – [ 9H/100 *587]kcal/kg 

 = 8356.05 – [9*5.5/100*587] 

 = 8356.05 – 290.57 

∴ N.C.V = 8065.48 kcal/kg 

 

d. What are drawbacks of plain carbon steel 

Ans: 

1. With increasing percentage of carbon the ductility decreases and brittleness 

increases. 

2. Plain carbon steel cannot be deep hardened on heat treatment, because due to 

effect of heat, only surface of steel get hardened while the inner layer of the steel 

remains soft. 

3. During the use the mechanical properties of plain carbon steels get deteriorated 

at higher temperature. Thus the use of plain carbon steel to make various 

machine parts has limitations of temperature. 

4. The corrosion resistance of plain carbon steel has limited use in manufacturing 

various machine parts, though strengths and welding characteristics may be 

suitable. 

e. Explain the principle ‘Prevention of waste’ in green chemistry. 

Ans: 

1. It is better to prevent waste than to treat and clean up waste after it is formed. 

2. It has been a common practice to dump waste on land or in water or release in 

air. This resulted in soil, water and air pollution. 



3. This made the legislation to be stringent on industries and hence there was 

compulsion to have waste treatment and disposal units attached to the 

manufacturing plants. Thus the cost of process increased considerably. 

4. Thus green chemistry, involves to design chemical synthesis in such a way that 

the process involving pathway to give products, leaving no waste to treat or 

clean up. 

f. Define and classify composite materials. 

Ans: 

1. Composite is defined as “A multiphase product made by two or more existing 

materials which exhibits properties of its constituents as well as shows certain 

unique properties of its own”. 

2. The composite materials are classified on the basis of reinforcing materials or 

structure as follows: 

 

 

  

 

 

Composites

on the basis 
of reinforcing 

materials

Particle 
reinforcing 
composites 

Large particle 
composite

Dispersion 
strengthened 
composites

fibre 
reinforced 
composites

continuous 
(long) aligned

discontinuous 
(short) 

Aligned Random

on the basis 
of structure

laminates 
Sandwich 

panel



g. Mention three functions of thinner in paint. 

Ans: 

Functions of thinner in paint are: 

1. To adjust viscosity and formulation in plant. 

2. It helps in drying of the paint. 

3. It suspend the pigment and dissolve film forming material. 

Q.2.a) Define corrosion of metals. Explain the electrochemical theory of wet corrosion, giving its 

mechanism.                                                                                                                                       (6 M) 

Ans: 

1. Any process of destruction and deterioration of any material is known as corrosion. 

2. When metal is in immediate contact of aqueous /acidic/alkaline/natural/electrolytic 

solutions, the short circuited galvanic cells get set all along the surface of metal. This gives 

rise to corrosion which proceeds by electrochemical principles. 

3. Wet corrosion is more common than dry corrosion. 

4.   The co-ordinating metals behave like galvanic cells thereby the parts of metal acting as an 

anode is consumed while the other part which is acting as cathode remains unchanged. 

Mechanism: 

Corrosion, by this mechanism occurs usually if environment to the metal is acidic. 

Example: 

Pipe lines made of iron metal get corroded if industrial waste material, or solutions of non- 

oxidising acids is transported through them. 

The following reaction occurs: 

                                                   𝐴𝑛𝑜𝑑𝑒
𝑒−
→ 𝐶𝑎𝑡ℎ𝑜𝑑𝑒  

𝐹𝑒 → 𝐹𝑒+2 + 2𝑒− → 2𝐻+ + 2𝑒− → 𝐻2 

From above reactions, we can say that the flow of electrons take place from anode to cathode. 

These electrons are gained by cathodic reaction, and at cathodic H+ ions are eliminated as H2 

gas. The overall mechanism can be represented as  

𝐹𝑒 + 2𝐻+ → 𝐹𝑒+2 +𝐻2 

Thus displacement of H2 ions from acidic solutions by metal ions takes place. Thus all metals 

have tendency to get dissolved in acidic solution with simultaneous equations of the H2 gas. 

Q.2.b.i) 1.56g of coal sample was kjeldahlished and NH3 gas thus evolved was absorbed in 

50ml of 0.1N H2SO4. After absorption to excess (residual) acid requires 6.25ml of 0.1N NaOH 

for exact neutralisation. Calculate the percentage of N in the coal sample.                          (3 M) 

Ans: Calculation of Nitrogen percentage 

Weight of coal = 1.56gm 



Volume of H2SO4 = 50 ml 

Volume of NaOH = 6.25 ml 

Normality of H2SO4 and NaOH = 0.1 N 

H2SO4 consumed = 50-6.25 = 43.75 ml 

Equivalent of H2SO4 = 43.75*0.1 

                                    = 4.375 * 10-3 milli equivalent 

                           N2 = 4.375 * 10-3 * 14 

                               = wt. of nitrogen / wt. of coal sample * 100 

                              = 4.375 * 10-3 *14 / 1.56 *100 

                             = 3.93 % 

Q.2.b.ii) What is supercritical CO2? Why is it considered a green solvent.                            (2 M) 

Ans: 

1. Supercritical fluids possesses properties of gases and liquids in an intriguing manner, which 

could after a range of applications in both synthetic and analytical chemistry. 

2. The green solvents: A newer concept involves the technology which has been popularly 

preferred over conventional solvents extraction process because of environment concerns, 

such as the need to organic solvents and to find appropriate technologies for their disposal. 

Eg. Ionic liquid CO2, propylene glycol, etc. 

Q.2.c) Write a short note on Particle reinforced composites.                                                (4 M) 

Ans: 

The size of the particle is in dispersed phase are of nearly the same in all directions. 

Large particle composites: 

In this sub type of composites, particulate phase should have following characteristics: 

1. Stiffer and harder as compared to matrix phase. 

2. It acts as reinforcing material. 

3. It restrains the movement of matrix surrounding to itself. 

4. The bond strength between two phases governs mechanical properties of composites. 

Q.3.a) What is cracking? Explain in detail – fixed bed catalytic cracking.                            (6 M) 

Ans: 

1. Cracking is a process of converting heavy oil with higher molecular weight hydrocarbons to 

the oil with lower molecular weight hydrocarbons which is known as gasoline. 

2. Generally on cracking a mixture of hydrocarbons is obtained which is allowed to undergo 

fractional condensation to separate gasoline. 



Thermal Cracking:  

a. Liquid phase thermal cracking: By this any type of oil can cracked. In this method the oil is 

pumped into the coil kept at 4200C to 5500C under pressure of 15 to 100 kg/cm2 . 

b. Vapour phase thermal cracking: in this method the heavy is treated at 4000c to convert it 

into the vapour and then these vapours are passed to the reaction chamber. 

Catalytic cracking: 

a. It is a process in which heavy is oil is heated in presence of catalyst. Generally used catalyst 

are crystalline substances. 

Eg: bauxite, zeolite, crystalline alumina silicate, etc. 

Fixed bed catalytic cracking: 

  

 

1. In this method vapours of heavy oil is treated in the presence of catalyst due which a better 

yield of petrol is obtained. 

2. In this method heavy oil is vapourised by heating in an electrical heater. Then the vapours 

are passed over a series of trays containing catalyst. Generally the catalyst used are 

crystalline alumino-silicate, bauxite and zeolite. 

3. The reaction chamber is maintained at 4250c to 4500c and under pressure of 1.5 kg/cm2. 

4. The cracked gases are taken out from the top of the reaction chamber and are allowed to 

pass in the fractionating tower, where gasoline fraction is collected. The octane value of this 

gasoline is about 80-85. 

5. During the cracking, free carbon is also formed which deposits in catalyst, then the flow of 

vapours of heavy oil is passed over the second set of reaction chamber and catalyst in earlier 

chamber in regenerated by burning the carbon deposits with help of air. 

Q.3.b.i) Write a note on heat resistant steel                                                            (3 M) 

Ans: 

These are steels which are exposed to high temperatures during proportion of equipment. 

Heat resistance is obtained by adding specific metals in appropriate proportion. 

Following metals are used/added in stainless steel in order to make them heat resisting. 

Molybdenum: 3.5% addition of this metal improves heat resistance of steel. 



Chromium: though this is the component in steel, but it is added more than 12%, it imports 

high grade heat resistance to steel. Such a steel is called as ‘nichrome’. 

Uses: 

For making equipment facing high temperature i.e. gas turbines, retorting, parts of boilers, 

steam – linings, aero engine valves, etc. 

Q.3.b.ii) A metal rod half immersed in water starts corroding at the bottom. Give reasons.    (2 M) 

Ans: 

   A metal rod when partially dipped in water or dilute solution of salt; like Nacl and if solution 

is not agitated properly then the parts of the strip above and closely adjacent to the water line are 

more strongly aerated,  because they have more strongly aerated, and have more supply of oxygen 

while remaining parts of rod which is immersed to greater depth have less supply of oxygen and 

these are poorly aerated and show lower oxygen concentration and hence a metal rodhalf immersed 

in water starts corroding at the bottom. 

Q.3.c) Calculate the percentage of atom economy for the following reaction with respect to allyl 

chloride. CH3-CH=CH2+Cl2  Cl-CH2-CH=CH2+HCl                                                                    (4 M) 

Ans: 

CH3-CH=CH2+Cl2  Cl-CH2-CH=CH2+HCl 

Prpene (42) (71)   Allyl chloride (76.5)  (36.5) 

% Atom economy = molecular weight of product/total mol. Weight of reactants * 100 

=76.5/42+71 * 100 

=76.5/113 * 100 

= 67.7% 

% Atom economy = 67.7% 

Q.4.a) Explain how the following factors affect the rate pf corrosion                                    (6 M) 

        i) pH 

Ans: In acidic pH the rate of corrosion is higher, because the mechanism of electrochemical 

corrosion proceeds by evolution of hydrogen gas at cathode. On the contrary, in alkaline or neutral 

electrolytic medium the electrochemical corrosion occurs by following the mechanism of absorption 

of oxygen, thereby forming as oxide film as a cathodic product. Such a film gets adhered to the 

surface of the metal and further rate of corrosion is governed by nature of corrosion product which 

is discussed as above. 

    ii) Ratio of anode to cathode areas. 

Ans: 

1. If two dissimilar metals are in contact one forming anode while another cathode, then the 

corrosion of the anodic metal is directly proportional to the ratio of the areas occupied by 

cathode and anode.  

Thus, corrosion at anode 

α = area of cathodic part / area of anodic part 



2. Hence, if cathode is large and anode is small, then corrosion at anode is higher and vice – 

versa. 

iii) Position of metal in galvanic series. 

Ans: 

1. This is the major factor for corrosion of metals are in corroding environment, the metal 

having higher electrode potential in the galvanic series undergoes corrosion, i.e. it act as a 

anode. 

Q.4.b.i) Write a brief note on products obtained from natural materials.                (3 M) 

Ans: 

1. Plants have been playing an important role in the field of pharmacy, not only in ancient time 

but also in arena of modern drug discovery. 

2. The chemical diversity of plant gives the important dew for synthesis of different efficient 

pharma cophore in pharmaceutical during design. 

3. Example like merpidine, pentazoine, are totally synthetic drugs for which opiates such as 

morphine and codeine were the models 

4. Japanese research group has recently isolated stilbane derivatives from the bark of a shorea 

hemsleyana and roots of cyphostomma bainessi. 

5. The active compounds identified is hemsleyanol – D is potent anti-bacterial agent methicillin 

resistance staphylococcus aurous responsible for variety of human diseases. 

Q.4.b.ii) Define structural composites.                                                                (2 M) 

Ans: A structural composites consists of both homogenous and composites materials. Their 

properties of the constituent materials as well as the geometric design. Structural composites 

are of two types such as, 

a) Laminar composites: eg. Plywood 

b) Sandwich composites: eg. Honeycomb core. 

Q.4.c) Define shape memory alloys and mention its applications.                       (4 M) 

Ans: The shape-memory alloys are metals alloys undergo deformed at one temperature, but on 

rising or falling temperature, they return to their ‘original’ shape. 

Applications:  

1. Orthopaedic applications: 

- Microstents simon filter micro wrapper. 

2. cardiovascular   applications are: 

- microsurgery 

- reinforcing week blood vessels 

- microstents. 

3. Intravascular therapy: 

- Micro assembly for MEMS devices 

- Facilitates  access to intricate regions of the body  

- Grab tiny foreign objects for removal from the body 



      Q.5.a) A sample of coal was found to contain the following constituents. C = 81%, O = 8%,          

S = 1%, H = 5%, N = 1% and Ash = 4%. Calculate the minimum weight and volume of an required for 

the complete combustion of 1kg of coal.                                                                                         (6 M) 

Ans:  

Let us calculate the 02 required for 1kg of coal first 

Weight of carbon = 81 / 100 * 1 = 0.81 kg 

Weight of hydrogen = 5 / 100 * 1 = 0.05 kg 

Weight of sulphur = 1 / 100 * 1 =0.01 kg 

Weight of oxygen = 8 / 100 * 1 = 0.08 kg 

Calculation of O2 needed for 1 kg of coal 

CO2 = 0.81 * 32 /12 = 2.16 kg 

2H2O = 0.05 * 32 / 12 = 0.4 kg 

SO2 = 0.01 * 32 / 12 =0.01 kg 

Total O2 required = 2.57 kg 

Less O2 available = -0.08 

Net O2 required = 2.49 kg 

Weight of air required = weight of O2 / 23 *100 

= 2.49 / 23 *100 

= 10.82 kg of air 

Volume of air: 

∴28.94 kg of air = 22400 ml volume at NTP 

∴ 10.82 kg of air = 22400 * 10.82 / 28.94 

= 8374.84 ml 

air = 8.375 litres of air 

Weight of air requires = 10.28 kg 

Volume of air required = 8.375 Litres. 

 

 

 

 

 

 



Q.5.b.i) Discuss in brief sacrificial anode method of corrosion protection.                       (3 M) 

Ans:  

 

1. To achieve protection by sacrificial anode method, the metal to be protected from corrosion 

is connected by a wire to another piece of metal which is more reactive than the base metal 

itself. 

2. This results in the corrosion of the piece of metal, connected thereby saving base metal. 

3. Since the more active metal sacrifices itself, by undergoing corrosion and saving the base 

metal the method is named as sacrificial anode or auxiliary anode method. 

4. The metal normally used are Mg, Zn or Al. 

5. The method is generally used to protect cable or iron pipelines, by connecting them to Mg 

blocks, and in case of marine structures, ships are protected by suing Zn plates as sacrificial 

anode. Even water tanks, boilers are protected by using Zn metal. 

Q.5.b.ii) What is powder metallurgy? Mention any two advantages and two limitations of powder 

metallurgy.                                                                                                                      (2 M) 

Ans: 

1. Powder metallurgy is the process which deals with the product of useful components from 

fine metal powders, from individual, mixed or alloyed with or without the inclusion of non-

metallic constituents. 

2. In this process, 

- Metal is obtained powder form 

-  Powdered metal is mixed with other elements in powder form 

- It is then subjected to high pressure so s to get compressed into desired shape 

- The shaped is then finished finished into final form various combinations with metal and 

non-metals are possible. 

Advantages: 

1. By PM, materials can be made using, metal or non-metal in any desirable composition 

2. Dimensional accuracy and finish of the materials are excellent. 

Limitations: 



1. Storage of metal powder requires precautions, because powder metals get oxidised in 

air if exposed. This cause wastage. 

2. Process is not suitable to produce large size components because process available for 

compaction are of limited capacity. 

Q.5.c) Explain with suitable equations conventional and green synthesis of carbaryl. Also 

mention the principle of green chemistry involved.                                             (4 M) 

Ans: 

Conventional route: 

Carbonyl is prepared on large scale by treating methyl-isocynate with 1-napthol, anine is 

treated with phosgene to get methyl-isocynate. Carbaryl is produced by treating methyl 

isocynte with 1-napthol 

 

- With using napthol-1 methylcarbomoyl chloride: 

 
- In these route of synthesis of carbaryl highly toxic substance such as phosgene, methyl 

isocynate and methylcarbamoyl chloride are used. 

 
 

 



Green route: 

1. Napthol treated directly with equal quantity of phosgene is alkaline medium to get 

chloroformate which is then treated with methylamine to give carbary alternatively, 

1-napthol is first converted to its chloroform, which is then treated with 

methylamine to give desired product. 

 
2. Greener route synthesis also uses exactly the same reagent, but these are taken in 

different sequence. Hence, this sequence avoids the proportion of methyl isocynate. 

But use of phosgene and methyl amine is still needs to be avoided. 

Q.6.a) Mention the composition, properties and uses of                                              (6 M) 

i. Duralumin:  

Compositon: 

Aluminium (Al) = 95% 

Copper (cu) = 4% 

Manganese (mn) = 0.5% 

Magnesium (mg) = 0.5% 

Properties: 

1. It is light weighted, tough, highly, ductile, easily, castable, good conductor of heat 

and electricity and corrosion resistant. 

2. It can easily be worked as it possesses high machinability. Its tensile strength can be 

raised by heat treatment, up to about 2000 kg-cm2 without affecting its ductility. It 

approaches steel in strength and yet its density is one third of steel. 

Uses: 

Due to high strength with low density, it finds extensive use in aircraft industry in the 

form of a ‘clad’. It is also used in making surgical instruments, cables, fluorescent tube 

caps etc. It is also used in making automobile and locomotive parts because off its high 

ductility and good electrical conductivity. 



Q.6.a.ii) German silver 

Ans: 

Composition: 

Cu = 25 -50% 

Zn = 10 – 35% 

Sn = 5 – 35% 

Properties: 

Possesses good strength, high corrosion resistance to electrolyte, high ductility, 

malleability, appears like silver. 

      Uses: 

     Decorative articles, utensils, table wares, ornaments, cutlery etc. 

Q.6.a.iii) Gun metal 

Ans: 

Composition: 

Cu = 85% 

Zn = 4% 

Sn = 8% 

Pb = 3% 

Properties: 

High strong, can resist explosion, hard, tough. 

Uses: 

For hydraulic fittings, high pressure steam, plant marine, pumps, water fillings etc. 

Q.6.b.i) Mention the advantages of composite materials                                        (3 M) 

Ans: 

The composite materials find variety of applications in all these areas where, high 

mechanical strength, dimension stability, thermal stability, corrosion, resistance, 

abrasion resistance etc. is desirable. They find application in following industries. 

a) Construction. 

b) Electrical and electronics and telecommunication 

c) Transportation 

d) Agriculture 

e) Sport goods 

f) Automobile 

g) Aviation industry 

h) Mobiles 



Composites, in short are extremely useful and more research work is going on to 

develop newer materials to cater to various industries. 

Q.6.b.ii) Distinguish between anodic and cathodic coating                                            (2 M) 

Ans: 

                            Anodic coating                   Cathodic Coating 

1. This type of coating protect base metal 
sacrificially. 

1. This type of coating protect the base 
metal because of high corrosion 
resistance and noble behaviour 

2. The coating metal is at lower electrode 
potential than base metal. 

2. The coating metal is at higher electrode 
potential than base metal. 

3. Corrosion of base metal does not 
enhance even on breaking “anodic 
coating” as it heals its film 

Corrosion of base metal enhances, if there 
is a small cut in coating 

4. Eg. Galvanising i.e. Zn coating on 
iron/steel 

Eg. Tinning i.e. tin coating on 
iron/steel/copper/brass. 

 

Q.6.c) What is biodiesel? Discuss the method to obtain biodiesel. What are the advantages of 

biodiesel?                                                                                                                          (4 M) 

Ans: 

1. Chemically biodiesel is the methyl esters of long chain carboxylic acids. 

Method to obtain biodiesel are: 

1. Filter cheap or waste vegetable oil/fat/ 

2. Heat it at 1100C with stirring to remove any water from it. 

3. Prepare sodium methoxide from sodium metal and methanol. Add the sodium 

methoxide about 2% by weight to the vegetable oil or fat. 

4. Add methanol about 20% by volume to the, mixture. 

5. Heat the mixture with stirring for 30 minutes. 

6. Cool and mix sufficient water, stir well. The glycerol and soap dissolve in water phase. 

7. Separate the water insoluble phase from water phase 

8. Add antioxidants to biodiesel to avoid it to become gummy due to oxidation and 

polymorphism. 

Advantages: 

1. Biodiesel is cheaper 

2. It has high cetane numbers 46 to 54 and high c.v. of about 40 kJ/m. 

3. It is regenerative and environment friendly. 

4. It does not give out particulate and co-pollutants. 

5. It has certain extent of lubricity. 

6. It use provides good market to vegetable oils and reduces over dependence for diesel on 

foreign countries, saving currency. 

7. It is clean to use biodiesel in diesel engines. 

 

 



APPLIED CHEMISTRY- II (MAY-2018 SOLUTION) 

 

Q.1. Attempt any 5 of the following:                              [3 M x 5 Q= 15 M] 

Q.1. (a) Define Power Alcohol. Give any two advantages of power 

alcohol.                                                                                          

Ans: 

Power Alcohol: 

When ethyl alcohol is used as fuel in internal combustion engine, it is called as 

power alcohol.  

Generally, ethyl alcohol is used as its 5-25% mixture with petrol. 

Advantages:- 

1) Addition of ethyl alcohol to petrol increases its octane number. 

2) Power alcohol is cheaper than petrol. 

 

Q.1. (b) Explain why cathodic coating is preferred over anodic coating 

for manufacturing of containers to store food stuffs. 

Ans: 

1) Cathodic Coating is used for storing any foodstuff as it is nontoxic. 

2) It protects the metal from corrosion and avoids any food poisoning. 

3) E.g.:- Tinning. 

 

Q.1. (c) A sample of coal has the following composition:- 

C= 70%     O=23%     H=5%     S=1.5%     N=0.4%     Ash=0.1% 

Calculate GCV of this fuel. 



Ans: 

Given: - C= 70%     O=23%     H=5%     S=1.5%     N=0.4%     Ash=0.1% 

Required: - GCV=? 

Formula: GCV=
1

100
[8080𝐶 + 34500 (𝐻 −

𝑂

8
) + 2240𝑆] 

Calculations: 

GCV=
1

100
[8080 × 70 + 34500 (5 −

23

8
) + 2240 × 1.5] 

 

GCV= 6422.725 kcal/kg  

 

Q.1. (d) Give the composition, properties and uses of high 

phosphorous bronze. 

Ans: 

High Phosphorous bronze 

Composition: 

Sn = 10-13%     P = 0.4-1%     Cu = Rest% 

Properties: 

1) Good Strength and resistance to corrosion under sea water. 

2) It can be rolled or drawn into wires. 

3) Abrasion resistant  

4) Hard 

5) Brittle 

6) Low coefficient of friction. 

Uses: 

1) For springs, turbine blades, pumps, boiler fitting, bearing plates, spindle, for 

valves. 



2) For gear wheels, side, valves, bearing, taps, bushes springs, turbine blades 

etc. 

Q.1. (e) Why is it essential to design safer chemicals and products wrt 

green chemistry principle? Explain with an example. 

Ans: 

1) The synthetic method should be designed wherever possible to use and 

generate substances having little or no toxicity to human health and the 

environment. 

2) The starting material selected should be least toxic.  

3) The reactions in which intermediates or reagents or products are toxic 

should not be followed. Instead alternative pathways should be used for 

synthesis.  

4) Bhopal Gas Tragedy led to lots of deaths.  

5) Thus, green chemistry recommends the design of synthesis to use and 

generate substances with little or no toxicity to humans and the 

environment. 

 

Q.1. (f) What is matrix phase and particle phase in concrete? Give any 

two properties of concrete.  

Ans: 

Concrete 

Matrix Phase = Cement 

Particulate Phase= Sand and Gravels 

Properties: 

1) It is harder than ordinary cement. 

2) Sets well on surface thereby holding structures. 

 

 



 

Q.1. (g) Porous Film is also called as ‘Non protective Film’. Explain 

with an example. 

Ans: 

In porous film, the volume of metal oxide formed is less than the volume of the 

metal from which it is formed. Hence this film possesses pores or cracks in the 

structure. Through these pores, atmospheric oxygen can enter and attack the 

metal. Hence it is non protective oxide film. Examples: Such type of oxide film is 

formed in alkali metals like Li, K, Na and alkaline metals like Ca, Sr, and Mg. 

 

Q.2. (a) Define Electrochemical Corrosion. Explain Intergranular 

Corrosion with a neat diagram.                                                 [6 M] 

Ans: 

The corrosion which is brought about through ionic reactions in the presence of 

moisture or solution as a conducting medium when two dissimilar metals are in 

contact with each other is called electro chemical corrosion. It also occurs when 

the metal surface is in immediate contact with aqueous 

acidic/alkaline/neutral/electrolytic solutions forming the short circuited galvanic 

cells. 

 Intergranular corrosion (IGC), also known as intergranular attack (IGA), is a 
form of corrosionwhere the boundaries of crystallites of the material are 
more susceptible to corrosion than their insides. (Cf. transgranular 
corrosion.) 

 This situation can happen in otherwise corrosion-resistant alloys, when the 
grain boundaries are depleted, known as grain boundary depletion, of the 
corrosion-inhibiting elements such as chromium by some mechanism. 

 In nickel alloys and austeniticstainless steels, where chromium is added for 
corrosion resistance, the mechanism involved is precipitation of chromium 
carbide at the grain boundaries, resulting in the formation of chromium-
depleted zones adjacent to the grain boundaries (this process is 
called sensitization). 

https://en.wikipedia.org/wiki/Corrosion
https://en.wikipedia.org/wiki/Crystallite
https://en.wikipedia.org/wiki/Nickel
https://en.wikipedia.org/wiki/Austenitic
https://en.wikipedia.org/wiki/Austenitic
https://en.wikipedia.org/wiki/Chromium
https://en.wikipedia.org/wiki/Chromium_carbide
https://en.wikipedia.org/wiki/Chromium_carbide
https://en.wikipedia.org/wiki/Sensitization_effect


 

 Around 12% chromium is minimally required to ensure passivation, a 
mechanism by which an ultra thin invisible film, known as passive film, 
forms on the surface of stainless steels. This passive film protects the metal 
from corrosive environments. 

 The self-healing property of the passive film make the steel stainless. 
Selective leaching often involves grain boundary depletion mechanisms. 

 

 
 

  

Q.2. (b) i) 1.95 gm of coal sample was taken for nitrogen estimation by 

Kjeldahis’s method. The ammonia liberated required 9.5 ml of 0.4 N 

H2SO4 for neutralization. Calculate the percentage of nitrogen in coal 

sample.                                                                                               [3 M] 

Ans. 

Given:  

Weight Of Coal= 1.95 gm                              Normality of H2SO4= 0.4 N       

Volume of H2SO4= 9.5 ml 

 

Required: % N=? 



Formula: %N=
𝒗𝒐𝒍 𝒐𝒇 𝑯𝟐𝑺𝑶𝟒×𝑵𝒐𝒓𝒎𝒂𝒍𝒊𝒕𝒚×𝟏.𝟒

𝒘𝒕 𝒐𝒇 𝒄𝒐𝒂𝒍
 

Calculations: 

%N=
9.5×0.4×1.4

1.95
 

 

%N= 2.72% 

 

Q.2.(b) (ii) Write a note on Green Solvents.                              [2 M] 

Ans. 

The green solvent is newer concept involves technology which has been popularly 

preferred over conventional solvent extraction process because of environmental 

concerns, such as the need to eliminate organic solvents and to find appropriate 

technologies for their disposal e.g. Ionic liquids CO2,Propylene Glycol etc. Super 

critical fluid possesses properties of gases and liquids in an intriguing manner, 

which could offer range of applications/possibilities in both synthetic and 

analytical chemistry. Supercritical ionic liquid carbon dioxide has found to be an 

energy conserving, selective and waste reducing alternatives to organic solvents 

and therefore is viewed as promising environmentally benign solvents. In addition 

supercritical fluids can lead to reaction, which are difficult or even impossible to 

achieve conventional solvents Supercritical ionic extraction is relatively new 

technology with a large potential for application in industry. 

 

Q.2. (c) Explain structural Composition of plywood.             [4 M] 

Ans. 

Adjacent wood sheets in plywood are aligned with the grain direction at 

right angles to each other. Laminar composites are constructed using 

the same materials such as cotton, paper or woven glass fibers.  

It possesses high strength in a number of direction in the 2-D planes.   



 

Q.3. (a) Define Fuel Cell. Explain Hydrogen Oxygen Fuel Cell with a 

neat diagram.                                                                                  [6 M] 

Ans.  

A cell capable of generating an electric current by converting the chemical energy 

of a fuel directly into electrical energy is known as fuel cell. 

 

Q.3. (b) i) Define Shape Memory Alloys. Give its properties and uses. 

                                                                                                             [3 M] 

Ans. 

The shape memory alloys are metal alloys undergo deformed at one temperature 

but on rising or falling temperature, they return to their original shape. 

Properties: 

1) Excellent corrosion resistance. 

2) High fatigue strength. 

Uses: 

1) Microsurgery 

2) Reinforce weak blood vessels. 

 

Q.3. (b) ii) Define bio-diesel and give its advantages.              [2 M] 

Ans. 

Biodiesel is a liquid biofuel obtained by chemical processes from vegetable oils or 

animal fats and an alcohol that can be used in diesel engines, alone or blended 

with diesel oil. 

Chemically biodiesel is the methyl ester of long of long chain carboxylic acids. It is 

also called as ‘Green Fuel’. 



Advantages of Biodiesel: 

1. Cheaper  

2. High cetane numbers 45 to 54 & high CV of @ 40KJ/gm.  

3. Regenerative & environmental friendly. It causes less pollution.  

4. It has certain extent of lubricity.  

5. Clean to use in diesel engine.  

 

Q.3. (c) Calculate the % atom economy for the following reaction with 

respect to acetophenone.                                                                 [4 M] 

C6H6+CH3COCL = C6H5COCH3+HCL 

Ans. 

Given: 

Molecular weight of Products= 12x6+1x5+12+16+12+1x3= 120 

Molecular Weight of Reactants= 12x6+1x6+12+1x3+12+16+35.5= 156.5 

Required: %Atom economy= ? 

Formula: %Atom economy= 
𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑟𝑜𝑑𝑢𝑐𝑡

𝑡𝑜𝑡𝑎𝑙 𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑟𝑒𝑎𝑐𝑡𝑎𝑛𝑡𝑠
× 100  

%Atom economy=
120

156.5
× 100 

%Atom economy= 76.677 

Q.4. (a) What is cathodic protection? Explain impressed current 

cathodic protection with the applications.                                    [6 M] 

Ans. 

Cathodic protection: 

In this process base metal is forced to behave like a cathode either by connecting 

it with some more active metal or by using impressed current in order to protect 

it from corrosion. It can be explained by considering the corrosion of metal M in 

acid environment.  



Impressed Current Cathodic Protection 

In this method, a current is applied in the opposite direction to that of the 

corrosion current there by nullifying its effect on the base metal i.e. converting 

the base metal to cathode from anode. The impressed current is obtained by 

using a D.C. source such as a wet battery or a dry cell along with an insoluble 

anode such as platinum, stainless steel, graphite etc. which is embedded 

underground and to this, impressed current is applied. The whole assembly is 

connected to the metallic structure to be protected. The anode can be single fora 

small structure like water tank or there can be many series connected such 

anodes if the structure to be protected is big like long pipeline, oil-rig platforms 

on the sea etc. The insoluble anode is kept inside back-fill made up of mostly 

gypsum which increases the electrical contact with the soil.  

 

Advantages:  

This method can protect very large and long structures. Further its maintenance is 

easy.  

Disadvantage:  

The anode needs frequent replacement. 

Applications:  

Protection from soil corrosion of underground pipelines, cables, protection from 

seawater corrosion of cables ship bulls, piers. 



Q.4. (b) (i) What is green chemistry? Give its significance.    [3 M] 

Ans. 

Green Chemistry 

Environment friendly chemical synthesis which reduces the use and generation of 

hazardous substance/pollutants is known as Green chemistry. 

Significance of Green chemistry: 

1) A novel approach that blends the application of chemistry with economic 

growth and environmental preservation. 

2) To develop strategy for sustainable chemical process industries. 

3) Achieve conservation of limited resources through cost effectiveness and 

pollution prevention. 

4) Therefore basic axiom of Green chemistry is to design product and 

processes that reduce or eliminate the generation of all wastes. 

 

Q.4. (b) (ii) Define Composite. Give any two applications of composite 

materials.                                                                                           [2 M] 

Ans. 

Composite materials can be defined as ‘A multiphase product made using two or 

more existing materials which exhibits properties of its constituents as well as 

shows certain unique properties of its own’. Thus, composites are engineered 

materials, comprising of metals, ceramics, glasses and polymers. 

Applications: 

1) Construction 

2) Transportation 

3) Electrical and electronics and telecommunication 

4) Agriculture 

 



Q.4. (c) What is powder metallurgy? Explain hot compaction method 

with a neat labelled diagram.                                                        [4 M] 

 

Powder metallurgy is a process which deals with product of useful components 

from fine metal powders, from individual, mixed or alloyed with or without 

inclusion of non-metallic constituents. 

Hot Compaction Method: 

The equipment used is similar to that used in cold compaction. 

 

 

But the process is operated at higher temperature, and pressure. The ceramic 

powder with the binder are fed into die and pressed at high temperature and 

pressure into article, followed by sintering and finishing. The temperature can be 

raised by direct current of induction current. 

Uses: 

 Process is used for making tools such as metal bonded diamond tools, or carbide 

compacts. 

 



Q.5. (a) A gaseous fuel contains H2=50% CH4=30% N2=2% CO=7% 

C2H4=3% C2H6=5% and water vapours=3%. Calculate weight and 

volume of air for 2m3 of the gas.                                     [6 M] 

Ans. 

Given: 

 H2=50%  CH4=30%  N2=2%  CO=7%  C2H4=3%  C2H6=5%  water vapors=3% 

Required: Vol. and weight for complete combustion of 2 m3 of fuel. 

  

 

Constituents 

 

Volume 

 

 

Reaction 

 

 

Vol. of oxygen 

required 
% m3 

(i) H2 50 0.5 H2+
1

2
O2=H20 

 

0.5X0.5=0.25 

(ii) CH4 30 0.3 CH4+2O2=CO2+H2O 0.3X2=0.6 

(iii) CO 7 0.07 CO+
1

2
O2=CO2 0.07X0.5=0.035 

(iv) C2H4 3 0.03 C2H4+3O2=2CO2+2H2O 0.03X3=0.15 

(v) C2H6 5 0.05 C2H6+3.5O2=2CO2+3H2O 0.05X3.5=0.175 

 

Total Volume of O2 Required= 0.25+0.6+0.035+0.15+0.175= 1.21 

Vol. of air required=1.21x2 m3=2.420m3 

22.4 m3 of air weighs 28.949 kg 

2.420 m3 of air will weigh =
2.420

22.4
× 28.949 = 𝟑. 𝟏𝟐𝒌𝒈 

Wt. of air required=3.12kg. 



 

Q.5.(b) (i) List the three main constituents of paint and give functions 

of each.                                                                                               [3 M] 

Ans. 

Paints are formed by using various ingredients which are listed below. Each 

ingredients is mixed for a particular function. 

1) Drying oils /medium/ vehicle. 

2) Pigments 

3) Thinners 

4) Driers 

 

Constituent - Drying oils or vehicle 

Examples - Linseed oil, soya bean oil, dehydrated castor oil, neem oil, fish oil, etc. 

Functions - They help pigments to be held on surface. They provide dried film by 

oxidation or polymerization. They provide durable water resistant film of paint. 

 

Constituent - Pigments 

Examples - White pigments: White lead, ZnO, Titanium oxide, Coloured pigments 

Red lead, Fe2O3, chrome red, etc. 

Functions - Provide opacity, colour strength, and protection. Provide resistance 

against abrasion. Minimize shrinkage and cracking caused on drying. 

 

Constituent - Thinners 

Examples - Turpentine, spirits, benzene, naphtha, xylol, kerosene, methylated 

naphthalene etc. 

Functions - Adjust viscosity of formulation. Help in drying of the paint. Suspend 

the pigments and dissolve film forming material. 



 

Constituent - Driers 

Examples - Oxygen carrying catalyst, Linoleates of Co, Mn, Zn, etc 

Functions - Improve drying process. Act as catalyst in drying process. 

 

Q.5. (b) (ii) Explain the effect of the following alloying elements on 

steel.                                                                                               [2 M] 

Ans. 

Chromium 

Improves tensile strength , hardness, wear resistance, and toughness. Imparts 

high corrosion resistance. 

Tungsten 

Improves red hardness, toughness, abrasion resistance and shock resistance. 

 

Q.5. (c) Explain conventional and green chemistry route for 

production of Ibuprofen. Highlight the green chemistry principle 

involved.                                                                                    [4 M] 

Ans. 

 



 

Q.6. (a) Write short notes on:- 

a) Computing b) Sintering                                                                   [6 M] 

Ans. 

(i)   Compaction: 

 A controlled amount of the mixed powder is introduced into a precision die 

and then it is pressed or compacted at a pressure in the range 100 MPa to 

1000 MPa. 

 The compacting pressure required depends on the characteristics and 

shape of the particles, the method of mixing, and on the lubricant used. 

 This is generally done at room temperature. In doing so, the loose powder 

is consolidated and densified into a shaped model. 

 The model is generally called “green compact.” As is comes out of the die, 

the compact has the size and shape of the finished product. 

 The strength of the compact is just sufficient for in – process handling and 

transportation to the sintering furnace. 

 

(ii) Sintering: 

 During this step, the green compact is heated in a protective atmosphere 

furnace to a suitable temperature, which is below the melting point of the 

metal. 

 Typical sintering atmospheres are endothermic gas, exothermic gas, 

dissociated ammonia, hydrogen, and nitrogen. 

 Sintering temperature varies from metal to metal; typically these are within 

70 to 90% of the melting point of the metal or alloy.  



 

 Sintering is a solid state process which is responsible for producing physical 

and mechanical properties in the PM part by developing metallurgical bond 

among the powder particles. 

 It also serves to remove the lubricant from the powder, prevents oxidation, 

and controls carbon content in the part. 

 The structure and porosity obtained in a sintered compact depend on the 

temperature, time, and processing details. 

 It is not possible to completely eliminate the porosity because voids cannot 

be completely closed by compaction and because gases evolved during 

sintering. 

 Porosity is an important characteristic for making PM bearings and filters. 

Q.6. (b) (i) What are fiber reinforced composite?                 [3 M] 

Ans.  

Fibre reinforced composite material:  

 Fibre reinforced composite can be made from metals, ceramics, glasses or 

fibre that have been turned into graphite which is known as carbon fibre. 

 These composites are very expensive as reinforcement of fibre into matrix 

is difficult. 

 Fibre pull is possible and while increasing or decreasing length bond 

breaking is observed.  

 In time trial racing bicycle frame carbon fibre is used along with matrix 

phase which is made up of thermosetting plastic.  

 In racing car glass fibre is used along with thermosetting plastic.  

 There are 2 types of fiber reinforced composites: 



 

i) Continuous & aligned composite 

ii) Discontinuous fibre reinforced composite 

 

 

Q.6. (b) (ii) Explain how areas of cathode and anode affect the rate of 

corrosion.                                                                                      [2 M] 

Ans. 

Relative areas of the Anodic and Cathodic Parts: 

When 2 dissimilar metals are in contact, the corrosion of the anodic part is 

directly proportional to the ratio of areas of the cathodic part and anodic part. 

Thus, mathematically, 

𝑅𝑎𝑡𝑒 𝑜𝑓 𝐶𝑜𝑟𝑟𝑜𝑠𝑖𝑜𝑛 ∝
𝐴𝑐𝑎𝑡ℎ𝑜𝑑𝑒

𝐴𝑎𝑛𝑜𝑑𝑒
 

 

This is because when the cathode area is larger than the anodic area, then the 

demand for electrons by the cathodic area will be more which can only be met by 

the anodic area by undergoing faster corrosion. Thus, smaller the area of the 

anode, faster is the rate of corrosion. Thus, 

𝐶𝑜𝑟𝑟𝑜𝑠𝑖𝑜𝑛 ∝
1

𝐴𝑛𝑜𝑑𝑒 𝐴𝑟𝑒𝑎
 

Q.6. (c) Explain the determination of % moisture and % volatile matter 

in a coal sample.                                                                                  [4 M] 

Ans. 

% Moisture: 

 A known weight of powdered and air dried coal sample is taken in a 

crucible and it is placed in preheated oven for 1 hour at 110 C. Then the 

coal is cooled in a dessicator and weighed out. 



 If the initial weight of the coal is m gms and final weight is m1 gms. 

 Then the loss in weight corresponds to moisture in coal. 

 Moisture %= 
𝑙𝑜𝑠𝑠 𝑖𝑛 𝑤𝑒𝑖𝑔ℎ𝑡

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑐𝑜𝑎𝑙 𝑠𝑎𝑚𝑝𝑙𝑒
× 100 =

𝑚−𝑚1

𝑚
× 100 

 

 

% Volatile Matter: 

 Moisture free coal left in the crucible in the first experiment is covered with 

a lid loosely. Then it is heated at 925 C in a furnace for 7 minutes. 

 The crucible is taken out and cooled in a dessicator. Then it is weighed 

again. The loss in weight is due to loss of volatile matter in the m gms of the 

coal sample.  

 % volatile matter = 
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑣𝑜𝑙𝑎𝑡𝑖𝑙𝑒 𝑚𝑎𝑡𝑡𝑒𝑟

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑎𝑖𝑟 𝑑𝑟𝑖𝑒𝑑 𝑐𝑜𝑎𝑙 
× 100 =

𝑚1−𝑚2

𝑚
× 100 

 The volatile matter % can also be determined by taking the fresh weight of 

the air dried coal but the loss in weight at 925 C, will be due to loss of 

moisture and volatile matter both.  

 If w is he weight of air dried coal and w2 is the mass of coal left at 925 C 

heating then, 

 % Volatile Matter= 
𝑙𝑜𝑠𝑠 𝑖𝑛 𝑤𝑒𝑖𝑔ℎ𝑡 𝑑𝑢𝑒 𝑡𝑜 𝑚𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝑎𝑛𝑑 𝑉.𝑀.

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑐𝑜𝑎𝑙 𝑠𝑎𝑚𝑝𝑙𝑒
× 100 
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Q1]a)DefineFuel.Whyagoodfuelmusthavelowashcontent? (3)

Solution:-

Fuelscanbedefinedas,“substanceswhichundergocombustioninthepresenceof

airtoproducealargeamountofheatthatcanbeusedeconomicallyfordomestic

andindustrialpurpose.”Thisdefinitiondoesnotincludenuclearfuelbecauseit

cannotbeusedeasilybyacommonman.Thevariousfuelsusedeconomicallyare

wood,coal,kerosene,petrol,dieselgasoline,coalgas,producergas,watergas,

naturalgasetc.thefossilfuelssuchaswood,vegetablesoilsetc.,whichburnsto

produceheatarecalledaschemicalfuels.

Afuelshouldhavelessamountofashcontentbecauseashcontentisconsideredas

thewaste.Itreducesthecalorificvalueofthefuel.Henceagoodfuelshouldhave

lowashcontent.

--------------------------------------------------------------------------------

Q1]b)Namethedifferentmethodsofapplicationsofmetalliccoatings.

Explainmetalcladding. (3)

Solution:-

Thedifferentmethodsofapplicationsofmetalliccoatingsareasfollows:-

 Electroplating

 Electrolessplating

 ZincCoatings

 Packcementation

 Cladding

 Thermalspraying

 Physicalvapordeposition

 Inorganiccoatings



METALCLADDING:-

Cladding isthebondingtogetherofdissimilar metals.Itisdifferentfrom
fusion welding or gluing asamethodtofastenthemetalstogether.Claddingisoften
achievedby extruding twometalsthrougha die aswellas pressing or rolling sheets
togetherunderhigh pressure.

Metalcladdingisatypeofprotectivecoating,wheretheprotectivematerialsuchas
metalpowderorfoilisbondedtoasubstratebyapplyingheatand/orpressure.The
studyofmetalcladdingissignificantbecausethismethodofcorrosionprotection
andwearprotectionisgenerallyveryreliableandcost-effective.Inaddition,the
processparameterscanbeoptimizedfordifferentmetalsandcompositesinvarious
criticalapplications.

--------------------------------------------------------------------------------

Q1]c)AsampleofcoalcontainsC=66%,O=28%,H=4%,S=1.5%,N=

0.8%andash=0.2%.CalculatetheG.C.V andN.C.Vofthecoal. (3)

Solution:-

Given:-C=66% O=28% H=4% S=1.5% N=0.8% ash=0.2%

Tofind:-GCVandNCV

GCV= kCal/kg
1

100[8080×C+34500 +2240×S(H-O8) ]
=

1

100[8080×66+34500 +2240×1.5(4-288) ]
=

1

100
[533280+17250+3360]

=
1

100
[533280+17250+3360]

GCV=5538.9kCal/kg

NCV=GCV-[ ×587
9H

100 ]
=5538.9-[ ×587

9×4

100 ]
NCV =5327.58kCal/kg



--------------------------------------------------------------------------------

Q1]d)Givethecomposition,propertiesandusesofGunmetal. (3)

Solution:-

Elementcomposition

(gunmetal)

Properties Uses

Cu=85%

Zn= 4%

Sn= 8%

Pb= 3%

highlystrong,canresist

explosion,hard,tough.

Forhydraulicsfittings,

highpressuresteam

plantsmarinepumps,

waterfillings.

--------------------------------------------------------------------------------

Q1]e)Explain‘DesignforEnergyEfficiency’principleofGreen

chemistry. (3)

Solution:-

Theaim ofgreenchemistryistoincreasetheenergyefficiencyofachemical

processbyproperdesignwhichincludes:

1.Useofcatalystsandbyavoidingtheuseoffossilorgaseousfuelswhich

releasesolidorgaseouspollutants.

Forthis,wecansubstituentslikesolarenergy,microwaveradiations,ultra

soundetc.

2.Carryingoutthesyntheticmethodsattheambienttemperatureandpressure.

3.Properheattransfer.

4.Minimum wastageofenergyduringtheprocess.

5.Usingfermentationprocessrequiringverylowenergyandalsotheproducts

arelessharmful.

-------------------------------------------------------------------------



Q1]f)Givethefunctionsofmatrixphase (3)

Solution:-

Functionsof matrixphase areasfollows

1.Tobindreinforcingparticle/fibrestrongly
2.Itactsasmedium fordistributionofappliedloadtothedispersedphase.
3.ItkeepsthereinforcingfibreIproperorientationforthehighstrength

development
4.Itpreventspropagationofcracksduetoitsplasticity

--------------------------------------------------------------------------------

Q1]g)Statethecharacteristicsofagoodpaint (3)

Solution:-

1)Itspowertocoverthesurfaceshouldbeashighaspossible.

2)Itsconsistencyshouldbeadequatesothatitcanbespreadeasily.

3)Ondryingitshouldbeabletogivestrong,uniform,highlyadherentandimpervious

film.

4)Thelayershouldnotbecracked,peeledorblisteredondrying.

5)Thelayershouldbewashableanddurable.

6)Itscolourshouldnotbechangedonprolongedexposuretoair.

7)Itscorrosionresistanceshouldbehigh.

8)Thetextureofthedriedcoatshouldbesmooth,uniform andglossy.

--------------------------------------------------------------------------------

Q2]a)Withasuitablediagram explainelectrochemicalmechanism of

rustingofironinneutralaqueousmedium (6)

Solution:-

EvolutionofHydrogentype

Corrosion,bythismechanism occursusuallyifenvironment,surroundingtothe

metalisacidic.



Example:Pipelinesmadefrom ironmetalgetcorrodedifindustrialwastematerial,

orsolutionsofnon-oxidisingacids,istransportedthroughthem.

Thefollowingreactionoccurs

From abovereactions,wecansaythattheflowofelectronstakesplacefrom the

anodetothecathode.Theseelectronsaregainedbycathodicreaction,andat

cathodeH+ionsareeliminatedasH2gas.Theoverallmechanism canbe

representedas

Fe+2 → +H
+

Fe
2+

H
2

ThusdisplacementofH2ionsfrom acidicsolutionbymetalionstakesplace.

Thus,allmetalshavetendencytogetdissolvedintheacidicsolutionwith



simultaneousevolutionof gas.H
2

Absorptionofoxygentype

Rustingofironinneutralaqueoussolutionofelectrolytesinthepresenceof

atmosphericoxygenisthemostcommonexampleofthistypeofcorrosion

(mechanism).

Thus,ironmetalinsuchcasesisalwayswithacoatofthinfilm ofironoxide(Fe2O3).

Since,thefilm isporousinnature,thesurfaceofironexposedtoatmosphereactsas

ananodewhilerestofsurfaceactsasacathode.

Anodicreaction

Fe+ → 2Fe
2+

e
+

Thus,atanodeirondissolvesasferrousionswithliberationofelectrons.



Cathodicreaction

Theliberatedelectronsflowthroughironmetalfrom anodetothecathode,where

electronsareinterceptedbythedissolvedoxygenas

+ O + 2 → 2
1

2
O
2

H
2

e
-

OH
-

Ifthesupplyofoxygenislimited,theproductformedmaybeFerroso-ferric

hydroxide.

Ifoxygensupplyisincreased,cathodicreactionisinfluencedformingmorenumber

ofOH–ions,andsubsequentlyanodicreactionisalsoinfluenced,eliminatingmore

numberofelectrons,therebyincreasingtherateofcorrosion.

--------------------------------------------------------------------------------

Q2]b)(i)0.5gm ofcoalsamplewasburntinBombCalorimeter

experimentproduced0.06gm ofBaS .CalculatepercentageofO
4

sulphur. (3)

(ii)WhatareGreenSolvents?GivetwoindustrialapplicationsofGreen

solvents. (2)

Solution:-

1.Given:- weightofcoalsample=0.5gm weightofBaS =0.06gmO
4

%S= × ×100
weightofBaS pptO

4

weightcoalsample

32

233

%S= × ×100 = ×100 =1.14%
0.05

0.6

32

233

1.6

139.8

%S=1.14%

2)Supercritical isthesubstanceswhichexistsasavapourandliquidatcriticalCO
2



temperatureandpressure.It’safluidstateof .Supercritical isgreensolventCO
2

CO
2

asitdoesnotproduceanyhazardouswaste.Ithaslowtoxicityandcanbeusedat

relativelylowtemperature.

APPLICATIONS:-

1.Decaffeination

2.Itisusedasdrycleaningsolvent.

3.Itisusedastheextractionsolventforcreationofessentialoils.

--------------------------------------------------------------------------------

Q2]c)Writeashortnoteon‘SandwichPanel’.Mentiontheir

applications. (4)

Solution:-

Sandwichpanel

Thisisatypeoflayeredcomposite.Itconsistsof:

(1)“Faces”areformedbytwooutersheets,e.g.Titanium ,steel,aluminium

alloys,plywood,fibrereinforcedplasticmaterial.

(2)“Core”whichislayeroflessdensemateriall.e.g.Syntheticrubbers,

foamedpolymers,inorganiccementingmaterialetc.

Allabovethreelayersarejointtogetheradhesive.Inthese“faces”arecapableof



bearingtransversebendingstresses.The‘core’performsfunctionsrelatedto

functionalproperties.

(i) Separationoffacesfrom eachother.

(ii) Resistingdeformationsperpendiculartothefaceplane.

(iii) Providingcertaindegreeofshearrigidityalongaboveplaneswhichare

perpendiculartothe‘faces’.

Withincreaseinthicknessofcore,itsstiffnessincreases.‘honeycomb’structure

whichcontainthinfoilsforminginterlockedhexagonalcellswiththeiraxesoriented

atrightanglesinthedirectionoffacesheet.

Properties

Thesehavefollowingproperties:

1)Excellentdimensionalstability

2)Resistanttoabrasionandcorrosion

3)Hightensilestrength

4)Lowdensity

5)Highelasticitymodulus

Application

Theseareusedin:

1)Aircraftforwing,fuselageandskinsoftailpane.

2)Inroofs,wallsandfloorofbuilding.

--------------------------------------------------------------------------------

Q3]a)WhatisCracking.Withthehelpofdiagram explainFixedBed

Catalyticcracking. (6)

Solution:-

Crackingistheprocessofbreakingofhighermolecularweighthighboilingfraction



intolowermolecularweightlowboilingfraction.Theequationbelowshowsuch

cracking:

+C
12
H
26

⃗
heat/catalyst C

7
H
16

C
5
H
10

Dodecane heptane pentane

FIXED BED CATALYTIC CRACKING:

Itisatypeofcatalyticcrackingcarriedoutinpresenceofacatalystathigh

temperatureandlowmoderateornoappliedpressure.

 Inthistypeofcrackingthecatalystisintheform ofgranulesorpelletsand

thebedsofthesecatalystarefiredincatalysttowers.

 Oilvapourstobecrackedarepassedthroughthebedsatthecracking

temperatureunhlthecatalystbecomescarbonised.

 Burningoffthedepositedcarbonthenregeneratesthecatalyst.

 Duringreactivationofcatalystoilvapoursaretransferredthroughthesecond

catalystchamber.

 30.40%ofchargeisconvertedintolowmolecularweightandabout4%Cis

formed.

 Infiredbedcatalystprocesschargeispassedthroughaheaterandheated

theretocrackingtemperaturevapoursarepassedoveraseriesoftray

containingcatalyst.



 Generallycatalystusedarecrystallinealuminasilicatebentonite,bauxiteand

zeolite.Thereactionchamberismaintainedat425°Cwithapressureof1.5

/ .cm
2

 Thecrackedgasesaretakenoutfrom topofthereactionchamberand

allowedtopassintofractioningtowerwheregasolinefractioniscollected.

 Gasolinevapoursarecooledandcondensedincondenserandgasolineis

senttostabilizerwherecertaingasesareremoved.

 Theoctanevalueofthisgasolineisabout80-85.

--------------------------------------------------------------------------------

Q3]b)i)DifferentiatebetweenBrassandBronze (3)

ii)DefineStresscorrosionwithanexample (2)

Solution:-

i)

BRASS BRONZE

1.BrasscontainsCuandZn 1.BronzecontainsCuandSn

2.Highermalleability 2.lowermalleability

3.Yellow 3.redishbrown

4.Usedfordecorative10wfriction

applications

4.usedinshipfittings,propellers

5.Corrosionresistant 5.Itisresistancetoseawater

6.Notashardassteel 6.Betterconductorofelectricityandheat

thansteels

ii)StressCorrosion:

Stresscrackingitiscombineeffectofstatictensilestressandthecorrosion
environmentonthemetal.Stresscorrosionischaracterizebyahighlylocalized
attackoccurringwhenoverallcorrosionisnegligible.



Forstresscorrosiontooccur,thepresenceoftensilestressspecificcorrosive
environmentarenecessary

Thecorrosiveagentsarehighly:

 Causticalkalisandstoringnitrateformildsteel.
 Tracesofammoniaforbrass.
 Acidchlorideselectionforstainlesssteel

Thistypeofcorrosionisseeninfabricatedarticlesofcertainalloyslikehighzinc
brassesandnickelbrassesduetothepresenceofstressescausedbyheavy
workinglikerollingdrawingorinsufficientannealingpuremetalarerelativelyimmure
tostresscorrosion.

Itisgenerallybelievedthatstresscorrosioninvolvesinlocalizedelectrochemical
corrosionoccurringalongthenarrowpath,forminganodicareawithrespectto
largercathodicareasofthemetalsurface.Presenceofstressproducesstrainwhich
resultinlocalizedzoneofhigherelectricalpotential.Thesesbecomesochemically
activethattheyareattackedevenbymildcorrosiveenvironmentresultingthe
formationofcrack.

Undersufficientlyhightensilestressandspecificenvironmentnearlyalloysare
susceptibletocorrosion.

--------------------------------------------------------------------------------



Q3]c)Calculatethe%atom economyofthefollowingreactionw.r.tthe

productAllylChloride (4)

C -CH=C +C →Cl-C -CH=C +HClH
3

H
2

l
2

H
2

H
2

Solution:-

--------------------------------------------------------------------------------

Q4]a)Howdothefollowingfactorsaffecttherateofcorrosion (6)

i) Passivecharacterofmetal

ii) pHofmedium

iii) purityofmetal

Solution:-

Passivecharacterofmetal

Natureofmetaldependsuponitspositioningalvanicseriesandpotentialdifference.

Therateofcorrosionisinverselyproportionaltotheareasofanode.

Rateofcorrosionα
1

areaofanode

Ifcathodicareaislargethendemandof from anodeismore.Themore areshede
-s

e
-

andanodeisoxidisedmore.Therateodcorrosionincreasewiththeincreaseof

cathodicarea.

pHofmedium

 lesserthanpH=7themedium isacidicandinacidicmediatherateof



corrosionishighest.

 MorethanpH=7themedium isalkalineandtherateofcorrosionisless.The

alkalinityalsohelpstobringmineralaciditydownandthuscorrosionreduces.

 Howeverifoxygenisabsorbedinalkalineorneutralmedium thenrateof

corrosionincreasesduetooxygenabsorptionmechanism.

Purityofmetal

 Higherthepurityofmetal,therateofcorrosionisless.

 Theimpuritiesinmetalarenonmetalandothermetalshenceincaseofcell

formationelectrolytetherateofcorrosionincreasesincredibly.

PurityofZn Rateofcorrosion

1.99.999 1

2.99.99 2650

3.99.95 5000

--------------------------------------------------------------------------------

Q4]b)i)WhatisGreenChemistry.Giveitssignificance (3)

ii)Definethefollowing:a)MatrixPhase b)Dispersedphase (2)

Solution:-

GreenChemistry

Itisdefinedasinventiondesignandapplicationofchemicalproductsandprocessto

reduceortoeliminatetheuseandgenerationofhazardoussubstances.

PrinciplesandsignificanceofGreenChemistry:

1.prevention

2.catalysis

3.atom economy

4.lesshazardouschemicalsynthesis



5.designfordegradation

6.energyefficiency.

MatrixPhase

Matrixmaterialshouldhavethepropertiessuchas:

1.Itshouldhaveadequateductility.

2.Itshouldpossesslowerelasticmodulesascomparedtothatofthefibreused.

3.Itshouldgetbondedtofibreverystrongly,butwithminimum pulloutoffibre.

Thematrixmaterialisselectedonthebasisofthepropertiesmentionedin

combinationofthefibre.Theproperchoiceofmatrixandfibregivesbondingand

ultimatelyagoodcompositematerial.

Example:-metalssuchasAl,Cuwhichshowshighductilitybondedtothe

polymerssuchasthermoplasticsandthermosetsaremostwidelyusedasmatrix

material.

Dispersedphase

Itisthestructureconstituentwhich,determinestheinternalstructureofcomposite.

Thedispersedphasecomprisesoffibres.Normallywithsmalldiameterpreferredof

bulkones.Whiskersarespecialtypeoffibres,whichareverythinsinglecrystals.

--------------------------------------------------------------------------------

Q4]c)WriteashortnoteonShapememoryalloy. (4)

Solution:-

SHAPEMEMORYALLOY

Shapememoryalloys(SMAS)areauniqueclassofmetalalloysthatcanrecover

apparentpermanentstrainswhentheyareheatedaboveacertaintemperature.The

SMAShastwostablephasethehightemperaturephasecalledausteniteandthelow

temperaturephase,calledmartensite.

Application:



(i) Bones:Brokenbonescanbemendedwithshapememoryalloys.Thealloy

platehasmemorytransfertemperaturethatisclosetobodytemperature

andisattachedtobothendsofthebrokenbone.From thebodyheat,the

platewantstoconstructandretaintheoriginalshape.Thereforeexisting

compressionforceonthebrokenboneattheplaceoffracture.

(ii) Piping:Thefirstconsumercommercialwasashapememorycouplingfor

pipinginoilpipesforindustrialapplicationandwaterpipesandsimilar

typeofpipingforconsumerapplication.

(iii) Dentistry:Shapememoryalloysareusedinasfixationdevicesfor

osteptomiesinorthopaedicsurgeryandindentalbracestoexertconstant

toothmovingforcesontheteeth.

--------------------------------------------------------------------------------

Q5]a)Calculateweightandvolumeofairrequiredforcomplete

combustionof1 ofgaseousfuelwhichpossessbyvolume;m
3

=35%, =5%,CO=15%, =40%, =1%,watervapour=4%.CH
4

C
2
H
4

H
2

N
2

(MolecularWeightofair=28.949) (6)

Solution:-

component reaction VolumeofO
2

= 0.35CH
4

m
3 C +2 → +2 OH

4
O
2

CO
2

H
2

0.35×2=0.7m
3

=0.05C
2
H
4

m
3 +3 →2 +2 OC

2
H
4

O
2

CO
2

H
2

0.05×3=0.15m
3

CO=0.15m
3

CO+ →
1

2
O
2
CO

2
0.15× =0.075

1

2
m

3

=0.4H
2

m
3

+ → OH
2

1

2
O
2
H
2

0.4× =0.2
1

2
m

3

Volumeoftotal required=1.125O
2

m
3

availableInfuel=0.00O
2

Net required=1.125O
2

m
3

Volumeofairrequired=1.125× =5.357 =5357Ltrs.
100

21
m

3
m

3



Weightofair

22.4litres = 28.94kgair

5357litres=5357×28.94/22.4kgofair=6921kgofair.

Volumeofair=5.357 or 5357litresm
3

Weightofair=6921kg

--------------------------------------------------------------------------------

Q5](b)(i)ExplainGalvaniccorrosionwithaneatlabelleddiagram. (3)

(ii)Whatismeantbycrackingofpetroleum. (2)

Solution:-

a.Thenameofthistypeofcorrosionisindicativethattheremustbeformation

ofagalvaniccellonmetalsurfacecausingcorrosion.Suchcellsgetsetupall

alongthesurfaceofmetalwhenitfacestheelectrolyticenvironmentandtwo

dissimilarmetalsincontact.

b.Forexample,inshipsfloatingontheseawater,theportionofitincontact

withmarinewatergetscorroded,ifthereisadifferenceinthematerialsused

inassemblingtheship.Ifmetalironorbrassalloyisusedtogethertojoin

variousparts,duetodifferenceinpotential,agalvaniccellgetsset,leadingto

corrosion.

c.Insuchcasesallalongthesurfaceofmetalsmallgalvaniccellsaresetup,

whereareaofhighpotentialactsasananodeandtheonewithlowerpotential

actsasacathode.

d.Theportionofmetalactingasanode,deterioratesandatcathodethe

cathodicproductgetsevolved/deposited,dependingupontheenvironment,

andmechanism ofthecorrosion,i.e.byabsorptionofoxygenorevolutionof

hydrogen,asthecasemaybe.

e.Thecasewheretheformertypeofmechanism takesplaceisseenin

electrolytic/alkalineenvironmentwhilethelattertypeisseeninacidic

environment.

f. Therateofcorrosionisobviouslyveryhighinlattertype.Informerone,for

ironmetalgenerallythreetypesofironoxidesareformedinsuccessionwith

theincreasingvalencyofiron.Forexample:FeO,Fe2O3andFe3O4.



g.Insuchtypeofenvironment,onmetalsurfacesmallanodicandcathodic

areasareformed.Here,cathodicareaisslightlylargerandhencerateof

corrosioniscomparativelyhigher.Themechanism ofcorrosioninslightly

alkalinemedium,proceedsas,Atanode

Toavoidtheformationofgalvaniccells,

a)Themetalsshouldbepure.

b)Thematerialsusedtoassemblethedifferentparts

shouldbeofsamepotentials.

c)Moistureandotherelectrolytic/aqueousmedium,if

present,othercorrosioncontrollingmethodsmaybe

used.

Crackingistheprocessofbreakingofhighermolecularweighthighboilingfraction

intolowermolecularweightlowboilingfraction.

Theequationbelowshowsuchcracking:

+C
12
H
26

⃗
heat/catalyst(cracking)C

7
H
16

C
5
H
10

Dodecane Heptane Pentane

 Fixedbedcatalyticcracking:

Itisatypeofcatalytecrackingcarriedoutinpresenceofcatalystathigh

temperatureandlowmoderateornoappliedpressure

 Inthistypeofcrackingthecatalystisintheform ofgranulesorpelletsand

thebedsofthesecatalystarefiredincatalysttowers.

 Oilvapourstobecrackedarepassedthroughthebedsatthecracking

temperatureunhlthecatalystbecomescarbonized.

 Gasoline,vapourarecooledandcondensedandcondensedinacondenser

andgasolineissenttothestabilizer,wherecertaingasesareremoved.



 Theoctanevalueofthisgasolineisabout80-85.

--------------------------------------------------------------------------------

Q5](c)ExplainConvectionalandGreenrouteofmanufacturingof

Carbaryl.BythisreactionwhichprincipleofGreenchemistryisshown.(4)

Solution:-

StructureofCarbaryl

(1)Traditionalroute

Carbarylispreparedonlargescalebytreatingmethyl-isocyanatewith1-naphthol,

AmineistreatedwithPhosgenetogetmethyl-isocyanate.Carbarylisproduced

bytreatingmethylisocyanatewith1-naphthol.

(2)Withusingnaphthol-1andmethylcarbamoylchloride:

IntheseroutesofsynthesisofCarbarylhighlyroxicsubstancessuchas



phosgene,methylisocyanateandmethylcarbamoylchlorideareused.

Wehavedevelopedanewandcost-effectiveapproachtosevensynthesis

withoutusingoftoxicreagents:

Routesofsevensynthesis:

1)Withusingnaphthol-1andphosgene

2)Greenroute

1-naphtholtreateddirectlywithequalquantityofphosgeneinalkalinemedium to

getchloroformate,whichisthentreatedwithmethylaminetogivecarbaryl

Alternatively,1-naphotholisfirstconvertedtoitschloroformatewhichisthen

treatedwithmethylaminetogivethedesiredproduct.



Greenerroutesynthesisalsousesexactlythesamereagents,butthesearetakenin

adifferentsequence.Hencethissynthesisavoidsthepreparationofmethyl

isocyanate.Butuseofphosgeneandmethylamineisstillneedstobeavoided.

Researchisinprogress.

--------------------------------------------------------------------------------

Q6](a)Whatispowdermetallurgy?ExplainInjectionmouldingmethod

ofcompaction. (6)

Solution:-

Powdermetallurgyisaprocesswhichdealswiththeproductofusefulcomponents

from finemetalpowdersfrom individualsmixedoralloyedwithorwithoutthe

inclusionofnon-metallicconstituents.

Theblendedandmixedmetalpowdersarethenfedintosuitablediestogivethem

desiredshape.Thisprocessrequiresspecificpressure.Thisisanimportantstepin

powdermetallurgy,becausepropershapeoffinishedproductgovernsmany

properties.

Advantages:-

1.Dimensionalaccuracyandfinishofthematerialsareexcellent.

2.Porosityofmaterialcanbecontrolled;alongwithcontroloversize,shapeand

distributionofpores,toachievedesiredproperties.

3.ByPM itispossibletoproducematerialswithpropertiessimilartotheparent

metalsunlikeintypicalalloying.



Disadvantages:-

Powdermetallurgyhassomedisadvantageswhichlimitsitsapplicationsinsomeof

thesituations.

ThedisadvantagesordrawbacksofP.M.canbesummarizedas:

1.Theprocessisnotsuitableformanufactureofsmallnumberofcomponents,

becauseofhighinitialinvestmentontoolinganddiecastandother

equipment.

2.Theprocessdoesnotsuitforformingcomponentsfrom metalslikeMg,Al,Zr

,Tietc.thisisbecausesuchmetalsinpowderfrom mayexplodeandcause

firehazardswhentheycomeincontactwithair.

3.Storageofmetalpowdersrequiresprecautions,becausepowdermetalsget

oxidisedinairifexposed.Thiscauseswastage.

Powderinjectionmoulding(PIM)

Themetal/ceramicpowderisconvertedintosuitablefeedstock.Thenitis

mixedwithachemicalcompoundwhichactsasbinder.Theroleofbinderisto

impactflowproperlytofeedstockwhichenabletobemouldableunderconditions

oftemperature.Thefeedisheated,tomeltandthenisforcedthroughsprueand

runnerchannel.

--------------------------------------------------------------------------------



Q6](b)(i)Explaincharacteristicsofcompositematerials. (3)

(ii)Definepaint?Giveany2functionsofThinners. (2)

Solution:-

i) Strongerandsnifferthanmetals

Forsamestrength,lighterthansteelby80%andAlby60%

ii) Highlycorrosionresistant

iii) Tailorablethermalexpansionproperties.

Canbecompoundedtocloselymatchsurroundingstructurestominimise

thermalstress

iv) Exceptionalformability

Compositescanbeformedintomanycomplexshapesduringfabrication.

v) Stealthproperty

Itcanbemadelowobservablebyradarbyseedingappropriatematerials.

ii)Paints canbedefinedas:“Aliquidsolutionof pigment and solvent,whichis

appliedondifferentsurfacesfordecorativeorprotectivereasons.”

Itcanalsobedefinedas:”Dispersionof pigment inasuitabledryingoilinthe

presenceofa solvent ( paint thinner )isknownaspaint.”

Functionsofthinnerinpaintareasfollows:-

1.Theysuspendpigmentsinthepaint

2.Theyincreaseelasticityofthepaintfilm

3.Theyevaporateeasilyandhelpthedryingofthefilm.

--------------------------------------------------------------------------------



Q6](c)ExplainthedeterminationpercentageofMoisturecontentinthe

coalSample.Giveitssignificance. (4)

Solution:-

1.      TotalMoisture: Thecoalwhichhasbeenexposedtocontactwithwaterin

theseam orinawashery,orcoalwettedbyrain,maycarryfreeorvisiblewater.This
waterplusthemoisturewithinthematerial,isreferredtoastoastotalmoisture.

2.      SurfaceorFreeMoisture: Freemoistureisthatquantityofwaterwhichis

physicallyadheringtocoal.Thisisthatquantityofwaterwhichismorethanthe
moistureholdingcapacityofacoal.

Determination:

1.      TotalMoisture: 

Thetotalmoistureisdeterminedintwostages:

a.       StageOne(Airdrying):1Kgofcoalsamplecrushedtopassasquaremeshof
12.5mm isdeliveredinasealedcontainer.Thesampleandthecontaineris
accuratelyweighedtonearest0.5g.Thesampleweightismeasuredasdifferencein
weightofsamplewithcontainerandtheweightofthecontainer.Thematerialisthen
transferredtotrayandissampleisairdriedatatmospherictemperatureinawell-
ventilatedplacefreefrom dust.Thedryingistakentobecompletewhenthechange
inmassduringanhourislessthan0.1percentageofthesample.Thechanged
massofsampleisrecorded.

b.      Stagetwo(ovendrying):Anemptyweighingvesselisheatedat108±2°Cand
weighedaftercoolingfor20min.Theair-driedmaterialiscrushedtopass2.9mm IS
sieve.About10gofthecrushedmaterialisthenspreaduniformlyintheweighing
vesselandweighed.Theuncoveredvesselisheatedinthedryingovenata
temperatureof108±2°C.untilthereisnofurtherlossinmass.Thisnormallytakes
1.5to3h.Thecoverisreplacedandcooledinadesiccatorfor20minandthen
weighed.                   

                           Totalmoisture =X+Y*(1-X/100),

                           Where,

                            X:percentagelossinmassoforiginalinair-drying,

                            Y:percentagelossinmassofairdriedsampleonovendrying.



2.      Free/SurfaceMoisture:

Thefreemoistureisdeterminedfrom totalmoistureandmoistureat96%relative
humidityand40°Cusingthebelowformula:

          FreeMoisture: A-((100-A))/((100-B))*B

         Where,

          A=TotalMoistureasdeterminedasdescribedabove,

          B=Moistureat96%relativehumidityand40°C.

SIGNIFICANCE

Theamountofmoisturecontentshouldbelessinfuel.

--------------------------------------------------------------------------------



APPLIED CHEMISTRY II  
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Q1 Answer any five from the following.                                                                15 

a) Define octane number and write its significance                                         (3) 

Octane Number: The percentile by volume ratio of iso-octane in mixture of iso-

octane & n-heptane which shows the same knocking property as the fule under 

test is called as octane number. 

Significance: 

1. It is characteristic of petrol. 

2. It can be increased by addition of Tetraethyl lead or Diethyltelluride 

3. Petrol containing aromatic have higher octane number. 

4. Fuels with high octane numbers are used in high performance gasoline 

engines.  

5. Fuels with low octane number (or high cetane numbers) are used in diesel 

engines, where fuel is not compressed. 

 

b) What is the difference between Anodic and Cathodic Coating?                (3) 

 

Anodic Coating Cathodic Coating 

1. It protects base metal, sacrificially. 

 

1. It protects base metal due to high 

corrosion resist. & noble behavior 

 

2. Coating metal is at lower, potential 

than base metal 

2. Coating metal is at higher potential 

than base metal. 

3. Corrosion of base metal does not 

increase even on breaking as it heals 

its film 

3. Corrosion of base metal increases, if 

there is a break in coating 

4. e.g. galvanizing i.e. Zn coating on 

iron/steel. 

4. e.g. Tinning  i.e. Tin coating on 

iron/steel/copper/brass. 

 

 

 



c) Calculate Higher Calorific Value of coal sample containing C=85%, 

H=1%, N=1.5%, O=5%, S=0.4% and remaining being Ash.                     (3) 

The total quantity of heat obtained by combustion of unit weight or unit volume 

of combustive substance & the product cool down to room temperature is called 

as High Calorific value(HCV) or Gross calorific value(GCV). 

Given: C=85%, H=1%, N=1.5%, O=5%, S=0.4% 

To find: HCV=? 

Solution: 

HCV = 
1

100
 [8080𝐶 + 34500 (𝐻 −

𝑂

8
) + 2400𝑆] 

HCV = 
1

100
 [8080𝑋85 + 34500 (1 −

5

8
) + 2400𝑋0.4] 

HCV = 7006.975 
𝑘𝑐𝑎𝑙

𝑘𝑔
 

High calorific value of given coal sample is 7006.975 
𝑘𝑐𝑎𝑙

𝑘𝑔
. 

 

d) Write the composition, properties and uses of commercial brass.             (3) 

Brass is an alloy consisting of copper Cu and zinc Zn in variable proportions 

Element Composition 

It is composition of two metals copper Cu and zinc ZN proportion are mentioned 

below.  

Cu = 90% Zn = 10% 

Properties 

1. Golden in color 

2. harder and stronger than copper 

3. High Malleability 

4. Corrosion resistance   

Uses 

1. used in Architectural metal works. 

2. It is used in jewelry.  

3. Widely used in hardware’s 

4. It is also used to make screws, forgings, rivets & costume jewelry etc. 



e) Explain the principle “inherently safer chemistry of accidental prevention” 

in green chemistry.                                                                                            (3) 

1. There are 12 principle of Green Chemistry and the last principle is Accidental 

Prevention. 

2. Principle - Substances and the form of a substance used in a chemical process 

should be chosen to minimize the potential for chemical accidents, including 

releases, explosions, and fires. 

3. As the name suggest accidental prevention, the substance used in chemical 

process should be such that it should prevent the accident such as explosions, 

fire, etc. 

4. This principle is important as it is related to safety purpose. 

5. Thus green chemistry, involves to design chemical synthesis in such a way 

that process to develop the product should prevent accident. 

 

f) Write the classification of composite material.                                              (3) 

- Composite Material: It is considered to be any multiphase materials that 

exhibits a significant proportion of the properties of both constituents of 

properties is realized. 

- Example – Concrete, polymers, etc. 

- It is classified as shown below. 

 
 



- Composites material are classified into 3 types particle reinforced, Fiber 

reinforced and Structural as shown above. 

- Particle reinforced are further classified into 2 sub class that is large particle 

and Dispersion strengthened. 

- Fiber reinforced is further classified into 2 sub class that is continuous which 

is aligned and discontinuous which is short. Discontinuous are further 

classified into aligned and random oriented. 

- Structural also have 2 types that is laminates and sandwich panels. 

 

g)  What are function of pigments in paints?                                                      (3) 

Pigments are inorganic materials which provide color to the material. 

Functions  

1. It imparts strength to the paint film. 

2. It gives opacity to the film 

3. It gives color to the film. 

4. It minimizes the cracking. 

5. It imparts an aesthetic appeal to the film. 

6. It protects the film by reflecting the destructive sun rays. 

__________________________________________________________________ 

Q 2  

a) Define corrosion. Explain the mechanism of wet corrosion with respect 

to neutral and alkaline media.                                                                     (6) 

Corrosion:  

 It is a process in which metal got destroy or decay when react with the 

surrounding is called as corrosion. 

 There are two types of corrosion dry corrosion and wet corrosion. 

 Wet corrosion is more common than dry corrosion. 

 Corrosion can take place by H2 evolution and O2 absorption mechanism. 

 

 

 

 



Wet corrosion with respect to neutral and alkaline media  

 The wet corrosion in neutral and alkaline media take place by O2 

absorption mechanism. 

 

 

 Fe covered with oxide film acts as cathode and a crack in coating acts as 

an anode. 

 At room temperature the water consists of 8ppm of O2. 

 Being larger area of cathode, protected layer of 𝐹𝑒2+ ions. 

 At crack, anode Fe sheds 𝑒− & goes into water as 𝐹𝑒2+ ions.. 

At anode (Oxidation) 

𝐹𝑒 → 𝐹𝑒2+ + 2𝑒− 

 O2 in water accepts 𝑒− and 𝑂𝐻− is formed. 

At Cathode (Reduction) 

1

2
O2 + H2O + 2𝑒− → 2𝑂𝐻− 

 Net Cell reaction H2O + 
1

2
O2 + 2𝑒− →  𝐹𝑒2+ + 2𝑂𝐻−   

 𝐹𝑒2+ +  2𝑂𝐻− combines to form Fe(OH)2  & further precipitates Fe(OH)2   

Ferric hydroxide. 

𝐹𝑒2+ + 2𝑂𝐻− → Fe(OH)2 



b) i) 1.4 gm of coal sample on combustion gave 0.3 gm of barium sulphate 

precipitate. Calculate the percentage of Sulphur in the sample.                  (3) 

Given: Weight of coal = 1.4 gm  

            Weight of BaSO4 = 0.3 gm 

To Find: % S (Sulphur) =? 

Solution: 

                                   %S = 
𝒘𝒆𝒊𝒈𝒉𝒕 𝒐𝒇 𝐁𝐚𝐒𝐎𝟒 𝐗 𝟑𝟐 𝐗 𝟏𝟎𝟎 

𝑾𝒆𝒊𝒈𝒉𝒕 𝒐𝒇 𝑪𝒐𝒂𝒍 𝑿 𝟐𝟑𝟑
 

                                           = 
0.3 X 32 X 100 

1.4 𝑋 233
 

                                    %S = 2.942 % 

Percentage of Sulphur in the coal sample is 2.942 % 

 

ii) What are the industrial applications of super critical CO2?              (2) 

Supercritical Fluid 

A fluid heated above the critical temperature and compressed to above critical 

temperature is known as super critical fluid. 

Supercritical CO2 is non-toxic, non-flammable and inexpensive. 

Applications 

1. It is used in Food processing industries for extraction. 

2. It is also used in materials processing and synthesis. 

3. Decaffeination. 

4. It is used as dry cleaning solvent. 

5. It is used as the extraction solvent for creation of essential oil.  

 

c) What are large particle reinforced Composite material? Explain with the 

help of example.                                                                                            (4) 

Particle reinforced composite: Particles are made from metal powder, mineral 

powder, ceramic powder & carbon black. Particles increases elasticity 

modulus & decreases ductility & permeability. It also produces inexpensive 

composite material. They are of 2 types Large particle composite and 

dispersed strengthened. 

 

 

 



 Large particle composite material:  

 Material used in developing large particle composite is called as large 

particle composite material. 

 Example:  

Material  Matrix Properties Uses 

1.Concrete Cement Harder & 

stronger than 

plain cement 

Construction 

purpose 

2.Oxide based 

cermets 

 

Cr Good strength & 

good shock 

resistance 

properties 

Shock resistant 

equipment 

3.Carbide 

based cermets 

Co & Ni increases surface 

hardness 

Wire drawing, 

dyes& machine 

parts 

4.Modern 

rubber 

Vulcanized 

rubber 

Enhancement in 

mechanical 

properties 

Used in automobile 

industry for making 

tires 

5.Spherodized 

steel 

Iron( 

ductile) 

Ductility of 

composite 

decreases 

Spherical steel 

structure for fixing 

tires 

__________________________________________________________________ 

Q3 

a) What is cracking? Explain in detail fixed bed catalytic cracking.         (6) 

Cracking: It is the process of decomposition of bigger hydrocarbon molecules 

of high boiling point into low boiling hydrocarbon of lower molecular weight. 

Catalytic cracking is process in which heavy oil is heated in presence of a 

catalyst. Generally used catalysts are crystalline substances e.g. bauxite, 

zeolite, crystalline aluminosilicate. And bentonite etc. 

The temperature is adjusted apt as where heavy oil gets vaporized. During the 

process heavy oil gets cracked and form lower hydrocarbon one saturated and 

one unsaturated and one unsaturated. 



                     C₁₆H₃₄    → C₈H₁₈+C₈H₁₆C₁₆H₃₄    → C₈H₁₈+C₈H₁₆ 

                     Hexadecane → octane + octane 

 

            Fixed bed cracking 

 In this method, vapors of the heavy oil are heated in the presence of 

catalyst due to which better yield of petrol is obtained. 

 Heavy oil is vaporized by heating in an electrical heater. Then the 

vapours are passed over a series of trays containing catalyst. Generally 

catalysts used are bauxite, zeolite, crystalline alumina silicate. And 

bentonite etc. 

 The reaction chamber is maintained at – 

TP=425–5400C=1.5 kg/cm2T=425–5400CP=1.5 kg/cm2 

 The cracked gases are taken out from the top of the reaction chamber and 

allowed to pass into fractionating tower, where gasoline fraction is 

collected. The octane value of Gasoline is about 80-85. 

 During the cracking free carbon is also formed which deposits on catalyst 

then flow of vapors of heavy oil is passed over the second set of reaction 

chamber and the catalyst in earlier chamber is regenerated by burning the 

carbon deposits with the help of air and reused. 

            Detailed Process  

 Heavy oil is in preheated to a temperature of about 425-4500C. the 

resulting vapours oil is charge is then forced through the catalytic 

chamber. 

 The catalytic chamber is maintained at a temperature of 425-4500C and 

1-5 kg/cm2pressure. Artificial clay mixed with zirconium oxide is used as 

a catalyst. 

 About 40% of the charge is converted to gasoline and 2-4 is deposited 

over the catalyst bed as carbon. 

 The vapours containing heavy oil as well as cracked gasoline pass into 

the fractionating column where heavy oil condenses. 

 The uncondensed vapour containing the cracked fraction is led to the 

coolers where some of the vapour condense to form uncondensed gases 

dissolved in gasoline. 

 Gasoline containing dissolved gases is then sent through stabilizer where 

dissolved gases are removed and pure gasoline is obtained. 



 After 8-10 hours of operation, the catalyst gets deactivated and has to be 

reactivated the catalyst tower is heated to about 5000C whereby the 

carbon deposited burns reactivating the catalyst. 

 The process can be converted to a continues one by having catalyst 

towers. While the first tower in operation the second tower is being 

regenerated and vice-versa. 

 

 

b) i) What are shape memory alloys? What are their applications?          (3) 

Shape Memory alloys: 

The shape memory alloys are metals alloys undergo deformed at one 

temperature, but on rising or falling temperature, they return to their original 

shape. 

They have 2 stable phase. The high temperature phase called as austernite 

and the low temperature phase called as martensite. 

Application:   

1. Bones – Broken bones can be mended with shape memory alloys. The 

alloy plate has memory transfer temperature that is close to body 

temperature and is attached to both ends of broken bone. From the body 



heat, the plate wants to construct and retain the original shape. Therefore, 

existing compression force on the broken bone at the place of facture. 

2. Piping – The first consume commercial was a shape memory coupling 

for piping in oil pipes for industrial application and water pipes and 

similar type of piping for consumer application. 

3. Dentistry -   Shape memory alloys are used in as fixation devices for 

osteptomies in orthopaedic surgery and in dental braces to exert constant 

tooth moving forces on the teeth. 

   

 ii) How does the presence of humidity affect the rate of corrosion?     (2) 

 Humidity and time-of-wetness play a large role in promoting and 

accelerating corrosion rates.  

 Time-of-wetness refers to the length of time an atmospherically exposed 

substrate has sufficient moisture to support the corrosion process.  

 The wetter the environment, the more corrosion is likely to occur. 

Corrosion ∝ Humidity 

 

c) Calculate the percentage atom economy of the following reaction with 

respect to the product allyl chloride                                                         (4) 

CH₂−CH=CH₂+C₁₂→Cl−CH₂−CH=CH₂+HCl  allylchloride 

Solution: 

CH₂−CH=CH₂+C₁₂→Cl−CH₂−CH=CH₂+HCl   

Molecular weight of CH₂−CH=CH₂ = 42 

Molecular weight of Cl₁₂ = 71 

Molecular weight of Cl−CH₂−CH=CH₂ =76.5 

% Atom economy = 
𝐌𝐨𝐥𝐞𝐜𝐮𝐥𝐚𝐫 𝐰𝐞𝐢𝐠𝐡𝐭 𝐨𝐟 𝐝𝐞𝐬𝐢𝐫𝐞𝐝 𝐩𝐫𝐨𝐝𝐮𝐜𝐭

𝑻𝒐𝒕𝒂𝒍 𝒎𝒐𝒍𝒆𝒄𝒖𝒍𝒂𝒓 𝒘𝒆𝒊𝒈𝒉𝒕 𝒐𝒇 𝒓𝒆𝒂𝒄𝒕𝒂𝒏𝒕
 𝑿 𝟏𝟎𝟎 

                                            = 
𝟕𝟔.𝟓

𝟒𝟐 + 𝟕𝟏
 𝑿 𝟏𝟎𝟎 

% Atom economy = 67.7 % 

         The percentage atom economy of the following reaction with respect to the     

          product allyl chloride is 67.7 % 

 



Q 4 

a) What is anodic protection method of corrosion control? Explain with 

the help of a neat diagram.                                                                        (6) 

Anodic Protection 

- Anodic protection is based on the formation of protection film by 

external applied anodic current. 

- If carefully controlled anodic protection current is applied to Ni, Fe, Cr, 

Ti and their alloys they are passivated and the rate of metal dissolution is 

decreased. 

Potentostat 

- To anodically protect a structure device is required that is potentiostat 

- It is an electronic device that maintain a metal at a constant potential 

either respect to a reference electrode. 

- The figure shows that the potentiostat has the 3 terminals. 

- One connected to the tank another to the auxiliary cathode and 3rd to the 

reference electrode.  

- In operation the potentiostat remains constant potential between the tank 

and reference electrode. 

- The optimum potential for protection is measured by electrochemical 

measurement. 

Operations  

- Carbon steel in concentrated sulfuric acid exhibits solution potentials in 

the active corrosion zone. 

- An external source of direct current moves the solution potential from the 

active corrosion zone to the passivation zone where corrosion rates are an 

order of magnitude lower. 

  

  

 



 

Advantage  

- Anodic protection can decrease the corrosion rate substantially. 

- The primary advantages of anodic protection are its applicability in 

extremely corrosive environments and its low current requirement. 

- Anodic protection has been most extensively applied to protect 

equipment used to store and handle sulfuric acid.  

Disadvantage  

- Failure of electrical supply may be hazardous because of depassivation. 

- The requirement for electrical current makes it useless for protection in 

organic liquid environment. 

- And also for component which are not continuously immersed. 

 

b) i) What are the industrial application of the products from natural 

materials?                                                                                                    (3) 

1. It is used in wood industries to develop wood from bamboo, bark, etc. 

2. It is used in clothing industries to make clothes of silk, wool, cotton, jute, 

etc. 

3. It is widely used in Stone industries to make granite, gems, glass, etc. 

4. It is also used in metals industries to make copper, gold, silver, etc.  

5. It is used in composite industry for making clay, plasticine, etc.  



 

ii) What are the functions of matrix phase of composite materials?     (2) 

Functions  

1. It binds dispersed phase together. 

2. It acts as medium. 

3. It prevents cracking.  

 

c) Write a note on heat resisting steel.                                                          (4) 

- The properties of steel and its yield strength considerably decrease as the 

steel absorbs heat when exposed to high temperatures.  

- Heat resistance means that the steel is resistant to scaling at temperatures 

higher than 500 °C.   

- Heat resistant steels are meant for use at temperatures higher than 500 deg 

C since they have got good strength at this temperature and are particularly 

resistant to short and long term exposure to hot gases and combustion 

products at temperature higher than 500 °C.  

- These steels are solid solution strengthened alloy steels. As these steels are 

used over a certain broad temperature ranges, these steels are usually 

strengthened by hard mechanism of heat treatment, solid solution and 

precipitation.  

- Heat resisting steels are composed of Molybdenum, Chromium and 

Carbon in 3.5%, 12% and 0.15% respectively. 

- Heat resistant steels are tougher and harder with high heat resistance. 

- It is used for the manufacture of equipment boiler parts, furnace part and 

gas turbines. 

__________________________________________________________________ 

Q 5 

a) A sample of coal was found to contain C=90%, O=5%, H=1%, S=0.5% 

and remaining being nitrogen. Calculate weight and volume of air 

required for complete combustion of 1kg of coal sample (M.W. of air = 

29=8.949)                                                                                                      (6) 

 



Solution 

Constituents Percentage 

Weight 

Weight per Kg 

C 90 % 0.90 

O 5 % 0.05 

H 1 % 0.01 

S 0.5 % 0.005 

N 3.5 % 0.035 

 

Weight of Air = 
100

23
 [2.67 𝐶′ ′ + 8 𝐻′ ′+′𝑆′−′𝑂′] 

Weight of Air = 
100

23
 [2.67(0.90) + 8(0.01) + (0.005)  − (0.05) ] 

Weight of Air = 10.6 kg. 

 

Volume of Air  

28.949 kg of air = 22.4 𝑚3of air 

10.6 kg of air = Volume of air 

 

Volume of air = 
22.4 𝑋 10.6

28.949
 

Volume of air = 8.202 𝒎𝟑 

weight and volume of air required for complete combustion of 1kg of coal 

sample is 10.6 kg and 8.202 𝑚3 respectively. 

 

b) i) “The noble metals do not undergo corrosion” Justify the statement.(3) 

- Noble Metals are found as pure metals because they are nonreactive and 

don’t combine with other elements to form compounds.  

- Because they are so nonreactive, they don’t corrode easily.  

- This makes them ideal for jewelry and coins.  

- Noble metals include copper, palladium, silver, platinum, and gold.  

- Metal oxides formed on the metal surface decompose back to the metals 

and oxygen. 

- Silver (Ag), gold (Au), and platinum (Pt) oxides are highly unstable, and 

hence they do not undergo oxidation corrosion. 

- Hence, the noble metals do not undergo corrosion. 



ii) What are the applications of fuel cell?                                                 (2) 

- Fuel Cell Today categorizes the use of fuel cells into three broad areas: 

portable power generation, stationary power generation, and power for 

transportation. 

- Portable power generation: 

Portable fuel cells are lightweight, long-lasting, portable power sources 

that prolong the amount of time a device can be used without recharging. 

In comparison, secondary (rechargeable) batteries have battery charger 

system. Example – power bank.  

- Stationary power generation: 

Fuel cells for stationary applications have been used commercially for 

over twenty years. The main difference in these fuel cell systems is the 

choice of a fuel cell and fuel and the heating and cooling of the stacks. 

Stationary fuel cells can be used as a primary power source. It is often 

used to power houses that are not connected to the grid or to provide 

supplemental power. 

- Power for transportation: 

Fuel cells can be used for many transportation applications including 

automobiles, buses, utility vehicles, and scooters and bicycles. 

 

c) Explain with suitable equation, conventional and green synthesis of 

adipic acid.                                                                                                   (4) 

- The commercial method makes use of benzene for synthesis whereas 

green synthesis use D-glucose. 

- It is used in preparation of Nylon-66 & other reagents. 

Commercial Routes  

 



- Benzene is used as starting compound which is carcinogenic (Cancer 

causing substance) and carbon monoxide is poisonous gas to avoid this 

green chemistry routes are used. 

Green Chemistry Routes  

 

__________________________________________________________________ 

Q 6 

a) What is powder metallurgy? Explain powder injection moulding 

method with the help of a neat diagram.                                                  (6) 

Powder Metallurgy 

It is a process which deals with product of useful components from fine 

metal powders, from individual, mixed or alloyed with or without inclusion 

of non-metallic constituents. 

In this process  

- Metal is obtained in powder form. 

- Powder metal is mixed with other element in powder metal. 

- It is then subjected to high pressure so to get compressed into desired 

shape. 

- The shaped is then finished into final form various combinations with 

metal and non-metals are possible. 

Method of compacting 

 



1) Cold pressing. 

2) Powder injection moulding. 

3) Hot compaction. 

Powder injection moulding 

- The powder is mixed with 30-40 % of binder. 

- The mixture is heated up with heater. 

- It is injected into mould by screw.  

- Mould is cooled and debinding is done. 

- This method gives good stability and green strength of moulded product. 

- User: This process creates very complex shapes from cemented carbides, 

tungsten, alloys, ceramics, etc.  

 

 

b) i) What are the characteristics of composite materials?                         (3) 

- It can be fabricated easily and economically. 

- It maintains strength even at high temperature. 

- It has better toughness. 

- It has good thermal shock resistance. 

- It has higher strength and stiffness.  

 

 

 



ii)  What are the characteristics of a paint film?                                     (2) 

- A paint should possess high spreading power and should be durable, 

tough and resistant to wear on drying. 

- It should work smoothly and should not crack, fade or change color. 

- Its surface should become dry in 9 hours and hard enough to take another 

coat in 24 hours. 

- We should be able to spread it into a very thin layer and it should provide 

a smooth and pleasing appearance. 
 

c) What is biodiesel? Write the advantage of biodiesel.                              (4) 

Biodiesel 

 Chemically biodiesel is the methyl ester of long chain carboxylic acid. 

 Biodiesel is a clean burning renewable fuel made using natural vegetable 

oil and fats. 

 Biodiesel is made through a chemical process which converts oils and 

fats of natural origin into fatty acids methyl ester (FAME). 

 Biodiesel is intended to be used as a replacement for petroleum diesel 

fuel, or can be blended with petroleum diesel fuel in any proportion. 

Advantage 

1.  Biodiesel is cheaper. 

2. It has high cetane number 46 to 54 and high cetane value of about 40 

kl/m. 

3. It is regenerative and environment friendly. 

4. It does not give out particulate and co-pollutants. 

5. It has certain extent of lubricity. 

6. It is clean to use biodiesel in diesel engine. 

7. It uses provides good market to vegetable oils and reduces over 

dependences for diesel on foreign countries, saving currency. 

********** 
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Applied Chemistry II 

(Dec 2019) 
Q.P. Code – 67598 

 

Q 1    Answer any 5 of the following                                                                                       15M 

a. What is passivity? With an example explain how it affects the rate of corrosion.                               

- “Phenomenon in which a metal or an alloy exhibits a much higher corrosion resistance 

than expected from its position in the electrochemical series”.  

- Passivity is the result of the formation of highly protective but very thin and quite invisible 

film on the surface of metal or of an alloy, which make it noble.  

- Such film is considered to be insoluble, nonporous and of “Self heating nature” that when 

broken will repair itself.  

- Examples of passive metals and alloys are: Ti, Al, Cr, stainless steel containing Cr.  

- This material exhibit corrosion resistance in oxidizing environments, but in reducing 

environment they become active 

 

b. Name a Green Solvent and explain its properties. 

The solvents which are not harmful to the environment are called green solvents. 

- Super critical fluid possesses properties of gases and liquids in an intriguing manner, 

which could offer range of applications/possibilities in both synthetic and analytical 

chemistry. 

- PEG (polyethylene glycol) is rightfully called a green chemical, because it is 

inflammable, non-volatile, non-toxic to humans, animals and aqueous environment. 

Additionally, the polymer is biodegradable by bacteria found in sewage and soil. 

- Supercritical CO₂ is a fluid heated above the critical temperature and compressed to 

above critical temperature is known as super critical fluid. Supercritical CO2 is non-toxic, 

non-flammable and inexpensive. 

- Supercritical ionic liquid carbon dioxide has found to be an energy conserving, 

selective and waste reducing alternatives to organic solvents and therefore is viewed as 

promising environmentally benign solvents. In addition, supercritical fluids can lead to 

reaction, which are difficult or even impossible to achieve conventional solvents. 

- Some green solvent is also Ethanol, diethyl ether, toluene, etc. 

 

c. Give the detailed classification of composites with Example. 

- Composite Material: It is considered to be any multiphase materials that exhibits a 

significant proportion of the properties of both constituents of properties is realized. 

Example – Concrete, polymers, etc.  

- Composites material are classified into 3 types particle reinforced, Fiber reinforced and 

Structural as shown below.  

- Particle reinforced are further classified into 2 sub class that is large particle and 

Dispersion strengthened.  

- Fiber reinforced is further classified into 2 sub class that is continuous which is aligned 

and discontinuous which is short.  
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- Discontinuous are further classified into aligned and random oriented.  

- Structural also have 2 types that is laminates and sandwich panel 

 

d. A coal sample was found to contain the following constituents: 

C=81%, H=6%, S=1%, N=2%, Ash=4% and rest is oxygen. 

Calculate the minimum weight of air requested at STP for complete combustion of 1 

kg of the coal sample. 

 

O% = 100 – [C% + H% + S% + N% + Ash%]   

       = 100 – [81 + 6 + 1 + 2 + 4] 

       = 100 – 94 

             O% = 6% 

 

Constituents % by weight Weight per kg 

C 81 0.81 

H 6 0.06 

S 1 0.01 

N 2 0.02 

Ash 4 0.04 

O 6 0.06 

 

            Weight of Air = 
100

23
 [2.67 C + 8 H + S - O] 

                                     = 
100

23
 [2.67 X 0.81 + 8 X 0.06 + 0.01 – 0.06] 

            Weight of Air = 11.27 kg 
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e. State and explain the Pilling Bedsworth rule. 

- Pilling-Bedworth rule: According to it “an oxide is protective or non-porous, if the 

volume of the oxide is at least as great as the volume of the metal from which it is 

formed”.  

- On the other hand, “if the volume of the oxide is less than the volume of metal, the oxide 

layer is porous (or non-continuous) and hence, non-protective, because it cannot prevent 

the access of oxygen to the fresh metal surface below”.  

- Thus, alkali and alkaline earth metals (like Li, K, Na, Mg) form oxides of volume less 

than the volume of metals.  

- Consequently, the oxide layer faces stress and strains, thereby developing cracks and 

pores in its structure. Porous oxide scale permits free access of oxygen to the underlying 

metal surface (through cracks and pores) for fresh action and thus, corrosion continues 

non-stop.  

- Metals like Aluminum forms oxide, whose volume is greater than the volume of metal. 

-  Consequently, an extremely tightly-adhering non-porous layer is formed. Due to the 

absence of any pores or cracks in the oxide film, the rate of oxidation rapidly decreases 

to zero. 

-  

f. Give the classification and composition of plain carbon steels. 

Plain Carbon steels are classified into three types as shown below: 

 
 

1. Low Carbon Steel: 

- It contains carbon under 0.2% 

- It contains Sulphur and phosphorous of 0.055%. 

- It is also known as mild carbon steel. 

- They undergo corrosion and they are tough and ductile. 

- It is used in roof covering, railway tracks, cranes, etc. 

 

2. Medium Carbon Steel: 

- It contains carbon between 0.2% to 0.5% 

- It is shock resistance. 

- It is tough and hard then mild steel. 

- It is used in wheel gears, wires, wire ropes, etc. 
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3. High Carbon Steel: 

- It contains carbon above 0.5% 

- It is also known as hard steel. 

- It is resistance to wear. 

- It is tough and hard. 

- It is used in blades, hammer, screw driver, etc. 

 

g. Draw the diagram of the alkaline fuel cell, and write the reactions taking place at the 

anode and cathode. 

 
Chemical Reaction 

Anode: 2H₂ + 4OH → 4H₂O + 4e− 

Cathode: O₂ + 2H₂O + 4e−  → 4OH− 

Net Cell: 2H₂ + O₂ → 2H₂O 

  

______________________________________________________________________________ 

 

Q 2.a. Explain the impressed current cathode protection method with the help of following 

points: - 

1) Principle and diagram                                                                                                  6M 

2) Explanation of process 

3) Application 

 

Principle and diagram    

Impressed Cathodic protection is a means to prevent corrosion by applying a flow of 

electrical current from an external source (anode) through the environment and on to the 

metallic structure that is being protected. This protective current changes the environment 

around the metal thus halting the corrosion reaction. 
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Explanation of process 

- Current is applied in opposite direction to that of the corrosion current, thereby 

nullifying the effect of the later one on the base metal i.e. converting the base metal to 

cathode from an anode. 

- Such impressed current obtained by using dc source such as battery or dry cell along 

with an insoluble anode such as platinum, stainless steel, graphite, etc. 

- In this method as shown in figure the insoluble metal used is normally embedded 

underground to this with the help of dc current source. 

- The impressed current is applied and whole of this assembly is connected to the 

metallic structure to be protected. The connection is done by using wires. 

- The insoluble anodes are kept inside backfill made up of gypsum or any such material 

which can help in increasing. 

- The electrical contact with soil such an anode can be single if the area of the metallic 

structure to be protected is small or there can be many such anodes which can be 

connected in series if the area of the metallic structure to be protected is wider i.e. a 

long pipeline. 

- Due to application of impressed current anode deteriorates and hence it is to be 

replaced from time to time. Application of this method are seen in care of water tanks, 

buried pipelines, carrying water or oil condenser and transmission lines and ships. 

- This method is highly useful because it can protect the long length structure for longer 

time. Thereby reducing the frequency if monitoring as well as maintenance cost. This 

both method is widely used because protection provided to the base metal is long term 

and maintenance is easy. 

 

Application 

- Pipelines 

- Boat hulls 

- Storage tank 
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       b. i) 1.5gm of coal sample was kjeldahlised and the ammonia evolved was absorbed in  

              49ml N/10 H₂SO₄. After absorption the access H₂SO₄ required 32.5ml of 0.1N  

              NaOH for neutralization. 0.5gm of the same coal sample was burnt in a bomb  

              calorimeter and on treatment with BaCl₂ produced 0.08gm of BaSO₄. Calculate the  

              percentage of nitrogen and Sulphur in the given coal sample.                                3M 

 

                                 Percentage of Nitrogen = 
𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 H₂SO₄ + 𝑁H₂SO₄   𝑋 1.4

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑐𝑜𝑎𝑙
 

                                                                            = 
(49 −32.5) X 0.1   𝑋 1.4

1.5
 

                                                                            = 
16.5 X 0.1   𝑋 1.4

1.5
 

                                 Percentage of Nitrogen = 1.54 % 

 

                                    Percentage of Sulphur = 
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 BaSO₄ X 32  𝑋 100

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑐𝑜𝑎𝑙 𝑋 233
 

                                                                             = 
0.08 X 32  𝑋 100

0.5 𝑋 233
 

                                    Percentage of Sulphur = 2.197 % 

 

ii) Give an example to explain why it is beneficial to prevent waste formation in  

    chemical processes rather than treat waste?                                                              2M 

- It is best to prevent waste rather than to clean the waste after it is formed, 

- It is best to design a new path to reduce or avoid the waste by doing new chemical 

synthesis. 

- The waste treatment & disposal cost is added to the total cost production. 

- The disposal of harmful gases, chemical into the atmosphere like flue gases, CO₂, 

etc. Which affects human health, birds, fishes, etc. 

- The fertility od land is also decreased. 

- Hence, the prevention of waste is must as we know, prevention is better than cure. 

- Example – In synthesis of biodiesel waste formed is glycerin. One can convert 

glycerin into propylene glycol which is useful. 

 

       c. Classify structural composites and explain their properties and uses along with 

           diagram.                                                                                                                           4M  

- Structural Composites are classified into two types as shown below: 
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- Laminates: Laminates are layers of materials joined by an organic adhesive. 

 
Properties: 

- Resistance to creep, Have low coefficient of thermal expansion, High thermal 

conductivity. 

Uses: 

- Cladding - A laminar composite produced when a corrosion-resistant or high-hardness 

layer of a laminar composite formed onto a less expensive or higher-strength backing. 

- Bimetallic - A laminar composite material produced by joining two strips of metal with 

different thermal expansion coefficients, making the material sensitive to temperature 

changes. 

- Sandwich: sandwich is layered structure in which one layer is sandwich by other two. 

 
Properties: 

- Light weight, low density, hard 

Uses: 

- Aircraft: used in outer covering of rocket, aero plane, etc. due to its light weight. 

-  Transportation applications: including cars, subway cars and trains with an aim of 

reducing weight, emissions, and to integrate details for reduced manufacturing costs, 

acoustical and thermal insulation. 
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Q.3.a. Explain fixed bed catalytic cracking with the help of the following points: - 

             i) Principle ii) Labelled Diagram iii) Flow chart of process.                                     6M 

             Principle: The process of less volatile higher hydrocarbon molecule into more volatile 

                              lower molecular weight hydrocarbon by the application of fixed catalyst is  

                              called as fixed bed catalytic cracking.  

            Labelled Diagram 

 

 
            Flow chart of process 

            Fixed bed cracking 

- In this method, vapors of the heavy oil are heated in the presence of catalyst due to which 

better yield of petrol is obtained. 

- Heavy oil is vaporized by heating in an electrical heater. Then the vapors are passed over 

a series of trays containing catalyst. Generally, catalysts used are bauxite, zeolite, 

crystalline alumina silicate. And bentonite etc. 

- The reaction chamber is maintained at – 

                              TP=425–5400C=1.5 kg/cm2T=425–5400CP=1.5 kg/cm2 

- The cracked gases are taken out from the top of the reaction chamber and allowed to pass 

into fractionating tower, where gasoline fraction is collected. The octane value of 

Gasoline is about 80-85. 

- During the cracking free carbon is also formed which deposits on catalyst then flow of 

vapors of heavy oil is passed over the second set of reaction chamber and the catalyst in 

earlier chamber is regenerated by burning the carbon deposits with the help of air and 

reused. 

            Detailed Process  

- Heavy oil is in preheated to a temperature of about 425-4500C. the resulting vapours oil 

is charge is then forced through the catalytic chamber. 

- The catalytic chamber is maintained at a temperature of 425-4500C and 1-5 

kg/cm2pressure. Artificial clay mixed with zirconium oxide is used as a catalyst. 

- About 40% of the charge is converted to gasoline and 2-4 is deposited over the catalyst 

bed as carbon. 

- The vapor’s containing heavy oil as well as cracked gasoline pass into the fractionating 

column where heavy oil condenses. 
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- The uncondensed vapor containing the cracked fraction is led to the coolers where some 

of the vapor condense to form uncondensed gases dissolved in gasoline. 

- Gasoline containing dissolved gases is then sent through stabilizer where dissolved gases 

are removed and pure gasoline is obtained. 

- After 8-10 hours of operation, the catalyst gets deactivated and has to be reactivated the 

catalyst tower is heated to about 5000C whereby the carbon deposited burns reactivating 

the catalyst. 

- The process can be converted to a continues one by having catalyst towers. While the 

first tower in operation the second tower is being regenerated and vice-versa. 

 

 
 

       b. i) What are special steels? Explain the properties and applications of any one type of  

               special steel.                                                                                                                  3M 

- Special steel is a unique alloy or chemical composition formed via distinct and superior 

production process. It possesses higher strength, more toughness, better physical & 

chemical properties, biocompatibility, and performance compared to ordinary steel. 

- Different type of special steels is heat resisting steel, Nichrome, stainless steel, non-heat 

treatable stainless steel, non-magnetic, etc. 

- Heat Resisting Steel: (Mo=3.5%, Cr=12%, C=0.5%) 

Properties: - Heat resistance 

                                   - tougher and harder 

                Application: - manufacturing of equipment’s boiler part, furnace part and gas turbine. 

- Nichrome: (Ni=60%, Cr=12%) 

Properties: - High resistance to oxidation. 

                                   - high bearing ability. 

                Application: - manufacturing of dental instrument and surgical instrument. 
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ii) Name the type of microscopic corrosion affecting Alpha brass and explain the 

conditions under which it occurs.                                                                                    2M 

- Dezincification can be caused by water containing sulfur, carbon dioxide, and oxygen. 

Stagnant or low velocity waters tend to promote dezincification. To combat this, arsenic 

or tin can be added to brass, or gunmetal can be used instead.  

Condition 

- The service conditions generally present where dezincification occurs include: Water with 

high levels of oxygen and carbon dioxide (uniform attack). Stagnant or slow moving 

waters (uniform attack). Slightly acidic water, low in salt content and at room temperature 

(uniform attack).  

- Dezincification can be caused by water containing Sulphur, carbon dioxide, and oxygen. 

Stagnant or low velocity waters tend to promote dezincification. To combat this, arsenic 

or tin can be added to brass, or gunmetal can be used instead.  

 

       c. Calculate the percentage atom economy of the following reactions with respect to the  

           target product maleic anhydride and state which is the greener reaction.                4M 

 
 

a) % Atom economy = 
Molecular weight of desired product

Total molecular weight of reactant
 𝑿 𝟏𝟎𝟎  

 Molecular weight of desired product (Maleic Anhydride) = 98 g/mol 

              Total molecular weight of reactant = C₆H₆ + 4.5 O₂ 

                                                                                = 12 X 6 + 1 X 6 + 4.5(16 X 2) 

                                                                                = 72 + 6 + 144 

                                                                                = 222 g/mol 

% Atom economy = 
Molecular weight of desired product

Total molecular weight of reactant
 𝑿 𝟏𝟎𝟎  

                                 = 
98

222
 𝑿 𝟏𝟎𝟎 

% Atom economy = 44.14% 
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b) % Atom economy = 
Molecular weight of desired product

Total molecular weight of reactant
 𝑿 𝟏𝟎𝟎  

 Molecular weight of desired product (Maleic Anhydride) = 98 g/mol 

              Total molecular weight of reactant = C₄H₈(cis-2-butene) + 3 O₂ 

                                                                                = 12 X 4 + 1 X 8 + 3(16 X 2) 

                                                                                = 48 + 8 + 96 

                                                                                = 152 g/mol 

% Atom economy = 
Molecular weight of desired product

Total molecular weight of reactant
 𝑿 𝟏𝟎𝟎  

                                 = 
98

152
 𝑿 𝟏𝟎𝟎 

% Atom economy = 64.47 % 

______________________________________________________________________________ 

 

Q.4.a. How do the following factors affect the rate of corrosion: 

             i) Conductance of corroding medium ii) Relative area of anode and cathode        6M 

             iii) temperature  

 

- Conductance of corroding medium  

Metals with higher conductivity corrode easily. The increase in conductance of the medium 

leads to increase in the diffusion rate. which again leads to an increase in the corrosion rate. 

The noble metals like gold, platinum and silver whereas the metals with lower reduction 

potentials readily undergo corrosion. Example= Zn, Mg, Al etc. 

 

Rate of Corrosion 𝛼 conductance of the corroding medium  
 

- Relative area of anode and cathode   

When 2 dissimilar metals are in contact, the corrosion of the anode part is directly 

proportional to the ratio of areas of the cathodic part and anodic part. 

 

Rate of Corrosion 𝛼
𝑐𝑎𝑡ℎ𝑜𝑑𝑒

𝐴𝑛𝑜𝑑𝑒
 

 

This is because when the cathode area is larger than the anode area, then the demand for 

electrons by the cathode area will be more which can only be met by the anodic area by 

undergoing faster corrosion. Thus smaller the area of the anode, faster the rate of corrosion. 

  

- Temperature  

Rate of corrosion increases with increase in temperature. This due to the increase in 

conductance of the medium with increase in temperature and hence an increase in the 

diffusion rate. As a consequence, corrosion progresses faster at higher temperatures. In 

some cases, rise in temperature decreases passivity, which again leads to an increase in the 

corrosion rate. 

 

Rate of Corrosion 𝛼 Temperature 
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       b. i) Give the traditional and green synthesis of adipic acid and compare the starting  

               materials used. 3M 

 

- The commercial method makes use of benzene for synthesis whereas green synthesis 

use D-glucose. 

- It is used in preparation of Nylon-66 & other reagents. 

                     Commercial Routes / traditional  

 
Green Chemistry Routes  

 

       
 

- Benzene is used as starting compound in traditional route which is carcinogenic 

(Cancer causing substance) and carbon monoxide is poisonous gas to avoid this green 

chemistry routes are used. In which D-glucose is used as stating compound which is 

not dangerous.  

 

ii)What are the properties of composites which make them popular engineering  

    material.                                                                                                                         2M 

       Properties of Composites  

- Tensile strength of composites is 4-6 times greater than that of conventional 

materials like steel, aluminum, etc. 

- Improved torsion stiffness and impact properties. 

- Higher fatigue endurance limit (up to 60% of the ultimate tensile strength) 
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- 30-40% lighter than aluminum structures designed for the same functional 

requirements. 

- Lower embedded energy. 

- Composites are less noisy while in operation and provide lower vibration 

transmission. 

- Composites are more versatile and can be tailored to meet performance needs and 

complex design requirements. 

  

       c. Give the composition and properties of any two: 

             i) German Silver ii) Magnalium iii) Woods Metal                                                     4M 

 

             i) German Silver 

- Composition – Cu = 25-50%, Zn = 10-35%, Sn = 5-35%. 

- Properties – Possesses good strength, high resistance to electrolyte, high ductility, 

malleability, appears like silver. 

- Uses – Decorative articles, utensils, table wares, ornaments, cutlery etc. 

  

             ii) Magnalium  

- Composition – Al = 70-90%, Mg = 10-30%. 

- Properties – It is strong, tough, lighter than duralumin. 

- Uses – scientific instruments, aeroplane parts. 

  

             iii) Woods Metal     

- Composition – Bi = 50%, Pb = 25%, Sn = 12.5%, Cd=12.5%. 

- Properties – Stable, low Melting Point, density 9.7, harmful by inhalation. 

- Uses – useful as a low melting solder, casting metal, repairing antiques, etc. 

  

 

 

Q.5.a. A gas has following composition by volume: H₂=10%, C₂H₆=25%, CO=16%, 

H₂O=20%, C₂H₂=15%, CH₄=4%, O₂=4% and the rest is CO₂. Calculate the volume of air 

to be supplied at STP per 2m³ of the gas. (Average molar mass of air at STP = 28.94gm)                                                                  

                                                                                                                                                      6M 

 

Sr No. Constituents % by weight Weight per kg 

1 H₂ 10 0.1 

2 C₂H₆ 25 0.25 

3 CO 16 0.16 

4 H₂O 20 0.2 

5 C₂H₂ 15 0.15 

6 CH₄ 4 0.04 

7 O₂ 4 0.04 

8 CO₂ 6 0.06 
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1) H₂ + 
1

2 
  O₂  -->  H₂O 

1 volume of H₂ = 0.5 volume of O₂ 

0.1 volume of H₂ = 0.05 volume of O₂ 

O₂ for H₂ = 0.05 m³ 

 

2) C₂H₆ + 3.5 O₂ --> 2 CO₂ + 3 H₂O 

1 volume of C₂H₆ = 3.5 volume of O₂ 

0.25 volume of C₂H₆ = 0.875 volume of O₂ 

O₂ for C₂H₆ = 0.875 m³ 

 

3) CO + 
1

2 
  O₂  -->  CO₂ 

1 volume of CO = 0.5 volume of O₂ 

0.16 volume of CO = 0.08 volume of O₂ 

O₂ for CO = 0.08 m³ 

 

4) Not Applicable 

5) C₂H₂ + 2.5 O₂ --> 2 CO₂ + 1 H₂O 

1 volume of C₂H₂ = 2.5 volume of O₂ 

0.15 volume of C₂H₂ = 0.375 volume of O₂ 

O₂ for C₂H₂ = 0.375 m³ 

 

6) CH₄ + 2 O₂ --> CO₂ + 2H₂O 

1 volume of CH₄ = 2 volume of O₂ 

0.04 volume of CH₄ = 0.08 volume of O₂ 

O₂ for CH₄ = 0.08 m³ 

 

7) O₂ Already present 

8) Not Applicable 

 Total O₂ required =   0.05 + 0.875 + 0.08+ 0.375 + 0.08 

                                                             = 1.46 m³ 

                              O₂ already present = 0.04 m³ 

                              Actual O₂ required = Total O₂ required – already O₂ present   

                                                             = 1.46 – 0.04 

                                                                         = 1.42 m³ 

Volume of air  

As we know, 1000 m³ of air = 21 m³ of O₂ 

 

                             2 m³ of air = 0.42 m³ of O₂ 

                       Volume of air = 1.42 m³ 

                        

 Volume of air = 
1.42 𝑋 2

0.42
 

Volume of air = 6.76 m³ 
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       b. i) Part of an iron nail corrodes inside a piece of wood. Identify the type of corrosion  

              and explain the mechanism with a labelled diagram and reactions.                       3M 

- Wood is a hygroscopic material. 

- hygroscopic means the material which absorb and release water.  

- Thus, iron nail inside the wood is continuously in contact with water which leads to 

corrosion. 

- This type of corrosion is called wet corrosion.  

Wet Corrosion 

- The wet corrosion in neutral and alkaline media take place by O2 absorption mechanism. 

 

 
 

- Fe covered with oxide film acts as cathode and a crack in coating acts as an anode. 

- At room temperature the water consists of 8ppm of O₂. 

- Being larger area of cathode, protected layer of 𝐹𝑒2+ ions. 

- At crack, anode Fe sheds 𝑒− & goes into water as 𝐹𝑒2+ ions.. 

At anode (Oxidation) 

𝐹𝑒 → 𝐹𝑒2+ + 2𝑒− 

- O₂ in water accepts 𝑒− and 𝑂𝐻− is formed. 

At Cathode (Reduction) 
1

2
O₂ + H₂O + 2𝑒− → 2𝑂𝐻− 

- Net Cell reaction H₂O + 
1

2
O₂ + 2𝑒− →  𝐹𝑒2+ + 2𝑂𝐻−   

- 𝐹𝑒2+ +  2𝑂𝐻− combines to form Fe(OH)₂ & further precipitates Fe(OH)₂ Ferric 

hydroxide. 

𝐹𝑒2+ + 2𝑂𝐻− → Fe(OH)₂ 
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ii) What is shape memory effect?                                                                             2M 

- Shape memory effect (SME) is a phenomenon, in which a material recovers to its original 

size and shape when heated above a certain characteristic transformation temperature. 

- This phenomenon results from a crystalline phase change known as thermoplastics 

martensitic transformation. 

-  At temperatures below the transformation temperature, shape memory alloys are 

martensitic. In this condition, their microstructure is characterized by self-accommodating 

twins.  

- The martensitic is soft and can be deformed quite by de-twinning.  

- Heating above the transformation temperature recovers the original shape and converts the 

material to its high strength, austenitic, condition. 

 

       c. The Bhopal gas tragedy was one of the worst industrial disasters. With reactions 

          explain the synthesis of the intermediate which caused the tragedy and the final  

          product. Also give the alternative route of synthesis of the final product explaining  

          the green chemistry principle being adhered to.                                                           4M 

 

           Traditional Method 

 
                                  Methylamine   phosgene                Methyl isocyanate 

 

                               1-naphthol     Methyl isocyanate                    carbaryl  

 

           Green Chemistry Method 

 

                            naphtol-1            phosgene                     1-naphthalenyl chloroformate 
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         1-naphthalenyl chloroformate                                         Carbaryl 

- Chemical products should be designed in such a way that it should not harm the 

environment. 

- In traditional method Methylamine and phosgene is used which are dangerous. To avoid 

these methylamine is replaced by naphtol-1 in green chemistry which is not dangerious.                       

- Thus green chemistry emphasizes to design chemical products to be fully effective, yet 

have little or no toxicity. 

           

 

Q.6.a. What are the steps involved in powder metallurgy? Name the different moulding  

           techniques used. Explain any one method of moulding with detailed diagram.       6M 

 

            Steps involved in Powder Metallurgy  

1. Metallic powders: Metals are converted in fine powder.  

2. Blending powders: The fine powders are mixed along with a lubricant. The lubricant 

helps in imparting good fluidity to the powders.  

3. Filling Mould with mixture: The mould is filled with above mixture of powder and 

lubricant. 

4. Compacting: The blended powder is compacted in a mold or die.  

5. Sintering: The compacted mass is sintered at a high temperature in a furnace in a 

controlled atmosphere.  

6. Sizing: The sintered component is passed in a mold or dies to trim the component and 

achieve high dimensional accuracy.  

7. Machining: If required final machining is done on some specific locations including 

drilling very small holes.  

8. Treatment: Parts are subjected to deburring and tumbling to remove any small 

projections and other treatments like oil impregnation tec., are given.  

9. Inspection: Finally, parts are inspected to check the quality. 
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Different Moulding Techniques are 

-  Cold Pressing 

-  Hot compaction 

-  Powder Injection Moulding. 

Powder injection moulding 

- The powder is mixed with 30-40 % of binder. 

- The mixture is heated up with heater. 

- It is injected into mould by screw.  

- Mould is cooled and debinding is done. 

- This method gives good stability and green strength of moulded product. 

- User: This process creates very complex shapes from cemented carbides, tungsten, 

alloys, ceramics, etc.  

 

 

        b. i) How are particle reinforced composite different from fiber reinforced composite?  

                                                                                                                                                      3M 

- Particle reinforced composites are less effective in strengthening the material than Fiber 

reinforced composites. 

- Particle reinforced composites are usually used where high levels of wear resistance is 

required whereas this is not the case with fiber reinforced composites. 

- Particle reinforced composites are cheaper and easy to produce than fiber reinforced 

composites. 

- Particulate reinforced composites achieve gains in stiffness primarily, but also can 

achieve increases in strength and toughness. 
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 ii) Distinguish between galvanizing and tinning.                                                          2M 

Galvanizing Tinning 

1) Zn coating on iron/steel. 1) Tin coating on 

iron/steel/brass/copper. 

2) In Galvanizing, Water bath is 

required. 

2) In Tinning, Water bath is not 

required. 

3) It cannot be used in acidic food 

stuff. 

3) It can be used in acidic food stuff. 

4) Galvanizing is cheaper. 4) Tinning is more expensive. 

5) Highly effective for corrosion. 5) Less effective for corrosion. 

6) They have high toughness. It cannot 

be moulded into machine.  

6) They can be mechanized easily. 

 

       c. What is knocking? Explain the role of antiknocking agents.                                      4M 

- Knocking: A sharp metallic sound produces in the internal combustion engine due to 

immature (impurity) ignition of the air-gasoline mixture is called as knocking. 

- In certain circumstances due to the compression the fuel air mixture heated to higher 

temperature their ignition temperature so that there is a spontaneous combustion & large 

portion fuel air mixture produce explosive sound is known as knocking. 

 
- An antiknock agent is a chemical that, when added to gasoline, raises the octane value of 

the gasoline which, in turn, raises the temperature and pressure at which gasoline will 

auto-ignite. It allows the gasoline/air mixture to wait until the spark plug ignites the fuel, 

reducing pre-detonation which can be harmful to the engine. 

- The octane rating of many fuel can be increased by adding certain antiknock agents to 

petrol. These compound which are added to vehicular or aviation petrol to improve their 

knocking property are called antiknock agents. The commonly used antiknock agents are 

Tetraethyl lead, Tetra methyl lead, etc. 

                                                                                                                                              

***********           
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