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1. (a) Discuss the following factors influencing the nature of electrodeposit (a) Current density (b) 

Throwing power.     (04 Marks) (CO1, L2) 

Solution: (a) Current density: Current density is the current per unit area expressed as A cm–2 (or mA cm–

2 or A m–2 or  A ft–2).  Rise in current density, increases electrodeposition rate till a limiting value.  At low 

current densities, surface diffusion is faster compared to electron transfer to metal ions resulting in coarse-

grained deposits (fewer nuclei are formed).  When current density is increased, opposite phenomena is 

observed and leads to fine grained deposits (with more of nuclei).  However, at very high current 

densities, bad deposits with rough and powdery texture (or burnt deposits) are formed, which are poorly 

adherent to object surface.  Fast depletion of metal ions may represent hydrogen evolution and presence 

of oppositely charged hydroxide ions, result in deposition of hydroxides or oxides of the metal.  

Therefore, optimum current densities are employed. 

(b) Throwing Power: Ability of the plating bath to give uniform deposits on the object surface irrespective 

of its size or shape is called throwing power. Throwing 

power is particularly important for objects with intricate 

shapes. 

Throwing power is determined by use of Haring-Blum 

cell. The cell is a rectangular box made of 

PVC (polyvinyl chloride) with a provision to place two 

plate type cathodes at distances, d1 & d2 (d1 >d2) from 

the active anode kept in between the two as shown in the 

figure. Electroplating is carried out for certain length of 

time, anode gets dissolved and deposits on to two cathode surfaces facing the anode (opposite sides will 

be blocked for such deposition). Let the mass of metal deposited be m1 & m2 on cathodes which are at 

distances, d1 and d2 respectively. 



mass of metal deposited = m1, m2.  Suppose, D =d1/d2, M=m2/m1. Percentage throwing power is 

calculated as  % Throwing Power =(D-M)/D-M+2)*100.  Throwing power of 100% represents uniform 

electrodeposition on to object surfaces, whereas, lower values represent as much uneven deposits. 

   

(b)  Explain electroless plating of copper on double sided PCB with suitable reactions .  (06 Marks) 

(CO1, L4) 

Solution:  Deposition of metal or alloy over a conducting or non-conducting substrate surface by 

chemical reduction of the metal ions by use of reducing reagent and without the use of 

electrical energy is called electroless-plating.   

Treatment with SnCl2 leaves a thin layer of SnCl2 and later treatment with acidified PdCl2 leads 

to deposition of Pd. 

SnCl2  + PdCl2  Pd + SnCl4 

 

Electroless-plating of Copper: 

Substrate surface needs to be cleaned by suitable cleansing methods (solvent degreasing, acid 

pickling, alkali pickling, mechanical polishing, etc.).  However, when the object is non-

conducting or insulator material such as, plastics, PCBs, glass, etc. it needs to be activated by 

treatment with acidified SnCl2 and then with acidified PdCl2.  Following bath compositions are 

used for plating. 

Constituents Amount Purpose 

CuSO4  

H-CHO   

Rochelle salt  

NaOH  

EDTA  

pH 

Temperature 

12 g/L 

8 g/L 

14 g/L 

15 g/L 

20 g/L 

11.0 

25oC 

Provides metal ions 

Reducing reagent 

Complexing agent 

Provides alkaline medium 

Exaltant & complexing agent 

 

Reactions: 

Oxidation of reducing reagent:       2HCHO + 4OH¯    2HCOO¯ + 2H2O + H2 + 2e– 

Reduction of metal ion over object surface:   Cu2+ + 2e–     Cu 

Overall reaction: Cu2+ + 2HCHO + 4OH¯   Cu + 2HCOO¯ + 2H2O + H2↑  

 



 A coating of copper on both sides a glass 

reinforced plastic (GRP) sheet/board is 

accomplished by cladding two thin foils of 

copper.   

 Necessary circuits will be drawn (or printed) on 

either sides using etch-resistant ink.  The board 

is etched in acidified solution of FeCl3.  Only the 

circuit parts will be left and rest other copper is 

etched away.   

 Holes are drilled wherever, contact between the 

two circuits is necessary.   

 Hole surfaces are activated by treatment with 

acidified SnCl2 and then with acidified PdCl2.  

Electroless plating of copper is carried out in a 

suitable bath as mentioned above to establish the 

contact between two circuits through the holes.   

 

 

 

GRP 

GRP after copper 

cladding 

 

After printing the circuit 

patterns & etching  

 

After drilling  

through holes to contact 

the two circuits 

After  

activation of holes & 

electrolessplating 

 

2. (a) Describe the process of electroplating of hard chromium.  Mention its applications.  (05 

Marks) (CO1, L3) 

Solution: Electroplating of Chromium: 

Chromium is employed for either decorative purposes (as a thinner coat) or engineering purposes (as a 

thicker hard coat).  Mentioned below are coating specifications. 

 

Bath composition  

Temperature  

Current density  

Current efficiency  

Anode material  

Cathode material  

Reaction at anode  

Reaction at cathode 

CrO3 (chromic acid) :  H2SO4
  = 100: 1 ratio 

45 – 60 oC 

100 – 200 mA/cm2 

17 – 21 % 

Insoluble lead- Pb-Sb alloy or Pb-Sn alloy (with lead oxide coating) 

Surface cleaned object metal 

H2O   ½ O2 ↑ + 2H+  + 2e– 

Cr3+ + 3e–   Cr 

 



 Active chromium anode is not used because, the anode efficiency is nearly 100% and that of the 

cathode is only around 20% at the best.  There will be increase in concentration of Cr3+ ions which 

results in poor quality electrodeposits (black deposits).   

 A thin coating of chromium is porous and thicker coating leads to cracking.  Therefore, Cr-plating 

over steel is applied with an undercoat of copper and nickel.  Copper is known to offer better finishing.  

Coverage of nickel and hence chromium is better with copper below.  Also, lower thickness of nickel 

can be opted with an undercoat of copper.  Chromium gives decorative & pleasing finish, nickel offers 

corrosion resistance and copper extends good coverage and better adhesion. 

 There is a complex sequence of reactions which control the concentration of Cr3+ in the plating bath.  

Sulfate ion is said to catalyse the conversion of Cr6+ into Cr3+ and PbO2 catalyses the conversion of 

Cr3+ into Cr6+.   

CrO3 + H2O  H2CrO4  2H+ + CrO4
2– 

2H2CrO4   H2Cr2O7 + H2O  2H+ + Cr2O7
2– + H2O 

Cr2O7
2- + 14H+ + 6e–  

 )(SO ion sulfate 2
4 2Cr3+ + 7H2O 

Cr3++3e– Cr 

Cr3+ + 3O2  
)(PbO oxide lead 2  2CrO3

 + 6e– 

Chromium plating is a hard, attractive coating, with low coefficient of friction exhibiting wear resistance, 

abrasion resistance and also good corrosion resistance (with an undercoat of nickel and copper)  

(b) Write short note on (a) Polarization and (b) Decomposition Potential.         (05 Marks) (CO1, 

L3) 

Solution:  (a) Polarization: A process of variation in electrode potential due to change in concentration of 

ionic species at electrode surface by 

(i) slow diffusion of ions from the bulk of the electrolyte to the electrode or from the electrode towards 

the bulk (known as concentration polarization) 

(ii) one or more of elementary steps of discharge (or evolution) of gases being slow at electrode surface 

(known as overvoltage polarization). 

Electrode potential is a function of active mass or molar concentration of ionic species in the solution 

given by the Nernst equation:  

 

 

For a reduction reaction at the cathodic surface, there is depletion in concentration of Mn+ ions in the 

vicinity of cathodic surface. Until that time, ions diffuse from the bulk and re-establish the equilibrium, 

lower concentration of ionic species alters the electrode potential. Similar such phenomena can be seen at 



the anodic surface. This effect is known as concentration polarization. Polarization of electrodes depends 

upon : 

(i) current densities applied 

(ii) nature of the electrode (i.e., composition, size, shape, etc.) 

(iii) nature of electrolyte, its concentration and conductivity 

(iv) agitation / temperature of the electrolyte 

(v) nature of the products formed at the electrode surfaces. 

(b) Decomposition Potential: Decomposition potential is the experimentally determined minimum 

external potential that needs to be applied in order to have continuous decomposition of the electrolyte. 

For example, in the decomposition of water, a dilute solution of either an acid or alkali is electrolysed 

using smooth platinum electrodes. For the applied potential less than 1.68 V, there is initial surge of 

current which will drop to zero in a while. When the applied potential is 1.68 V or more, there is 

continuous decomposition of water with the liberation of hydrogen at cathode and oxygen at the anode. 

Thus, 1.68 V is the decomposition potential of water. 

A plot of current against potential (or voltage) helps 

in knowing  the decomposition potential. For lower 

voltages, there is no significant rise in current till the 

reach of decomposition potential. Beyond this 

potential, it starts rising abruptly. Laws of 

electrolysis are applicable only in this region. 

Decomposition potential is obtained by the 

intersection of the two tangents drawn  

as shown in the figure. 

3. (a) Define Gross and Net calorific value of a fuel. Calculate the gross and net calorific value of a 

coal sample from the following data: Weight of coal=0.96g, Weight of water=2500g, Water 

equivalent of calorimeter=0.4Kg, Rise in temperature=3K, Specific heat of water=4.187J/g/K, latent 

heat of steam=2454J/g/K, % of Hydrogen in coal=6  (06 Marks) (CO2, L4) 

Solution: Gross Calorific value: It is the amount of heat energy released when unit quantity of fuel is 

burnt completely in air or oxygen and the products of combustion are cooled to room temperature. All 

fuels invariably contain C & H. On combustion it gets converted into CO2 and steam. On cooling the 

combustion product, steam gets condensed to water and liberates its latent heat. Thus the measured gross 

calorific value includes latent heat of steam. Therefore it is always higher than the net calorific value. 



Net Calorific Value: It is the amount of heat energy released when unit quantity of fuel is burnt 

completely in air or oxygen and the products of combustion are let off into the surrounding i.e. they are 

not cooled to room temperature. 

Given, 

Mass of the fuel, m= 0.96g=0.96*10-3Kg 

Weight of water, W=2500g=2500*10-3Kg 

Water equivalent, w=0.4Kg 

Specific heat of water, S=4.187J/g/K=4.187*103 J/Kg/K 

Rise in Temperature, (T2-T1)ͦC=3K=3Cͦ 

Latent heat of steam, L=2454J/g/K=2454*103 J/Kg/K 

% of Hydrogen= 6% 

 

GCV=(W+w)*S*(T2-T1)/m 

= (2500*10-3+0.4)* 4.187*103*3/0.96*10-3 

=37944.68kJ/kg 

 

NCV=GCV- (0.09*% of Hydrogen*Latent heat) 

=37944.68-(0.09*6*2454*103) 

=36619.52 kJ/kg 

(b) Illustrate zone refining method for purifying Si to semiconductor grade quality.   (03 Marks) 

(CO4, L2) 

Solution: Silicon of 99.999999% purity can be obtained by zone refining. It is based on the principle that 

impurities are more soluble in molten material than in the solid material. A vertical zone refiner is used in 

the purification of silicon. A rod of silicon to be purified is clamped and is heated by a RF coil to the 

melting point of silicon. The heater is moved very slowly from top to bottom. This is said to be one zone 

pass. Impurities move with the molten part of the material as the RF coil moves down. Pure silicon 

solidifies at the upper portion. The process is repeated number of times to get ultrapure silicon. When the 

process is complete, the bottom portion where the impurities are concentrated is removed.  

 

 

 

 

 

 



 

 

4. (a) Explain the production of solar grade silicon by Union Carbide process. (06 Marks) (CO4, 

L3) 

Solution:  

 



 

(b) What is reforming of petrol? Describe catalytic reformation with reactions. (04 Marks) (CO4, 

L2, L3) 

Solution: Reforming of petrol (or gasoline) is defined as the process of increasing the octane number of 

petrol by structural modifications or molecular rearrangements of hydrocarbons. Structural modifications 

refer to linear hydrocarbons being converted into more compact branched hydrocarbons or into cyclic 

hydrocarbons or into alkenes or into aromatics. 

Process conditions- 

Feed stock: Virgin gasoline 

Catalyst: Pt supported on alumina or silica base, Temperature: 475-525ͦC, Pressure: 15-50 atm. 

Description- Feed stock vapor, free from sulphur and nitrogen content (which otherwise would poison the 

catalyst) is mixed with hydrogen, preheated, compressed and passed over catalyst in a series of reformers 

and the products are fractionated to get stabilized gasoline. Reforming reactions are as follows: 



 

 

 

 

 

 

 

5. (a) Explain the construction and working of PV cell.   (05 Marks) (CO4, L4) 

Solution:   

 

 

 

 



(b) Define cracking. Explain the process of fluidized bed catalytic cracking.  (05 Marks) (CO4, L1, 

L4) 

Solution:  

 

 

 

 

 

 

 



6. (a) Describe the synthesis of petrol by Fischer Tropsch process.       (06 Marks) (CO4, L3). 

Solution:  



 
 

(b) Explain Module, Panel, and Arrays of Photovoltaic cell.  (04 Marks) (CO4, L2) 

Solution:  

 

 

 

 

 

 



 

 

 

 

 

 

7. (a) What are polymers? Explain the mechanism of free radical based addition polymerization 

taking vinyl chloride as an example.   (07 Marks) (CO5, L4) 

Solution: Polymers are macromolecules formed by the covalent linkage of a large number of monomer 

units. Eg. Polyethylene. The fundamental chemical process by which the monomer units are converted 

into a polymer is called polymerization. 

Mechanism of addition polymerization by Free Radical mechanism 

(Case study: Polyvinyl chloride) 

This mechanism explains the addition polymerization. It involves three steps 

1. Initiation. 3. Propagation 4.Termination 

Initiation: Initiation of an addition polymerization reaction happens with the help of initiators 

which are thermally unstable compounds that decompose into products called free radicals. The 

decomposition takes place on supplying energy in the form of heat or light and the molecule 

splits into two symmetrical free radicals. For addition polymerization reaction of vinyl chloride, 

the initiator is dibenzoyl peroxide.  

 

 



 

 

(b) Write short note on (a) Biodiesel or (b) Power alcohol.        (03 Marks) (CO4, L2) 

Solution: (a) Biodiesel 



 

 

 

Or  

(b) Power Alcohol: 



 

 

 


