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Unit –I Water Technology 

PART A 
1. Define Alkalinity. What are the ions responsible for the alkalinity of water?(June 

2011) 
The acid neutralizing capacity is alkalinity. It is due to OH- , CO3

2- ions and HCO3
- ions 

 
2. Alkalinity of water cannot be due to the simultaneous presence of OH-, CO3

2-   
       and HCO3

-. Give reason. 
OH- and HCO3

- ions react to form CO3
2- ions. 

OH-  +  HCO3
-         CO3

2- +  H2O 
 

3. What is hardness of water? What are its types? (Jan 2011, June 2012) 
The property of water not to lather with soap is called hardness. It is mainly because of 
hardness producing salts like MgCO3, CaSO4, Mg(HCO3)2 etc., 
Types - i) Temporary hardness   ii) Permanent hardness 
 

4. What are the disadvantages of using hard water in boiler? (Nov. 2010) 
Water used for steam generation should be free from  hardness, otherwise it will cause   
 boiler problems like scale and sludge formation, priming and foaming, boiler corrosion,  
 etc. Hence, water is softened before feeding it to boiler. 

 
5. What are the salts responsible for the temporary and permanent hardness of 

water? 
Temporary hardness: Carbonates and bicarbonates of Ca and Mg (eg) CaCO3, 

Mg(HCO3)2. Permanent hardness: Sulphates, chlorides of  Ca, Mg (eg)CaCl2, MgCl2, 
CaSO4, Mg SO4 

 
6. How the hardness of water is expressed? What are the units practiced for 

expressing hardness of water? (Apr. 1995) (June 2009) 
The hardness is, usually, expressed in terms of equivalent amount of CaCO3. The 
choice of CaCO3 in particular due to: 
a) Its molecular weight is 100 (equivalent weight =  50) which makes calculation easy.  
b) It is the most insoluble salt that can be precipitated in water treatment.  
Hardness can be expressed by any of the following units 
ppm   -   mg/L  - degree Clarkes - Degree French 

 
7. How is hardness of water detected? (Apr 1994) 

a)Eriochrome Black – T indicator gives wine red colour in hard water. 
b)With soap, hard water gives a scummy precipitate. 
            2C17H35COONa  +  CaCl2    (C17H35COO)2Ca + 2NaCl 
          (Sodium stearate)                            (Scummy precipitate) 
 

8. Explain the role of Eriochrome Black – T  and ammonia buffer in the EDTA 
titration. (Dec 2011) (April 1995) 
        Eriochrome Black T indicator is blue in colour. When EBT indicator is added to 
water sample, it forms a wine red coloured unstable Ca-Mg-EBT complex.   
This reaction is carried out under a basic PH of 8- 10 using ammonia buffer. 
Ca2+ / Mg2+  +  EBT  -  [Ca / Mg –EBT] 
               (in water )         unstable wine red complex 
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When EDTA is titrated against the complex, EDTA replaces all the EBT and forms a 
stable Ca / Mg –EDTA complex.  The liberated EBT indicates the end point as steel 
blue. 
[Ca / Mg –EBT]  + EDTA    [Ca / Mg –EDTA]    +   EBT 
          (Wine red/unstable)                   (Stable)     (Steel blue) 

 
9. What are ion-exchange resins? (May 2008); (May 2011) 

Resins are long chain, insoluble, cross linked, organic polymers. There are 2 types. 
Cation exchange resins – RH+

   (e.g)  Sulphonated coals , RSO3H 
Anion exchange resins . R‘OH

- (e.g) Ureaformaldehyde, Amines R-NH2 
 
10. Distinguish between soft water and demineralized water. (June 2011) 

S. 
No 

Soft water Demineralized water 

1 It does not contain hardness 
producing calcium and magnesium 
ions, but it may contain other ions 
like K+, Na+, Cl- etc. 

Demineralized water does not 
contain any ions including 
hardness producing ions. 

2 Softening involves removal of only 
hardness causing ions. 

Demineralization involves removal of 
all the ions present in water. 

 
11. What are Boiler troubles? How are they caused? (May 2007) 

Sludge and scale formation - Caustic embrittlement - Boiler corrosion - Priming and 
foaming are collectively known as boiler troubles. They are caused by the hardness 
causig salts present in boiler feed water. 

 
12. What is caustic embrittlement? How it can be prevented?  (June 2012) 

It is the inter crystalline cracking of boiler due to NaOH.  NaOH content is increased due 
to the  dissolved salts like Na2CO3 which is added during internal treatment. To Prevent 
caustic embrittlement: i.) As softening agent, we can use sodium phosphate instead of 
sodium carbonate. ii) The hair line cracks can be sealed by waxy materials like Tannin 
and Lignin. 

 
13. What are scales? How can it be prevented ? Mention its disadvantages.(June 2009) 

Scales are the  Hard, thick , adherent precipitate on boilers  Due to  salts like CaSO4 ,  
Ca(HCO3)2 present in water. 
Disadvantages: Wastage of fuel - Lowering of boiler safety - Decrease in efficiency - 
Danger of explosion 
Prevention methods:  Internal treatment methods (eg) Calgon conditioning 
External treatment methods (eg) Ion exchange method 
By using mechanical scrubber 

 
14. What are priming and foaming? (Nov 2005) 

Priming: When boiler is producing steam rapidly, some particles of the liquid water are 
carried along-with steam. This process of wet steam formation is called priming.   
Foaming: It is the production of persistent foam or bubbles in boilers, which do not break 
easily. 
 
 

 



Code &Subject: CY2111&Engineering Chemistry - I              Dept. Name: CHEMISTRY                      Academic 2012-2013 

St. Joseph’s College of Engineering/Institute of Technology             3                                ISO9001:2008 
 

15. What is meant by ‘internal conditioning of water’. Name any two boiler 

compounds used in internal conditioning of boiler feed water. (Apr. 1994)( Oct. 
1996) 

The residual salts which are not removed by external methods can be removed by adding 
some chemicals directly into the boiler water.  These chemicals are known as ‗Boiler 
compounds’.  This method is known as internal conditioning of water‘ 
Eg : Carbonate conditioning – Sodium carbonate, Phosphate conditioning – Sodium 
phosphate 

 
16. What is the role of phosphates in the internal treatment of water?(May 2005) 
(or) Name an internal method used for high pressure boiler and explain. (Dec 2011) 

Phosphate salts are used as internal boiler compounds for high pressure boilers.  
Phosphates precipitate the soluble Ca and Mg salts as their insoluble phosphates. They 
are also helpful in maintaining the pH of the boiler water. 
3CaSO4  +  2 Na3PO4    Ca3(PO4)2 +  3 Na2SO4 
Three types of Phosphate salts are used: 
S.No Salt Name Used for treating 
1 Na3PO4   Tri sodium Phosphate highly acidic water 
2 Na2HPO4 Di sodium hydrogen Phosphate slightly acidic water 
3 NaH2PO4 Sodium di hydrogen phosphate highly  alkaline water 

 
17. Calgon treatment prevents scale formation in boilers. Give reason. (Jan 2010, June 

2010,Jan 2011) 
Addition of calgon (sodium hexa meta phosphate) to boiler feed water interacts with 
calcium ions in the CaSO4 forming a soluble complex, thus preventing the precipitation 
of scale and sludge forming salt.  

              2CaSO4 + Na2[Na4(PO3)6]                                     Na2[Ca2(PO3)6] + 2Na2SO4.  
                                                                                            Soluble complex. 
 

18. What do you understand by demineralization of water ?What are the advantages 
and disadvantages of demineralization process? ?(Oct. 1996) 

During this process   cations and anions are completely removed.  It uses two column of 
cation exchange column and anion exchange lolumn filled with resins 
Advantages: 
i)  The process can be used to soften highly acidic or alkaline waters. 
ii)  It produces water of very low hardness (2ppm). 
iii) It is very good for treating water for use in high-pressure boilers. 
Disadvantages: 
i)The equipment is costly and more expensive. 
ii)The turbidity must be below 10 ppm. 

 
19. How is the exhausted zeolite softener bed regenerated? (Jan 2009) 

Exhausted Zeolite can be regenerated by using 10% brine (NaCl) solution.  
CaZe + 2NaCl  Na2Ze + CaCl2 

 
20. What is potable water? What are the requirements of water for municipal 

supply?(Nov 2002) 
         Water which is safe for drinking is called potable water.  It should be clear and 
odourless –  pleasant in taste - perfectly cool. Turbidity should not exceed 10ppm - pH 
should be in the  range of 7.0 – 8.5. It should be free from objectionable dissolved gases like 
H2S. 
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21. What is coagulation? 
Coagulation is the process of removing fine suspended and colloidal impurities by the 
addition of requisite amount of chemicals (called coagulants) to water before 
sedimentation. 
Ex:   Al2(SO4)3 + 3 Ca(HCO3)2                      2 Al(OH)3  + 3 CaSO4 + 6 CO2 

 
22. What is meant by sterilisation ? What are the methods of disinfection of water? 

(Nov. 2005) 
Removal of bacteria from water  is known as sterilization or disinfection 
Methods of disinfection: (i) Boiling  (ii) Ozonation (iii) UV method (iv) Chlorination 
 

23.  How is water sterilized by ozone? (June 2010) 
By using Ozone, we produce nascent oxygen which is powerful disinfectant.  But, it is 
costly.  It cannot be used and stored for long time as it is unstable. 

                                     O3   O2  + [O] , this nascent oxygen kills bacteria. 
 

24. What is break-point chlorination? What is its significance? (Nov. 2002) (May 2004) 
(Nov. 2005); (May 2005) 

Break point chlorination is the point at which all the impurities from water are removed 
and free chlorine begins to appear. Significance : oxidizes completely organic matter, 
NH3, and reducing agents, - removes colours in water, - destroys completely all the 
disease-producing bacteria‘s, - removes odour from water, prevents, if any, growth of 
weeds in water 

 
25. Why is chloramine better than chlorine for sterilization of water? 

It is quite stable. It does not impart any disagreeable odour or bad taste to treated water 
 
26. How does calcium hypochlorite act as bleaching agent? (Nov. 2005) 

Bleaching powder (CaOCl2) reacts with water and forms hypochlorous acid which kills 
bacteria. Genereally, 1kg powder is used for 1000 kilolitres of water. 
CaOCl2  +  H2O   Ca(OH)2  +  Cl2 
Cl2 + H2O    HCl  + HOCl (Hypochlorous acid which kills bacteria) 

 
27. What is reverse osmosis? Mention some of its advantages. (Nov. 2003, Dec 2011) 

When we apply an excess and opposite Hydrostatic pressure to overcome the osmotic 
pressure, then higher concentrated solvent will flow to the lower one.  This is known as 
reverse osmosis. Advantages: 
i) It removes ionic and non-ionic, colloidal and high molecular weight organic matter. 
ii) It removes colloidal silica, which is not removed by demineralization 
iii) The life time of membrane is quite high, about 2 years. The membrane can be 
replaced with in a few minutes, thereby providing uninterrupted water supply. 

 
28. What is Desalination? Name the different methods of desalination.  (May 2011) 

Removal of common salt (NaCl) from water is called ‗Desalination‘. Various methods of 

desalination: Reverse Osmosis, Distillation, Electro dialysis, Freezing, Solar distillation, 
etc.,  
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29. Calculate the hardness of a water sample containing 2.4 mg of CaCl2 in 500 ml of 
water? (Jan 2010) 

Hardness  =  Mass of salt  X  100  / Mol.wt of salt 
= 2.4 X 100 / 111  =2.162 for 500 ml and 4.32 mg/L 

 
30. What is hardness of a solution containing 0.585 grams of NaC1 and 0.6 grams of 

MgSO4   per litre? (Jan 2009) 
NaCl will not cause any hardness.  
For Magnesium sulphate Hardness  =  Mass of salt  X  100  / Mol.wt of salt 

      = 600 X100 / 120  =500 ppm 
 

PART - B 
 

1. Explain the softening of water by deionization process (or) What are ion exchange 
resins? How are they useful in removing hardness of water? (or)  Explain the 
demineralization of water by ion-exchange process. How are exhausted cation and 
anion exchange resins regenerated? (or) Describe demineralization process with its 
advantages. (or)Discuss the demineralization method for the external conditioning 
of boiler feed water.(or)What is demineralisation? Explain the methods of 
demineralisation. (June 2012,Dec 2011,June 2011,June 2010,Jan 2010,Jan 2009) 

Ion exchange method  ( Demineralisation):  
Here all the cations and anions are completely removed.  It uses two cylinders of cation 
exchange cylinder and anion exchange cylinder filled with resins.Resins are long chain, 
insoluble, cross linked, organic polymers. There are 2 types. 

Cation exchange resins (e.g)  RSO3H 
Anion exchange resins (e.g) R-NH2 

The water is fed into cylinder –I  where all the cations are replaced by RH2   resins. 
    RH2  + CaCl2    R Ca  +  2 HCl 

The cation free water is fed to cylinder II, where all the anions are replaced. 
R‘(OH)2  +  2 HCl    R‘Cl2 + 2H2O 

So, the resultant water is free from all types of ions. 
      Regeneration: 
 On prolonged use, as  all the resins are exhausted, there will be no H+ orOH – ions to 
exchange the unwanted ions. So, they have to be regenerated. 
Cation resins are regenerated by HCl and anion resins by NaOH. 

R Ca  +  2 HCl    RH2  + CaCl2 
R‘Cl2 + 2NaOH      R‘(OH)2  +  2NaCl 

Advantages of Ion exchange method: 
i) Can be  used for high pressure boilers also. 
ii) It can treat highly acidic or alkaline water. 
iii) We can get pure water as hardness as low of 2 ppm. 

Drawbacks of Ionexchange method: 
i) Expensive 
ii) Fe, Mn cannot be removed as they form complexes with resins 
iii) Cannot be used for turbid water as they clog the resins. 
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Diagram: 

 
2. What is meant by reverse osmosis? Explain the purification of water by reverse 

Osmosis. (or)Describe the reverse osmosis method for desalination of sea water  
with a neat sketch.(or)What is desalination? With a neat diagram, describe the 
'reverse osmosis' method for the desalination of brackish water.  (or)What is reverse 
osmosis? Explain desalination of water by reverse osmosis method.What are the 
advantages of RO method? (or) Explain reverse osmosis with its advantages(or) 
Define desalination and describe reverse osmosis. (Dec 2011,June 2011,June 
2010,Jan 2010,June 2009, Jan 2009) 

 
Reverse Osmosis Method: (Desalination) 
 
 Removal of common salt (NaCl) from water is called ‗ Desalination‘.  Reverse osmosis is used to 

convert sea and brackish  water to fresh water. 
When two different concentrated solutions are separated by a semi permeable membrane, due to 
osmotic pressure, low concentrated solvent flows to higher one. This is known as osmosis.But 
when we apply an excess and opposite Hydrostatic pressure to overcome the osmotic pressure, 
then higher concentrated solvent will flow to the lower one.  This is known as reverse osmosis. 
During this RO process , only the water flows across the membrane and it prevents the salt 
migration.   The membrane is madeup of cellulose acetate,cellulose butyrate,polymethacrylate 
 
Advantages of Reverse Osmosis:    
High life time  - Removes ionic, non-ionic and colloidal silica impurities , which can not be 
removed by demineralization method.- . Low capital cost. - .  Simple operational procedure. -  
The membrane can be replaced within a few minutes, thereby providing uninterrupted water 
supply. 
 
Diagram: 
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3. Explain the necessity for sterilization of domestic water and discuss the various 

methods of sterilization. Discuss in detail about the  break point chlorination. (or)  
Briefly explain the four disinfection methods. (or) What is break point chlorination?         
Indicate its significance (or)What is break – point chlorination? Bring out its  

       significance. (or)What is disinfection? Explain the mechanism of disinfection by  
       chlorination. What are the disadvantages of bleaching powder over other   
       disinfectants?  (or) Explain the disinfection method using chlorine.   
       (Dec 2011,June 2012,Jan 2011,June 2010,June 2011,June 2009) 
 

Sterilisation: 
Removal of bacteria is sterilization or disinfection.There are four important sterilization methods. 
Boiling -  Using ozone -  UV treatment -  Chlorination 
1. By boiling for 10 – 15 minutes, water can be sterilized .  But it affects the taste and can not be 
used for higher volume water. 
2. By using Ozone,(with the usual dosage of 2-3ppm for 10 – 15 miuntes in disinfection tank) we 
produce nascent oxygen which is powerful disinfectant.  But, it is costly.  It cannot be used and 
stored for long time as it is unstable.O3   O2  + [ O] , this nascent oxygen kills bacteria. 
3. By passing UV radiations from mercury vapour lamp, the swimming pool water can be 
sterilized.  But it is costly and turbid water cannot be treated. 
4. By chlorination: 
a) Chlroine gas bubbling will kill bacteria. b) Adding chlorine and ammonia  (2:1) will form 
chloramine.  It decomposes slowly to release chlorine which kills bacteria.Its excess does not 
produce any irritating odour. It imparts a good taste to treated water. 
Cl2 + NH3  ClNH2 (Chloramine)+ HCl 
c) Bleaching powder (CaOCl2) reacts with water and forms hypochlorous acid which kills 
bacteria. Genereally, 1kg powder is used for 1000 kilolitres of water.But it will alter the taste and 
odour of water which is its major disadvantage. 
CaOCl2  +  H2O   Ca(OH)2  +  Cl2 
Cl2 + H2O    HCl  + HOCl (Hypochlorous acid which kills bacteria) 
It should be noted that chlorine should be always added a little higher than the break point 
chlorination for perfect disinfection. 
 
Breakpoint chlorination:   
The point at which the added chlorine completely removes bacteria, NH3, Organic and inorganic 
impurities is known as ―Breakpoint chlorination‖.When we add chlorine,  first it kills bacteria and 
oxidizes some inorganic impurities.The added chlorine is completely consumed. (a).  Further 
addition of chlorine is used to combine with ammonia to form chloramines compounds.  So, the 
residual chlorine content is increased upto (b).As saturation level is attained, the chloramines 
begin to decompose to release chlorine which is utilized to remove all the types organic and 
inorganic impurities.  So, residual chlorine level decreases. (c).At point (c), the added chlorine 
removes all the types of impurities.  So, the point is known as ― Break point chlorination‖. After 
this point, further addition of chlorine is not at all utilized and simply increases the residual 
chlorine content.(along cd) 
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Diagram for break point chlorination: 

 
 
Advantages of break point chlorination: 
i)It is used to remove Bacteria   ,  Ammonia  ,Organic impurity (sewage) ,Inorganic salt 
impurities ( Effluents, H2S , Fe salts)  from water.ii)It prevents the growth of any weeds in water. 
 
 

4. How is temporary hardness of water estimated by EDTA method?  
       (or) 
        Explain the determination of total hardness of water by EDTA method.  
      (or)  
       How  is the temporary and permanent hardness of water determined?  
       (Jan 2009,Jan 2011,Jan 2010) 

 
Definition: 

   If the water produces lather with soap, it is soft water.   If the water does not produce lather 
with soap, it is called as Hard water.  The property is known as hardness.  The hardness is due to 
Ca2+ , Mg2+  and  SO4

2- , Cl- , CO3
2-, HCO3

- ions and their salts. 
 
Estimation: 

 Chemicals required: 
a) Standard hard water – 1g CaCO3 + dil. HCl – made up to 1 Lr. 
b) EDTA solution – 4 gms of EDTA sodium salt / 1 Lr of water 
c) EBT Indicator – 0.5g EBT / 100 ml alcohol 
d) Ammonia buffer - 67.5g Ammoniumchloride +570ml Ammonia-- made up to 1Lr 
 
 Principle: 
EDTA stands for Ethylene Diamine Tetra Aceticacid. As it is insoluble in water, we use its 
disodium salt. 
Structure of EDTA: 
Na-OOC-H2C                                                 CH2 –COO-H                         
 N – CH2 – CH2 – N  
H-OOC-H2C                                                    CH2 –COO-Na 
 
By nature,  Eriochrome Black T indicator is blue in colour. When EBT indicator is added to 
water sample, it formsa wine red coloured unstable Ca-Mg-EBT complex.   
This reaction is carried out under a basic PH of 8- 10 using ammonia buffer. 
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Ca2+ / Mg2+  in water  +  EBT  -  [Ca / Mg –EBT] unstable wine red complex 
 
When EDTA is titrated against the complex, EDTA replaces all the EBT and forms a stable Ca / 
Mg –EDTA complex.  The liberated EBT indicates the end point as steel blue. 
 
[Ca / Mg –EBT]  + EDTA    [Ca / Mg –EDTA]    +   EBT 
(Wine red/unstable)           (Stable)   (Steel blue) 
So, the end point is the colour change from wine red to steel blue. 
 
 Short Procedure: 

S.No Content Titration-I 
Standardisation of 
EDTA 

Titration-II 
Total Hardness 

Titration-III 
permanent Hardness 

1 Burette EDTA StandardEDTA standardEDTA 
2 Pipette(20 ml) Std. Hardwater Sample water Boiled water 
3 Additional solution 10ml of NH3 buffer 10ml of NH3 

buffer 
10ml of NH3 buffer 

4 Indicator EBT EBT EBT 
5 Endpoint Wine red to steel blue Wine red to steel 

blue 
Wine red to steel blue 

6 Volume V1 V2 V3 

 
Calculation: 
Step1 – Standardisation of EDTA 
 
 1ml of EDTA  =  20 / V1 mg of CaCO3 

 

Step 2:  Finding Total hardness: 
20ml of sample water required  = V2 ml of EDTA 
     =  V2 X  20  mg of CaCO3 

                   V1 
   
Therefore, 1000ml of sample requires = V2 X  20  X  1000 mg of CaCO3 

                        V1         20 
 
Hence, total hardness    =   V2  X  1000 ppm 

                  V1 

 

Step 3:  Finding Permanent hardness: 
20ml of boiled water required  = V3 ml of EDTA 
     =  V3 X  20  mg of CaCO3 

                   V1    
Therefore, 1000ml of boiled  sample requires = V3 X  20  X  1000 mg of CaCO3 

                            V1       20 
 
Hence, permanent hardness    =   V3 X  1000 ppm 

                             V1 

 
 
Step 4 :  Temporary hardness =  Total hardness – permanent hardness 
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5. Explain the problems associated with the use of hard water in boilers. (or)  
       How is scale formed in boilers? What are its drawbacks (or) What is caustic  
       embrittlement? How does it arise? What are the methods of prevention of caustic  
       embrittlement? (Jan 2011,June 2011, June 2012) 

Sludge, scale, priming and foaming, caustic embrittlement, boiler corrosion are collectively 
known as boiler troubles. 

A) Caustic Embrittlement: 
It is the intercrystalline cracking of boiler due to NaOH.  NaOH content in water is increased 
due to the dissolved salts like Na2CO3 which is added during internal treatment. 

Na2CO3    +   H2O    2 NaOH  + CO2 

This NaOH occupies the hair line cracks of boiler metal and converts the insoluble Fe into 
soluble Sodium Ferroate.  Thus it makes the cracks bigger in bents, joints and crevices. 

Fe  +  2 NaOH    Na2FeO2   +  H2 ↑ 
( Insoluble)               (Soluble) 

Prevention of caustic embrittlement: 
1. As softening agent, we can use sodium phosphate instead of sodium carbonate. 
2. The hair line cracks can be sealed by waxy materials like Tannin and Lignin. 

 
B) Sludge and scale: 

If the water contains hardness causing salts like MgSO4, MgCl2 ,CaSO4 , Ca (HCO3)2 
on evaporation, the salts are precipitated to produce scale and sludge. 
Differences between sludge and scale: 
N
o 

Sludge 
 

Scale 

1 Loose, slim , non-adherent precipitate 
 

Hard, thick , adherent precipitate 

2 Due to  salts like MgSO4 , MgCl2 

 
Due to  salts like CaSO4 , Ca(HCO3)2 

3 Due to poor conductance, they decrease the 
boiler efficiency to lesser extent and causing 
chocking in the pipelines. 

Due to  poor conductance, they decrease  the boiler 
efficiency to maximum extent, cause reduced fuel 
economy , improper boiling, boiler explosion etc., 

4 It can be prevented by periodical replacement 
of concentrated hard water by fresh water. 
This process is known as ―blow down‖ 

method. 

It can be prevented by special methods like  
i)external treatment of ion exchange ,  
ii)Internal carbonate, phosphate, Calgon 
conditioning  
iii)Mechanical hard scrubbing methods. 

5 Diagram: 
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C) Priming and Foaming: 
1)Due to rapid boiling, the steam may carry some water droplets along with it. This is called 
wet steam .The process of wet steam production is called Priming. It can reduce the heat of 
the steam and cause corrosion in the pipelines. 
Priming is due to:   

      Improper design of boiler - High water level -High velocity of steam-Uneven boiling 
     Priming can be controlled by 
     Proper boiler design -Maintaining proper water level-Proper boiling 

 
If oils and greases are present, they produce stable bubbles on the water surface.This will 
increase the wet steam production.  This is known as ―Foaming‖. 
Foaming is prevented by adding 
i) Anti foaming agents (e.g.) synthetic poly amides , castor oil 
ii) Coagulants (e.g.) Aluminium hydroxide 
 Foaming and priming are collectively known as ‗ Carry over‖. 
 
D) Boiler Corrosion 
  It may be due to three major reasons: 
  Dissolved Oxygen  -  Dissolved CO2   -   Dissolved salts like MgCl2 

Corrosion Due to dissolved oxygen: 
Dissolved oxygen in presence of water, causes corrosion. 
4Fe + 6 H2O + 3O2    4 Fe (OH)3  (Rust) 
Prevention from oxygen: 
a) Chemical method -   
i)Adding Sodium Sulphite:  2 Na2SO3  + O2     2 Na2SO4 
ii)Adding Hydrazine:   N2H4  + O2    N2  +  2 H2O 
This method results in inert gas and pure water, and has no side effects. So it is preferred. 
b) Mechanical deaeration method: 
1. This is based on the principle that at high  temperature ,  low pressure and high exposed 
area, the solubility of gases in water is decreased.  So, the gases can be expelled easily. 
2. Here, the water is fed into the mechanical deaerator which is provided with vacuum pump, 
heaters and perforated  plates.  
3. The out coming water will  be free from dissolved gases.  

 
 
Corrosion due to Carbon – di – oxide: 
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Salts like Calcium bicarbonate on heating produces CO2 .  CO2 dissolves in water to form 
carbonic acid which corrodes the boiler metal.   

Ca(HCO3)2   ∆     CaCO3  +  H2O  +  CO2 
H2O  +  CO2    H2CO3 

 
Prevention from CO2 

Chemical method:  By adding calculated amount of ammonium hydroxide 
2NH4OH  +  CO2    (NH4)2CO3  +  H2O 

Mechanical deaeration method  ( similar to oxygen method) 
 

Corrosion due to Dissolved salts like MgCl2 
Dissolved salts like MgCl2 cause acid formation. This will be prevented by alkali       
neutralisation. 

       MgCl2 +  2 H2O    Mg(OH)2  +  2 HCl  (Corrosive acid) 
 

 
 Neutralisation:    
Excess acidic nature is neutralized by adding alkalis and vice versa. 
HCl  +  NaOH    NaCl  +  H2O  
 

6. What are the requirements of potable water? How will you purify water for 
drinking purpose? (or) Write the role of coagulants in the domestic water treatment  

       (Dec 2011,Jan 2010)       
Requirements of drinking ( potable) water: 

i. Free from colour, odour, bacteria, dissolved gases 
ii. Should have pleasant taste 

iii. Dissolved oxygen should be below 10 ppm 
iv. Chloride content should be below 250 ppm. 
v. Hardness salt content should be below 500 ppm. 

vi. PH  should be in the range of 6.5 – 8.0 
Water treatment process: 
Treatment Done by Purpose 
Screening Screening shutters with 

variable sized holes 
Removes floating material like wood, 
plastic, papers 

Aeration Mechanical aerator Removes Oxygen, Carbon-di-oxide , 
toxic gases, Fe, Mn salts 

Sedimentation Allowing the water to stand 
for 2 – 6 hrs in a tank 

Removes 75% of suspended impurities 

Coagulation Adding alum, 
Al2(SO4)3  Al (OH)3 

Removes 100% suspended and colloidal 
impurities, clay, silica 

Filtration Filter bed Removes bacteria, colour, odour, small 
dust particles 

Sterilization/Disinf
ection 

Boiling, ozone, chlorine, 
UV radiation 

Destroys bacteria 

 
Flow diagram: 
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Out of the above said methods, filtration and sterilization play a vital role in domestic water 
treatment. 
Filtration: 
Filter bed consists of four layers i.e., Fine sand, coarse sand, fine gravel and coarse gravel. When 
water is passed through this, all the colour, odour, part of bacteria are removed.  The bed needs 
periodic regeneration. 
 
Diagram: 

 
 
Sterilisation: 
Removal of bacteria is sterilization or disinfection.There are four important sterilization methods. 
1. Boiling - 2. Using ozone- 3. UV treatment - 4. Chlorination 
 
. 

     
 
 
7. Explain the softening of water by zeolite process. (Jan 2009) 

Screening 

Aeration 

Sedimentation 

Coagulation 

Filtration 

Sterilisation 

Treated domestic 
water 
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Hard water contains Ca2+ and Mg2+ ions. These ions form hard soap (insoluble compound) 
with soap which does not produce lather with water. 
Process: Hard water is softened by passing it through a column packed with sodium cation – 
exchange resing (Rna+). The Ca2+ and Mg2+ ions in hard water are replaced by Na+ ions. 
  2R—Na+ + Ca2+  R2Ca + 2Na+ 

  Sodium   Exhausted 
Exchanger  Resin 

Regeneration: The exhausted resin is again regenrated by treating it with sodium ion (Na+) 
solution. 
  R2Ca + 2Na+Cl-  2R-Na+ + CaCl2  

 
8. Explain the desalination of water by electro dialysis method. (Jan 2011)  
Electrodialysis is a method in which the ions (of the salts present) are pulled out of the salt 
water by passing direct current, using electrodes and thin rigid plastic membrane pair (natural 
or synthetic). When direct electric current is passed through saline ater, the sodium ions (Na+) 
start moving towards negative pole (Cathode); while the chloride ions (Cl-) start moving 
towarsd the positive pole (anode), through the membrane. As a result, the concentration of 
brine decreases in the central compartment; while it increases in the side compartments.  
Desalinated brine (or pure water) is removed from the central compartment from time to time; 
while concetrated brine (in the side compartments) is replaced by fresh brine/sea water. 
For more efficient separation, usually, ions selective membranes, are employed. An ion 
selective membrane has permeability for only one kind of ions with specific charge. For 
example a cation-selective membrane is permeable to cations only, because of the presence of 
charged fixed (inside the membrane) functional groups (Such as RSO-

3 of RCOO-), reject 
anions (having the same cahrge as that of fixed functional groups). Similarly anions-selective 
membrane has positively charged fixed functional groups such as R4N

+Cl-. 
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An electrodialysis cell consists of a large number of paired sets of rigid plastic membranes. 
Saline water is passed under a pressuer (of about 5 – 6 kg/m-2) between membrane pairs and 
an electric field is applied perpendicular to the direction of water flow. Just as magnets of like 
charges repel each other, the fixed positive charges inside the membrane repel positively 
charged ions (Na+), yet permit negatively charged ions (Cl-) to pass through. Similarly, the 
fixed negative charges inside the other type of membrane repel negatively charged ions (Cl-), yet 
permit positiviely charged ions (Na+) to pass through. Therefore, water in one compartment of 
the cell is deprived of its salts while the salt concentration in adjacent compartments is 
increased. Thus, we get alternate streams of pure water and concentration brine. 
 
Advantages: 
a. It is most compact unit 
b. The cost of installation of the plant and its operation is economical 
c. If electricity is available it is best suited. 
 
9. What is alkalinity? Describe the principle and determination of alkalinity by mixed 

indicator titration method.     (Dec 2011)   
The acid neutralizing capacity is known as alkalinity. It is due to OH-

, CO3
2-, HCO3

-. 
Chemicals required:   
NaOH, HCl , Sample water, Phenolphthalein, Methyl orange  
There are five types of alkalinity. 
i) OH-

 only    ii) CO3
2- only    iii) HCO3

-.only  iv) OH- and  CO3
2-    v) CO3

2-and HCO3
-. 

The other combinations are not possible.  Because, 
            OH-

 + HCO3
-.      H2O  +  CO3

2-, it again form carbonate. 
The possible reactions are   
1.            OH-

 + H+      H2O  
2.   CO3

2-  + H+    HCO3
-    ( Half neutralization of carbonate) 

3.   HCO3
- + H+      H2O + CO2 

Phenolphtalein can be used as indicator for 1 & 2.  But not for 3. 
Methyl orange is used for all 1 , 2 & 3 reactions. 
Formula table  
S.No Case        OH- 

 
       CO3

2--. 
 

     HCO3
-. 

1 P=0 Nil Nil  M 
2 P=M P=M Nil Nil 
3 P = ½ M Nil 2P Nil 
4 P > ½ M 2P – M 2(M – P) Nil 
5 P < ½ M Nil 2P (M – 2P) 
 
Short Procedure 
S.No Content Titration-I 

Standardisation of HCl 
Titration-II 
Alkalinity estimation 

1 Burette HCl acid Standard HCl 
2 Pipette(20 ml) Standard NaOH Water sample 
3 Indicator Phenolphtahlein i)Phenolphthalein 

ii) Methyl orange 
4 Endpoint Disappearance of pink colour i)Disappearance of pink colour 

ii) Appearance of pink colour 
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 Calculation:                 V1 x Normality of H2SO4 x 1000 x 50  

        alkalinity            =  
                         Volume of sample taken    
    
  Estimation of alkalinity: 
(let us consider P=8 and M = 10, as P>1/2 M , this comes under case (iv). We are having OH- and 
CO3

2- alkalinity) 
 
a)Amount of OH- 

Volume of HCl (V1)    = (2P – M ) ml 
Strength of HCl (N1)  =  From step 1 
Volume of water (V2)    = 20 ml 
Strength of OH- in water (N2)=  ? 
As per volumetric principle, V1N1  = V2N2                                                  
    N2  = V1N1  / V2 
Amount of OH-  in water   =  N2  X  50  X  1000  ppm 
 
b)Amount of CO3

2- 

Volume of HCl (V1)    = 2(M-P ) ml 
Strength of HCl (N1)  =  From step 1 
Volume of water (V2)    = 20 ml 
Strength of CO3

2- in water (N2)=  ? 
As per volumetric principle, V1N1  = V2N2 

                                                  
    N2  = V1N1  / V2 
Amount of CO3

2-in water   =  N2  X  50  X  1000  ppm 
      
10. Describe briefly the various methods of internal conditioning of boiler feed water 

(June 2009) 
 
Internal treatment methods: 
The residual salts that are not removed by external methods can be removed by adding some 
chemicals directly into the boiler water.  These chemicals are known as ‗Boiler compounds’.  
This method is known as ‗Internal treatment‘.   
 
E.g)  Carbonate conditioning, Phosphate conditioning , Calgon conditioning, colloidal 
conditioning, EDTA conditioning 
 
a)  Carbonate conditioning:    
Used for low pressure boilers.  Here the salts like CaSO4   are converted to easlity removable 
CaCO3.  But some times it produces NaOH, CO2 and hence Carbonic acid.  So it is less preferred. 
 
CaSO4  +  Na2CO3    CaCO3  +  Na2SO4 
 
b)Phosphate conditioning:  
 Used for high pressure boiler.  No risk of CO2  liberation.     
 
3CaSO4  +  2 Na3PO4    Ca3(PO4)2 +  3 Na2SO4 

 
Three types of Phosphate salts are used: 
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S.No Salt Name Used for treating 
1 Na3PO4   Tri sodium Phosphate highly acidic water 
2 Na2HPO4 Di sodium hydrogen Phosphate slightly acidic water 
3 NaH2PO4 Sodium di hydrogen phosphate highly  alkaline water 
 
 
c) Calgon conditioning: 
 
Calgon is the trade name of sodium hexa meta phosphate- Na2 [ Na4 (PO3)6]. 
With calcium ions it forms a soluble complex and prevents scale and sludge formation.  It is used 
for high and low pressure boilers. 
 
2CaSO4 + Na2[ Na4 (PO3)6]    Na2 [Ca2(PO3)6]   +  2 Na2SO4 

 

d) Colloidal conditioning: 
 
Used for low pressure boilers.  Here, scale formation is avoided by adding organic substances like 
kerosene, tannin, agar-agar etc., which get coated over the scale forming precipitates. This 
converts the scale into sludge and they are removed by blow down operation methods. 
 
e) EDTA complexometric conditioning: 
 
At basic PH, EDTA is added to boiler water. EDTA binds the scale forming cations to form 
soluble complex. Thus scale formation is prevented. 

 
Problems: 
 
11. 100 ml of a water sample required 20 ml of 0.01 M EDTA for the titration with 

Eriochrome Black-T indicator.. 100ml of the same water sample after boiling and 
filtering required 10 ml of 0.01 M EDTA. Calculate the total, carbonate and non 
carbonate hardness of the sample.                                                      (June 2009) 

 
Std. Formula :   1ml of  1 M EDTA = 100 mgs of CaCO3 

Therefore,     1ml of 0.01 M EDTA = 1 mg of CaCO3 

 
Total hardness: 
100ml of sample requires = 20 ml of 0.01M EDTA 
       = 20 x 1 mg = 20mg of CaCO3 
Therefore, 1000 ml of sample requires =  20 x 1000 / 100  = 200mgs of CaCO3                                                                   
i.e., Total hardness = 200 mg / L  = 200 ppm 
 
Non carbonate hardness: 
100ml of boiled sample requires = 10 ml of 0.01M EDTA 
       = 10 x 1 mg = 10mg of CaCO3 
Therefore, 1000 ml of boiled sample requires =  10 x 1000 / 100  = 100mgs of CaCO3                                                                   
i.e., Non- Cardbonate ( Permanent) hardness = 100 mg / L  = 100 ppm 
 
Carbonate hardenss = Total hardness – Non carbonate hardness 
           = 200 – 100 = 100 ppm 
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12. 0.28 g of CaCO3 was dissolved in HCl and the solution was made upto one litre with 
distilled water. 100 ml of the above solution required 28 ml of EDTA solution on 
titration. 100 ml of a hard water sample required 33 ml of same EDTAsolution on 
titration. Another 100 ml of the same water, after boiling, cooling and filtering 
required 10 ml of EDTA solution on titration. Calculate the temporary and 
permanent hardness of water.  (June 2010) 
Given :   
1000 ml of std. hard water contains  = 0.28 gm of CaCO3 = 280 mgs of CaCO3 
Therefore, 1 ml of std. hard water = 0.28 mg of CaCO3 
28 ml of EDTA  = 100 ml of the std hard water = 100 x 0.28 mgs of CaCO3 
Hence, 1 ml of EDTA  =  100 x 0.28 x 1 / 28  = 1 mg of CaCO3 

Total hardness: 
100ml of sample requires = 33 ml of 0.01M EDTA 
       = 33 x 1 mg = 33mg of CaCO3 
Therefore, 1000 ml of sample requires =  33 x 1000 / 100  = 330mgs of CaCO3                                                                   
i.e., Total hardness = 330 mg / L  = 330 ppm 
Non carbonate hardness(Permanent) 
100ml of boiled sample requires = 10 ml of 0.01M EDTA 
       = 10 x 1 mg = 10mg of CaCO3 
Therefore, 1000 ml of boiled sample requires =  10 x 1000 / 100  = 100mgs of CaCO3                                                                   
i.e., Non- Cardbonate ( Permanent) hardness = 100 mg / L  = 100 ppm 
Temporary hardenss = Total hardness – Non carbonate( permanent) hardness 
           = 330 – 100 = 230 ppm 

13. 100 ml of raw water sample on titration with N/50 H2SO4 required 12 mlof the acid 
to phenolphthalein endpoint and 15.5 ml of the acid to methyl orange indicator. 
Determine the type and amount of alkalinity present in the water sample. (4) (June 
2010)  
Condition :   P > ½ M,  Sample contains OH- and CO3

2- only. 
a) Alkalinity due to OH-  

Formula  =  2P – M  = (2x12) – 15.5  = 8.5ml 
V1  = Vol of acid = 8.5 ml 
V2 = Vol. of water sample = 100 ml 
N1 = Normality of acid = 1/50 N 
N2 = Normality of water sample = ? 
N2  =  V1N1 / V2  =  8.5 x(1 /50) / 100  = 0.0017 N 
Amount of OH- in terms of CaCO3 equivalent =  N2  x  Eq. Wt of CaCO3 
                                                    = 0.0017 x 50 gms = 0.0017 x 50 x 1000 mg/L 
                                                  = 85 ppm 
 b) Alkalinity due to  CO3

2- 
Formula  =  2[M-P]  = 2[15.5-12]  = 7ml 
V1  = Vol of acid = 7 ml 
V2 = Vol. of water sample = 100 ml 
N1 = Normality of acid = 1/50 N 
N2 = Normality of water sample = ? 
N2  =  V1N1 / V2  =  7 x(1 /50) / 100  = 0.0014 N 
Amount of OH- in terms of CaCO3 equivalent =  N2  x  Eq. Wt of CaCO3 
                                                    = 0.0014 x 50 gms= 0.0014 x 50 x 1000 mg/L 
                                                  = 70 ppm 
 
Total alkalinity  = OH- alkalinity + CO3

2- alkalinity  = 85 + 70 = 155ppm 
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14. 50 ml of sample of hard water required 35 ml of 0.01M EDTA in the titration.50 ml 
of the same sample of water after boiling required 12 ml of 0.01M EDTA.Calculate 
total and temporary hardness of water.(June 2012)  

 
Std. Formula :   1ml of  1 M EDTA = 100 mgs of CaCO3 

Therefore,     1ml of 0.01 M EDTA = 1 mg of CaCO3 

 
Total hardness: 
50 ml of sample requires = 35 ml of 0.01M EDTA 
       = 35x 1 mg = 35 mg of CaCO3 
Therefore, 1000 ml of sample requires =  35 x 1000 / 50  = 700mgs of CaCO3                                                                   
i.e., Total hardness = 700 mg / L  = 700 ppm 
 
Permanent  hardness: 
50 ml of boiled sample requires = 12 ml of 0.01M EDTA 
       = 12 x 1 mg = 12 mg of CaCO3 
Therefore, 1000 ml of boiled sample requires =  12 x 1000 / 50  = 240 mgs of CaCO3                                                                   
i.e., Non- Cardbonate ( Permanent) hardness = 240 mg / L  = 240 ppm 
 
Carbonate hardness: 
 
Carbonate hardenss = Total hardness – Non carbonate hardness 
           = 700 – 240  = 460  ppm 

 

Unit – II      Polymers and Composites 
PART A 

 
1. What is meant by degree of polymerization? 

The number of repeating units present in a polymer is known as degree of     
 Polymerization 
 

2. What is meant by polymerization? 
The reaction by which the monomers combined to form a polymer is known as 
polymerization 
 

3. With one example explain the term : Functionality 
Number of reactive sites or bonding sites or polymerisable groups present in a 
monomer is known as functionality for example Ethylene : Functionality 2 
( Double bond provides two reactive sites) 
 

4. Why thermosetting plastics cannot be reshaped & reused ? 
`Thermosetting polymers consists of strong network of covalent bonds, so they do 
not soften on heating and cannot be reshaped and reused  
 

5. What is tacticity of a polymer ? 
The orientation of functional groups of a polymer can take place in an orderly and 
disorderly fashion with respect to the main chain . This is known as tacticity 
 

6. How plastics are classified ? Give two examples 
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Thermoplastic plastics – Polyethylene, polyvinyl chloride 
Thermosetting plastics – Bakelite, Urea formaldehyde 
 

7. PVC is hard and horn like . Justify 
Presence of large number of chlorine atoms in PVC increases the inter molecular 
forces of attraction between the polymer chains making it hard and horn like 
 

8. What is the repeating unit of PVC , Teflon ? 
- CH2 – CH Cl - ,   - CF2 – CF2-  
 

9. Give the structure of the monomer and polymer of terylene. 
- O- CH2 – CH2 – O – C O- C6H5 – CO - : monomer 
 (- O- CH2 – CH2 – O – C O- C6H5 – CO -)n   : polymer 
 

10. What is the repeating unit of natural rubber ? 
- CH2 – C (CH3) = CH - CH2 –  
 

11. What are the starting compounds for the preparation of PC ?  
NaO – C6H5 – C(CH3)2 – C6H5 – ONa : Disodium salt of bisphenol – A  
Cl- CO – Cl : Phosgene 
 

12. Give the structure of SBR 
{ (- CH2 – CH= CH – CH2 - )-[ CH2 – CH –( C6H5) - ]}n  
 

13. What is the repeating unit of PU ? 
- CO – NH – (CH2)6 – NH –CO –O –(CH2)4 – O –  
 

14. Give the structure of Nylon 6,6 
[ - NH – ( CH2)6 – NH – CO –(CH2)4 – C O - ]n 

 
15. Write the monomer of polyurethane. 

 O=C = N – (CH2)6 – N = C=O : 1,6 – Hexane di isocyanate 
HO – (CH2)4 – OH : 1,4 – Butane diol 
 

16. Give the structure of Butyl rubber. 
[ - CH2 – C (CH3)2 – CH2 – C ( CH3) = CH – CH2 - ]n 

 
17. Why is Teflon highly chemical resistant? 

Teflon is highly chemical resistant due to the presence of highly electronegative 
fluorine atoms which hold the polymer chains strongly with each other. 
 

18.  What is meant by the term vulcanization of rubber? 
Vulcanization is the process of reducing plasticity of natural rubber without 
affecting its elasticity. This is carried out by adding 1-3% sulphur to natural 
rubber 
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19. What is FRP ? 

FRP materials are composite materials that consists of strong fibres embedded in 
resin matrix 
 

20. What are the types of composites? 
Polymer matrix composites, metal matrix composites and ceramic matrix 

composites.  
 

21. Name two synthetic polymers which are used for making textile fibers . 
Nylon, Terylene 
 

22. What is Latex? 
Latex is the milky juice from a rubber tree( Hevea Braziliensis) 
 

23. What is the repeating unit of PET ? 
- O – CO – C6H5 – CO – O – (CH2)2 – O –  
 

24. Give the structure of polycarbonate. 
[ -O-C6H5-C(CH3)2-C6H5-O-CO-] n 

 
25. What are the starting compounds for the preparation of Butyl rubber ?  

CH2=C (CH3)2   :  Isobutylene  ,CH2=C (CH3)-CH=C H2  : Isoprene 
 
PART B 
 

1. Explain the  free radical polymerization mechanism. 
3 steps  in Free radical mechanism: 1. Initiation     2. Propagation   3. Termination 
Step I - Initiation  : 1a)   Initiator    Radical 

         1b)   Radical  +  Monomer    Chain Initiating Species  (CIS) 
Step II  - Propagation;  CIS  +  n (monomer)    Living polymer 
Step III  - Termination;  
3a) By Coupling  :  Radical  + Radical     Macromolecule  ( Dead polymer) 
3b)  By disproportionation by Hydrogen transformation: 
       Radical  +  Radical     Unsaturated polymer  + Saturated polymer 
 
EXPLANATION: 
1. Initiation  
a)  Initiator    Radical 
1.The substance which undergoes homolytic cleavage to form radical is called ‗Initiator‘.  

(e.g) acetyl peroxide initiator2.The substance with single electron is called ‗ radical‘. 

(e.g) acetyl peroxide radical 
e.g  Acetyl peroxide    Radicals   ( at 800C) 

           CH3COO  - CH3COO    2 CH3COO• 
 b)  Radical  +  Monomer    Chain Initiating Species  (CIS                                                                                 
       R.  +  CH2=CH           R – CH2  - CH •                             
                          │                                  │ 
                          X                                  X                   Where X = -Cl, -C6H6, -CN, -OH, -COOH 
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2. Propagation: 
                             CIS  +  n (monomer)    Living polymer 
                                                                                                                                                                                                             
        R – CH2  - CH •     +   n  (  CH2  =  CH)      R (-CH2 – CH -)n-CH2  - CH • 
                          │                                 │                               │                    │ 
                          X                                 X                              X                    X 
                                                         ( Living polymer) 
3. Termination 
a) Coupling 

Radical  + Radical     Macromolecule  ( Dead polymer) 
                                                                                                                                                                 
        R – CH2  - CH •          +    R- CH2 –C H •                     R – CH2 – CH – CH – CH2 – 
R  
                          │                                 │                                                 │       │               
                          X                                 X                                                 X       X   
                                                                                                            (Dead polymer) 
b) Disproportionation (by Hydrogen transformation) 

Radical  +  Radical     Unsaturated polymer  + Saturated polymer 
                          H                         H                                  H                 H 
                          │                          │                                  │                 │ 
        R – CH2  - C

•     +    R- CH2 – C•             R – CH  = C    +     H– C – CH2 – R  
                          │                          │                                  │                 │               
                          X                          X                                 X                 X 
 The products are known as dead polymers. 
 
 

2. Differences between addition and condensation polymerization. 
No Addition Polymerisation Condensation Polymerisation 
1 At least one multiple bond presence is 

essential condition. 
Monomers must have two or more 
functional groups. 

2 Otherwise known as ―Chain growth 

Polymerisation‖. 
Otherwise known as ―Step wise 

Polymerisation‖. 
3 Monomers are adding together to form 

polymers. 
Monomers are condensed to form 
polymer. 

4 No elimination of other molecules. Elimination of smaller molecules occur. 
5 They produce linear chain polymer The produce cross linked polymer 
6 Homo chain polymers are formed. Hetero chain  polymers are formed. 
7 Thermoplastics are formed. Thermo set plastics are formed. 
8 Molecular weight of the polymer is the 

integral multiple of monomers. 
Molecular weight of the polymer is not  
the integral multiple of monomers. 

9 Monomers disappear slow and steadily. Monomers disappear at the initial stage of 
the reaction. 

10 Longer processing time is needed. Longer time is essential. 
11 Eg. PVC Eg. Nylon 6,6 
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3.  Distinguish between thermoplastics and thermosetting plastics. 

No THERMOPLASTICS THERMOSETTING PLASTIC 
1 Formed by addition polymerisation Formed by condensation polymerisation 
2 They are soft, flexible and less brittle They are strong, hard and more birttle 
3 They can be remoulded from scarp.  

(recyclable)  
Scarp can not be used again. (Non 
recyclable)  

4 They soften on heating and harden on 
cooling 

They do not soften on heating 

5 They have linear structure  
M – M – M – M – M – M  

They have complex 3D structure.       -  
M  - M -  M  -  M –M              
│     │     │       │   │    
M  -M  -  M  -  M  - M           
│      │     │     │     │         
M  -  M  - M – M – M 
 │      │     │    │    │ 

6 The bond strength is low ( weak 
vanderwaals forces) 

The bond strength is high ( strong 
covalent bond) 

7 Molecular weight is low Molecular weight is high 
8 Soluble in organic solvents. Insoluble in organic solvents. 
9 Prepared by Injection moulding Prepared by compression moulding. 
10 Eg. PVC , Polyethylene Polyester, Bakelite 
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4. Write preparation, properties and uses of  PVC  ( Polyvinyl chloride), TEFLON (Poly Tetra Flouro Ethylene –PTFE) and POLY CARBONATE ( Lexan / 
Merlan) 
No Name Properties Uses 
1 PVC  ( Polyvinyl chloride) 

Step 1 – Acetylene is treated with Hydrochloric acid at 60-800C in presence of some metallic 
chloride catalyst. It forms Vinyl chloride. 
         CH≡CH    +    HCl    MCl /  60-800C         CH2 = CH                                                                                         
   (Acetylene)                                                                │   (Vinyl chloride) 
                                                                                    Cl     
Step 2 – Vinyl chloride, in presence of Hydrogen peroxide undergoes polymerisation to form 
Poly vinyl Chloride. 

                     

1.Colourless , odourless powder. M.Pt 100 
-2600C) 
2. Affected by Organic chlorinated acids. 
3. It is degraded by high temperature and 
radiations. 
4. non-inflammable. 
5. good electrical insulation properties. 

Plasticized PVC 
1. Sewerage Pipes, LCD   
   Screen, portable   electronic 
accessories 
2. Electrical wire covering 
3.Table cloth, shoes, bags, aprons  
4.Adhesives 
Un plasticized PVC 
5. Rigid PVC: used in building 
industry, window frames, weather 
boarding 

2  
TEFLON (Poly Tetra Flouro Ethylene –PTFE) 
Step – 1 When Chloro Diflouro methane is heated, it forms Tetra flouro ethylene is formed.   
            2CHClF2                          heating                               CF2  = CF2 

(Chloro difluro methane)                                          (Tetra flouro ethylene) 
Step 2 - Tetra flouro ethylene   , in presence of Benzoyl peroxide (Be2O2) , polymerized to form 
PTFE. 
 
   n (CF2 = CF2 )         Be2O2                         CF2  - CF2    
                                                                                  n                         
(Tetra flouro ethylene)                          (Teflon – PTFE) 

1. Except Fluorine, it is chemically inert 
because rich electronegative fluorine 
atoms. 
2. Electrical insulators. 
Non-sticking property 
3. Excellent electrical insulation properties 
and thermal stability.(Withstands up to 
3500C) 

1.In chemical carrying pipes 
2.Gaskets in cookers 
3.Electrical switchboards. 
4. non-stick coating on frying 
pans, seals etc., 
5. in high temperature insulation 
material for motors, generators, 
coil transformers and electric 
cables. 

3 POLY CARBONATE ( Lexan / Merlan) 
It is formed by condensation between  Bisphenol-A and Butane phosgene or diphenyl carbonate 
as shown below: 

 

1. Withstand very high    
     temperatures. (2650C) 
2. They are having high   
     transparency. 
3. very high impact strength 
4. resistant to water and   
    organic compounds. 
5. it hydrolyse slowly in   
     presence of alkalies. 

1. In sterilizable bottles. 
2.Film industry – Camera,   
    Photography films 
3. Transparent bottles, lenses, 
solar collectors. 
4. hair dries bodies 
5. switches, high voltage lamps, 
aircraft parts, refrigerator parts,  
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5. Give an account of the preparation, properties and uses of POLY URETHANE ( Perlon – u), PET (Poly ethyleneterephthalate) (OR) Terene (OR) Decron and 
POLY AMIDES (Nylon-6:6) 
1 POLY URETHANE ( Perlon – u) 

It is formed by condensation between  hexamethylene diisocynate and Butane diaol as shown 
below: 
O       O      
║                                ║         
C = N – (CH2)6 – N = C        +            HO – (CH2)4 – OH      
(Hexa methylene di iso cyanate)        (Butane diol) 
 
            O                                     O 
            ║                                     ║ 
          (-C – NH – (CH2)6 – NH – C – O – (CH2)4 – O- )n 

                              (poly urethane) 

1. Used at Subzero (-ve)    
   temperatures. 
2. high strength, excellent abrasion 
resistance and good resistace to 
moisture 
3. less stable than polyamides 
4. good resistance to common 
solvents. 

1. used as coating, films, foam, 
adhesives, elastomers. 
2. modified polyurethane fibre 
(spandex) is used for foundation 
garments and swim suits. 
3.PU coatings are used in  gymnasium 
and on dance floors. 
4. used as gaskets and seals. 
 

2 PET (Poly ethyleneterephthalate) (OR) Terene (OR) Decron 
PET  is formed by condensation between  ethylene glycol and terephthalic acid as shown below: 

 

1.High stretch resistance 
2. High wrinkle resistance 
3. Unbreakable 
4. Acid proof 
5. high resistant to minerals  
 

1. PET jars, bottles 
2. safety Helmets 
3.Terylene fabrics 
4.Textile , wool industry 
5. sail boat cloth,  
6. Insulating tapes 
7. liquid crystal display,  
    holograms, filters 
8. dielectric film for  capacitor. 

3 POLY AMIDES (Nylon-6:6) 
Nylon-6,6 is formed by condensation between hexamethylene diamine and adipic acid as shown 
below: 

 
 

1.Flexibililty 
2.Elasticity 
3.Elongatable property 
4. They are light, horny and high 
melting (2650C) 
5. insoluble in common solvents 
6. They absorb little moisture 

1. Tooth brush bristles 
2.Automobile gears 
3.Textile industry 
4. Nylon ropes 
5. films 
6. for making fibre, inner garments, 
carpets 
7. for making sports goods, nets, 
racktets. 
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6. Discuss the methods of preparation, properties and uses of butyl rubber and SBR. 
 

Preparation 
 

Properties Uses 

1.SBR – Styrene Butadiene Rubber  (OR)  
Buna –S 
SBR is formed by copolymerization between 
Butadiene(75%) and styrene (25%) as shown 
below: 

 

 

1. For vulcanization, it 
needs little amount of 
sulphur but more amount 
of accelerators. 
2. High tensile strength. 
3. Not Soft and sticky 
during summer 
4. Not Hard and brittle 
during winter 
5. Not affected by 
organic and inorganic 
acids. 

1.Tyres – Belts – 
Gaskets – Shoes – 
Tank linings.  
2. floor tiles, foot-wear 
components 
3. wire and cable 
insulations,  
4.carpet backing  
5. adhesives  
 

 
2. BUTYL RUBBER – (GR-I) rubber 
Butyl rubber  is formed by copolymerization 
between Isobutylene and Isoprene (3%) as shown 
below:                                          CH3 
                                                    │   
n [ H2C = C (CH3)2 ]  +  n [CH2 = C – CH = CH2]    
             Isobutylene                      Isoprene             
                                            
                                              CH3 
                                              │   
 [ H2C – C (CH3)2  -  CH2 –   C  = CH –CH2] n  
         BUTYL RUBBER 

1. Low permeability to 
air  
2. High tensile strength. 
3. Not Soft and sticky 
during summer  
4. Not Hard and brittle 
during winter  
5. Not affected by 
organic and inorganic 
acids 

1. Inner tubes of 
automobile tyres   
2. Belts, Gaskets,  
Shoes, Tank linings  
3. high pressure steam 
hoses  
4. electrical cable 
insulation  

 
7.  Explain the mechanism, purpose and importance of vulcanization. 
To remove the defects of rubber, we are adding sulphur to rubber and heating at 100 – 
1400C under high pressure.  This process is called Vulcanisation. The defect of rubber is 
mainly due to the non-cross linked isoprene structure of rubber.  But, the added sulphur 
attacks the double bond of isoprene units and converts the  non-cross linked structure into 
a cross linked structure. So, the defects of natural rubber are removed. If 3 -5 % sulphur 
is added, it is soft rubber. They are used in tyres.   If more than 30% Sulphur is added, it 
is called ‗hard‘ or ‗ebonite rubber‘. They are used in acid battery cases. 
 
            CH3                            CH3 
            │                                 │  
–CH2 – C= CH–CH2   –CH2 –  C = CH – CH2 –                                Sulphur 
 
                                                                                                         100 – 1400C 
   –CH2 – C= CH–CH2   –CH2 –  C = CH – CH2 – 
               │                                 │ 
               CH3                                          CH3 
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                                                     CH3                                             CH3 
                                                      │                                  │ 

–CH2 – C– CH–CH2   –CH2 –  C – CH – CH2 – 
                                                     │     │                           │      │ 
                                                     S     S                          S      S 
                                                      │     │                          │      │ 

  –CH2 – C– CH–CH2   –CH2 –  C –  CH – CH2 – 
                                                      │                                 │ 
                                                     CH3                                            CH3 

Differences between raw and vulcanized rubber 
 
No Raw  rubber Vulcanised rubber 
1 Soft and sticky during summer Not Soft and sticky during summer 
2 Hard and brittle during winter Not Hard and brittle during winter 
3 Swells in oil Does not Swell in oil 
4 Absorbs high amount of water Does not Absorb high amount of water 
5 Affected by organic and inorganic 

acids 
 Not Affected by organic and inorganic 
acids 

6 Easily undergoes oxidation Does not easily undergo oxidation 
7 Poor life time High  life time 
8 Tensile strength is low (200 kg/cm2) Tensile strength is high (2000 kg/cm2) 
9 Used between 10 – 60 0C Used between  - 40  to 100 0C 
10 E.g) Raw rubber E.g) SBR , Butyl rubber 
 
8.  Give an account of the preparation, properties and uses of FRP.  
COMPOSITES 
Composites can be defined as combinations of two materials in which one of the 
materials, called the reinforcing phase, is in the form of fibres, sheets or particles and is 
embedded in the other materials called the matrix phase. 
 
1. Matrix phase is the external continuous body constituent.  
    (e.g) Polymer, metals, Ceramics, 
 
2. Dispersed Phase is the internal structural constituent. 
    (e.g) Fibre, Sheets, particulates 
 
Need / Advantages / Properties of composites: 
 
1. They are inert towards chemicals. 
2. Corrosion resistance 
3. Improved mechanical strength. 
4. Improved creep resistance. 
5. High insulation property. 
6. Variable dielectric constant. 
7. Withstand very high temperature. 
8. High dimension stability. 
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Types of composites (Based on Matrix) 
1. Polymer matrix composite           
 2.Metal matrix composite  
 3. Ceramic matrix composite 
   
POLYMER MATRIX COMPOSITE ( FIBRE REINFORCED PLASTICS –FRP) 
 
Synthesis: 
1. Polymer plastic resin is taken as matrix phase. 
(e.g.)  Polyester resin, Epoxy resin (For High mechanical strength) 
         Silicone resin, Phenolic resin (For good electrical and thermal properties) 
 
2. Fibre is taken as Dispersed Phase. 
(e.g.)  Alumina – for dimension stability 
         Boron   - For stiffness 
         Glass - For corrosion resistance 
          Carbon – For bio compatibility 
          Graphite – For Lubrication 
 
3. Matrix Phase + Dispersed Phase are suitably mixed, and cured under proper heat and 
pressure.  This results in FRP. 
 
Various types of FRP 
 
Polyester – Glass FRP Polyester – Boron FRP Polyester – Carbon FRP 
Epoxy – Glass FRP  Epoxy – Boron FRP  Epoxy – Alumina FRP 
Silicone – Alumina / Silicone – Boron / Silicone – Glass FRP …..etc. 
 
 
APPLICATIONS OF FRP:  
1. Medical field      
2. Aero planes     
3. Air crafts       
4. Automobiles 
5. Sports                   
6. Industries       
7. Submarines      
8. Pollution control 
 
1. Medical field: - For hip joints and fracture curing plate treatment, steel may have 
some side effects due to non-bio compatibility.  But Carbon FRP plates are highly bio 
compatible and they are used as plates. 
 
2. Aeroplane: - In Aero planes vertical and horizontal wings, Boron FRP are used due to 
their very low mass / volume ratio.  It is 30% lighter than steel. 
 
3. Air crafts: - In aircraft wings, high resistant blocks, nose cones of missiles, Carbon or 
graphite FRP are used. 
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4. Automobiles -Due to high mechanical strength, they are used in automobile parts. 
 
5. Sports - Due to high water resistivity, graphite, silicone FRPs are used in sports 
mats and artificial sports lawns. 
 
6. Industries - As they are not affected by chemicals, they are used in chemical 
industries as reservoirs. 
 
7. Submarines - Due to high water resistivity and strength, Glass FRP and silicone 
FRP are used in submarines. 
 
8. Pollution control - As they are easily bio degradable, their pollution problem is 
minimum. 

 

UNIT III  Surface Chemistry 
PART A 

 
1.  Define adsorption?  
  The phenomenon of higher concentration of any molecular species at the 

surface than in the bulk of a solid is known as adsorption. 
 
2.  What are adsorbent and adsorbate? 
 The solid that takes up a gas or vapour or a solute from a solution is called the 

adsorbent.  The gas or the solute which is held to the surface of the solid is 
called the adsorbate. 

 
3.  What is chemisorption? 
  If the adsorbed molecules are held on the surface of the adsorbent by chemical 

bonds (covanent or ionic bond) is called chemisorption. 
 Ex. Adsorption of H2 on Nickel. 
 
4.  What is physisorption? (Jan 2011) 
 The type adsorption caused by the interplay of weak vanderwall‘s forces is 

refered to as physical or vanderwall‘s adsorption. 
 Ex. Adsorption of H2 or O2 on charcoal. 
 
5. Write any two differences between physisorption and chemisorption 

Physisorption Chemisorption 

Multilayer adsorption occurs Monolayer adsorption occurs 

Heat of adsorption is 20-40 K 
cal/mol 

Heat of adsorption is 40-400 
K cal/mole 
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6. What are the characteristics of adsorption 
 i. It is always a spontaneous process 
 ii. It is always accompanied by the evolution of heat. 
 iii. It is a selective process.  
 iv. It is specific in nature. 
 
7.  What is meant by adsorption isotherm? (Jan(2011) 
 A mathematical expression or graphical curve which represents the relation 

between the amount of gas adsorbed by the adsorbent and the equilibrium 
pressure at constant temperature is called the adsorption isotherm. 

 
8. What is meant by negative adsorption? 
 When the surface concentration of the adsorbate is less than the bulk, the 

process is designated as negative adsorption. E.g. dilute KCl is negatively 
adsorbed on charcoal. 

 
9. Mention the factors which influence the adsorption of gases on solids 
 Pressure, Temperature, Nature of the gases, Thickness of the adsorbed layer, 

Nature and surface area of the adsorbent.  
 
10. Discuss the effect of temperature on adsorption 
 Physisorption: It occurs at lower temperature. It decreases with increase in 

temperature 
 Chemisorption: It increases with increase in temperature and then decreases. 
 
11. Give the conditions at which Freundlich adsorption isotherm fails. 

 When n=0; 
m

x
=constant. This shows that the adsorption is independent of 

pressure; When n=1; 
m

x
= kp i.e., 

m

x
α p. The adsorption varies directly with 

pressure. Both the conditions are supported by experimental results. However, 
it fails at high pressure. 

 
12.   What are the limitations of Freundlich’s isotherm? 
  i)  It is purely empirical and has no theoretical basis. 
  ii) The equation is valid only up to a certain pressure and is invalid at  higher 

pressure 
  iii) The constants k and n are temperature dependants 
iii) When the concentration of the adsorbate is high, the isotherm fails. 

 
13.   What is homogeneous heterogeneous catalysis? 
  In homogeneous catalysis, the catalyst is in the same phase as the reactants 

and is evenly distributed throughout. E.g. Oxidation of SO2 to SO3 with NO as 
catalyst 
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14.  What is heterogeneous catalysis? 
 The catalysis in which the catalyst is in a different physical phase from the 

reactants is termed as heterogeneous catalysis 
 Eg. Synthesis of ammonia by Haber‘s process 

 N2 (g) +3H2 (g)  
Fe(s)

2NH3 (g)    
 
15. How is activated carbon used in gas masks? 
 Activated carbon adsorbs poisonous or foul smelling gases or vapours more 

readily than it adsorbs air. Thus, air required for breathing gets filtered on 
passing thorough the activated carbon in the mask. 

 
16. What is a promoter? Explain its action. 
 The substances which increase the catalytic activity of a catalyst are called 

promoters. In Haber‘s process, the activity of iron catalyst is increased by 

adding Mo or K2O (promoter) 
 Promoters increase the spaces between the catalyst particles. Hence, the 

adsorbed molecules are further weakened and cleaved. This increases the rate 
of reaction.  

 
17.  What is catalytic poison?   
 Catalytic poison is defined as, a substance which destroys the catalytic activity 

of a catalyst by reducing the active centres, which was preferentially adsorbed 
by poison.   

 
18. Write the Langmuir adsorption isotherm. 

 
ap

bp




1
  

 At low pressure   =kp1 

 At high pressure   = kp0 

 At intermediate pressure   =kpn and the value of n lies between 0 and 1.  
 
19. Give the Freundlich isotherm. 
 It gives an embrical relationship between the quantity of gas adsorbed by a 

given amount of solid adsorbent surface and pressure at a particular 
temperature. It states that  

 nKP
m

x 1

  

 K and n are constant 

 P
n

K
m

x
log

1
loglog 

 
 
20.  What are the factors that affect adsorption of gases on solids? 
 i) Pressure, ii) temperature, iii) nature of the gases, iv) thickness of the 

adsorbed layer, v) nature and surface area of adsorbent.   
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21.  How is ion exchange adsorption used in water softening? 
 Hard water contains Ca2+ and Mg2+ ions. It softened by passing through a 

column packed with sodium cation exchange resin(R-Na+). The Ca2+and Mg2+ 
ions in hard water are replaced by Na+ ions. 

 
22. Explain the function of activated charcoal with suitable examples. 
 i)  It adsorbs colouring matter present in sugar solutions 
 ii)  It adsorbs acids like acetic acid, oxalic acid present in water 
iv) It adsorbs ammonia from the solution of ammonium hydroxide 

 
23.     what is the role of adsorbent in catalysis? (Jan 2009) 

     The surface of the solid catalyst is not niform.it has peaks cracks and corners  
and  edges on it. These areas are called active centres. 
Active centres will have relatively more unshared electrons  and hence 
chemisorbing the reacting gases to form activated complex 
So the catalytic activity due to adsorption of reacting gases is maximum at these 
sites. 
 

     24.         What is the effect of increase in pressure on the adsorption of a gas 
on a solid? (January 2009) 

Accordind to Le-chatlier principle , always a dynamic equilibrium exists between 
thje adsorbed gases and solid surfaces.Hence, an increases of pressure increases 
theadsorption of gases on solid  surfaces whereas decreases of pressure causes 
desorption of gas molecules from the solid surfaces. 
 
25.Compare absorption and adsorption.(Jan 2010) 

  
S.NO absorption adsorption 
1. Absorption is a bulk 

phenomenon 
Adsorption is a surface phenomenon 

2. In absorption,  it takes some 
time to reach equilibrium 

In adsorption equilibrium is easily 
attained 

 
26. Mention any four application of adsorption. (Jan2010) 

In analytical techniques, adsorption is employed in chromatography to separate various 
components of a mixture 
In biological systems the adsorption of atoms and molecules on to the surface of a cell 
membrane is the first step in molecular recognition. 
In air pollution control, activated carbon is used as an adsorbent for the removal of 
gaseous pollutants 
Charcoal is used in gas masks, because bof its porous nature, charcoal adsorbs large 
volumes of gases including most toxic ones and allows only pure to pass through it. 

27. What are the characteristics of adsorption? (Jan 2012) 
(i) Adsorption is a surface phenomenon 
(ii) Adsorption is an exothermic process 
(iii) Adsorption is a consequence of surface energy 
(iv)  



Code &Subject: CY2111&Engineering Chemistry - I              Dept. Name: CHEMISTRY                      Academic 2012-2013 

St. Joseph’s College of Engineering/Institute of Technology             33                                ISO9001:2008 
 

 
28. What are the postulates of Langmuir’s adsorption isotherm? 

(i) The molecules of a gas are adsorbed only on vacant sites of the adsorbent 
surface. 

(ii) The adsorbed gas forms a layer of only molecule on the solid adsorbent 
(iii) The adsorbed molecules on the surface do not interact with each other 
(iv) The process of adsorption is a dynamic process.  

 

PART B 
1. *Derive the Langmuir adsorption isotherm and interpret the results at (i) 

low pressure, (ii) High pressure (iii) Intermediate pressure. What are the 
limitations? 
 

DERIVATION OF LANGMUIR ADSORPTION ISOTHERM:  
 
Postulates: 
                  1. In adsorbent, surface valencies are not fulfilled. 
                  2. Adsorbates are of mono layer thickness. 
                  3. Adsorbates are of uniform distribution. 
                  4. No interaction between adjacent gas molecules. 
                  5. The gas molecules do not move around on the surface. 
 

 
Derivation: 
 
  As per dynamic equilibrium, 
                          ka 

Gas  +  Solid     G – S      where, ka  =  Adsorption rate constant 
                            kd                                                      kd  =  Desorption rate constant 
 
 
  The rate of desorption is directly propositional to covered area θ   
              Rd α θ   
             Rd = Kd θ     → (1) 
The rate of adsorption is directly propositional to uncovered area (1-θ) with pressure (p).   
            Ra α   (1-θ) P           
           Ra = Ka (1-θ) P   → (2)        
                                                                                                                            
At equilibrium, Rd  =  Ra 
 
            Kd θ = Ka (1-θ) P 
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            Kd θ  = Ka  P  - Ka θ P   
 
             Kd θ  +  Ka θ P  = Ka  P  
 
            θ ( Kd  + Ka P ) = Ka P 
 
             θ   =   Ka P _____       → (3)    (dividing by Kd)                    
                       ( Kd  + Ka P ) 
 
             θ   =    ( Ka / Kd) .P________ 
                          (Kd / Kd) + (Ka / Kd) P 
 
AS, (ka / kd) = K1, another constant, known as Adsorption co-efficient, 
 
                 θ =     K1 P__       → (4) 
                           1 + K1P 
 
But, amount of gas adsorbed (x) is proportional to θ. 
           x/m ∞ θ    
 
and   x  =  K2 θ → (5)          Where K2 is new constant. 
 
Substitute θ value  in equation (5) 
 

               x/m        =      K1 K2 P 
                                    1 + K1P     

                                                               → (6)  
This is Langmuir adsorption isotherm. 
 
Taking reciprocal both side 
              1           =        1 __     +      K1 P 
              x/m                K1K2P          K1 K2P    
 
Multiplying with P 
              P           =        P__     +      PK1 P 
              x/m                K1K2P           K1 K2P    
 
              P           =        1 __     +       P 
              x/m                  K1K2              K2    ,   which is in the form of 
 
               y      =      C       +      mx, 
   
       where,  intercept C  =  1 / K1K2  and  slope  m = P / K2

 

                            
              P           =        1 __     +       P 
              x/m                  K1K2              K2     ,  
                                           
Case – 1  -, At low pressure, adsorption increases with pressure 
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               x/m        =      K1 K2 P         from equation (6) 
                                    1 + K1P

 

               1>>K1P hence the term K1P negligible 
 
             x/m = K1K2P (or) x/m α P (or)    x/m α P

1            

 
Case – 2 - At high pressure, adsorption is almost constant.  
               1 << K1P hence the term  1 negligible 
 
               x/m        =      K1 K2 P          
                                         K1P

 

             x/m = K2 (or) x/m α P (or) x/m α P
0                 

 
Case – 3, At normal pressure,   x/m  = K P 0 – 1  (or)  x = K P1/n , where n= 0 – 1 
 
This proves that at normal pressure, Langmuir adsorption resembles Freundlich isotherm.  
 
Limitations: 
 Langmuir adsorption holds good at low pressure but fails at high pressure. 
 
 

2. *Explain the factors which influence adsorption of a gas on a solid.  
 

Factors influencing the adsorption of gases on solid: 
a)  Adsorption of gases on solids: (Occulation)  
i).Nature of gases 
       Easily liquefiable gases  like HCL,NH3 adsorbed more easily than the permanent 
gases like N2, H2,O2, etc., This is due to (i) Critical temperature (ii) Vander waal‘s forces. 
Example, 
Gas SO2 NH3 CO2 N2 H2 
CT (K) 430 406 304 120 33 
Amount of gas  Adsorbed  380 180 48 8 4.5 
 
ii)Nature and surface area of adsorbent 
      The greater the surface area, larger pores on the adsorbent larger is the adsorption. 
           eg.Charcoal and Silica gel. 
 
iii)Heats (or) Enthalpy of adsorption 
              The energy liberated when 1 gm mole of a gas is adsorbed on the solid surface. 
In physical adsorption it is small due to weak Vander Waals forces; in chemical 
adsorption it is large due to the formation of chemical bonds. 
 
iv)Reversible character 
               Physical adsorption is a reversible process. The gas adsorbed on a solid can be 
removes under reverse conditions of temperature and pressure.  
              Chemical adsorption is not a reversible process, because a surface compound is 
formed. 
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v)Effect of pressure 

              Physical adsorption: It occurs rapidly at lower pressure and increases with 
increase in pressure.          
       Chemical adsorption:  There is no such effect due to chemisorptions is 
independent of pressure. 

 
vi)Effect of temperature                                                                                                                                                                                                                                                  

       Physical adsorption: It occurs rapidly at lower temperature and decreases with 
increase in temperature.          
       Chemical adsorption:  It increases with increase in temperature and then 
decreases.       
                                           

                                                         
vii) Thickness of adsorbed layer of gas 
               In physisorption multimolecular thick layer is formed, in chemisorption one 
molecule thick layer is formed. 
 
viii) Effect of activation of adsorbent 
              Activation leads to increase in the surface. 

(1)  Creation of rough surface 
                (a)  by mechanical rubbing,  
                (b)  by subjecting to some chemical reactions on the solid adsorbent. 
(2)  Increasing effective area of the surface 

                  (a) by sub dividing the solid adsorbent into fine particles. 
                 (b) by heating of solid adsorbent in superheated steam now its pores are 
opened and  adsorption increases. 
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3. Explain the role of adsorption in catalytic reactions. (OR) Adsorption theory 
(OR) Contact theory. 
 

ROLE OF ADSORBENT IN CATALYTIC REACTIONS (OR) ADSORPTION 
(OR) CONTACT THEORY 
 
1. Action of Heterogeneous catalyst 

The reaction mechanism includes the following steps. 
Step I: Adsorption of reactant molecules 
        The surface of the solid catalyst possess some isolated active centers, which adsorbs 
gaseous reactants either by physisorption or chemisorption. Heat of adsorption evolved 
during chemisorption provide necessary activation energy for the adsorption reaction. 
 
Step II: Formation of activated complex 
         
The adsorbed molecules adjacent to one another join to form an intermediate complex. 
The activated complex is unstable. 
 
Step III: Decomposition of Activated complex 
 
           The activated complex breaks to form the products.  The separated particles of the 
reactants bound to the catalyst surface by partial chemical bonds. 
 
Step IV: Desorption of products 
 
   1.   The products are desorbed (or) released from the surface.  They are stable. 
        
                 CH2=CH2 (g) + H2 (g)       Ni/ Pt           CH3 − CH3 (g) 
 
 
2 .Finely divided state of catalyst is more efficient 
 
E.g -                                                                                         
                        
                                                             Finely divided       6   
 
 
     
 
Free valencies in combined state = 10        Divided state valencies = (6 x 4)=24 
 
 Fineness of the catalyst increase, the free surface area gets increases, thereby free 
valencies increases. 
 
 
 
 
 

Ni Ni Ni 

Ni 

Ni Ni Ni 
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3.Enhanced activity of a rough surfaced catalyst 
 
            It possess ―Cracks‖, ―Peaks‖, ―Corners‖ etc., and consequently have larger 

number of active centers.  These active centers increase the rate of reaction. 
4.Action of promoters 
 
Promoters are defined as the substances, which increase the activity of a catalyst. 
  
(i) Promoters change the lattice spacing 
(ii) Promoters increase the peaks and cracks 
 
5.Action of catalytic poisons 
 
Catalytic poison is defined as a substance which destroys the activity of the catalyst to 
accelerate a reaction. This process is called catalytic poisoning. 
 
       Number of free valencies (or) active centres of catalysts are reduced by the 
preferential adsorption of the poison.  So rate of reaction decreases. 
 
6.Specific action of the catalyst 
 
        The adsorption depends on the nature of both the adsorbent (catalyst) and the 
adsorbate (reactants). So, different catalysts cannot possess the same affinity for the same 
reactants.  Thus, the action of the catalyst is specific. 
 
4.Define adsorption isotherm. Explain the various types of adsorption isotherm 
curves. 

Adsorption isotherm: 
          It may be mathematical relationship or of graphical relation between 
adsorption and pressure at constant temperature is known as adsorption isotherm.   
 
(x / m)  =    kP  1/n     (at constant T) 
 

Where, x = amount of Adsorbate                                         
           m = amount of adsorbent             x / m    

         x/m= extent of adsorption                     
           P= pressure 

           n = whole number 
           k = adsorption coefficient                                  Pressure 
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Different types of  adsorption isotherms curves:  ( P0   = Saturation pressure) 
 

Type I II III IV V 
 
 
 
 
 
Model Graph 

 

 
 

 

 

 

 

 

Adsorbate 
N2 N2 I2  Vapours Benzene Vapours Water vapours 

 

Adsorbent 
Charcoal Non porous 

silica gel 
Porous Silica 
gel 

Porous Ferric oxide 
gel 

Porous Charcoal 
 

Temperature 
-1830C -1950C 830C 500C 1000C 

 
 

Characteristic
s 

Chemisorption 
(monolayer) 

Physisorption  
(Multilayer) 

Physisorption 
(Multilayer) 

Condensation in 
pores/Capillaries 

Condensation in 
pores/Capillaries 

Explanation 

 
Saturation at the 
monolayer 
formation 
 
 
 
 

Multilayer 
forms after the 
completion of 
monolayer  

Multilayer 
forms before 
the 
completion of 
monolayer 

Saturation at the 
multilayer 
formation 

Multilayer is 
formed at the 
beginning of 
adsorption 
process 

Diagram 

 

 

 

 

 

 
 

5.Explain the role of adsorbents in pollution abatement. 
 

ROLE OF ADSORBENTS IN POLLUTION ABATEMENT  

TREATMENT OF POLLUTED WATER AND AIR 

Using Granular Activated Carbon (GAC) 
A fixed – bed column is often used for contacting polluted water or air with GAC.It can 
be operated singly, in series or in parallel.  Among the various type two are important. 

1. Down flow carbon contactors. 
2. Upflow carbon contactors. 
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(A) Down flow Carbon Contactors 
It usually consist of two (or) three columns operated in series (or) in parallel. 

 
Down flow in series    Down flow in parallel 

      The water or air is applied to the top of the column and withdrawn at the bottom. The 
AC is held in place with an under drain system at the bottom of the column.  Provision 
for back washing and surface washing is usually necessary to limit the headless build up 
due to the removal of particle material with the carbon column. 
Advantage 

Adsorption of organic materials and filtration of suspended solids are accompanied in 
a single step. 

Disadvantages 
 Down flow filters may require more frequent back washing because of the 

accumulation of suspended materials on  the surface of the contactor. 
 Plugging of carbon pores may require premature removal of the carbon for 

regeneration, thereby decreasing the useful life of the carbon. 
 

(b)Upflow Carbon Contactors 
In the upflow columns, the polluted water or air moves upward from the base of the 
column . 

 
Up flow expanded in series 

Advantage 

  As the carbon adsorbs organic materials, the apparent density of the carbon particles 
increases and encourages migration of the heavier or spent carbon downward. 

Disadvantage 

 upflow columns may have more carbon fines in the effluent than downflow columns, 
because upflow tends to expand, not compress, the carbon. 

 Bed expansion allows the fines to escape through passage ways created by the 
expanded bed. 
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7. Distinguish between physical adsorption and chemical adsorption. 
 

No               PHYSISORPTION 
 
CHEMISORPTION 

1 
Adsorption is due to weak Vanderwaal‘s forces. 

Due to strong covalent bonding. 
 

2 
Adsorption is multi layer. 

Adsorption is Monolayer 
 

3 
Adsorption is completely reversible 

Adsorption is irreversible 
 

4 
The Equilibrium is established rapidly 

Establishment of equilibrium requires 
time 

5 No surface compound is formed Surface compound formation is formed 
6 

Energy of activation (Ea) is low. 
Energy of activation (Ea) is High 
 

7 
Heat of adsorption (∆H) is low (20-40kcal/mol) 

Heat of adsorption (∆H) is high (200-
400kcal/mol) 

8 
Temperature increases adsorption decreases 

Temperature increases adsorption 
increases followed by decreases. 

9 
Pressure increases adsorption increases 

It independent of pressure 
 

10 
It is non specific and non selective in nature 

It is selective and specific in nature 
 

11 
e.g - H2 on charcoal. 

e.g., H2 on nickel. 
 

 
8. Discuss the factors , which affect the adsorption of solute from solution. 

The nature of the adsorbent 
 
 Some adsorbents are specifically more effective in attracting certain substances to 
their surface than the other. 
Example: Activated carbon is more adsorbing non-electrolytes than electrolytes from a 
solution. 
 
The area of adsorbent 
 An increase in the surface area of adsorbent increases the total amount of solute 
adsorbed. 
 
The nature of the solute adsorbed 
                The extent of adsorption is usually greater, when the molecular weight of the 
solute is high. 
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Effect of Temperature 
 
 An increase in temperature decreases the adsorption due to increasing the kinetic 
energy of solute particles and hence these particles leave the surface. 
 
Effect of Concentration  
 Adsorption of solutes also involves the establishment of equilibrium between the 
amount of solute adsorbed and the concentration of solute in solution.  
x/m = KC 1/n 

 

Unit – IV 

Non-Conventional Energy Sources and Storage Devices 
 

PART A 
 

1. How do nuclear changes differ from simple chemical changes? 

Nuclear changes alter the number of protons and neutrons in the nuclei of the atoms 
concerned; while simple chemical changes involve in reorganization of electrons only. 

2. What are moderators in nuclear reactor? 
Moderator is either heavy water or graphite, which slows down the speed of neutrons in 
the nuclear reactors. 

3. State critical mass. 
Minimum mass of a lump of uranium-235 which can be fissioned in a chain reaction is 
called critical mass. 

4. What is meant by multiplication factor in a fission reaction? 
The number of neutrons resulting from a single fission is called multiplication factor. 

5. What is a breeder reactor? 
A fission reactor which produces more fissionable material than is consumed in its 
operation is called a breeder reactor. 

6. What is a nuclear chain reaction? 
A process in which the products of the reaction assist in promoting the process itself such 
as in atomic fission is called a nuclear chain reaction. 

7. What is a battery? 

A battery is a combination of electro-chemical cell connected in series. Any redox 
reaction occurring at an appropriate electrode can be employed to generate electricity in 
such cell. 

8. What are primary batteries? Give an example. 

It is irreversible cell. Battery which cannot be recharged again by passing external 
electricity is called primary battery. 

Example: Leclanche cell, mercury cell, alkaline battery 

9. What are secondary batteries? Give an example. 
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They are reversible cells. Batteries which can be recharged again by passing external 
electric current are called ―secondary batteries‖. 

Ex. Ni-Cd battery, lead-acid battery and lithium battery 

10. What are the advantages of alkaline battery than dry battery? 

i. Zinc does not dissolve in basic medium 

ii. Life is longer than dry battery, because there is no corrosion on zinc. 

iii. Alkaline battery maintains its voltage (1.5V), as the current is drawn from it. 

11. What are the advantages of Li battery? (Jan-2012, June-2012) 

i. Its cell voltage is high, 3V 

ii. Lithium is a light-weight metal 

iii.  Li has the more negative E° value and therefore generates a higher voltage than the 
other types of cells 

iv. All the constituents of the battery are solids and, therefore there is no risk of leakage 
from the battery. 

12. Write the applications of solar cells. 

Solar energy is made use in the electrification of rural areas of tropical region where the 
sunlight is effective during daytime. Solar cells are useful in refrigerator, water heater, 
water pump and cooker.  

13. What is a fuel cell or flow battery? 

A fuel cell is a device in which thermal energy is directly converted to electrical energy. 
In a conventional system, thermal energy is converted to mechanical energy and the 
mechanical energy into electrical energy.  

14.  Write the advantages of fuel cells. 

(i) High efficiency of energy conservation (chemical to electrical energy) 

(ii) No emission of gases and pollutants 

15. How are anodic and cathodic electroactive materials made in Ni-Cd battery? 

At anode:  Cadmium is oxidized to Cd2+ and further it combines with OH- ions and to 
form Cd(OH)2   

At cathode: NiO2 gains electrons and it undergoes reduction at the cathode from +4 to 
+2. Ni2+ ions combine with OH- ions to form Ni(OH)2 

16. Write the uses of lead storage battery. 

i. Lead storage cell is used to supply current mainly in automobiles  

ii. It is also used in gas engine ignition, telephone exchanges and power stations etc. 

17. Write the advantages of Ni-Cd battery. 

i. It is a portable, rechargeable cell and its cell voltage is fairly constant (about 1.4 V). 
Like a dry cell, it can be left for long periods of time without any appreciable 
deterioration, since no gases are produced during charging (or charging). 

ii. It is used in electronic calculators, electronic flash units, transistors and other battery 
powered small tools. 
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18. What are the characteristics of fuel cells? 

i. They do not store chemical energy 

ii. The efficiency of a fuel cell is about twice that of a conventional power plant for 
generating electricity 

iii. Fuel cell generators are free of the noise, vibration, heat transfer, thermal pollution 
and other problems normally associated with conventional power plants 

 

19. What are fissile and fertile nucleides? (Jan-2012) 

Fissile materials: The materials which undergo fission by slow moving neutrons are 
called as fissile materials. 

Examples: U-235, Pu-239, U-233, Pu-241. 

Fertile materials: The materials which do not undergo fission easily but may be made by 
bombardment with fast moving neutrons are called as fertile materials.  

Example: U-238, Th-232. 

20. What are non-conventional energy sources? Give two examples. (June-2012) 

Renewable energy sources also called as non-conventional energy sources that are 
continuously replenished by natural processes.  

Example: solar energy, wind energy. 

PART B 

1. Explain the essential parts of a light water nuclear reactor with neat diagram. 
(16) 

  NUCLEAR REACTOR  

  The arrangement or equipment used to carry out fission reaction under controlled 
conditions is called nuclear reactor.  

 Light water nuclear reactor is the one in which U-235 fuel rods are submerged 
in water. Here water acts as coolant and moderator 

 The energy released by the fission reaction in the nuclear reactor can be used to 
produce steam which can turn turbines and produce electricity.  

 Components of a light water nuclear reactor 

1. Fuel rods    

2. Moderator  

3. Control rods 

4. Coolant 

5. Protective screen 

6. Heat exchanger / pressure vessel 
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7. Turbine 

  Fuel rods:  

  The fissionable material used in the nuclear reactor is enriched U-235. It is used in 
the form of rods or strips.  

 Example: U 235, Pu239  

 Function:  It produces heat energy and neutrons, that neutron starts nuclear chain 
reaction.  

 Control rods:  

  To control the rate of fission of U-235, movable rods made of Cd or B are 
suspended between fuel rods. These rods absorb the excess neutrons . So the fission 
reaction proceeds at steady rate. These rods are lowered and raised as of need.  

 If the rods are deeply inserted inside the reactor, they will absorb more neutrons and 
the reaction becomes very slow. If the rods are pushed outwards, they will absorb less 
neutrons and the reaction will be very fast. 

 

 

 Example: Cadmium, Boron 

 Function:  It controls the nuclear chain reaction and avoids the damage to the reactor.  

 Moderator & coolant:  

  The substances used to slow down the neutrons are called moderators.  

 Water (act as coolant and moderator). 

 Function: The kinetic energy of fast neutron (1meV) is reduced to slow neutrons  

(0.25 eV). 

 

  

 

 

 

  In order to absorb the heat produced during fission reaction, the coolant is 
circulated in the reactor core. It enters the base and leaves at the top. The heat carried 
by outgoing liquid is used to produce steam.  

 Function:  It cools the fuel core. 

 Pressure vessel:   

  It encloses the core and also provides the entrance and exit passages for coolant.  

 Function: It withstands the pressure as high as 200 atm.  
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 Protective shield:  

  The moderator, control rods and fuel element are enclosed in a chamber  which 
has a thick concrete shield(10m thick).  

 Function: The environment and the operating persons are protected from destruction 
in case of leakage of radiation. 

 Heat exchanger:  

  It transfers the heat liberated from the reactor core to boil water and produce 
steam at about 400Kg/cm2. 

 Turbine:  

  The steam generated in the heat exchanger is used to operate a steam turbine, 
which drives a generator to produce electricity.  

 Working 

  The fission reaction is controlled by inserting or removing the control rods of B10   
automatically from the spaces in between the fuel rods.  The heat emitted is absorbed 
by the coolant (light water) .The heated coolant then goes to the heat exchanger 
containing sea water, which is converted to steam. The steam drives the turbines, 
generating electricity. 

 

 

 

 

 

 

 

 

 

 

2. (i) Write short notes on breeder reactor. (8) 
 

  Breeder reactor is the one which converts non-fissionable material (U 238 , Th232 ) 
into fissionable material (U 235, Pu239).  

  
 
  
  
 

  In breeder reactor, of the three neutrons emitted in the fission of U-235, only one 
is used in propagating the fission of U-235.The other two are allowed to react 
with U-238. Thus two fissionable atoms Pu-239 are produced for each atom of U-

nproductsfissionnPu

ePunU
1
0

1
0

239
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239
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1
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238
92
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235 consumed. The breeder reactor produces more fissionable material than it 
uses.  

 
 
 
 
 
 
 
 
 
 
 
 

 

 In general  

  1. The fissionable nucleides such as U-235 and Pu-239 are called fissile nucleides.  

  2. The non-fissionable nucleides such as U-238 & Th-232 are called fertile 
nucleides. 

 

 (ii) Explain the characteristics of nuclear fission reactions (8) 

 1.  Heavy nucleus splits into two or more nuclei. 

 2.  Two or more neutrons are produced by fission of each nucleus. 

 3. Large quantity of energy is produced during the nuclear fission reaction.. 

 4. All the fission fragments are radioactive in nature, giving off gamma radiations  

 5. The atomic weights of nuclear fission product ranges from 70 to 160. 

 6. All the fission reactions are self propagating chain reaction because one of the 
fission products is neutron.  

 7. The nuclear reactions can be controlled by absorbing the neutrons using Cd, Boron. 

 8. Every secondary neutron released in the fission reaction does not strike the nucleus. 
Some escape into air. Hence a chain reaction cannot be maintained.  

 9. The number of neutrons resulting from a single fission is known as multiplication 
factor. When it is less than 1, nuclear chain reaction does not take place.  

   

3. (i) What is reversible battery? Describe the construction and working of lead-
acid        battery with reaction occurring during charging and recharging. (10) 

 
 Reversible battery is rechargeable and reusable. Its electrode reaction can proceed 

in either direction. During charging, electrical work is done on the cell to provide the 
free energy needed to force the reaction in the non-spontaneous reaction.  
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Example –Lead acid cell, Nickel cadmium cell 

LEAD ACID STORAGE BATTERY  

 It was invented by Gaston Plante in 1859. 

 It acts both as voltaic cell and electrolytic cell. On supplying electrical energy, 
this acts as a voltaic cell. On recharging, the cell acts as an electrolytic cell. 

 

 

 

 

 

 

 

Description: 

1. Anode – Lead  

2. Cathode – PbO2 

3. Electrolyte - dil. H2SO4. 

 4. Insulator- rubber or glass fiber. 

5. Cell representation- Pb /PbSO4 // H2SO4(aq) // / PbSO4/ PbO2 

6. Anode reaction -  Pb+SO4
2-   →   PbSO4 +   2e-   

7. Cathode reaction - PbO2 + 4H+   +   SO4
2-  +   2e-  

→  
 PbSO4+2H2O  

8. The net reaction is OHPbSOPbOSOHPb saqs 24)(2)(42)( 222   

                             
V

anodeEcathodeEcellE

05.2)36.0(69.1

000




 

 9. The cell develops an emf of 1 volt to 2 volt. 

 Uses:     
 1. It is used to supply current mainly in automobiles such as cars, Buses, trucks, 
etc. 

 2. It is also used in gas engine ignition, telephone exchanges, hospitals, power 
stations. 

 (ii) Write a brief note on alkaline battery (6) 

1. Anode – Zinc powder 

2. Cathode – Manganese dioxide  

3. Electrolyte - KOH  

      4. Cell representation- Zn (s) /KOH (aq)/MnO2(s) 

 

VanodeE 36.00 

VcathodeE 69.10 
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5. Anode reaction   

6. Cathode reaction  

7. The net reaction is  

 8. The cell develops an emf of 1 volt to 1.5 volt. 
 

     
 9. ADVANTAGES:  

 It can deliver higher current without severe voltage drop. 

 The shelf life of alkaline battery is 5-8 times more than Leclanche cell. 

 Zn does not dissolve in alkaline medium readily. 

 10. USES:  

       It is used in radios, tape recorders and electronic photographic flash units. 
 

4. (i) Describe the construction and working of Ni-Cd battery with reaction 
occurring during charging and recharging. (10) 

NICAD battery or Nickel-Cadmium battery 

1. Anode – Cadmium  

2. Cathode – A metal grid containing a paste of NiO2 acting as a cathode. 

3. Electrolyte – KOH 
 4. Cell representation - Cd(s)/ Cd (OH)2// KOH// Ni (OH)2/ NiO2(s) 

5. Anode reaction -   Cd(s)    +   2OH-        →        Cd (OH)2 + 2e- 

6. Cathode reaction -       NiO2 +   2H2O (l) +   2e-   →    2OH
-  +  Ni (OH)2  +  

energy 

7. The net reaction (Discharging) is  

Cd(s)   +  NiO2  +   2H2O(l)   →   Cd(OH)2  +  Ni(OH)2 +  energy 

8. Recharging: Cd(OH)2  +  Ni(OH)2 +  energy   →   Cd(s)   +  NiO2  +   2H2O(l)    

  

  eOHZnOHZn saqs 2)(2 )(2)()(

  )()(32)(2)(2 222 aqsls OHOMneOHMnO

)(2)(32)(2)(2)( )(2 sslss OHZnOMnOHMnOZn 
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9. Diagram:     

 

  

 

 

 

 

 

10. Advantages: 

 It is lighter and smaller. 

 It has longer life than lead storage cell. 

 Like a dry cell, it can be packed in a sealed container. 

11. Disadvantages: 

It is more expensive than lead storage battery. 

 12. Uses:      

 It is used in calculators, Electronic flash units, transistors and cordless appliances. 

(ii) Write a brief note on lithium battery (6) 

       LITHIUM BATTERY 

Lithium battery is a solid state battery because instead of liquid or paste electrolyte, 
solid      electrolyte is used. 

1. Anode – Lithium 

2. Cathode – TiS2 

3. Electrolyte – Polymer solid electrolyte (permits the passage of ions but not 
electrons) 

4. Cell representation- Li(s)// Polymer// TiS2
- 

5. Anode reaction -  Li(s)   →        Li
+ + e- 

6. Cathode reaction-  TiS2   +   e- →    TiS2
- 

7. The net reaction (Discharging  Li(s) + TiS2      →   Li
+   + TiS2

- 

8. Capacity – 3V per cell 

9. Applications- It is used in calculators, transistors, headphones, cordless appliances. 

  

   

 

 
Li  Solid          TiS2 
                           
                                                                        
                                                       
                                    

          
(cathode 
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5. (i) Write a brief note on hydrogen-oxygen fuel cell     (8) 

Hydrogen – Oxygen fuel cell 

1. Anode – Hydrogen gas 

2. Cathode – Oxygen gas 

3. Electrolyte - 25-40% KOH  

4. Electrode- Two porous carbon electrodes impregnated with a finely divided 
platinum or nickel as catalyst.  

5. Cell representation- H2, C, Pt or Ni / KOH / C, Pt or Ni, O2 

6. Anode reaction    eOHOHH 222 22  

7. Cathode reaction  

8. The net reaction is 

 9. The cell develops an emf of 1.23V.  

 10. The efficiency of hydrogen-oxygen fuel cell is 70%. 

 11. The operating temperature is 60-70 °C. 

 12. The cell power output is 300 watts to 5 kilowatts. 

  

 

 

 

 

   

  
 

13.  Advantages:  

 It is highly reliable. 

 It does not cause any pollution. 

 It produces potable water. 

 It is used in space vehicles, submarines. 
 
14.  Applications: 

a) Used in Apollo spacecraft to produce electricity and water. 
b) Used in military and other commercial vehicles of all types. 

 
 
 
 

OHOH 222 2/1 

 OHeOHO 222/1 22
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(ii) Define mass defect and nuclear binding energy. How are they related? (8) 

 Mass defect: In a nuclear fission reaction, the total mass of the products is always 
less than that of the reactiong nuclei(parent nuclei). This decrease in the mass is 
called mass defect. This mass defect can be converted into energy according to mass-
energy relationship (Einstein equation, E= mc2 

Nuclear binding energy: The energy released during the formation of a nucleus from 
its nucleons (protons and neutrons) is known as nuclear binding energy.  

 When a nucleus is formed from individual protons and neutrons, there occurs a loss 
of mass (mass defect). According to Einstein‘s theory, it is this mass defect which is 
converted into binding energy. Hence binding energy is the energy equivalent of the 
mass defect. 

 The binding energy of a nucleus can be calculated from its mass defect by using 
Einstein‘s equation 

 ΔE = Δmc
2  

 Where ΔE is the binding energy, Δm is the mass defect and c is the velocity of light. 

6. (i) Give an account of wind energy (8) 
 

Energy recovered from the force of the wind is called wind energy.  

The wind energy is harnessed by making use of wind mills. 

WIND MILLS:  

 The strike of blowing wind on the blades of the wind mill makes it rotating 
continuously. The rotational motion of the blade drives a number of machines like 
water pump, flour mills and electric generators. 

 Nowadays windmill uses large sized propeller blades and connected to a 
generator through a shaft. Wind mills are capable of generating about 100 KW 
electricity. 
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WIND FARMS:  

When a large number of wind mills are installed and joined together in a definite 
pattern it forms a wind farm. The wind farms produce a large amount of electricity.   

Condition: 

 The minimum speed required for satisfactory working of a wind generator is 
15Km/hr.  

Advantages: 

a) It does not cause any pollution. 

b) It is very cheap. 

c) It is renewable. 

Disadvantages: 

1. Public resists for locating the wind forms in populated areas due to noise 
generated by the machines. 

2. Wind forms located on the migratory routes of birds will hazards. 

(ii) Explain the principle and application of solar cells. (8) 

It involves conversion of light energy directly into electrical energy.  

Example: Photo galvanic cell or solar cell 

Photogalvanic cell 

Definition: 

            It is the one which converts the solar energy directly into electrical energy. 

Principle:   

 The basic principle is based on the photovoltaic effect. When solar rays fall on a 
two layer of semiconductor devices, a potential difference between two layer is 
produced. This potential difference causes flow of electrons and produces electricity.  

Construction:   

 Solar cell consists of a p- type semiconductor (Si doped with B) and n-type 
semiconductor (Si doped with P). They are in close contact with each other.  

Working:  

 When solar rays fall on p-type semiconductor, the electrons from the valence 
band get promoted to the conduction band and cross the p-n junction into n-type 
semiconductor. Thereby potential difference is produced which causes flow of 
electrons and hence current is generated.  
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Thus when this p and n layers are connected to an external circuit, electrons flow from n-
layer to p-layer and hence current is generated.  

 

 

 

 

 

 

 

 

 

 

 

APPLICATIONS OF SOLAR CELLS: 

1. Lighting purpose.  

2. Solar pumps can be run by solar battery. 

3. Used in calculators, electronic watches, radios and TV. 

4. Used to drive vehicles. 

5. Used in space craft and satellites 

Advantages:  

 Solar cells are nonpolluting and eco-friendly. 
 
7. Write an account of fission and fusion reactions. (16) 

Nuclear fission is defined as the process of splitting of heavier nucleus into two or 
more smaller nuclei with simultaneous liberation of large amount of energy. 

 Example;   nKrBanU 1
0

92
36

141
56

1
0

235
92 3
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MECHANISM OF NUCLEAR FISSION 

 When U-235 is bombarded by slow moving neutron, unstable U-236 is formed. 

 This nucleus disintegrates into two equal nuclei with the release of huge amount 
of energy and few neutrons.  

 

  

 

 

CHARACTERISTICS OF NUCLEAR FISSION REACTION 

1.  Heavy nucleus splits into two or more nuclei. 

2.  Two or more neutrons are produced by fission of each nucleus. 

3. Large quantity of energy is produced during the nuclear fission reaction.. 

4. All the fission fragments are radioactive in nature, giving off gamma radiations  

5. The atomic weights of nuclear fission product ranges from 70 to 160. 

6. All the fission reactions are self propagating chain reaction because one of the 
fission products is neutron.  

7. The nuclear reactions can be controlled by absorbing the neutrons using Cd, Boron. 

8. Every secondary neutron released in the fission reaction does not strike the nucleus. 
Some escape into air. Hence a chain reaction cannot be maintained.  

9. The number of neutrons resulting from a single fission is known as multiplication 
factor. When it is less than 1, nuclear chain reaction does not take place.  

NUCLEAR FUSION 

The process of combination of lighter nuclei to form heavier nuclei, with 
simultaneous liberation of huge amount of energy is called as nuclear energy.  

      Example:  Fusion reaction in sun       

 

 

 

 
















nRbCs

nSrXe

nKrBa

UnU
1
0

90
37

144
55

1
0

90
38

144
54

1
0

93
36

140
56

236
92

1
0

235
92

2

2

3

energyHeHH  4
2

2
1

2
1



Code &Subject: CY2111&Engineering Chemistry - I              Dept. Name: CHEMISTRY                      Academic 2012-2013 

St. Joseph’s College of Engineering/Institute of Technology             56                                ISO9001:2008 
 

 

DIFFERENCES BETWEEN NUCLEAR FISSION AND NUCLEAR FUSION 

S.No Nuclear fission Nuclear fusion 

1 
It is the breaking of heavier 
nucleus. 

It is the combination fo lighter nuclei. 

2 It emits radioactive rays. It does not emit radioactive rays. 

3 It occurs at ordinary temperature. 
It takes place at very high temperature 
(106K) 

4 
The mass number and atomic 
number of the fission product is 
less than the heavier nucleus. 

The mass number and atomic number of 
the fission product is higher than the 
starting elements. 

5 It gives rise to chain reaction It does not give rise to chain reaction 

6 Neutrons are emitted Positrons are emitted. 

7 It can be controlled. It cannot be controlled. 

8 
Example: 

 

Example: 

energyHeHH  4
2

2
1

2
1  

 

UNIT-V   ENGINEERING MATERIALS 
PART A 

1.  Arrange norbide, carborundum, corundum, garnet increasing order of hardness? 

      Garnet   norbide  corundum  carborundum 

2.  What are refractories? 

Materials that can withstand high temperature without Softening or undergoing any   
deformation in shape are called refractories. 

      Example: Silicon carbide, Zirconia 

3.  Mention any three characteristics of good refractories. 

      a) It should be infusible at high operating temperatures. 

      b) It should be chemically inert towards corrosive action of gases, metals, slags and liquids    

         produced in the furnaces. 

d) It should resist the abrading action of flue gases, flames etc. 

 

nKrBanU 1
0

92
36

141
56

1
0

235
92 3



Code &Subject: CY2111&Engineering Chemistry - I              Dept. Name: CHEMISTRY                      Academic 2012-2013 

St. Joseph’s College of Engineering/Institute of Technology             57                                ISO9001:2008 
 

 

4.  What is meant by refractoriness of a refractory? (Jan-2012) 

It is the temperature withstanding capacity of a material. It refers the ability of a material to 
withstand very high temperature without softening or deformation under particular service 
conditions. 

5.  What is meant by Pyrometric cone equivalent of a refractory? 

      It is the number which indicates the softening temperature of a particular refractory 
specimen  

      with standard dimensions. Silica bricks -PCE number 32, Alumina bricks - PCE number 37 

6.  What is thermal spalling? How it is minimized? 

It is the breaking or cracking or pealing of a refractory material at high temperature, 
especially when there is a sudden change in temperature. Thermal spalling is due to rapid 
change in temperature and also due to slag penetration. It can be minimized by avoiding 
sudeden changes in temperature, by over firing the refractories, by modifying the furnace 
design. 

7.  What are abrasives? Give two examples each for Natural and Artificial abrasives. 
(June-2012)  

Substances or objects that are employed to rub down other  objects to give them desired 
shape or size are called abrasives. 

     Example: Natural abrasives    – Diamond, Emery               

        Synthetic abrasives – Silicon carbide, Boron carbide 

8.  What is Moh’s scale? Name the hardest substance known. 

Hardness of an abrasive is the most important quality and it is measured roughly on Moh‘s 

scale.    The hardness of the hardest material is Diamond and its Moh‘s scale is 10. 

9.  What are called soft abrasives? 

       Abrasives having their hardness 1-4 in Moh‘s scale are known as soft abrasives. 

      Example: Diatomite (Hardness 1-1.5) Metal oxides 

10.  What is Corundum? 

Corundum is crystalline aluminum oxide(Al2O3).Its hardness is 9 in Moh‘s scale. It is used 
in grinding wheels and glasses. 

11. How is silicon carbide prepared? 

It is prepared by heating a mixture of silica (60%) and carbon(40%) with saw dust and a 
little salt in an electric furnace to about temperature 1500oC-3000oC. 

     SiO2 + 3C                                   SiC + 2CO +114.3 K cal 

12.  How is Boron carbide prepared? 

It is prepared by heating a mixture of Boron oxide and coke (Carbon) in an electric furnace 
to maintain Temperature of  about 2500oC-2700oC. 

              2B2O3 + 7C                              B4C + 6CO  
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13. Define the term lubricant and lubrication. 

To minimize friction and wear, some chemical substances known as lubricants are applied in 
between the moving surfaces.The process of reducing friction between two moving solid 
surfaces by introducing a lubricant is called lubrication. 

14.  What are the requirements of a good solid lubricant? 

It should have Low shear strength, Strong adhesion to the applied surfaces, Good thermal 
conductivity, Good chemical inertness and good stability at operating temperature. 

15.  Mention the functions of a lubricant. 

       1) It reduces surface deformation, wear and tear. 

       2) It reduces the loss of energy in the form of heat. 

       3) It avoids seizure of moving surfaces. 

       4) It acts as a coolant.  

       5) It acts as a seal thereby preventing the formation of dust  

          layer in machines. 

16.  Give two examples each for liquid, semisolid and solid lubricants? 

      Solid lubricants : Graphite , molybdenum-disulphide 

      Semisolid lubricants: Greases , Vaseline 

      Liquid lubricants: Vegetable oils and animal oils 

17.  Define viscosity index and what are viscosity index improvers/ 

Viscosity index is a measure of rate of changed of viscosity with temperature. The viscosity 
index of a lubricating oil can be increased by the addition of linear polymer such as     
polyisobutiline,n-hexanol etc. 

18.  Define the terms flash point and fire point. 

Flash point: Flash point is the lowest temperature at which the oil lubricant gives off enough 
vapours that ignite for a moment when a small flame is brought near it. 

Fire point : Fire point is the lowest temperature, the lubricant heated to produce sufficient 
vapours that can produce fire for 5 sec. when a burning splinter is introduced.  

19.  What are extreme pressure additives used in lubrication? 

       High pressure additives reach at high temperature on metal surfaces forming surface alloys    

       which can withstand severe operating conditions. 

20.  How are lubricants classified on the basis of their physical state? 

1. Liquid lubricating or lubricating oils  

2. Semi solid lubricants or greases  

3. Solid lubricants.  

21.  Why silica bricks expand on heating?  

 It is due to transformation of one form to another form 

                          870oC                               1470oC 

       Quartzite                  Tridymite                   Cristobalite                    
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22.  What are the important properties of high alumina bricks? 

       Alumina bricks possess Very low coefficient of expansion, High porosity, High temperature  

       load-bearing capacity 

23.  Write any two uses of zirconia bricks. 

 i)  It is used at very high temperature (up to 2600oC) 

ii) It is used in high – frequency electric furnaces (used for very high – temperature furnaces) 

24.  What is meant by dimensional stability? 

  It is defined as the stability of a refractory in its dimension when it is heated to high 
temperature over a prolonged time. The dimensional stabi;lity of a material should be high. It 
may be reversible or irreversible. 

25.  Define porosity of a refractory. 

Porosity of a refractory material is given by the ratio of its pores volume to that of its bulk 
volume. 

26.  What is emery? 

It is finely grained opaque massive mineral dark-grey to black in Colour. It consists of 55-
75% crystalline alumina, 20-40%magnetite and 12% other mineral of which the major part is 
tourmaline. 

27.  What are extreme pressure additives? Give examples. 

The additives react with the surface to form metallic chlorides, sulphides and phosphides, 
which withstand the applied extreme conditions, are called extreme pressure additives. 

      Example: Chlorinated esters, Tricresyl phosphate. 

28.  What are called nano particles? 

Nano particles are generally considered to be a number of atoms or molecules bonded 
together with a radius of < 100nm. A nanometer is 10-9 m or 10A°, so particles having a 
radius of about  1000A° can be considered to be nano particles. 

29.  What are carbon nano tubes? (Jan-2012) 

The more interesting nanostructures with large application potential are carbon nano tubes. 
The carbon nano tubes are a sheet of graphite rolled into a tube with bonds at the end of the 
sheet forming the bonds that close the tube. 

30.  What is the application of nano tubes in fuel cells? 

Carbon nano tubes have wide applications in battery technology. Lithium is the important 
charge carrier in many batteries. This can be stored inside nano tubes. The other application 
is storing hydrogen in nano tubes that is related to the development of fuel cells as sources of 
electrical energy for future automobiles. 

31.  What are called nano catalyst? 

Nano tubes serve as catalysts for some chemical reactions. For example, nested nano tubes 
with ruthenium metal bonded to the outside have been demonstrated to have a strong 
catalytic effect in the hydrogenation reaction of cinnamaldehyde in the liquid phase 
compared with the effect when the same metal Ru is attached to other carbon substances. 
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32.  What are the applications of gold nano particles in medicine? 

a) Gold nano shells for blood immunoassay and cancer detection and therapy 

b) Gold nano particles are used as labels for imaging cell lines and tissues. Immunoglobulin 
G-capped gold nano particles are used to image pathogenic organisms like staphylococcus 
pyrogens etc. 

c) Antibody-capped nano particles can be used for the selective destruction of tumors. 

33.  What are the industrial applications of carbon nano tubes? 

        The single and multiwalled carbon nano tubes are in many fields like battery    

        electrodes, electronic devices, reinforcing fibers, development of flat panel display in    

        television and computer monitors and also in military, for developing a highly  

       digitized battle field for command, control and communication. 

34.  Under what situations solid lubricants are used? (June-2012) 

Solid lubricants are used in machineries working at high temperatures and under heavy load 
conditions, and other environments, which prohibit the use of oils and greases. 

 

PART B 
1. What are soft abrasives? Give examples. Describe the classification of abrasives with 

suitable examples. Explain Moh’s scale of hardness.                                                 (8) 

 Soft abrasives: 

 Abrasives having their hardness 1-4 in Moh‘s scale are known as soft abrasives. 

Examples: Talc, Gypsum, Calcite, Fluorite. 

Classification of abrasives: 

Abrasives are classified into two types. 

1. Natural abrasives 

 a) Non – siliceous abrasives: 

 Examples: Diamond, Corundum, Emery 

 b) Siliceous abrasives: 

 Examples: Quartz, Garnets 

2. Artificial abrasives: 

 Examples: Carborundum, Norbide, Alundum 

Moh’s scale of hardness 

Hardness of the abrasive is measured on Moh‘s scale or Vicker‘s scale. 

Moh‘s scale is a scale, in which common abrasive (natural or artificial) are arranged in the 
order of their increasing hardness. 
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2. Discuss in detail about any three properties of refractories. (8) 

(i) Refractoriness: 

 1. The ability to withstand very high temperature without undergoing any deformation in 
shape is called refractoriness.   

 2. It is necessary that a material , to be used as refractory, should have a softening 
temperature much higher than the operational temperature of the furnace. 

 3. It is determined by Pyrometric Cone Equivalent (PCE) test.  

4. Pyrometric or Seger cones are made up of definite composition and definite dimension. (19 
mm base and 38mm height- pyramid shaped). 

5. A series of Seger cones are placed in an electric furnace along with our specimen with the 
same dimension. The electric plate is heated through 10oC increment. The temperature at 
which the apex of the specimen touches the bottom of the table is called refractory 
temperature. The corresponding Seger cone number is taken as PCE value. Greater the PCE 
value, greater will be the refractory temperature. PCE values ranges from 1 to 40.       

6. Seger number 1 corresponds to 1110 oC , 2 corresponds to 1120 oC and so on.                                                                        

 

 

 

 

 

 

cone38 , cone37 , cone 36 

7. Objectives of PCE test: 

a) Determination of the softening temperature of a refractory material. 

b) Classification and testing the purity of refractories. 

c) Checking whether a given refractory material can be used at the particular servicing 
temperature. 

(ii) Refractoriness under load (RUL): 

1.  It is essential that refractory materials must also possess high mechanical strengths, even at 
operating temperatures, to bear the maximum possible load, without breaking. 

2. The ability to withstand very high temperature without any deformation under high pressure 
and load is called RUL. It is determined by RUL test. 

3. Our test specimen is made up into dimensions of 5 cm2 base and 75cm height.A constant 
pressure of 1.75 Kg / cm2 is applied on the specimen and the temperature is raised through 10 
oC.  

4. The record of the height of the specimen versus temperature is made by a plot.  

5. The temperature at which 10% deformation occurs is known as RUL temperature. RUL 
temperature is always less than refractoriness 
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(iii) Porosity: 

Porosity is the ratio between pore volume to the bulk volume. 

  P = Pore volume  

                Bulk volume 

  P  %  =  W – D   X   100 

                  W – A  

Where, W = Weight of saturated specimen 

               D = Weight of dry specimen 

               A = Weight of specimen when submerged in water 

 Depending on the applications, the refractories may have high porosity or low porosity. 

Disadvantages of high porosity: 

1. It reduces the strength, 

2. It causes corrosion, 

3. It causes abrasion. 

Advantages of high porosity: 

1. The air in the pores act as an insulator.  So, it reduces the heat loss. 

2. Due to high porosity, expansion and shrinkage is maintained in equilibrium. So, it reduces 
thermal spalling. 

 

3. Explain the general methods of manufacture of refractories.                                    (8)  

        Grinding: 

The raw materials are subjected for grinding so that proper sizes of materials are 
obtained.Ratio of coarse to fine particles shound be even.For these 
purposes,Crushers,Pulverizers,Hammer mills, Ball mills and Screens are used. 

Mixing: 

Then the powdered raw materials are mixed with suitable binding material. 

The binding materials are equally distributed throughout the mass to facilitate easy moulding.  

Moulding: 

Moulding can be done by mechanically or by hand moulding to increase the density and strength 
of the refractory. 

Drying 

Drying is done at a slow rate to avoid voids and high shrinkage. Drying of moulded refractories 
increases their strength by removing moisture and thus making them safe for subsequent handling. 

Burning:  

Burning can be done using kilns.  

1. To remove water of hydration 
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2. To impart high crushing strength 

3. To facilitate development of stable mineral form to the finished products. 

4. Shrinkage in volume up to 30% occurs during burning.   

 

4. Classify refractories and give one example for each type.                                       (8) 

       Classification of refractories: 

A) Based on Chemical Composition 

 

 

TYPE & 
EXAMPLE 

RAW 
MATE-
RIAL 

BINDER  

 

FIRING 

TEMP 

PROPERTIES USES 

Acidic 

 i) Alumina 

ii) silica 

Al2O3 Clay  

 

1700 oC 1.Affected by bases 

2. Not affected by H20, CO2 

3. porosity is 8.3% 

4. Low coefficient of expansion 

5. great resistance to slags 

6. low spalling 

7.Refractriness 1500  oC 

8. RUL 1350 oC 

1.Cement industries 

2.Aluminium 
industries 

3. Brass production 

4. Lead kilns 

 

Basic 

i) Magnesite 

ii) Dolomite 

Calcined 
MgO 

Fe2O3  

 

1500 oC 1.Affected by acids 

2.25% porosity 

3. Undergoes spalling 

4. Refractoriness 2000 oC 

5. RUL 1500 oC 

6. Poor abrasion resistance 

7. Very little shrinkage 

1. Steel industries 

2. Copper industries 

3. Bessemer Converter 

4. Antimony 
convertors 

5. Refining furnaces 
of gold, silver and 
platinum 

Neutral 

i) Zirconia 

 ii) Graphite 

ZrO2 Colloidal 
zirconia + 

 MgO 
stabilizer  

1770oC 1.Low thermal expansion 

2.Affected by H20, CO2 

3. Undergoes very low spalling 

4. Refractoriness 2000oC 

5. RUL 1900oC 

6. Costly 

7. Resistant to thermal shocks 

1. High voltage 
electric furnaces. 
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B) Based on Thermal property 

No TYPE PCE value Refractoriness 

Temp (oC) 

Examples 

1 Low heat duty refractories 19 - 28 1520 – 1630 Impure silica 

2 Intermediate heat duty ref. 28 – 30 1630 – 1670 Fireclay 

3 High heat duty refractories 30 – 33 1670 – 1730 Chromite 

4 Super heat duty refractories Above 33 Above 1730 Magnesite 

                                              

5.  Explain PCE test.                                                                       (8) 

     Refractoriness of the refractory is determined by Pyrometric Cone Equivalent (PCE) test.  

 Pyrometric or Seger cones are made up of definite composition and definite dimension. (19 
mm base and 38mm height- pyramid shaped). 

  A series of Seger cones are placed in an electric furnace along with our specimen with the 
same dimension. The electric plate is heated through 10oC increment. The temperature at 
which the apex of the specimen touches the bottom of the table is called refractory 
temperature. The corresponding Seger cone number is taken as PCE value. Greater the PCE 
value, greater will be the refractory temperature. PCE values ranges from 1 to 40 Seger 
number 1 corresponds to 1110 oC , 2 corresponds to 1120 oC and so on.                                                                        

                                                  

 

 

 

cone38 , cone37 , cone 36 

 

Objectives of PCE test: 

 a) Determination of the softening temperature of a refractory material. 

 b) Classification and testing the purity of refractories. 

c) Checking whether a given refractory material can be used at the particular servicing        
temperature. 
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5. Explain the manufacture, properties and uses of alumina and magnesite bricks. 
(8)(JUNE-2012) 

1. Alumina Bricks: 

 It contains higher percentage of mineral Kaolinite(Al2O3.SiO2.2H2O). 

Manufacture : 

Grinding: 

 The raw materials clay (mixture of silica and alumina) and grog (calcined, granulated fireclay 
are ground to small size in a pug mill. 

Mixing: 

 Then the powdered raw materials are mixed with water (Binding material) 

Moulding: 

 Moulding can be done by machine pressing, tamping, slip casting. 

Burning:  

 Burning can be done using kilns. Various types of kilns are used like continuous kilns, tunnel 
kilns. 

 Time required is 6-10 days 

 Temperature 1200-14000 C 

 Cooling process takes time of 7- 10 days according to the kilns used. 

 Care should be taken to avoid cracking of the refractory. 

Properties: 

1. RUL is 13500C under the load of 3.5 Kg/cm2 
2. Porosity is 8.3% 
3. Spalling tendency can be minimized by using calcined fireclay (grog). 

Uses: 

 Fireclay bricks are used in lime kils, glass furnances and steel industries.  

2. Magnesite bricks: 

Manufacture : 

Grinding: 

 The raw material magnesite is calcined at about 16000 C and then crushed to fine powder in 
crushers. 

Mixing: 

 Then the powdered raw materials are mixed with iron oxide (Binding material) 

Moulding: 

 Moulding can be done by hydraulic pressers. 

Drying:  

 It should be done very slowly and carefully. 
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Burning: 

 Burning can be done using kilns. 

 Temperature is 15000 C and the time required is 4 weeks. 

Properties: 

1. RUL is 15000C under the load of 3.5 Kg/cm2 
2. Porosity is 25% 

Uses: 

1. It is used in the furnaces of gold, silver, platinum, steel industries. 
2. It is used in the lining the basic converters.     

7.  Discuss four important characteristics of lubricants.                                         (8)              

     Characteristics of a lubricant: 

1. A good lubricant should not undergo decomposition, oxidation, and reduction at high 
temperature. 

2. A good lubricant should have high oiliness, viscosity index. 

3. A good lubricant should have high flash and fire points. 

4. A good lubricant should not corrode the machine parts. 

 8. How are lubricants classified? Mention the additives added to the lubricants and give 
their functions.         
 (8) 

Classification of lubricants: 

Lubricants are classified into four types based on their physicals state as follows. 

1. Liquid lubricants 

 Vegetable oil-Examples: Palm oil, castor oil 

 Animal oil – Examples: Whale oil, tallow oil 

 Mineral oil – Example: Petroleum products. 

 Synthetic lubricants- Examples: Silicones, Polyglycol 

 Blended oil or Compounded oil - Example: Mineral oil with additives. 

2. Semi solid lubricants – Examples: Grease, Vaseline 

3. Solid lubricants – Examples: Graphite, Molybdenum disulphide 

4. Emulsions 

Oil in water type – Example: Cutting emulsions 

 Water in oil type – Example: Cooling liquids. 

The additives added to the lubricants are as follows. 

 Oiliness carriers- Fatty acids like stearic acid, oleic acid. They increase the oiliness or 
adhering property of lubricants. 

 Viscosity index improvers – Polyesters, Polystyrene. They reduce the rate of change of 
viscosity with temperature. 
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 Anti oxidants- Aromatic compounds, Phenolic compounds. They retard the oxidation of 
oils. 

 Corrosion inhibitors- Organic compounds with Phosphorous or antimony. They protect 
bearings and other metal surface from corrosion 

 Pour point depressants- Phenols, Poly alkyl benzene. They lower the pour point of oil. 

9.  Explain with examples, the action of corrosion resistant, anti-oxidant and viscosity 
improving additives in the case of lubricating oils.                               
(8) 

 Corrosion inhibitors- Organic compounds with Phosphorous or antimony. They protect 
bearings and other metal surface from attack by moisture. 

 Anti oxidants- Aromatic compounds, Phenolic compounds. They retard the oxidation of 
oils and prevent the formation of gum like substances. 

 Viscosity index improvers – Polyesters, Polystyrene. They prevent the oil from thining at 
higher temperatures and thickening at lower temperatures. 

 

10.  Discuss the important properties of lubricants and indicate the significance of these 
properties.          
                                   (8) 

Properties of lubricants: 

1. Viscosity:  

Viscosity is a measure of the internal resistance of a liquid during its flow.I t is expressed in 
centipoises. 

Determination: 

 The viscosity of oil is determined by  

Red wood viscometer 

Say bolt viscometer 

Significance: 

If the viscosity of the lubricating oil is too high, the movement of the machine is restricted 
due to excessive friction. 

If the viscosity of the lubricating oil is too low, the liquid oil film can not be maintained and 
excessive wear will takes place. 

Good lubricating oil must have moderate viscosity. 

2. Viscosity index (V.I): 

Viscosity index is defined as the rate of change of Viscosity with temperature. 

Or 

Viscosity index is defined as the average decrease in viscosity of oil per degree rise in 
temperature between 1000 F and 2100 F. 

If the viscosity of oil decreases rapidly with increase in temperature, it has low V.I. 

Example: Gulf coast oil has V.I value of zero. 

If the viscosity of oil is slightly affected with rise in temperature, it has higher V.I 
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Example: Pennsylvanion oil has V.I value of 100. 

Significance: 

Good lubricant should have minimum change in viscosity for a wide range of temperature. 

A good lubricant should have a high V.I. 

3.  Flash point and fire point: 

Flash point: 

It is the lowest temperature at which the oil gives enough vapour that gets ignited for a 
moment, when a small flame is brought near to it. 

Fire point: 

It is the lowest temperature at which the vapour of the oil burns continuously for at least 5 
seconds, when a small flame is brought near to it. Generally the fire point is 5-400 C higher 
than the flash point. 

Significance: 

 It is useful in providing protection against fire hazard during the transport and storage. 

 It is helpful in identifying the type of lubricating oil. 

Good lubricating oil should have flash point and fire points higher than the operating 
temperature of the machines. 

4.  Cloud and pour point: 

When oil is cooled slowly the temperature at which the oil becomes cloudy in appearance is 
called its cloud point. 

Pour point: 

The temperature at which the oil ceases to flow or pour is called its pour point. 

Significance: 

Most of the petroleum based lubricating oils contain dissolved paraffin wax and asphaltic 
impurities. When the oil is cooled these impurities undergo solidification which causes 
jamming of the machines. So the cloud and pour points indicate the suitability of the 
lubricants in cold condition. 

Good lubricating oil should have low cloud and pour point. 

11.  Write a detailed account on the graphite.      (8) 

Graphite consists of flat layers of hexagonal arrangement of carbon atoms. The carbon atoms 
are bonded by covalent bonds and the layers are attached held together by Vander Wall‘s 

force of attraction. Since the distance between adjacent layers is high (3.41A0), the layers can 
slide one over the other easily. This property of graphite makes it a good lubricant. 
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Properties: 

 Graphite is very soapy to touch and non – inflammable.  

 Graphite can be used up to a temperature of 3750 C.  

 It can be used as dry powder or colloidal dispersion.  

 Graphite in water is called aqua dag and graphite in oil is called oil dag. 

Uses: 

 Oil dag is generally used in internal combustion engines 

 Aqua dag is used in air compressors and in food processing units. 

 It is also used in railway tracks, lathes and gears. 

12.  Explain the properties of nanotubes.        
(8) 

Mechanical properties: 

Tensile strength: It is a measure of amount of stress needed to pull a material. 

CNTs are very strong. This is due to inter locking of C- C covalent bonds. 

Young’s modulus: It is a measure of stiffness of the material or flexibility of a material. 

CNTs have Young‘s modulus ranging from 1.28 to 1.80TPa. That is, CNT are very stiff and 
hard to bend. 

Electrical properties: 

 CNTs can be both  metallic or semi-conducting, depending upon the chirality and 
diameter of CNTs. 

 Basically all armchair tubes are metallic because of their symmetry. 

 Zigzag and chiral tubes can be either metallic or semi-conducting depending upon their 
chiral vector. 

 The very high electrical conductivity of CNT is due to the minimum defects in the 
structure. 

Thermal conductivity: 

They have high high thermal conductivity. Thermal conductivity of CNTs is ten times greater 
than that of silver. Thermal conductivity in CNTs is due to the vibration of covalent bonds 
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holding the carbon atoms together. The high thermal conductivity is also due to the minimum 
defects in the structure. 

Vibrational property: 

CNTs have two normal modes of vibration 

 i) Ag –‗ in and out‘ oscillation of the diameter of the tube. 

 ii) E2g – squahing of the tube.(Oscillation between sphre and ellipse) 

The frequencies depend on the radius of the tube and are Raman active. 

Density: 

CNTs are light weight with a density of 1.33-1.44gm/cm3. 

 

13. What are called carbon nano tubes? Explain its structure and fabrication.  (8) 

Carbon nanotubes are large molecules of pure carbon that are long, thin and shaped like 
tubes about 1-3 nm diameter and 100 – 1000 nm long. Each carbon atoms in the carbon 
nanotubes are linked by the covalent bond. 

Structure: 

There are two types of nanotubes. 

1. Single walled carbon nanotubes (SWCNT) –diameter is 1nm 

2. Multi walled carbon nanotubes (MWCNT) –diameter is 10 nm 

 SWCNT consists of one sheet of graphite cylinder. Its diameter is 1 nm. 

It forms the three types of structures such as arm chair, Zig zag and chiral structure. 

  

                Arm chair structure   Zig zag structure 

MWCNT: 

    

 

 

Synthesis of carbon nanotubes: 

 

Carbon nanotubes are prepared by the following methods. 

1. Pyrolysis of hydrocarbons. 

2. Laser evaporation 
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3. Carbon arc method 

4. Chemical vapour deposition. 

Carbon arc method: 

Two graphite electrodes of 10 -20 μm dia are taken, connected externally.  At high pressure, 

when 20 -25V DC current is passed carbon atoms are ejected as vapour from the positive 
electrode and forms nanotube on the negative electrode. 

As the tube grows, the length of positive electrode decreases. But the growth of CNT 
maintains a gap of 1mm between the two electrodes. 

To produce SWCNT, a small amount of  Co, Ni, or Fe is incorporated as catalyst in the 
central region of the positive electrode. If no catalyst is used the CNT formed are multi-
walled types. 

14.  Explain the applications of carbon nano tubes in fuel cells and catalysis.  
 (8) 

Applications of carbon nanotubes: 

1. CNT in storage devices 

Carbon nanotubes play an important role in the battery technology, because some  

charge carriers can be successfully stored inside the nanotubes 

Examples: 

a. CNT in fuels cells: Hydrogen can be stored in the CNT, which may be used for the 
development of fuel cells. 

b. CNTs s also used in lithium battery. 

2. CNT in catalysis 

Carbon nanotubes serve as efficient catalysts for some chemical reaction. CNT can be 
used catalyst supports because they can provide large surface areas, high chemical 
stability. 

Examples: 

 Hydrogenation reaction:  Ruthenium   + CNT  for hydrogenation of cinnamaldehyde 

 Other chemical reaction: 
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 It reduces MoO3 to MoO2 with the formation of steam. 

H2, 4700 C, MWCNT 

MoO3       MoO2 + H2O 

 

15. What are abrasives? How are they classified? Write briefly on grinding wheels.(8)  

The abrasives are strong materials used for polishing, shaping , smoothening, grinding and 
cutting operations.  They are characterized by high melting point, high hardness and 
chemically inert. 

Classification of abrasives: 

Abrasives are classified into two types. 

1. Natural abrasives 

 a) Non – siliceous abrasives: 

  Examples: Diamond, Corundum, Emery 

 b) Siliceous abrasives: 

  Examples: Quartz, Garnets 

2. Artificial abrasives: 

  Examples: Carborundum, Norbide, Alundum 

Grinding wheels: A grinding wheel is an expendable wheel that is composed of 
an abrasive compound used for various grinding (abrasive cutting) and abrasive 
machining operations. 

 Manufacture: 

 Grinding wheel is manufactured by mixing abrasive grains with binder. The mixture is 
moulded into desired shape and heated and cured. based on the type of binding agent used to 
bind the abrasive grains,grinding wheels are classified in to different types. 

 Silicate bonded grinding wheel 

 Vitreous or ceramic bonded wheel 

 Rubber bonded wheel 

 Resin bonded wheel 

 Shellac bonded wheel 

 Uses: 

 It is used for the removal of scales from iron surfaces, cutting tools and sharpening the tools. 

 

http://en.wikipedia.org/wiki/Abrasive
http://en.wikipedia.org/wiki/Grinding_(abrasive_cutting)
http://en.wikipedia.org/wiki/Abrasive_machining
http://en.wikipedia.org/wiki/Abrasive_machining
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16. Describe the manufacture of carborundum. Mention its uses.   (8) 

 Carborundum or Silicon carbide 

 Manufacture: 

  Silicon carbide is manufactured by heating sand(60%) and coke(40%) with some sawdust 
and a little salt in an electric furnance at about 15000C. 

 Saw dust increases the porosity. 

 Salt reacts with iron and other similar impurities, present in the raw materials, forming volatile 
chlorides. This also increases the porosity. 

SiO2 + 3C  SiC + 2C 

 The silicon carbide, removed from the furnance, is then mixed with bonding agent (Clay) and 
then shaped, dried and fired. 

 Properties: 

 Its Moh‘s scale value is 9. 

 It can withstand up to 16500 C. 

 It is hard and brittle. 

 It has thermal conductivity between metals and ceramics. 

 It high mechanical strength. 

 Uses: 

a. Silicon carbides are used as heating elements in furnaces in the form of rods and bars. 
b. They are used in kilns, coke ovens, muffle furnaces and floors of heat treatment furnaces. 
c. SiC bonded with tar is used for making high conductivity crucibles. 

17. What are garnets and carborundum? Give the properties of boron carbide. (8) 

 Garnets: 

 It is a mixture of trisilicates of alumina , magnesia and ferrous oxide. 
 Its hardness ranges from 6-7.5 on Moh;s scale. 
Uses: It is used in making abrasive paper and cloth. It is used in glass grinding and polishing 
metals. 
Carborundum is Silicon carbide SiC 

Uses: 

a. Silicon carbides are used as heating elements in furnaces in the form of rods and bars. 
b. They are used in kilns, coke ovens, muffle furnaces and floors of heat treatment furnaces. 
c. SiC bonded with tar is used for making high conductivity crucibles. 

 
Nor boride or boron carbide (B4C) 

Properties: 

 Its hardness is 10 in Moh‘s scale. 
 It is light weight and black coloured compound. 
 It is highly resist to chemical attack and erosion. 
 It resists oxidation much better than diamond 
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18. Write detailed notes on emery and silicon carbide. (Jan 2012) (8)  

Emery: 

 It is a fine grained opaque, black coloured mineral. 
 It consists of 55-75% crystalline alumina, 20-40% magnesite, and 12% other minerals. 
 Its hardness is 8 in Moh‘s scale. 
  Uses: It is used in the tip of cutting and drilling tools. It is used in making abrasive paper and 
cloth. 

Carborundum or Silicon carbide 

 Manufacture: 

  Silicon carbide is manufactured by heating sand(60%) and coke(40%) with some sawdust 
and a little salt in an electric furnance at about 15000C. 

  Properties: 

 Its Moh‘s scale value is 9. 

 It can withstand up to 16500 C. 

 It is hard and brittle. 

 It has thermal conductivity between metals and ceramics. 

 It high mechanical strength. 

 Uses: 

a) Silicon carbides are used as heating elements in furnaces in the form of rods and bars. 
b) They are used in kilns, coke ovens, muffle furnaces and floors of heat treatment furnaces. 
c) SiC bonded with tar is used for making high conductivity crucibles. 

 
19. How is norbide synthesized? Mention its properties and uses? (June 2012)   (4) 

Manufacture: 

  It is prepared by heating a mixture of boron oxide and coke in an electric furnance at 
about 27000C. 

 Properties: 

Manufacture: 

  It is prepared by heating a mixture of boron oxide and coke in an electric furnance at 
about 27000C. 

 Properties: 

 Its hardness is 10 in Moh‘s scale. 
 It is light weight and black coloured compound. 
 It is highly resist to chemical attack and erosion. 
 It resists oxidation much better than diamond. 

 Uses: 

It is used for cutting and sharpening hard high speed tools. 

It is used to prepare scratch and resistant coatings. 
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20. How is the viscosity index of a lubricant determined? What is its significance? (8) (Jan 
2012) 

Viscosity index is defined as the rate of change of Viscosity with temperature. 

Or 

Viscosity index is defined as the average decrease in viscosity of oil per degree rise in 
temperature between 1000 F and 2100 F. 

If the viscosity of oil decreases rapidly with increase in temperature, it has low V.I. 

Example: Gulf coast oil has V.I value of zero. 

If the viscosity of oil is slightly affected with rise in temperature, it has higher V.I 

Example: Pennsylvanion oil has V.I value of 100. 

Determination: 

The V.I of the test oil is given by the formula 

             L – U  

V.I =  _____ 

                  L-H 

 

  

 

 

 

 

 

 

 

Where, U is the viscosity of the test oil at 380 C.    

   L is the viscosity of the low V.I oil at 380C 

   H is the viscosity of the high V.I oil at 380C 

 

Significance: 

  Good lubricant should have minimum change in viscosity for a wide range of temperature. 

A good lubricant should have a high V.I. 

How to improve viscosity index: 

V.I of a lubricant can be increased by the addition of linear polymers such as polyisobutylene, 
n-hexanol etc. 
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21. How do graphite and molybdenum sulphide function as lubricants? Explain. (8) (Jan 
2012) 

Graphite: 

 Graphite consists of flat layers of hexagonal arrangement of carbon atoms. The carbon atoms 
are bonded by covalent bonds and the layers are attached held together by Vander Wall‘s force 

of attraction. Since the distance between adjacent layers is high (3.41A0), the layers can slide 
one over the other easily. This property of graphite makes it a good lubricant. 

 

 

Molybdenum disulphide: 

Molybdenum disulphide has a sandwiched structure. Molybdenum layer is sandwiched 
between two Sulphur layers. The layers are held together by Vander Walls force of attraction. 
The molybdenum layers slides on the Sulphur layers. 

 

22. Explain the mechanism of lubrication? (June 2012) (8) 

Three types of mechanism are, 

1) Fluid film or thick film or hydrodynamic lubrication 

2) Boundary lubrication or thin film lubrication 
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3) Extreme pressure lubrication 

1. Fluid film or thick film or hydrodynamic lubrication 

Condition: Under low load and high speed 

Under the conditions of low load and high speed, a thick lubricant film (1000 A0 thickness) is 
used between two solid surfaces. 

Since the thick film separates the two solid surfaces, there is no contact between the solid 
surfaces. This reduces wear and tear. 

The Co efficient of friction is as low as 0.001 to 0.03. 

 

Example: 

  

Consider the rotation of a shaft with respect to a stationary bearing 

When a lubricant is added to the system, it occupies the annular space between the shaft and 
bearing and forms hydrodynamic wedge. This hydrodynamic wedge prevents the contact 
between the two solid surfaces. When the load becomes very high, the lubricant will be 
squeezed out of the wedge and friction will occur. 

Uses: 

This type of lubrication is useful in delicate instruments, light machines like watches, clocks 
and sewing machines and scientific equipments. 

 

2.  Boundary lubrication or thin film lubrication: 

Condition: Under high load and slow speed 

 

 

 

 

 

 

 Under the conditions of high load and slow speed, a thin lubricant film (2 or 3 molecules 
thickness) is used between two solid surfaces. 
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 The thin film lubricating oil is adsorbed by physically or chemically at the metallic 
surfaces. 

 This thin film is known as boundary film. 

 The Co efficient of friction is 0.05 to 0.15. 

 Boundary lubrication depends on the oiliness of the lubricant. Oiliness is the ability of the 
lubricant to stick to the surface. 

 Example: Oleic acid (C17H33COOH) 

Uses: 

o Used in rollers, gears, tractors, railway joints etc 

3.  Extreme pressure lubrication: 

 Condition: Under high load and high speed 

Under the conditions of extreme pressure, high temperature is attained. 

This causes the liquid lubricant fails to stick and undergo decomposition or evaporation. 

Therefore here extreme pressure additives are used along with lubricants. 

Example: sulphurized oils 

Uses: 

It is used in wire drawing, in machining of tough tools.  

23. What are nanomaterials? Discuss the type of carbon nanotubes and their applications? 
(June 2012) (8) 

Nanomaterials are defined as the materials having atoms where the size ranging from 1-100 
nm and these atoms will not move away from each other. 

Carbon nanotubes 

There are two types of nanotubes. 

1. Single walled carbon nanotubes (SWCNT) –diameter is 1nm 

2.  Multi walled carbon nanotubes (MWCNT) –diameter is 10 nm 

 SWCNT consists of one sheet of graphite cylinder. Its diameter is 1 nm. 

It forms the three types of structures such as arm chair, Zig zag and chiral structure. 

  

                Arm chair structure   Zig zag structure 

MWCNT: 
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Applications of carbon nanotubes: 

1. CNT in storage devices 

Carbon nanotubes play an important role in the battery technology, because some  

charge carriers can be successfully stored inside the nanotubes 

Examples: 

 CNT in fuels cells: Hydrogen can be stored in the CNT, which may be used for the 
development of fuel cells. 

 CNTs s also used in lithium battery. 

 CNT as protective shields 

CNTs are poor transmitters of electromagnetic radiation. Hence it can be used as shield, 
for protecting electronic equipments against electromagnetic radiation. 

3. Sensors of gases: 

The gases like NO2 and NH3 can be detected on the basis of increase in electrical conductivity 
of CNTs 

4. Drug delivery vessels: 

CNTs can be effectively used inside the body for drug delivery by placing the drugs 
within the tubes. 

5. CNT in microscope: 

CNTs attached to the tips of scanning microscope, have been used to image biological 
and industrial specimens 

6. Reinforcing elements in composites 

The composites of aluminum powder, mixed with CNTs possesses a greater tensile 
strength compared to pure aluminum 

7. CNTs are used for making IMC (Integrated memory circuits) 

8. Quantum wire: 

The quantum wires made of metallic carbon nanotubes are found to have high electrical 
conductivity. 

9. CNT in catalysis 

Carbon nanotubes serve as efficient catalysts for some chemical reaction. CNT can be 
used catalyst supports because they can provide large surface areas, high chemical 
stability. 

Examples: 

  Hydrogenation reaction:  Ruthenium   + CNT  for hydrogenation of cinnamaldehyde 

  Other chemical reaction: 
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It reduces MoO3 to MoO2 with the formation of steam. 

H2, 4700 C, MWCNT 

MoO3         MoO2 + H2O 

 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


