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8 MARK QUESTIONS 
    UNIT – I  
 
 
1.Write the explanatory note on internal conditioning methods  
 

Internal treatment involves adding chemicals directly to the water in the boilers for 
removing dangerous scale – forming salts which were not completely removed by the 
external 
 �
Calgon conditioning � 
2CaSO 4 + Na 2 [Na 4 (PO3) 6] →       Na 2 [Ca 2 (PO3) 6] + 2Na 2SO4 

 
Carbonate conditioning 

Scale formation due to CaSO4 in low pressure boilers can be avoided by adding 
Na2CO3 to the boilers.  

CaSO4 + Na2 CO3 →     CaCO3 + Na2SO4 
 

The forward reaction is favored by increasing the concentration of CO3
2-

.CaCO3 formed can be removed easily. 
 
Phosphate conditioning 

In high pressure boilers, CaSO4 scale whose solubility decrease with increase 
of temperature. Such scale can be converted into soft sludge by adding excess of 
soluble phosphates. 

 
3CaSO4 + 2Na3 PO4 →    Ca3 (PO4)2 +2Na2SO4 

 
Colloidal conditioning 

The colloidal conditioning agents are kerosene, agar-agar, gelatin, glue, etc. They are 
 

Used in low pressure boilers.  
The colloidal substances convert scale forming substance like CaCO3, CaSO4 into a 

 
2.Discuss the various troubles caused in boiler by boiler feed water  
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i)Sludge  
 

1)If the precipitate is loose and slimy it is called sludges. �
2)Sludges are formed by substances like MgCl2, MgCO3, MgSO4 and CaCl2. � 

ii)Scale 
1) If the precipitate forms hard and adherent coating on the inner walls of the boiler, it  

is called scale. 
2) Scales are formed by substances like Ca (HCO3)2, CaSO4 and Mg (OH) 2. 

 
 Disadvantages 

 
    ( i)Wastage of fuels 
  (ii) Decrease in efficiency 

    iii) Boiler explosion 
Priming 

Priming is the process of production of wet steam. Priming is caused by 
� High steam velocity. �
� Very high water level in the boiler. �
� Sudden boiling of water. ��
� Very poor boiler design. �

Prevention 
Priming can be controlled by 
� Controlling the velocity of steam. �
� Keeping the water level lower. ��
� Good boiler design. �
� Using treated water. � 

Foaming 
 

The formation of stable bubbles above the surface of water is called foaming. These 
bubbles are carried over by steam leading to excessive priming. 

Foaming is caused by the 
� Presence of oil and grease. �
� Presence of finely divided particles. ��

Prevention �
Foaming can be prevented by 
� Adding coagulants like sodium aluminate, aluminium hydroxide. ��
� Adding anti-foaming agents like synthetic polyamides. �

�
��Discuss the causes and control of boiler corrosion in details  

Corrosion in boilers is due to the presence of 
� Dissolved oxygen ��
� Dissolved carbon dioxide �
� Dissolved salts like magnesium chloride. �

Dissolved oxygen 
The presence of dissolved oxygen is responsible for corrosion in boilers. Water 

containing dissolved oxygen when heated in a boiler, free oxygen is evolved, which corrodes 
the boiler material. 
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4Fe + 6H2O + 3O2    → 4 Fe (OH)3 
 
Dissolved carbon dioxide 

When water containing bicarbonates is heated, carbon dioxide is evolved which makes 
the water acidic. Carbon dioxide dissolved in water forms carbonic acid. This leads to intense 
local corrosion called pitting corrosion. 
 

Ca(HCO3)2    → CaCO3 + H2O + CO2 
 

CO2 + H2O  → H2CO3 
 
Dissolved magnesium chloride 

When water containing dissolved magnesium chloride is used in a boiler, hydrochloric 
acid is produced. HCl attacks the boiler in a chain-like reaction producing hydrochloric acid 
again and again which corrodes boiler severely. 
 

MgCl2 + 2H2O  → 2HCl + Mg (OH)2 
 

Fe + 2 HCl  → FeCl2 + H2 
 

FeCl2 + 2H2O  → Fe (OH)2 + 2 HCl 
 

Corrosion by HCl can be avoided by the addition of alkali to the boiler water. 
 
Prevention of boiler corrosion 

Removal of dissolved oxygen and carbon dioxide can be done either chemically or 
mechanically. 
Chemical method 

For the removal of dissolved oxygen, sodium sulphite, hydrazines are used. 
 

2Na2SO3 + O2    → 2Na2SO4 
 

N2H4  + O2    → N2 + 2H2O 
  

2NH4OH + CO2    → (NH4)2CO3 + H2O 
 
Mechanical method 
 

Oxygen along with carbon dioxide can be removed mechanically by the de-aeration 
method
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4. How is the softening of water carried out using the zeolite process.  
 

Zeolites are naturally occuring hydrated sodium aluminosilicate minerals. The chemical 
formula is Na2O.Al2O3.XSiO2.YH2O. The synthetic form of zeolite is called permutit and is 
represented by Na2Ze. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CaZe + 2 NaCl   →  Na2Ze + CaCl2 
 

MgZe + 2 NaCl →   Na2Ze + MgCl2 
 
Advantages 
 

� No sludge is formed during this process. ��
� This method is very cheap because the generated permutit can be used again. ��
� Its operation is also easy. �
� The process can be made automatic and continuous. � 

Disadvantages 
 

� This process cannot be used for turbid and acidic water as they will destroy the 
zeolite bed. �

� This treatment replaces only the cations, leaving all the anions like (HCO3)– and 
(CO3)2– in the soft water. �

 
� Due to the formation of sodium hydroxide, the water becomes alkaline and can 

cause cause caustic embrittlement. ��
� Water containing Fe, Mn cannot be treated, because regeneration is very difficult. �

 
 

www.studentsfocus.com



 
�
 
5. Discuss the Desalination by Reverse Osmosis  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

When two solutions of different concentrations are separated by a semi-permeable 
membrane, flow of solvent takes place from a region of low concentration to high 
concentration until the concentration is equal on both the sides. This process is called 
osmosis. 

 
The driving forces in this phenomenon are called osmotic pressure. If a hydrostatic 

pressure in excess of osmotic pressure is applied on the higher concentration side, the solvent 
flow reverses, i.e., solvent is forced to move from higher concentration to lower 
concentration .This is the principle of reverse osmosis. Thus, in reverse osmosis method 
pure water is separated from its dissolved solids. 
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  UNIT – II 
 

1. What is EMF series? What are the applications? 

Definition  
The arrangement of various metals in the order of increasing values of standard 

reduction potential is called emf series. 
 
Applications of Emf Series:  

o Calculation of Standard emf of the cell 
o Relative ease of Oxidation or Reduction 
o  Displacement of one element by the other  
o Determination of equilibrium constant for the Reaction 
o Hydrogen Displacement Behaviour 
o  Predicting Feasibility/ Spontaneity of the cell 

 
1.  Calculation of Standard emf of the cell  

Using E
°
, the standard emf can be calculated  

° ° °   

E ECell  = E RHE - E LHE  

2.  Relative ease of Oxidation or Reduction  
    
 Standard Reduction  Reaction 
  Potential   
  Positive  Reduction 
  Negative  Oxidation 
  Eg. F ( + 2.87V)  Reduction 
  Li ( - 3.01V)  Oxidation 

 
3.  Displacement of one element by the other  

Metal with more negative reduction potential can displace those metals with less 
negative or positive potentials from the solution 

 
° 2+ 

/  = + 0.34 V 
 

Eg. E Cu  
 

 Cu 
 

 
 

4.  Determination of equilibrium constant for the Reaction 
Equilibrium constant can be calculated using the formula 

WKT,   G
°
 = RT ln K = 2.303 RT log 

K Log K = -   G
°
  

2.303 RT 
= nFE 
2.303 RT 

 
5. Hydrogen Displacement Behaviour  

Metal with negative reduction potential will displace hydrogen from the 
solution 
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Spontaneity depends on E
°
 value 

E
°
 - Positive ( Reaction Spontaneous)  

E
°

 - Negative ( Reaction non 

Spontaneous) E
°

 - Zero (Reaction 
Equilibrium)  

 
2. Explain the mechanism of chemical and electrochemical corrosion. 
Dry or chemical corrosion: 
 
Attack of metal surface by O2, H2 SO2, N2, etc  
Three types of Corrosion 

1.Corrosion by H2 
2. Corrosion by O2   
3. Liquid Metal Corrosion  

 
I Corrosion by O2:  

Direct attack of O2 at low or high temperature 
Mechanism  
i)Formation of metal ions 

 

M oxidation M
2+

 + 2e
-
 

ii) Oxygen changes to ionic form  

½ O2  + 2e
-
 O2- 

iii) Metal – 0xide film formation  

M +  ½ O2 M
2+

  +  O
2-

  = MO  
Growth of oxide film occurs perpendicular to metal surface (refer diagram on 

book) Nature of Oxide Film 

 
 
 
Stable oxide layer Unstable oxide layer Volatile oxide layer 
i) Adsorbed tightly to i) Occurs mainly on i) oxide layer volatiles easily 

metal surface noble metals   

ii) diffusion of oxygen ii) Metal oxide M+ O2 ii) no further 
corrosion not take place   occurs. 

iii) No further corrosion Eg: Oxides of Pt, Ag Eg: MoO3 
occurs    

Eg: oxides of Al, Sn, Pb    
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3. Disscuss about the differential aeration corrosion. 
 

This type of corrosion occurs when a metal is exposed to varying concentration of 
O2 or any electrolyte on the surface of the base 
metal. Example: 

Metals partially immersed in water (or) conducting solution. 
 

Mechanism:  
Metal part which is above the solution is more aerated and hence becomes 

cathodic.  
Metal part which is inside the solution is less aerated and hence becomes anodic. 

At Anode: 
 

 
Example: 
Pipeline corrosion:  

Pipelines passing from one type of soil example from clay(less aerated) to sand 
(more aerated) undergo differential aeration corrosion. 

 
4. Discuss electroless plating in detail taking Ni as example. 
Electroless Plating  
Principle 

 
Electro less plating is a technique of depositing a noble metal on a  

catalytically active surface of the metal to be protected by using a suitable 
reducing agent without using electrical energy. 

 
Metal ions + Reducing Agent     Metal + Oxidized product 

 
Process: 

Step 1: Pretreatment and activation of the surface:  
The surface to be plated is first degreased by using 

organic solvents or alkali, followed by acid treatment.  
Example: 

The surface of stainless steel is activated by dipping in hot solution of 
 

50% dil.H2SO4 
 

Step 2: Plating bath : 
Nature of the Name of the Quantity(g/l) Function 
compound compound   
Coating solution NiCl2 20 Coating metal 
Reducing agent Sodium 20 Metal ions reduced 

 hypophosphite   
Complexing agent Sodium succinate 15 Improves the quality 
Buffer Sodium acetate 10 Control the pH 
Optimum pH 4.5 -------------- ---------------- 
Optimum 93˚C -------------- ---------------- 
temperature    

Corrosion occurs 
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Step 3: Procedure 

 
The pretreated object is immersed in the plating bath for the 
required time. 

 
At Cathode:   

Ni
2+

 + 2e
-
 Ni 

At Anode:   

H2PO2
-
 + H2O H2PO3

-
 + 2H

+
  + 2e

-
 

Net Reaction:  

Ni
2+

 + H2PO2
-
 + H2O Ni + H2PO3

-
 + 2H

+
 

Applications:  

1. Electro less Ni plating is extensively used in electronic appliances. 
2. Electro less Ni plating is  used in domestic as well as automotive fields. 

 
 
UNIT – III 
 

1. Describe the working of light water nuclear power plant with a neat 
block diagram.  

 
 
 
 
 
 
 
 
 
 
 
 
Definition 

x Light water nuclear power plant is one in Which U
235

 
feel rods are submerged in water. ��

x Here thewater acts as coolant and moderator. ��
x The fission  reaction  is  controlled by inserting  or � 
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removing  the  control  rods  of  B
10

  automatically  
x from the spaces I between the fuel rods. ��

x The heat emitted by U 
235

 in the fuel core is absorbed by the 
coolant. �

x Heat is transferred to sea water and then converted into 
steam. �

x The steam then drives the turbines, generating electricity. �
 
 

2. Discuss the breeder reactor.  
A nuclear reactor with conversion or multiplication factor greater than one 
is a breeder reactor. A breeder reactor generates fissionable nuclei from 
fertile nuclei.  
E.g., the fertile material like uranium-238 is converted into fissile 

94 Pu239 by using slow neutrons. 94 Pu239 undergoes fission and produces 
energy. 
 
 
 
 
 
 
 
 
 
Working : 

`In breeder reactor, 92U235 is used as trigger to produce sufficient 
neutrons. These are used to convert 92U235 to Plutonium undergoes fission 
with the production of three neutrons. One neutron is used to propagate 
fission chain. The other two neutrons react with 92U238 to 94 Pu239. Thus 
breeder reactor produces two 239 Pu atoms for each 239 Pu consumed. Thus 
more fissionable material is produced than consumed. Hence the reactor is 
called breeder reactor.  
Critical Mass:  
The minimum amount of fissile material (U235) required to continue the 
nuclear chain reaction is called critical mass. 
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3. Explain the construction of Lead- acid storage battery and the cell    
reactions involved during charging and discharging.  
 
Description: 
 
 

x It consists of number of voltaic cells connected in 

series Pb is anode and PbO2 is cathode �
�

x Number of Pb plates and PbO2 plates are connected in 
parallel. �

�
x Plates are separated from adjacent ones by insulators 

like rubber or glass fiber. �
�

x This arrangement is immersed in dil. H2SO4 �
 

Cell reactions 
 

At anode : Pb (s) + SO42- → PbSO4 (s) + 2e- 
+ 

At cathode: PbO2(s)  + SO42- +  4H   + 2e- →PbSO4 + 2 
H2O 

Overall reaction:  
Pb (s) + PbO2(s) +   2H2SO4 → PbSO4  + H2O + energy 

 
Uses: 

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

 
It is also used in gas engine ignition, 
telephone exchanges, hospitals, power 
stations.
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4. Discuss the construction and working of Ni- Cd battery.  

Description 
 

It consists of a cadmium anode.  
a metal grid containing a paste of NiO2 acting as a cathode. KOH is 

electrolyte 
 

Ni-Cd battery 
 
 
 
 
 
 
 
 
 
Cell reactions   

At anode: Cd(s) +  2OH- → Cd(OH)2(s) + 2e-  

At cathode: NiO2 + 2H2O(l) + 2e- → 2OH- +Ni(OH)2  (s)  + energy 

Overall reaction:   

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

Uses:   
 

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

5. Write a note on the Photo galvanic cell. 
 
PRINCIPLE:  

The principle of Solar cell is based on photovoltaic effect. When light radiation falls on the p-n 
junction semi conductor device, charge separation takes place and a potential difference is setup. This 
causes flow of electrons and produces electricity. 
Working:  

When sun rays all on the top layer of p- type semiconductor, electrons from valence band are 
promoted to conductance band and cross the p-n junction into the n-type semiconductor. A potential 
difference is set up between the two layers. This causes flow of electrons and produces electricity.   
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Application   

1.Lighting purpose 
Now a days electrical street lights are substituted by solar street lights. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. Solar pumps are run by solar battery  
A large number of solar cells are connected in series to form a solar battery. Solar battery 
produces enough electricity to run water pump, etc., They are also used in remote areas 
where conventional electricity is not available. 
 
SOLAR BATTERY 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. Solar cells are used in calculators, electronic watches etc.  
 
4. Solar cells are superior to other type of cells, because they are non-polluting and eco-

friendly.  
 
5. Solar cells are used to drive vehicles.  
 
6. Silicon solar cells are used as a source of electricity in space crafts and satellites.  
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UNIT – IV  
1. Explain the natural and synthetic abrasives.   

x natural abrasives – Eg. Diamond, corundum �
x synthetic abrasives – Eg. carborundum, norbide ��
x Hardness is measured in terms of moh‟s scale. �
x Diamond is taken as the reference and hardness of other materials are determined �
x abrasives with Mohr‟s scale 1-4 are called soft abrasives �

 
NATURAL ABRASIVES 
Diamond: 

x Purest crystalline carbon - Hardest natural substance �
x Mohr‟s scale value is 10 -Superior chemical inertness �
x Used in grinding wheels, drilling tools, cutting glasses, etc �

Corundum 
Pure crystalline form of alumina - Mohr‟s scale value is 9 - Used in grinding glass, gems etc. 
Emery 
55-75% alumina, 20-40% magnetite, 12% others - Black and opaque 
-Mho‟s scale value is 8 - Used for making abrasive paper, abrasive cloth, etc. 
Quartz 
Pure silicone - Mohr‟s scale value is 7 - Used in painting industries 
Garnet 
Trisilicates of alumina, magnetite and Fe oxide 
Used for the manufacture of abrasive paper and cloth 
 
ARTIFICIAL ABRASIVES 
Silicon Carbide (SiC) 
Manufacture  
Silicon Carbide is manufactured by heating sand (60%)and coke (40%) with some saw dust 
and a little salt in an electric furnace to about 1500°C  
SiO2 + 3C SiC + 2CO 
  
Properties 
 
1. Silicon carbide possesses a high thermal conductivity, low expansion and high resistance  
      to abrasion and spalling.  
2. They are mechanically strong. Mohr‟s scale value is 9.  
3. Bear very high temp. 1650°C  
 
Uses 
 
1. Silicon carbide are used as heating elements in furnaces in the form of rods or bars.  
2. They are also used for partition wall of chamber kilns, coke ovens, muffle furnaces and  
    floors of heat treatment furnaces.  
3. Sic bonded with tar are excellent for making high conductivity crucible.  
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Norbide or Boran Carbide 
Manufacture  
It is prepared by heating a mixture of boran oxide (B2O3) and coke in an electric furnace to 
about 2700°C 
B2O3 +7C           B4C + 6CO 
 
Properties 
1. Its hardness is 9 on Mohr‟s scale.  
2. It is light weight and black colored compound.  
3. It is highly resistant to chemical attack and erosion.  
4. It resists oxidation much better than diamond.  
Uses 

x It is used as hard materials for making grinding dies, and for cutting and sharpening 
hard high speed tools. ��

x It is used to prepare scratch and wear resistant coating. �
 
 
2. What are the classifications of Refractories?   
 

Based on chemical nature  
Acidic refractories – Eg. Silica and Alumina 
Basic refractories – Eg. Magnesite and Dolomite 
Neutral refractories – Eg. Graphite and Carborundum 

 
Based on refractoriness 
Low heat duty refractories 
Intermediate heat duty refractories 
High heat duty refractories 
Super heat duty refractories 

 
3. Explain in detail the properties of Refractories.   

 
 Refractoriness  

It is the ability to withstand very high temp. without softening or deformation under 
particular service condition. Since most of the refractories are mixtures of several metallic 
oxides, they do not have a sharp melting point. So the refractoriness of a refractory is 
generally measured as the softening temperature and is expressed in terms of pyrometric cone 
equivalent.(PCE). Pyrometric cone equivalent is the number which represents the softening 
temperature of a refractory specimen of standard dimension (38mm height and 19mm 
triangular base) and composition. 
 
Objectives of PCE test 
 

x To determine the softening temperature of a test refractory material. �
�

x To classify the refractories �
�

x To determine the purity of the refractoreies �
�

x To check whether the refractory can be used at particular servicing temperature. �
 

Refractoriness is determined by comparing the softening temperature of a test cone with 
that of a series of segar cones. Segar cones are pyramid shaped standard refractory of definite 
composition and dimensions and hence it has a definite softening temperature.  
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A test cone is prepared from a refractory for which the softening temperature to be 
determined, as the same dimensions of segar cones. 
 
RUL – Refractoriness Under Load  
The temp. at which a std dimensioned specimen of a refractory undergoes 10% deformation 
with a constant load of 3.5 or 1.75 Kg/cm2 The load bearing capacity of a refractory can be 
measured by RUL test. A good refractory should have high RUL value 
 
Porosity – ratio of pore volume to the bulk 
volume P = (W- D/W- A) X 100  
W – weight of saturated specimen in air 
D – weight of dry specimen  
A – weight of saturated specimen in water  
Porosity reduces strength, corrosion resistance thermal conductivity, thermal spalling and 
abrasion resistance 
 
Thermal spalling – property of breaking, cracking or peeling of refractory material under 
high temp. Thermal spalling may be due to rapid change in temp. or slag penetration  
A good refractory should show good resistance to thermal spalling 
 
Dimensional stability  
Resistance of refractory to any volume change when exposed to high temp. over a prolonged 
time  
Refractories may undergo reversible or irreversible dimensional changes A good refractory 
should show minimum level of reversible dimensional changes with temp. 
 

 
4. What are the raw materials used for the manufacture of cement? Describe the 
manufacture of cement by wet process. 
   
PORTLAND CEMENT 

It is defined as an extremely finely ground product. 
 

It is obtained by heating a mixture of argillaceous (clay containing ) and calcareous (lime 
containing ) raw materials to about 1500 c. It is then mixed with gypsum to increase the quick setting 
and hardening property. 
MANUFACTURE OF PORTLAND CEMENT 
Raw materials : 

(i) Calcareous materials , CaO  Ex: Limestone, chalk. 
(ii) Argillaceous materials, Al2O3 and SiO2    Ex: clay, slate etc 
(iii) Powdered coal (or) fuel oil.  
(iv) Gypsum (CaSo4.2H2O)  

 
Manufacture of Portland cement involves the following steps: 
 

(i) Mixing of raw materials  
 

(ii) Burning  
 

(iii) Grinding  
 

(iv) Storage and Packing  
 

(i) Mixing of raw materials:  
 

(a)  Dry Process (b) Wet Process 
 

(a) Dry Process: In dry process, the raw materials like limestone and clay(3:1) are dried, and 
mixed in definite proportions  
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(b) Wet process : In wet process, the raw materials in definite proportions are finely ground with 
water and the slurry ( past like) is fed at the top of the rotary kiln.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5. Explain the sequential steps involved in the manufacture of glass. 
Glass is an amorphous, hard brittle, transparent, super cooled liquid of infinite 

viscosity. 
Glass may be represented as   xR2O.yMO.6SiO2 

Manufacture of Glass 
1. Melting : 
The raw materials in proper proportions are mixed and finely powdered. 

 
This homogeneous mixture is known as BATCH is fused with some broken glass called 

 
CULLET in the pot of the furnace. 

The furnace is heated by burning producer gas and air mixture over the charge. 
The cullet melts at a low temp and assists in melting the rest of the charge. 

 
CaC O3    + Si O2------ CaSiO3 + CO2 

Na2C O3 + Si O2----- Na2Si O3 + CO2 
 

Forming and Shaping 
The molten glass is then worked into articles of desired shapes by either blowing or moulding 

 
or pressing between rollers. 

Annealing: 
Glass articles are then allowed to cool gradually to room temperature.  

Sudden cooling must be avoided, because cracking occurs. 
Longer the annealing period, the better is the quality of the glass. 
Finishing: 

 
All glass articles after annealing, are subjected to finishing processes such as 

 
(a) Cleaning (b)  grinding  (c) polishing   (d)  cutting  (e) sand blasting 
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UNIT V  
 
1. Describe proximate analysis. What is the significance of it? 
 

Coalification or Metamorphism:  
The process of conversion of vegetable matter to coal is called 

coalification or metamorphism of coal. 
 
Proximate Analysis of Coal: 
 

Determination of % of 
 
 
 
 
 

Moisture content Volatile matter   Ash content   Fixed carbon 
 

i) Moisture content:  

  Loss in weight of the coal 
 

% of Moisture in coal =      x 100  

     
 

  Weight of air-dried coal 
 

ii)  Volatile Matter:         
 

 Muffle furnace, 7 min 
 

Moisture removed coal  Loss in weight of coal is noted 
 

covered with lid 950 + 20
0

c 
 

      Loss in weight of the coal 
 

% of volatile matter in coal =    x 100  

   
 

      Weight of moisture free coal 
 

iii)  Ash content :         
 

Moisture & volatile  ½ hr     
 

matter removed coal      Loss in weight of coal is noted 
 

without lid 700 + 50
0

c 
 

      Loss in weight of the coal 
 

% of ash content in coal =    x 100  

   
 

      Weight of dried coal 
 

 
iv) Fixed Carbon:  

 
% of Fixed carbon in coal = 100 - % of (Moisture content + Volatile matter   

+ Ash content) 
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Significance of Proximate Analysis :  
S.NO CONTENTS SIGNIFICANCE 

 

1 High Moisture i) Reduces Calorific value of coal 
 

ii) Consumes more heat  

  
 

    

2 High volatile i) Reduces Calorific value of coal 
 

matter ii) Burns and produces high smoke  

 
 

   
 

 High Ash i) Reduces Calorific value of coal 
 

3 ii) Blocks the air supply through  

content  

 the fuel  

  
 

4 More Fixed i) Greater calorific value 
 

carbon ii)Helps in designing the furnace  

 
 

 
 

2. Explain synthesis of petrol by Bergius process. 

Hydrogenation of coal or Manufacture of synthetic petrol:  
If coal is heated with hydrogen to high temperature under high pressure, it is 

converted to gasoline. Hence, the preparation of liquid fuels from solid coal is called 
Hydrogenation of coal. 
There are two methods available for the hydrogenation of coal. 
(a) Bergius process (or direct method) (b) Fischer- Tropsch Process (or indirect method) 
(a) Bergius process (or indirect method) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Process: 
 

x Finely powdered coal + heavy oil+ catalyst powder (tin or nickel oleate) is made into 
a paste and pumped along with hydrogen gas into the converter, �

x Saturated higher hydrocarbons on further decomposition yield mixture of lower 
hydrocarbons. �

�
x The mixture is led to a condenser, where the crude oil is obtained. �

�
x The crude oil is then fractionated to yield. (i) Gasoline (ii) Middle oil (iii) heavy oil �

�
x The middle oil is further hydrogenated to yield more gasoline.�
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x The heavy oil is recycled for making paste with fresh coal dust. �
�

The yield of gasoline is about 60% of the coal.  
 

3. In what ways Otto Hoffmann method is advantageous than the traditional 
method.  Explain  the various products and the recovery process. 

Construction: 
x Otto Hoffmann oven consists of no of silica chambers (10 – 12 m length, 3-4 m 

height, 0.4 – 0.45 m wide) with charging hole at top and iron door at each end. ��
x Coal taken in chambers is heated by preheated air and producer gas at 1200°C. �
x The air and gas are preheated by sending them through 2nd and 3rd hot regenerators. �
x Hot flue gases produced during carbonization are passed through 1st and 4th 

regenerators upto 1000°C. ���
x After 24 h, when the process is complete the coke is removed and quenched with 

water. Yield is about 70% and the valuable by products can be recovered from flue 
gas. �
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4. How is producer gas manufactured? Give its composition and uses. 
 
Producer gas: 

Constituents Percentage (%) 
CO 30 
N2 51 - 56 
H2 10 – 15 

CO2+CH4 rest  

Calorific value : 1300kcal/m
3

 
Construction:  

It consists of tall steel vessel lined with refractory bricks It 
has cup and cone feeder at the top and a producer gas exit   

It has inlet pipe at bottom to pass air &steam  
Manufacture : 
 

Air + steam 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Red hot coke  Producer gas 1100
0

c 
 
Zones present : 
 

i) Ash Zone :  
Lowest zone contains ash Air and steam is 
preheated  

 
ii) Combustion or Oxidation Zone :  

 
Zone next to ash zone  

 
Exothermic reactions take place  

Temperature of the bed reaches around 1100
0

c  
 

C + ½ O2 CO  
 

C + O2 CO2 
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iii)  Reduction Zone :   
 

Middle zone  C + CO2 → 2CO 
 

  
 

Endothermic reactions take place C + H2O → CO + H2 
 

   
Temperature of the coke bed falls to 1000 oc 
Distillation or Drying zone   
Uppermost layer of the coke bed  

Tempertaure : 400 – 800
o

c   
Incoming coke is heated by outgoing gas  

 
Uses :  

i) As a reducing agent in Metallurgy  
 

ii) For heating muffle furnace  
 
 
5.What is Water gas? How is it manufactured? 
 

CONSTITUENT PERCENTAGE(  
CO 41 

 

H2 51  

  

N2 4  

  

CO2+CH4 REST  

   

Calorific value : 2800kcal/m
3

 
 
Construction:  

It consists of tall steel vessel lined with refractory bricks It has cup 
and cone feeder at the top and a water gas exit  

Manufacture : 
 

Air & steam passed alternatively  
Red hot coke  Water gas 900 – 1000

0
c 

Various Reactions : 
 

Endothermic reactions 
 

'H = +VE 
 

i) Step 1 : Steam is passed through the red hot coke to produce CO & H2              
( Temperature falls) 

 
C + H2O   CO + H2 

ii) Step 2 : Air is blown and steam supply is cut temporarily to raise the temperature 
(1000˚C) 

 
C + O2   CO2 

Uses :
  ii)In the synthesis of ammonia, and production of H2. 

www.studentsfocus.com


