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Q1] a) Define Fuel. Why a good fuel mus t have low as h content? (3) 
 

S olution:- 
 
Fuels can be defined as , “s ubs tances which undergo c ombus tion in the pres ence of 

air to produce a large amount of heat that can be us ed economically for domes tic 

and indus trial purpos e.” This definition does not inc lude nuclear fuel becaus e it 

cannot be us ed eas ily by a common man. T he various fuels us ed ec onomically are 

wood, coal, keros ene, petrol, dies el gas oline, coal gas , producer gas , water gas , 

natural gas etc . the fos s il fuels s uch as wood , vegetables oils etc ., which burns to 

produce heat are called as chemical fuels . 
 

A fuel s hould have les s amount of as h content becaus e as h content is cons idered as 

the was te. It reduces the calorific value of the fuel. Hence a good fuel s hould have 

low as h content. 
 

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

Q1] b) Name the different methods of applications of metallic coatings . 

Explain metal c ladding. (3) 
 

S olution:- 
 
The different methods of applications of metallic coatings are as follows :- 
 

 Electroplating 

 Electroles s plating 

 Z inc C oatings 

 Pack cementation 

 C ladding 

 Thermal s praying 

 Phys ical vapor depos ition 

 Inorganic coatings



 

 
 
 

METAL C LADDING:- 

Metal c ladding is a type of protective coating, where the protective material s uch as 
metal powder or foil is bonded to a s ubs trate by applying heat and/or pres s ure. T he 
s tudy of metal c ladding is s ignificant becaus e this method of corros ion protection 
and wear protection is generally very reliable and cos t-effective. In addition, the 
proces s parameters c an be optimized for different metals and compos ites in various 
critical applications . 
 

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

Q1] c ) A s ample of coal contains C = 66%, O = 28%, H = 4%, S = 1.5%, N = 

0.8% and as h = 0.2%. C alculate the G.C .V and N.C .V of the coal.            (3) 
 

S olution:- 
 
Given:- C = 66% O = 28% H = 4% S = 1.5% N = 0.8% as h = 0.2% 
 
To find:- GC V and NC V 

GCV = 
100[8080×C+34500(H

-8)+2240×S] kC al/kg 

= 
1

0
0[8080×66+34500(4

- 
8 )+2240×1.5] 

 

= 
100

[533280+17250+3360] 

 

= 
100

[533280+17250+3360] 

 

GC V = 5538.9 kC al/kg 

NCV = GCV - [10
0×587] 

= 5538.9 - [9×4
×587] 

 

NC V = 5327.58 kC al/kg



 

Element compos ition 

(gun metal) 

P roperties Us es 

C u = 85% 
 
Z n = 4% 

 
S n = 8% 

 
Pb = 3% 

highly s trong, can res is t 

explos ion, hard, tough. 

For hydraulics fittings , 

high pres s ure s team 

plants marine pumps , 

water fillings . 

 

 

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

Q1] d) Give the compos ition, properties and us es of Gun metal. (3) 
 

S olution:- 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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

Q1] e) Explain ‘Des ign for Energy Effic iency’ princ iple of Green 
 

chemis try. (3) 
 

S olution:- 
 
The aim of green chemis try is to increas e the energy effic iency of a chemical 

proces s by proper des ign whic h inc ludes : 
 

1. Us e of catalys ts and by avoiding the us e of fos s il or gas eous fuels which 

releas e s olid or gas eous pollutants . 
 

For this , we can s ubs tituents like s olar energy, microwave radiations , ultra 

s ound etc . 
 

2. C arrying out the s ynthetic methods at the ambient temperature and pres s ure. 
 

3. P roper heat trans fer. 
 

4. Minimum was tage of energy during the proces s . 
 

5. Us ing fermentation proces s requiring very low energy and als o the products 

are les s harmful. 
 

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



 

Functions of matrix phas e are as follows 

 
 

1. To bind reinforc ing partic le / fibre s trongly 
2. It acts as medium for dis tribution of applied load to the dis pers ed phas e. 
3. It keeps the reinforc ing fibre I proper orientation for the high s trength 

development 
4. It prevents propagation of cracks due to its plas tic ity 

 

 

Q1] f) Give the functions of matrix phas e (3) 
 

S olution:- 
 
 
 
 
 
 
 
 
 
 
 

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

Q1] g) S tate the characteris tics of a good paint (3) 
 

S olution:- 
 
1) Its power to cover the s urface s hould be as high as pos s ible. 
 
2) Its cons is tency s hould be adequate s o that it can be s pread eas ily. 
 
3) On drying it s hould be able to give s trong, uniform, highly adherent and impervious 

film. 
 

4) T he layer s hould not be cracked, peeled or blis tered on drying. 
 
5) T he layer s hould be was hable and durable. 
 
6) Its colour s hould not be changed on prolonged expos ure to air. 
 
7) Its corros ion res is tance s hould be high. 
 
8) T he texture of the dried coat s hould be s mooth, uniform and glos s y. 
 

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

Q2] a) With a s uitable diagram explain electrochemical mechanis m of 

rus ting of iron in neutral aqueous medium (6) 
 

S olution:- 
 
Evolution of Hydrogen type 
 
C orros ion, by this mec hanis m occurs us ually if environment, s urrounding to the 

metal is acidic .



 

 

Example : P ipe lines made from iron metal get corroded if indus trial was te material, 

or s olutions of non-oxidis ing acids , is trans ported through them. 
 

The following reaction occurs 
 
 
 
 
 
 
 
 
 
 
From above reactions , we can s ay that the flow of electrons takes place from the 

anode to the cathode. T hes e electrons are gained by cathodic reaction, and at 

cathode H+ ions are eliminated as H2 gas . The overall mechanis m can be 

repres ented as 
 

Fe + 2H
+ 

→ Fe2+      + H
2 

 
Thus dis placement of H2 ions from acidic s olution by metal ions takes place. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Thus , all metals have tendency to get dis s olved in the acidic s olution with



 

 

s imultaneous evolution of H
2 

gas . 
 

Abs orption of oxygen type 
 
Rus ting of iron in neutral aqueous s olution of electrolytes in the pres ence of 

atmos pheric oxygen is the mos t common example of this type of corros ion 

(mechanis m). 
 

Thus , iron metal in s uc h cas es is always with a coat of thin film of iron oxide (Fe2O3). 

S ince, the film is porous in nature, the s urface of iron expos ed to atmos phere acts as 

an anode while res t of s urface acts as a cathode. 
 

Anodic reaction 
 

Fe + Fe2+ → 2e
+ 

 

Thus , at anode iron dis s olves as ferrous ions with liberation of electrons .



 

 

C athodic reaction 
 
The liberated electrons flow through iron metal from anode to the cathode, where 

electrons are intercepted by the dis s olved oxygen as 
 

1
O

2 
+ H

2
O + 2e

- 
→ 2OH

- 

 

If the s upply of oxygen is limited, the product formed may be Ferros o-ferric 

hydroxide. 
 

If oxygen s upply is increas ed, cathodic reaction is influenced forming more number 

of OH– ions , and s ubs equently anodic reaction is als o influenced, eliminating more 

number of electrons , thereby increas ing the rate of corros ion. 
 

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

Q2] b) (i) 0.5 gm of coal s ample was burnt in Bomb C alorimeter 

experiment produced 0.06 gm of BaSO
4
. C alculate percentage of 

 

s ulphur. (3) 
 

(ii) What are Green S olvents ? Give two indus trial applications of Green 

s olvents . (2) 
 

S olution:- 
 

1. Given :- weight of coal s ample = 0.5 gm weight of BaSO
4 

= 0.06 gm 

 
 
 
 

% S = 
weight of BaSO

4 
ppt 32 

weight coal sample     233 
 
 
 
 

% S = 
0.05 32 

0.6      233 

 

= 
139.8

×100 = 1.14% 

 
 
 

% S = 1.14% 
 
 
 

2) S uperc ritical CO
2 

is the s ubs tances which exis ts as a vapour and liquid at critical



 

 

temperature and pres s ure. It’s a fluid s tate of CO
2
. S uperc ritical CO

2 
is green s olvent 

as it does not produce any hazardous was te. It has low toxic ity and can be us ed at 

relatively low temperature. 
 

AP PL IC AT IONS :- 
 

1. Decaffeination 
 

2. It is us ed as dry c leaning s olvent. 
 

3. It is us ed as the extraction s olvent for creation of es s ential oils . 
 

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

Q2] c ) Write a s hort note on ‘S andwich P anel’. Mention their 
 

applications . (4) 
 

S olution:- 
 

S andwich panel 
 
This is a type of layered compos ite. It cons is ts of : 
 

(1) “Faces ” are formed by two outer s heets , e .g . T itanium , s teel , aluminium 

alloys , plywood , fibre reinforced plas tic material. 
 

(2) “C ore” whic h is layer of les s dens e material l. e . g . S ynthetic rubbers , 

foamed polymers , inorganic cementing material etc . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

All above three layers are joint together adhes ive. In thes e “faces ” are capable of



 

 

bearing trans vers e bending s tres s es . T he ‘core’ performs functions related to 

functional properties . 
 

(i) S eparation of faces from each other. 
 

(ii) Res is ting deformations perpendicular to the face plane. 
 

(iii) P roviding certain degree of s hear rigidity along above planes which are 

perpendic ular to the ‘ faces ’ . 

 
 
 
With increas e in thicknes s of core, its s tiffnes s increas es . ‘ honeycomb’ s tructure 

which c ontain thin foils forming interlocked hexagonal cells with their axes oriented 

at right angles in the direction of face s heet. 
 

Properties 
 
Thes e have following properties : 
 

1) Excellent dimens ional s tability 
 

2) Res is tant to abras ion and corros ion 
 

3) High tens ile s trength 
 

4) L ow dens ity 
 

5) High elas tic ity modulus 
 
 
 

Application 
 
Thes e are us ed in: 
 

1) Aircraft for wing, fus elage and s kins of tailpane. 
 

2) In roofs , walls and floor of building. 
 

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

Q3] a) What is C racking. With the help of diagram explain Fixed Bed 

C atalytic cracking. (6) 
 

S olution:- 
 
C racking is the proces s of breaking of higher molecular weight high boiling fraction



 

⃗ 

 

into lower molecular weight low boiling fraction. T he equation below s how s uch 

cracking: 

 
 

C
12

H
26 

heat/catalyst C
7
H

16 
+ C

5
H

10 

 
Dodecane 
 
 
 

FIXED BED C ATAL Y T IC 

heptane pentane 
 
 
 

C RAC KING: 
 
It is a type of catalytic cracking carried out in pres ence of a catalys t at high 

temperature and low moderate or no applied pres s ure. 
 

 In this type of cracking the catalys t is in the form of granules or pellets and 

the beds of thes e catalys t are fired in catalys t towers . 
 

 Oil vapours to be cracked are pas s ed through the beds at the cracking 

temperature unhl the catalys t becomes carbonis ed. 
 

 Burning off the depos ited carbon then regenerates the catalys t. 
 

 During reactivation of catalys t oil vapours are trans ferred through the s econd 

catalys t chamber. 
 

 30.40% of charge is converted into low molecular weight and about 4% C is 

formed. 
 

 In fired bed catalys t proces s charge is pas s ed through a heater and heated 

there to cracking temperature vapours are pas s ed over a s eries of tray 

containing catalys t.



 

E 

1. Bras s contains C u and Z n 1. Bronze contains C u and S n 

2. Higher malleability 2.lower malleability 

3. Yellow 3.redis h brown 

4. Us ed for decorative 10 w friction 

applications 

4.us ed in s hip fittings ,propellers 

5. C orros ion res is tant 5.It is res is tance to s ea water 

6. Not as hard as s teel 6.Better conductor of electric ity and heat 

than s teels 

 

 
 
 

 Generally catalys t us ed are crys talline alumina s ilicate bentonite, bauxite and 

zeolite. The reaction chamber is maintained at 425° C with a pres s ure of 1.5 

/cm2. 
 

 The cracked gas es are taken out from top of the reaction chamber and 

allowed to pas s into fractioning tower where gas oline fraction is collected. 
 

 Gas oline vapours are cooled and condens ed in condens er and gas oline is 

s ent to s tabilizer where certain gas es are removed. 
 

 The octane value of this gas oline is about 80-85. 
 

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

Q3] b) i) Differentiate between Bras s and Bronze (3) 
 

ii) Define S tres s corros ion with an example (2) 
 

S olution:- 
 

i) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ii)S tres s C orros ion: 
 
S tres s cracking it is combine effect of s tatic tens ile s tres s and the corros ion 
environment on the metal. S tres s corros ion is characterize by a highly localized 
attack occurring when over all corros ion is negligible.



 

For s tres s corros ion to occur, the pres ence of tens ile s tres s s pec ific corros ive 
environment are neces s ary 
 

The corros ive agents are highly: 

 
 

 C aus tic alkalis and s toring nitrate for mild s teel. 
 Traces of ammonia for bras s . 
 Acid chloride s election for s tainles s s teel 

This type of corros ion is s een in fabricated artic les of certain alloys like high z inc 
bras s es and nic kel bras s es due to the pres ence of s tres s es caus ed by heavy 
working like rolling drawing or ins uffic ient annealing pure metal are relatively immure 
to s tres s corros ion. 
 

It is generally believed that s tres s corros ion involves in localized electrochemical 
corros ion occurring along the narrow path, forming anodic area with res pect to 
larger cathodic areas of the metal s urface. Pres ence of s tres s produces s train which 
res ult in localized zone of higher electrical potential. T hes es become s o chemically 
active that they are attacked even by mild corros ive environment res ulting the 
formation of crack. 
 

Under s uffic iently high tens ile s tres s and s pec ific environment nearly alloys are 
s us ceptible to corros ion. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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



 

1 

 

Q3] c ) C alc ulate the % atom economy of the following reaction w.r.t the 

product Allyl C hloride (4) 
 

CH
3 

- CH = CH
2 

+ Cl
2 
→Cl - CH

2 
- CH = CH

2 
+ HCl 

 

S olution:- 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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

Q4] a) How do the following factors affect the rate of corros ion (6) 
 

i) P as s ive character of metal 
 

ii) pH of medium 
 

iii) purity of metal 
 

S olution:- 
 

P as s ive character of metal 
 
Nature of metal depends upon its pos ition in galvanic s eries and potential difference. 
 
The rate of corros ion is invers ely proportional to the areas of anode. 
 
 

Rate of corrosion α 
area of anode 

 
If cathodic area is large then demand of e

-s 
from anode is more. T he more e

- 
are s hed 

and anode is oxidis ed more. The rate od corros ion increas e with the increas e of 

cathodic area. 
 

pH of medium 
 

 les s er than pH = 7 the medium is acidic and in acidic media the rate of



 

P urity of Z n Rate of corros ion 

1. 99.999 1 

2. 99.99 2650 

3. 99.95 5000 

 

 

corros ion is highes t. 
 

More than pH = 7 the medium is alkaline and the rate of corros ion is les s . The 

alkalinity als o helps to bring mineral acidity down and thus c orros ion reduces . 
 

 However if oxygen is abs orbed in alkaline or neutral medium then rate of 

corros ion increas es due to oxygen abs orption mechanis m. 
 

P urity of metal 
 

 Higher the purity of metal, the rate of corros ion is les s . 
 

 The impurities in metal are non metal and other metals hence in cas e of cell 

formation electrolyte the rate of corros ion increas es inc redibly. 

 
 
 
 
 
 
 
 
 
 
 
 

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

Q4] b) i) What is Green C hemis try. Give its s ignificance (3) 
 

ii) Define the following : a) Matrix P has e b) Dis pers ed phas e (2) 
 

S olution:- 
 

Green C hemis try 
 
It is defined as invention des ign and application of chemical produc ts and proces s to 

reduce or to eliminate the us e and generation of hazardous s ubs tances . 
 

Princ iples and s ignificance of Green C hemis try : 
 

1. prevention 
 

2. catalys is 
 

3. atom economy 
 

4. les s hazardous c hemical s ynthes is



 

 

5. des ign for degradation 
 

6. energy effic iency. 
 
 
 

Matrix P has e 
 
Matrix material s hould have the properties s uch as : 
 

1. It s hould have adequate ductility. 
 

2. It s hould pos s es s lower elas tic modules as compared to that of the fibre us ed. 
 

3. It s hould get bonded to fibre very s trongly, but with minimum pull out of fibre. 
 

The matrix material is s elected on the bas is of the properties mentioned in 

combination of the fibre. The proper choice of matrix and fibre gives bonding and 

ultimately a good compos ite material. 
 

Example:- metals s uch as Al, C u which s hows high ductility bonded to the 

polymers s uch as thermoplas tics and thermos ets are mos t widely us ed as matrix 

material. 
 
 
 

Dis pers ed phas e 
 
It is the s tructure cons tituent which, determines the internal s tructure of compos ite. 

The dis pers ed phas e compris es of fibres . Normally with s mall diameter preferred of 

bulk ones . Whis kers are s pec ial type of fibres , which are very thin s ingle crys tals . 
 

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

Q4] c ) Write a s hort note on S hape memory alloy. (4) 
 

S olution:- 
 

S HAP E MEMORY AL L OY 
 
S hape memory alloys (S MAS ) are a unique c las s of metal alloys that can recover 

apparent permanent s trains when they are heated above a certain temperature. The 

S MAS has two s table phas e the high temperature phas e called aus tenite and the low 

temperature phas e , called martens ite. 
 

Application:



 

2 2 

2 2 

  O

CH
     

= 0.35 m CH
 
+ 2O

 
→ CO

 
+ 2H O 0.35×2 = 0.7 m

C H
 
= 0.05 m C H

 
+ 3O →2CO

 
+ 2H O 0.05×3 = 0.15 m

CO = 0.15 m CO + 
1

O →CO 0.15×
1 

= 0.075 m

H
 
= 0.4 m H

 
+ 

1
O →H O 0.4×

1 
= 0.2 m

 

21 

 

(i) Bones : Broken bones c an be mended with s hape memory alloys . T he alloy 

plate has memory trans fer temperature that is c los e to body temperature 

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

plate wants to cons truct and retain the original s hape. T herefore exis ting 

compres s ion force on the broken bone at the place of fracture. 
 

(ii) P iping : The firs t cons umer commerc ial was a s hape memory coupling for 

piping in oil pipes for indus trial application and water pipes and s imilar 

type of piping for cons umer application. 
 

(iii) Dentis try : S hape memory alloys are us ed in as fixation devices for 

os teptomies in orthopaedic s urgery and in dental braces to exert cons tant 

tooth moving forces on the teeth. 
 

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

Q5] a) C alculate weight and volume of air required for complete 

combus tion of 1m3 of gas eous fuel which pos s es s by volume ; 

CH
4 

= 35%, C
2
H

4
= 5% , C O= 15% , H

2
= 40% , N

2
= 1% , watervapour = 4%. 

( Molecular Weight of air = 28.949) (6) 
 

S olution:- 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Volume of total O
2 

required = 1.125 m3 

 

O
2 

available In fuel = 0.00 
 

Net O
2 

required = 1.125m3 

 

Volume of air required = 1.125 ×
100 

m3     = 5.357 m3 = 5357 Ltrs .



 

 

Weight of air 
 
22.4 litres = 28.94 kg air 
 
5357 litres = 5357 × 28.94/22.4 kg of air = 6921 kg of air. 
 

Volume of air = 5.357 m3 or 5357 litres 
 
Weight of air = 6921 kg 
 

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

Q5] (b) (i) Explain Galvanic corros ion with a neat labelled diagram. (3) 
 

(ii) What is meant by cracking of petroleum. (2) 
 

S olution:- 
 

a. T he name of this type of corros ion is indic ative that there mus t be formation 

of a galvanic cell on metal s urface caus ing corros ion. S uc h cells get s et up all 

along the s urface of metal when it faces the electrolytic environment and two 

dis s imilar metals in contact. 
 

b. For example, in s hips floating on the s ea water, the portion of it in contact 

with marine water gets corroded, if there is a difference in the materials us ed 

in as s embling the s hip.If metal iron or bras s alloy is us ed together to join 

various parts , due to difference in potential, a galvanic cell gets s et, leading to 

corros ion. 
 

c . In s uch cas es all along the s urface of metal s mall galvanic cells are s et up, 

where area of high potential acts as an anode and the one with lower potential 

acts as a cathode. 
 

d. T he portion of metal acting as anode, deteriorates and at cathode the 

cathodic product gets evolved/depos ited,depending upon the environment, 

and mechanis m of the corros ion, i.e. by abs orption of oxygen or evolution of 

hydrogen, as the cas e may be. 
 

e. The cas e where the former type of mechanis m takes place is s een in 

electrolytic/alkaline environment while the latter type is s een in acidic 

environment. 
 

f. The rate of corros ion is obvious ly very high in latter type. In former one, for 

iron metal generally three types of iron oxides are formed in s ucces s ion with 

the increas ing valency of iron. For example : FeO, Fe2O3 and Fe3O4.



 

⃗ 

 

g. In s uch type of environment, on metal s urface s mall anodic and cathodic 

areas are formed. Here, cathodic area is s lightly larger and hence rate of 

corros ion is comparatively higher. T he mechanis m of corros ion in s lightly 

alkaline medium, proceeds as , At anode 

 
 
 
 
 
 
 

To avoid the formation of galvanic cells , 
 

a) The metals s hould be pure. 
 

b) The materials us ed to as s emble the different parts 
 

s hould be of s ame potentials . 
 

c) Mois ture and other electrolytic/aqueous medium, if 
 

pres ent, other corros ion controlling methods may be 
 

us ed. 
 
C racking is the proces s of breaking of higher molecular weight high boiling fraction 

into lower molecular weight low boiling fraction. 
 

The equation below s how s uc h crac king: 
 
 

C
12

H
26     

heat/catalyst(cracking) C
7
H

16 
+ C

5
H

10 

 
Dodecane Heptane P entane 
 

 Fixed bed catalytic cracking : 
 

It is a type of catalyte cracking carried out in pres ence of catalys t at high 

temperature and low moderate or no applied pres s ure 
 

 In this type of cracking the catalys t is in the form of granules or pellets and 

the beds of thes e catalys t are fired in catalys t towers . 
 

 Oil vapours to be cracked are pas s ed through the beds at the cracking 

temperature unhl the catalys t becomes carbonized. 
 

Gas oline , vapour are cooled and condens ed and condens ed in a condens er 

and gas oline is s ent to the s tabilizer ,where certain gas es are removed .



 

 

 The octane value of this gas oline is about 80- 85. 
 
 
 

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

Q5] (c ) Explain C onvectional and Green route of manufacturing of 

C arbaryl. By this reaction which princ iple of Green chemis try is s hown.(4) 
 

S olution:- 
 

S tructure of C arbaryl 
 
 
 
 
 
 
 
 
 
 
 
 
 

(1) T raditional route 
 

C arbaryl is prepared on large s cale by treating methyl-is ocyanate with 1-naphthol, 

Amine is treated with Phos gene to get methyl-is ocyanate. C arbaryl is produced 

by treating methyl is ocyanate with 1-naphthol. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(2)With us ing naphthol-1 and methylcarbamoyl chloride: 
 

In thes e routes of s ynthes is of C arbaryl highly roxic s ubs tances s uch as



 

 

phos gene ,methyl is ocyanate and methylcarbamoyl chloride are us ed. 
 
 
 
 
 
 
 
 
 
 
 

We have developed a new and cos t-effective approac h to s even s ynthes is 

without us ing of toxic reagents : 

 
 
 
 
 
 
 
 
 

Routes of s even s ynthes is : 
 

1) With us ing naphthol-1 and phos gene 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2) Green route 
 
1-naphthol treated directly with equal quantity of phos gene in alkaline medium to 

get chloroformate , which is then treated with methylamine to give carbaryl 
 

Alternatively , 1-naphothol is firs t converted to its chloroformate which is then 

treated with methylamine to give the des ired product.



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Greener route s ynthes is als o us es exactly the s ame reagents , but thes e are taken in 

a different s equence. Hence this s ynthes is avoids the preparation of methyl 

is ocyanate. But us e of phos gene and methyl amine is s till needs to be avoided. 

Res earch is in progres s . 
 

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

Q6] (a) What is powder metallurgy? Explain Injection moulding method 

of compaction. (6) 
 

S olution:- 
 
Powder metallurgy is a proces s whic h deals with the product of us eful components 

from fine metal powders from individuals mixed or alloyed with or without the 

inc lus ion of non-metallic cons tituents . 
 

The blended and mixed metal powders are then fed into s uitable dies to give them 

des ired s hape. T his proces s requires s pec ific pres s ure. T his is an important s tep in 

powder metallurgy, becaus e proper s hape of finis hed product governs many 

properties . 
 

Advantages :- 
 

1. Dimens ional accuracy and finis h of the materials are excellent. 
 

2. P oros ity of material can be controlled; along with control over s ize, s hape and 

dis tribution of pores , to achieve des ired properties . 
 

3. By PM it is pos s ible to produce materials with properties s imilar to the parent 

metals unlike in typical alloying.



 

 
 
 

Dis advantages :- 
 
Powder metallurgy has s ome dis advantages which limits its applications in s ome of 

the s ituations . 
 

The dis advantages or drawbacks of P .M. can be s ummarized as : 
 

1. The proces s is not s uitable for manufacture of s mall number of components , 

becaus e of high initial inves tment on tooling and die cas t and other 

equipment. 
 

2. The proces s does not s uit for forming components from metals like Mg, Al,Z r 

,T i etc . this is becaus e s uch metals in powder from may explode and caus e 

fire hazards when they come in contact with air. 
 

3. S torage of metal powders requires precautions , becaus e powder metals get 

oxidis ed in air if expos ed. T his caus es was tage. 

 
 
 

P owder injection moulding( P IM) 
 

The metal / ceramic powder is converted into s uitable feed s tock. T hen it is 

mixed with a chemical compound which acts as binder . T he role of binder is to 

impact flow properly to feed s tock which enable to be mouldable under conditions 

of temperature . The feed is heated , to melt and then is forced through s prue and 

runner channel . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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



 

 can be defined as : “A liquid s olution of  and , which is 

applied on different s urfaces for decorative or protective reas ons .” 
 

 
 
 
 

Q6] (b) (i) Explain characteris tics of compos ite materials . (3) 
 

(ii) Define paint? Give any 2 functions of T hinners . (2) 
 

S olution:- 
 

i) S tronger and s niffer than metals 
 

For s ame s trength, lighter than s teel by 80% and Al by 60% 
 

ii) Highly corros ion res is tant 
 

iii) Tailorable thermal expans ion properties . 
 

C an be compounded to c los ely match s urrounding s tructures to minimis e 

thermal s tres s 
 

iv) Exceptional formability 
 

C ompos ites can be formed into many complex s hapes during fabrication. 
 

v) S tealth property 
 

It can be made low obs ervable by radar by s eeding appropriate materials . 
 
 
 
 
 
 
 

It can als o be defined as : ” Dis pers ion of pigment in a s uitable drying oil in the 

pres ence of a s olvent ( paint thinner ) is known as paint.” 
 

Functions of thinner in paint are as follows :- 
 

1. They s us pend pigments in the paint 
 

2. They increas e elas tic ity of the paint film 
 

3. They evaporate eas ily and help the drying of the film. 
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Q6] (c ) Explain the determination percentage of Mois ture content in the 

coal S ample. Give its s ignificance.                                                                    (4) 
 

S olution:- 
 

1. T otal Mois ture: The coal whic h has been expos ed to contact with water in 

the s eam or in a was hery, or coal wetted by rain, may carry free or vis ible water. T his 
water plus the mois ture within the material, is referred to as to as total mois ture. 
 

2. S urface or Free Mois ture: Free mois ture is that quantity of water which is 

phys ically adhering to coal. T his is that quantity of water which is more than the 
mois ture holding capac ity of a coal. 
 

Determination: 
 

1. T otal Mois ture: 
 

The total mois ture is determined in two s tages : 
 

a. S tage One (Air drying): 1 Kg of coal s ample crus hed to pas s a s quare mes h of 
12.5 mm is delivered in a s ealed container. The s ample and the container is 
accurately weighed to neares t 0.5 g. T he s ample weight is meas ured as difference in 
weight of s ample with container and the weight of the container. T he material is then 
trans ferred to tray and is s ample is air dried at atmos pheric temperature in a well-
ventilated place free from dus t. The drying is taken to be complete when the change 
in mas s during an hour is les s than 0.1 percentage of the s ample. The changed 
mas s of s ample is recorded. 
 

b. S tage two (oven drying): An empty weighing ves s el is heated at 108±2 °C and 
weighed after cooling for 20 min. The air-dried material is crus hed to pas s 2.9 mm IS 
s ieve. About 10 g of the crus hed material is then s pread uniformly in the weighing 
ves s el and weighed. T he uncovered ves s el is heated in the drying oven at a 
temperature of 108±2 °C . until there is no further los s in mas s . This normally takes 
1.5 to 3 h. The cover is replaced and cooled in a des iccator for 20 min and then 
weighed. 
 

T otal mois ture =X+Y *(1-X/100), 
 

Where, 
 

X: percentage los s in mas s of original in air-drying, 
 

Y: percentage los s in mas s of air dried s ample on oven drying.



 

 

2. Free/S urface Mois ture: 
 

The free mois ture is determined from total mois ture and mois ture at 96 % relative 
humidity and 40 °C us ing the below formula: 
 

Free Mois ture: A-((100-A))/((100-B))*B 
 

Where, 
 

A= Total Mois ture as determined as des cribed above, 
 

B= Mois ture at 96 % relative humidity and 40 °C . 
 

S IGNIFIC ANC E 
 
The amount of mois ture content s hould be les s in fuel. 
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