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Chapter-16 Chemical Industry

INTRODUCTION .

Q.1

Ans:

LONG QUESTION ~ [ [

(A) What is importance of chemical indust'ies in Fakt 8tan? (;(nuvwedgn B&2
(B) Explain historical backgrour.d of incustries,ir, Pakistan.

(A) IMPORTANCE () CHEMICA! INDUSTRIES
Chemiga! ’nt’ustrms are esteblishad vo ireet tne needs of modern societies.
(i) Metzig

Metallwgy (5 the stitnce of leltracting metals form ores. Metals have played a major role in
pragress of suciriies. Since ages metals are used for making tools, machines and other items.
I *n 2 (riodern age, although polymers have taken the place of metals, yet the importance
of metals cannot be ignored.

(ii) Polymers:

In a number of cases polymers have taken the place of metals.

(iii) Baking and Washing Soda:

Baking soda (NaHCO3) and washing soda (Na,COs3) are used in daily life for different purposes.
(iv) Eertilizers:

Fertilizers are vital for the growth and development of plants and crops. One of the
important fertilizers urea, is used to enhance the productivity of crops.

(v) Petroleum Industry:

In the modern age of communication, petroleum industry has a great significance.

Use of Petroleum proudcts:

Petroleum products are used as fuel, solvent and lubricants.

Use of petrochemicals:

Petrochemicals are used to manufacture a variety of household items, plastics, detergents,
rubber etc.

HISTORICAL BACKGROUND OF INDUSTRIES
Pakistan Industrial Base:
Pakistan industrial base was very weak at the time of independence.
Total Industries in India:
At the time of partition, there were 921 big industrial units in India.
Pakistan’s Share:
Out of these only 34 came to the share of Pakistan.
Measures Taken to Develop Industry: - \
e After the independence, government made a lot of nci.uef anu vncuurog=d tie
private sector to establish industrialiurtits.. ~§ "~ -
e A lot of steps and rmeasures are taken 1p_se_t up _:r,)rp_or.atmn:‘ tc_ fac.ntate loans and
technical know-hovy 1r tiw rapifl developmiart Cflindusties.
e _Chaniical indis uy was/radicly! de\rﬁlopvo hezitse the chemicals are used for the
manufactiring 0F alrmunit s, fertiiizers and other substances of daily use.
Industrial Ercaucts of' Pak stan:
F‘c,k\c tan'is now proiuu.ng a lot of products like:

SO0 Sl Thamicals

Fertilizers

Cement

Steel

Heavy engineering machines and tools.
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Chapter-16 Chemical Industry

INTRODUCTION
SHORT QUESTIONS

Q.1  How are chemical industries important tous? (Knevieage Base))

Ans:  Answer given on Page # 330 (Indtistiial Prodiiits, of Paxistah)

Q.2  Give chemical formulas ¢f bakizg-and washirg sofda? (Kncwiedje Base)
Ans: _ CHEMICAL ZQRMULAS -

The ctlendical farinulagaf heking and washing-soda are as follows:
o Baking sodal | 'NgHCO3
\WVasnirg,scda - ria;CO3. 10H,0

Q.37 Wiat was Pekiscan’s industrial base at the time of independence? (Knowledge Base)
Prersd PAKISTAN INDUSTRIAL BASE

Pakistan industrial base was very weak at the time of independence.

Total Industries in India:

At the time of partition, there were 921 big industrial units in India.

Pakistan’s Share:

Out of these only 34 came to the share of Pakistan.

MULTIPLE CHOICE QUESTIONS

1. Fertilizer urea is used to enhance: (K.B)
(A) Variety of items (B) Both Aand C
(C) Productivity of crops (D) None of these
2. These are used as fuel, solvent and lubricants: (K.B)
(A) Petrochemicals (B) Fertilizers
(C) Petroleum products (D) Ores
3. Big industries in India at the time of partition: (K.B)
(A) 989 (B) 924
(C) 926 (D) 921
4. How many industries came in share of Pakistan? (K.B)
(A) 36 (B) 33
(C) 34 (D) 30
5. Chemical formula of baking soda is: (K.B)
(A) NaHCO3; (B) Na,CO;
(C) CaCOs3 (D) Na,C03.10H,0
6. Chemical formula of washing soda is: (K.B)

(A) NaHCO3; (B) Na,CO;
C CO D) Na,CO-2.2

Q.1  Define the terms. (Knowlesige Baze) AR ' ' -
71(LHR 7035, 'R 2016 - W, N 12016 G-I, BWP 2016 G-I)

(1) Mineral . (..) Qre)/ / LA 'Gangae.
Ans: AR TasA % LT LGNS
MINEFAL LATRANY
' (LHR 2015, RWP 2016 G-11, MTN 2016 G-I, BWP 2016 G-1)
- The| solid nctu'ral materlals found beneath the Earth's surface, which contain
| ompeiings of metals in the combined state along with earthly impurities, are called
! iminerals”.
Examples:
e Rocks salt

e Gypsum
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Chapter-16 Chemical Industry

Q.2

Ans:

ORES: (LHR 2015, SWL 2017, RWP 2017, DGK 2016 G-1I)
“Those minerals from which the metals are extracted commercially at_a-comparativany
low cost with minimum effort are called ores of the metals”. - [ [* [

All ores of the metals are minerals, but all jiinerals 212 it oress.

Examples:

e Copper glance (Cu; S)

. "haILopyrlfﬂ (Curesy) . ;-
GANGUY \ - (GRW 2014, SGD 2016 G-I)
The ear hh/ arg Olht r imnuritics assomated with the minerals are known as gangue.
Ezérples:
L%9) L96h

e Clay

e Sand
Define metallurgy. Describe different steps involved in the metallurgy.

(Knowledge+Understanding+Application Base)
(DGK 2017, BWP 2017)

METALLURGY
Definition:
“The process of extraction of a metal in pure state on a large scale from its ore by
physical or chemical means is called metallurgy .
TEPS INVOLVED
The processes involved in metallurgy for extraction of a metal in the pure state from its
ore are:
Q) Concentration of the ore
(i) Extraction of the metal
(ili)  Refining of the metal
(i) Concentration of the Ore: (MTN 2017) (Ex-Q.1)

“The process of removal of gangue from the ore is technically known as concentration
and the purified ore is called the concentrate .

Methods to Concentrate an Ore:
Concentration of the crushed ore is carried out by the following methods:
(a) Gravity Separation: (SGD 2016 G-1, MTN 2016 G-1\.

Gravity separation is based on the differences in densmes of 'rhe nual..c re @i the!
gangue particles. — NN N

" J I
— = L N |

Working: )
In the process, the powdered Neavy’ mibtal pearin, 0 cm seﬁlet ouvvn on agltatlon in a stream
of watei;2A h| e the "ﬂh ter gangle Q{E __es_ae_(_:ﬂn ict away by the water.

__.-' 1
! Water
* Water +
Gangue

Concentrated ore }

Figure: Gravity Separation
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(b) Eroth Flotation Process: (GRW 2014, 17, SGD 2016 G—I_I) _
“Froth flotation process is based on the wetting characteristic of the qre enu the ganjyoe, |
particles with oil and water, respectlvely 7 I B

Working: — T \\ IR A

The ore particles are plef(\rentir«'.'r werted| py' oil and'the jarigie particles by the
water. Thewhole mixture, is, agicated with cerapiessed-air. Hence; oil coated particles
being ! igmer ceme w© fhe erdre*'n he .orm ofa froth that can be skimmed.

Froth bubbles
carrying sulphide
ore particles

< Compressed
air

X . R 2~ Sulphide ore
T ] particles

Figure: Froth Flotation Process

(c) Electromagnetic Separation: (LHR 2014; GRW 2014, SGD 2016 G-11, RWP 2016 G-I)
Electromagnetic separation is based on the separation of magnetic ores from the non-
magnetic impurities by means of electro-magnets or magnetic separators.

Working:

The powdered ore is dropped over a leather belt moving over two rollers, one of
which is magnetic. The ore gets attracted and is collected nearer to the magnet while the
non-magnetic impurities fall further away.

Electro-magnets Crushed ore

Magnehc belt

—— Magnetic ore

1 At
Non-| magnetlc'

waste

I_- :___ A

Figure: Magnetic. %eparatlon P BNy

— | —— !

(i) Extraction of the Met=iFron:. fhe Cu..certtruted orer | | -

The metal is isolated frora the cmcentr.tted e uy ch arrlicdl refuction or electrolytic
Processes, Cl-emmahnethads af dt 1ctﬂt‘n G { are fiwvolves following methods:

(@) Roasuna:, |\ 1 L L -. A= (LHR 2013, SWL 2017)
It is.2 priocess | i h'?ea.lti_r_'r_g he concentrated ore to a high temperature in excess of air.

Jedrhnty: |

“Chpper pyrite (CuFeS,) is strongly heated in excess of air to convert it into a mixture of

cuprous sulphide and ferrous sulphide (Cu,S + FeS). While impurities react with oxygen
to form volatile oxides.

2CUFeS, + O, —> 2FeS, + Cu,S +SO,, T
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(b) Smelting:
(GRW 2014, 2015, 2016, BWP 2016 G-I1, 17, DGK 2016 G-I & II, RWP-2017)

It is further heating the roasted ore with sand flux and cokP |".-the pr sence of ekces:s of
air in a blast furnace. e N, (¢ e

Process -y _: ._.- _- '_ ', L 'I '.I .I
It is highly exothermic proczs:, *neueForﬁ ad m1|| :mwnt )i Uuke is ru"alred in the process. In
the progess, fivst fo: rods-sui uhlue oxidlizes to mf"fr‘ ferrous oxide which reacts with sand to form

iron silicate :Ia1 ( Ft S O.). It Leing ighiceTises to the top and is removed from the upper hole.
- ;éFrs +30,, —> 2Fe0, +250,, 1

(S0

..___.-\. 1

NNV A FeO, +s|o —>FeS|O

2(9)
Cuprous sulphide also OX|d|zes to form cuprous oxide which reacts with unreacted
ferrous sulphide to form ferrous oxide and cuprous sulphide.
Matte:
Cuprous sulphide and ferrous sulphide form a mixture (Cu,S.FeS). This molten mixture
is called matte. It is withdrawn from the lower hole. It contains about 45% of copper.

2Cu,S , +30,, —>2Cu,0, +250,,

Cu,0,, +FeS, —> Cu,S, +FeO,,

Charging
floor

) - y - |1 1L L r,
N I I e R N
J o ; y

(c) Bessemerization: | | =\ RRIR
(GRW 4014 15 V/L 7)1( G 1, JPK ?m.,, NITN 20160 I & 11,17, RWP 2017)
“Itis twe i rtier- heaﬂm o‘ he (‘n&Q:n m atte in-a pear shaped bessemer converter.”

Besserr er, t o ) /el.tv \

Bescomer ¢nverter S fhb firnace which is used to performed bessemerizaiton. It is fixed

e J E*l [olvct ;¢-hat1t can be tilted in any direction.
(MY Y _,rcuess.

Molten matte is mixed with sand and heated with a hot blast of air through tuyers.
Ferrous sulphide is oxidized to form ferrous oxide which reacts with sand to form slag
(FeSiO3) that floats on the top.
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2FeS +30( ——>2FeO +ZSO

FeO +S|O 5 FeSIO 3(slag) '

Cuprous sulphide is OX|d|zed to form cuprc US| oxide ~tich qgdm re:icts wiir, reﬁu.ni:n’g
&

cuprous sulphide to form metallic | opper. ! \ '

2Cu S _+\»C ) P Cu2 “) ZSC‘»Z(Q)

u O C_u;S o= oL,u( +S0

] N L L}

2(9) T

Slag

Metallic
copper

Figure: Bessemer Converter Used For Bassemerization of Copper

Blister Copper:
“The molten metal is shifted from the converter to sand moulds and is allowed to cool.
The dissolved gases escape out forming blisters on the surface of the solid copper.
Therefore, it is called blister copper. It is about 98% pure copper. It is further refined
by electrolysis .

(iii) Refining or Purification of the Metal: (LHR 2015)
Refining the impure metal by electrolysis is the most widely used process of refining metals.
Example:

Electrolytic refining of copper is carried out in an electrolytic tank.
Electrolytic Cell:
The concentration and working of electrolytic cell is as follows:

Electrode:

There are two copper electrodes: o~
e Anode: Impure copper metal acts as anode. —_ ,”‘J;:' RS
o Cathode: Pure copper metal acts ad céthode— "~ "\ % | [ &, 10—

Both electrodes are suspends dlneer‘trolyt.c saiut o, | N |

Electrolyte: BYFAR ) "

Coppet S}IiDhafC‘Qi)IGIIQW |“'rseq Nn wioctrc. f‘e B

Workir: Workir:g: Pl

-, O, passmg 1he el Utrrc current through the solutlon anode (impure copper) dissolves to
|JILV d='Cu™ ions to the solution. These Cu®* ions are discharged by gaining of electrons
Trom the cathode. Thereby copper atoms deposit on the cathode, making it thick block of
pure copper metal.
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Impurities Obtained:
The impurities like gold and silver settle down as anode mud.

N ' L-
| ippure copper=—k- Prsd=" L Anode
1 lancite I | b B coppér has been
| Hure,coppar - —f H R deposits eaten away
c athad? : at cathode
= [ || ) e
J [ SN - Electrolyte
T sulphuric acid ----|_~Anode
and copper mud

sulphate
Figure: Electro-refining of Copper

Net Result:

In this process, impure copper from the anode dissolves and goes into the copper sulphate
solution. Side by side, pure copper ions from the solution deposit on the cathode. Thus, cathode
becomes a pure copper metal. The impurities like gold and- silver settle down as anode mud.

. R Lof Removal of
lemoval o impurities
'Tr?’]n;[?r\:ﬁégf |mpur|t|es as 5|ag
Crushed Concentrated Roasted ore /
Concentratnon ore CUFeS Roasnng CUzS+FeS Smelting

ﬂotatlon
Removal of impurities as slag

Blister copper Smelted ore |
98% : CuSFeS |

Figure: Flow Sheet Diagram for Extraction of Copper

Pure copper
99.9%

Electrolytic Bessemeization

refining

Defmmqg ‘* __ x _
“During ¢meliig) of LOpper ore TUprous sulphlde and ferrous sulpide form a mixture
(Cup s Fe&) This thcken mixture is called matte ”.
: ]I | i e of matte:
! I N, % 5

It is withdrawn from lower hole. It contains about 45% of copper.
2Cu,S+30,—>2Cu,0+2S0,
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Q.2

Ans:

Q3

Ans:

Q4

Ang.

Q.5

Ans:

Q.6

Ans:

Q.7

Ans:

What is metallurgy? (Knowledge Base) -
(DGK 2017, FSD 2016 G-11_17-BWP 70i6,5-11 RW2 2017
Answer given on Page # 332 ' ' :

Describe froth flotation pir¢cess. {((¢noyiedgeApplicatiol Base) | |
‘GRW 2014,17, FSD 11046 G-I, SWL 2016 G-11)
Answe;Giver. on Page # 333

Write the nr o uia f copper vlanceand chalcopyrlte (Knowledge Base)
(SGD 2016 G-11)

- FORMULAS

T 1@ tormulas of copper glance and chalcopyrite are as follows:
e Copper glance : Cu,S
e Chalcopyrite : CuFeS;

What is gangue? Also write chemical formula of copper glance. (Knowledge Base)
(GRW 2014, SGD 2016 G-I, RWP 2016 G-I1)
Answer given on Page # 332

How concentration of ore is done by gravity separation and electromagnetic
separation? (Knowledge+Application Base) (DGK 2016 G-I)
NCENTRATION OF ORE

Concentration of ore is done by the following methods:
Gravity Separation:
In the process, the powdered heavy metal bearing ore settles down on agitation in a stream of
water, while the lighter gangue particles are carried away by the water.
Electromagnetic Separation:
The powdered ore is dropped over a leather belt moving over two rollers, one of which is
magnetic. The ore gets attracted and is collected nearer to the magnet while the non-
magnetic impurities fall further away.
Why hair colour of different people is different? (Knowledge Base)

(Interesting Information Pg. # 56)

HAIR LOUR OF PEOPLE
The colour of hair is cuased by the presence of transition metal compounds in the hair.
e Brown hair contains iron or copper compounds
e Blonde hair contains compounds of titanium . w [ |
e Redhead hair is because of-the preserice- of mul /bgenuiris o\,rr p)u..dﬂ

mr&mmnzzm:_

QUL TIFL R CHOICE QUESTIONS

Smence oi extracirg ﬂ"tol fom ores is called: (K.B)

(2)[Ganfue !, 1YL - (B) Metallurgy

" @) Bessemearization (D) Calcination
Blister copper contains: (K.B)
(A) 95% pure copper (B) 99% pure copper
(C) 98% pure copper (D) 92% pure copper
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3.

10.

11.

12.

13.

14.

15.

16.

Cuprous sulphide oxidizes to form: (K.B)

(A) Cuprous sulphate (B) Cupric oxide .
(C) Cuprous oxide (D) Cupric sulphaf"-
Matte contains % copper: (f& 3) N[ ¢
(A) 30 . L3236
(C) 40 S (D 4L
Molter-mixiure of Cu>3:F2S\is salied: (K.B)
(A) Ore—= |\ ' 1 . —(B) Matte
(C) Soik 11 L Vo ' (D) Petroleum
First process ineived in metallurgy is: (K.B)
1A Extiaction of metals (B) Smelting
(C) Froth flotation (D) Concentration of ore
Process based on wetting characteristics of ore is called: (K.B)
(A) Electrolytic separation (B) Smelting
(C) Froth flotation (D) Gravity separation
Separation of magnetic ore from non magnetic is called: (K.B)
(A) Gravity separation (B) Electromagnetic separation
(C) Concentrate (D) Matte
Brown hair contains: (K.B)
(A) Titanium (B) Molybdenum
(C) Iron or copper compounds (D) Alkali metals
Blonde hair contains: (K.B)
(A) Titanium (B) Molybdenum
(C) Iron or copper compounds (D) Alkali metals
Red hair contains: (K.B)
(A) Titanium (B) Molybdenum
(C) Iron or copper compounds (D) Alkali metals
Process of extraction of metal in pure state is: (K.B)
(A) Gangue (B) Gravity separation
(C) Metallurgy (D) Electromagnetic Separation
Process of removal of gangue from ore is called: (K.B)
(A) Concentrate (B) Metallurgy
(C) Concentration (D) Ores
Minerals are those solid natural materials which contain: (K.B)
(A) Compounds of non-metals (B) Compounds.of; I]r°t l|°- - L N
(C) Both Aand B ' (D\ Neyre Lf[ el w Y [ CLA0
Example of ores is: \ ) AREERR o
(A) NaHCO4 \/ :. R (E:\ CL
(C)Neui |~ ! W (D) Boih Band C
Cause i-chldr offiair 5 aue w nresesice of:
(A) Alkali'Mewa (I (B) Halogens
(G Transition #lement (D) Noble Gases
{Tha Llieniical formula of chalcopyrite is: (K.B) (GRW 2016)
(A) Cu,S (B) CuFes,
(C) Cus (D) FeS
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Ans:

IRNIAN

ANS:

Ans:

iv.

Ans:

Ans:

| . Definition
AL Wh:.n ll.ll' bumblnes with gangue it | e Blast furnace cuprous sulphide and
' _Iwiil form slag which being lighter in ferrous sulphide form a mixture
' weight and floats on the molten metal. (CugS, FeS). This molten mixture is
called matte.
Density
e Itis lighter than the metal | e« Itis heavier than the metal

16.1 TEST YOURSELF
Define concentration process used in metallurgy of copper. (Knowhgap base)
CONCENTRATION OF ORE
Definition:
“The process of removal 5j° ganguie fror i whel\creis| techncd ll} khm n as concentmtlon

and the purified ore is called the goacei| tr lte
Methogs:
Conceritzatior, of cryshed ore i< can'!vd out 'uy following methods:

e Grovity sepaation | '

» Elestromannetic separation
| [\ (Frietn Tiotation process
why a small amount of coke is required in the smelting process? (Knowledge Base)

USE OF COKE

A small amount of coke is required in the smelting process because smelting is further
heating the roasted ore with sand flux and coke in the presence of excess of air in a blast
furnace. It is highly exothermic process. More over the coke initiates the reaction.
Reaction:

2FeS, + 30,, —> 2Fe0, + 250,, T

FeO(S) + SIOZ(g)—> FeS|O3(S)

Why lime is added in the smelting process? (Knowledge Base)
ADDITION OF LIME

Lime (CaCOs3) is added to remove excess of SiO,. Lime decomposes to form CaO, which
reacts with sand to form slag.

CaCO; —— CaO + CO;,

CaO+Si0; —— CaSi03(5|ag)
Slag is removed from the upper hole.
How slag and matte are removed from the blast furnance? (Knowledge Base)

REMOVAL OF SL AG AND MATTE

Slag:
Slag (FeSiO3) being lighter rises to the top and forms upper layer, which is removed from
the upper hole.
Matte:

Matte is a mixture of cuprous sulphide along with some unreactet f@rro is ‘U i |1e' \

(Cu,S.FeS) forms a lower layer. It is withdra:vn from the-lgwver, ho. [ |

What is difference between slag rr1 matie? _(:\.10 '\ll"L ge Eas=+JJnr|e|qtar.L|ng Base)
| | (SGD 2017)

The differinces bewwden 8 &) anamétte, are as-follows:

-ﬁlltm
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Vi.

Ans:

viii.

Ans:

iX.
Ans:

Mention the chemical reaction for the formation of metallic copper in the
bessemerization process. (Knowledge Base) :
FORMATION OF METALLIC COPPER . [
The chemical reactions for the formatiof of metztis Conpai i the' iessenerizaiion
process are given as follows:, L '
2FeS), + 3Ty - o= {ZIFe Q#2850
reQ ) +SI9Q,, , -—="Fe Si0

25 3(slag)

2CU, B+ 30, —>2Cu,0, + 250, T

2Cu,0, +Cu,S,—> 6Cu, +S0,, T

What is blister copper? (Knowledge Base)
BLISTER PPER

49)

Definition:
“The molten metal is shifted from the converter to sand moulds and is allowed to cool.
The dissolved gases escape out forming blisters on the surface of the solid copper.
Therefore, it is called blister copper”.
Composition:

e Itis about 98% pure copper.
Refining:

e Itis further refined by electrolysis.
Why anode is eaten up in electro-refining process? (Understanding Base)

EATIN P OF ANODE
The anode is eaten up in electro-refining process becuase impure copper from the anode
dissolves and goes into the copper sulphate solution. Side by side, pure copper ions from
the solution deposit on the cathode. Thus, cathode becomes a pure copper metal. The
impurities like gold and silver settle down as anode mud.
What do you mean by anode mud? (Knowledge Base) (MTN 2016 G-I1)
ANODE MUD

In electro-refining process, the impurities like gold and silver settle down under the anode
and are called anode mud.

16.2 MANUFACTURE OF SODIUM CARBONATE BY .
SOLVAY’S PROCESS N R

Q.1

\ J AN

r_i -2 F =Y _' | _." F \ e
Explain the industrial prenaratlun f spoia ggh. | \ ' e
" (KTov nemeﬂ'vdtrs*a.1drn(J+AppI|cat|on Base)
- \ QR
Explan *s( vai’s ¥ roee ss'for riﬁe\m an afaciure of sodlum carbonate.
(G—\vv 20 13, LHF? 2015, DGK 2017, MTN 2017, SWL 2017, BWP 2016 G-11 RWP 2017)
OR

4 \M wfe & detaued note on Ammonia Solvay’s process. (Ex-Q.3)

SOLVAY'S PROCESS
Principle:
Principle of Solvay's process lies in the low solubility of sodium bicarbonate at low
temperature i.e. at 15°C. When CO; is passed through an ammonical solution of NaCl
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called ammonical brine, only NaHCOj; precipitates.
Na* @ + HCO; o —> NaHCO,

(aq) |
*,

Raw Materials:

The raw materials needed for this proce'=< ale cweap énc, eas||y aviilable! “They are in
abundance such as, i

o .30 m m chlarite{MaCl)or brme
o imes 'end (CeCOY)\
s Antrnohia has ‘NH3)

"Sau > Heactions/Steps Involved:

‘The process consists of the following steps:

(i) Preparation of Ammonical Brine:

First of all ammonical brine is prepared by dissolving ammonia gas in sodium
chloride solution (brine).

(i) Carbonation of Ammonical Brine: (MTN 2016 G-I)

Ammonical brine is fed into carbonating tower and carbon dioxide is passed through
Following reactions take place in the carbonating tower.

CO,, + NH,, +H,0, —>NH,HCO, .
NH,HCO,, +NaCl

——NaHCO,, + NH,CI

(brine) 3(aq)
The temperature of the mixture is lowered to 15°C and precipitates of NaHCOj are obtained.
(iii) Filtration of Precipitates:

The milky solution from the carbonating tower is filtered to get sodium bicarbonate. It is
used as a baking soda.

(iv) Calcination:
Sodium bicarbonate is heated to get sodium carbonate.
2NaHCO,, —*—>Na,CO,, + CO,, +  H,0

CO; is again used in tower. It is about half of CO; needed in the process.
(V) Preparation of Carbon Dioxide and Slaked Lime: . _
CO; is prepared by heating limestone in a lime kiln. Then it |s cars d_ to cl.'i‘i‘pénaﬁ-ng ';_b-'g\_/_er

CaCo,, —— Caly (004, |\ [ Lo

Ag)

Quick lime (CaO) formea |r |h||“ k| r I s*abed Mbth v'ahr .he1 lit is pumped to the
ammonia .ecvvery tOMer:,

4 -Cd() h\zz neat C&(OH)Z
AR (slakedllme)

f\ '1-Ainmonia Recovery Tower:

Ammonia is recovered in this tower from ammonium chloride solution produced in the
carbonated tower and calcium hydroxide formed in lime kiln.

2NH,Cl, + Ca(OH),,—2NH,, + CaCl,, +2H,0,
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In fact, all ammonia is recovered in this tower and is reused in the process. There are
minor losses of ammonia in the process which are compensated by using some-frech
ammonia. [ '

Cajbdnating | Mmirpnicsd | L srimoniating
e Bhing

( SN Tovier | o Tower
Ar—’z] {

(_n??.?
L C4CC, J"\

—

Ammonia
Recovery Tower

CaCl,

Figure: Flow Sheet Diagram of Solvay’s Process for the Manufacturing of Sodium Carbonate

Advantages of Solvay's Process: (LHR 2014, GRW 2015, BWP 2017, MTN 2017, RWP 2017)
The advantages of Solvay’s process are as follows:
(i) ltisacheap process as raw materials are available at very low prices.
(i) Carbon dioxide and ammonia are recovered and reused.
(iii)Process is pollution free, because the only waste is calcium chloride solution.
(iv)Sodium carbonate of very high purity is obtained.
(v) Consumption of fuel is very less since no solution is to be evaporated.
Q.2  What are the important industries of soda ash in Pakistan? (Knowledge Base)
Ans: IMPORTANT INDUSTRIES OF SODA ASH
The important industries of soda ash in Pakistan are as follows:
(1) Imperial Chemical Industries (ICI) Khewra (Jhelum):
Pakistan is self-sufficient as far as demand of sodium carbonate is concerned. Imperial
Chemical Industries (ICI) Khewra (Jhelum) is producing enough sodium carbonate.
This unit was established in 1944 in Khewra because abundant raw material sodium
chloride is available here.
(ii) Sindh Alkali Limited:
A Sindh Alkali Limited was established near Karachi in 1966. Sodium carbonate ana
sodium bicarbonate are important industrial chemicals and are used bypnany indugtrics.|

(.(r. \/Iedge Base)
(LHR 2015, MTN 2017, SGD 2016 G-1)

Ans: -~ VALV T CALCINATION
] [ esininasian’ 5T a process of thermal decomposition by heating a substance at high
S emperature below its melting point.
' Example:

Sodium bicarbonate is heated to get sodium carbonate in the sovlay’s process.
2NaHCO,, —*—Na,CO,, + CO,, + H,0,
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Q.2

Ans:

Write down two important compounds with their formulae which are used in the
manufacture of sodium carbonate. (Knowledge Base) (RWP 2016-G,i) :
COMPOUNDS AND THEIR FORMULAS
The two important compounds with their formulae iz are wsear/n thie itany’ecire of
sodium carbonate are as folgws:
(1) Sodium chloride NaCL
(if) Lirregtone CaCQs \
What rz=#cle bt teciaindlpgy in'the jar ndluiction of common chemcials?
(Knowledde Base), ) (Science, Technology and Society Pg. # 163)
ROLE OF TECHNOLOGY
re,uhnology Is considered a consequence of science and engineering .
Role:
e Technology began to influence human efforts to produce common chemicals
since people began using different tools and machineries.
e Now it is because of use of technology that needs of people are being fulfilled.
e Use of technology has increased the production with improved quality of
proudcts.
Examples:

Common chemcials are being produced on commercial scale by chemists or chemical
engineers since centruies. Important example are:

e Alkalies
e Salts

e Soaps

e Detergents etc.

16.2 MANUFACTURE OF SODIUM CARBONATE BY
SOLVAY’S PROCESS

MULTIPLE CHOICE QUESTIONS

Pakistan is self-sufficient for the demand of: (K.B)

(A) Sodium carbonate (B) Sodium bicarbonate .
(C) Sodium chloride (D) Sodium hydrexide | [~ _
In Solvay’s process, CaCl, solution is a rhaserizl: (RL.3) | | f. S —
(A) Need T (B3, Waste'\Froduct |
(C) Raw Material \ S D) Qedr*n'n '
Solvay’s/pross I'wcn es\rec: -«Ve}v{ and reuse of CO; and: (K.B)
(A) Ammarial | ) 3 (B) Aluminium
oL odiym L — (D) NaCl
Shaium hydrogen carbonate decomposes to liberate gas. (K.B)
(A) Hz (B) SO
(C) CO, (D) N2
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5.

¢ =

Solvay’s process is: (K.B)

(A) Expensive process (B) Hydrogen free _
(C) Pollution free /D) None of thgsa™. | |
“ICI” stands for: (K.B)

(A) International chemical industries ) (E) Intnarial chermical industry
(C) Intsratidnal-Coriraund Industry |~ 4D} None of these
Sodiun’ b :a. ‘honate heatzel to get: (K. B)

() |Lime K '1. ' (B) Calcium hydroxide
(Cj-<ocium carbonate (D) Ammonia

Quick lime reacts with water to form: (K.B)

(A) Lime water (B) Limestone

(C) Salt water (D) Slaked lime

NaHCO3; on heating produces: (K.B)

(A) NaOH (B) Na,CO4

(C) NaCl (D) NaCOs

16.2 TEST YOURSELF

Ans:

Ans:

Ans:

iv.

AN, Y

Why only NaHCO3 precipitates, when CO; is passed through the ammonical brine?
(Knowledge Base)
PRECIPITATION OF NaHCO;
When CO; is passed through the ammonical brine, a mixture of NH4Cl and NaHCO;3 is
obtained. The temperature of the mixture is lowered to 15°C and precipitates of NaHCO3
are formed because NaHCOj3 is insoluble in water at low temperature.
Which raw materials are required for the formation of sodium carbonate?
(Knowledge Base)
RAW MATERIALS

The raw materials required for the formation of sodium carbonate are as follows?

e Sodium chloride (NaCl) or brine

e Limestone (CaCOs)

e Ammonia gas (NH3
These raw materials are cheap and easily available. They are-iratur| danw N
How CO; is prepared in the Solvas’s precess? ’Knovxleng1 Ea asej |\ R 72013)

THEPARATION OECQ, \ .

CO; is prepared by heatmg ti. pqo' i irie i ne, kn!n i ‘*en itlic cai rled c carbonatlng tower.
Reacn‘on

C iCng(Sj\'—) CaO(S) + COz(g)
Givg,the rmctjnn ‘ot farimation of ammonia in the process? (Knowledge Base)
' FORMATION OF AMMONIA
A n.“nonla is formed in ammonia recovery tower from ammonium chloride solution produced
in the carbonated tower and calcium hydroxide formed in lime kiln.
Reaciton:

2NH4C|(S) + Ca (OH)2(|) —)2NH3(g) + C&C'z(s) + 2H20(|)
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V.

Ans:

Give the advantages of Solvay’s process. (Knowledge Base)
(LHR 2014, GRW.2915, SWl 20i7)

Answer given on Page # 342

_mﬁ'm"ﬁ\l[ﬂm

Q.1

Ang:

LONGQPESTIONS

How ures isimanufaciuied cvl indusiriarscale?{%iiowledge Base)
~(SWL 2017, SGD 2017, FSD 2017, GWP 2016 G-1)
) OR-
Howvs;urza'is ménufactured? (SGD 2017, FSD 2016 G-I)
MANUFACTURE OF UREA

Prereriies of Urea:
Urea is nitrogenous fertilizer.

It consists of 46.6% nitrogen.

It is white crystalline compound

Highly soluble in water.

It is used for the manufacturing of important chemicals, but its major (about 90%b)
use is as a fertilizer.

Raw Materials: (GRW 2015, 17)

The raw materials for the manufacturing of urea are:
e Ammonia (NH3)
e Carbon dioxide (CO,)
Haber's Process: (SWL 2017)

Ammonia is prepared by the "Haber's process”. One volume of nitrogen (from air) and
three volumes of hydrogen (obtained by passing methane and steam over heated nickel
catalyst) is passed over iron catalyst at 450°C and 200 atm pressure.

Nopg + 3H2<g>@ﬁ@@ 2NHy)

e Nitrogen is taken from air.

e Hydrogen is obtained by passing methane and steam over heated nickel catalyst.
Process / Steps Involved:
Manufacturing of urea involves three stages:
(i) Reaction of Ammonia and Carbondioxide:

Carbon dioxide is passed throuah I|qu1d ammec Un “ieh hlg,'h prewuri \G—form
ammonium carbamate. \ .

B 2NHa+ $04 —Ei_-» _\IL!ZCOC_)_E\’I‘,—.'.4
ST A 00 e Arimonium Carbamate
(ii) Urea Fidrmation; | (SGD 2017)

3 Wn el anmenizincarbamate is evaporated with the help of steam, it dehydrates to form urea.

NH,COONH,—>NH,CONH, + H,0 1

Ammonium Carbamate  (Urea)
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Q.2

Ans:

(ii)Granulation of Urea:

At this stage, liquid urea is evaporated to form granules. When liguic-urea is sgraycu
from top of a tower under pressure and a hot current of alr is_igiradriced-rrom!the base. it
evaporates to form granules. : | [« ——

This is stored to be marketgu

(Inegacied NH,, '00,8 HID) |
s

APARLERL

Nmmwml .

L

~
|
l

Reaction ]
Chamberi—

» Storage 1

Evaporator
Granulator

co, Hmmr

Figure: Flow Sheet Diagram of Urea

What is the importance of urea? Explain its industries in Pakistan.

(Knowledge Base) (SGD 2014, LHR 2015, GRW 2017, RWP 2017, SWL 206 G-I, BWP 2016 G-I)
IMPORTANCE AND STATUS OF UREA

It is white crystalline organic compound. Its importance is because of following usage.

(i) Agriculture Sector:

Urea is widely used world over in the agriculture sector both as a fertilizer and animal
feed additive. About 90% of urea is used as fertilizer. It has the highest nitrogen
percentage, i.e. much higher than other nitrogenous fertilizers. It is harmless and is
useful for all types of crops and soils.

(i) Safe Storage:
It is non-toxic, non-explosive, therefore, can be stored safely but it is very soluble in
water and hygroscopic, therefore, storage requires better packing.

(iii) As a Raw Material:

It is used as a raw material for the manufacture of many important compounds.

(iv) To Make Explosives:

It is used to make explosives.

(v) Reduction of NO, Pollutants: 1

It is used in automobile systems to reduce-tine NOy noMutants i .n w-h«u*n gc seu
INDLLS_FI/'-«JLNLT‘ JE URM: A A

There are about six urea man lfar‘* i mq anita i 3aw‘tan The' mijO four are

o La ljl Fertilizestum, painy
e 'ERgrol Chem_lcalx TN
e Iaujj fertilizer | L
s BiniCasin, "Dawood Hercules company

!-ju,. Fertlllzer is the biggest fertilizer manufacturer with 59% market shares.

Subsidy to Promote Urea Manufacturing:

Government provides an indirect subsidy to manufacturers but this industry is still facing
supply shortfall problems. The price of urea has grown since the last years.
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Q.1

Ans:

Q.2

Ans:

Q.3

Ans:

Q.4

Ans:

16.3 MANUFACTURE OF UREA

SHORT QUESTIONS
What is the importance and status of ureain agricttu al se“tor ; (hno‘wleaq BRace)
Answer given on Page # 346,

What are industrial unitsiot\ures in P: Akmar.. (P'n‘av»lodue Rase]

Answer_qivei on Page-+345 \

Write foiraule of wreaaniol ar rnumum eai bamate (Knowledge Base) (BWP 2016 G-I)

] FORMULAS
Thae/lormulas cf urra-aid ammonium carbamate are as follows:
[\ Cbiea : NH,CONH,
e Ammonium carbamate : H,NCOONH,

Why fertilizers are added to the soil for crops? (Knowledge Base)
(Interesting Formation Pg. # 165)
ROLE OF FERTILIZERS
Crops need phosphorus and nitrogen to grow well. Athough, there is 78% nitrogen in air
yet it can not be assimilated directly by plants. Therefore, fertilizers are used to provide
these essential elements to soil and ultimately plants.

MULTIPLE CHOICE QUESTIONS

Urea is a fertilizer: (K.B)

(A) Phosphate (B) Nitrogenous

(C) Pottasium (D) Sulphar

Percentage of nitrogen in urea: (K.B)

(A) 46.2 % (B) 48%

(C) 41% (D) 46.6%

Urea is a compound: (K.B)

(A) White-crystalline (B) Transparent

(C) Blue crystalline (D) Non crystalline

Urea is highly soluble in: (K.B)

(A) Toulene (B) Water

(C) Benzene (D) CCly

Urea is used for manufacturing of: (K.B)

(A) Crude oil (B) Slaked lime

(C) Important chemicals (D) None of these

Which of the following %age of urea is used as fertilizers? «K ?) \
(A) 90% L (BMe3% Ly P
(C) 90.4% - (D919 L 1]

Ammonia is prepared by, (r ’5) |\ e -

(A) SCchi}« sipreoess’ - . \ \ /2 Electromagnetic separation

(C) Hatwer’s piadeess) _ ' (D) Electrolysis
Volzme of nitrégen|in Haber’s process is obtained from: (K.B)

B, _ﬁ/\,,\ Jater | (B) Air
(>jLarbon dioxide (D) None of these
Nitrogen reacts with hydrogen to form ammonia at: (K.B)
(A) 250 atm (B) 235 atm
(C) 300 atm (D) 200 atm
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10.
11.
12.

13

14.

15.

16.3 TEST YOURSELF

Ans:

Ans:

Temperature required for the production of ammonia is: (K.B)

(A) 400°C (B) 450 °C

(C) 425 °C /D) 500 °C b
Urea is used to make: (K.B) '

(A) Fire extinguisher ' “\(E)\EXpiosives
(C)Autairiokiles .\ D) None of these

There @re, noiwv many ures, |-nanufaauring units in Pakistan? (K.B)
(A)@gix | L (B) Nine

(O Tvielve (D) Seven

The biggest fertilizer manufacturer in Pakistan is: (K.B)
(A) Engro Chemicals

(B) Dawood Hercules compony

(C) Bin Qasim

(D) Fauji Fertilizers compony

Fauji fertilizer contributes with market shares: (K.B)

(A) 55% (B) 61%
(C) 56% (D) 59%
The gas prepared by Haber’s process is: (K.B) (SWL 2017)
(A) CO, (B) SO,
(C) HI (D) NH3

What happens when ammonium carbamate is heated with steam? (Knowledge Base)

(SGD 2017)
HEATING OF AMMONIUM CARBAMATE

When ammonium carbamate is evaporated with the help of steam, it dehydrates to form urea.

NH,COONH, —— NH,CONH,+H,0T
Ammonium carbamate (Urea)
How many stages are involved in the formatlon of urea? (iKn owhedqe ..Jme,

Three stages are involved in ﬁe i whuFaCtre of rda)
° Rmct on-oi al nmoia dhO z\bcn dlux.de. -
) Jrn fmm tnn '

R ra! 1Ictmr of Urea.

" Winzt i3 the percentage of nitrogen in urea? (Knowledge Base)

PERCENTAGE OF NITROGEN IN UREA
The percentage of nitrogen in urea is 46.6%.
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NATURAL FERTILIZERS ARE BETTER THAN SYNTHETIC
FERTILIZERS .@

LONG-QUESTIONY

Q.1 Describe in detail that natur2! dertilizers'are, Letter thar chemical or synthetic

fertilizers—(iKnowledoe-Rase) | J tScience, Technology and Society Pg. 166)
' ' e
Explair® that ihe natural fartitizers are better than synthetic fertilizers.  (LHR 2014)
Ans: by . FERTILIZER
Definitioa:

“rertilizer is a substance added to soil to improve plants growth and yield .
Types of fertilizes:
Following are two major types of fertilizers:
(i) Natural Fertilizers
(if) Chemical fertilizers
(i) Natural Fertilizers:
“Natural fertilizers contain all natural, biodegradable materials from livestock and
human waste and foliage of plants .
These materials are decomposed by bacteria. Decomposed materials  contain  useful
nutrient for plants. Organic matter is essential part of fertile soil. Uses of natural
fertilizers return the nutrients and organic matter of soil.
Advantages:
The advantages of natural fertilizers are as follows:
e They improve the soil condition to support plant growth.
e They improve the porosity of the soil to make it capable of absorbing water, thus
improve crops production.
e They improve the structure of soil which in turn allows more air to get to plant roots.
e The chance of water shortage because of the moisture holding capacity of soil
increases.
e Natural fertilizers practically do not contain toxic chemicals. Thus they do not
damage the soil and crops yield increases. o )
(ii) Chemical Fertilizers: = 0 -
“Chemical Fertilizers include one or more of ‘rhe *hLee tle nent r.*ost in: T"""Laﬁt for plant
nutrition; nitrogen, phospl or; 18 220 p)tas ium’’ ' \
Advantaq-‘s \ \
The adv=atagad of bhem'col few’lﬁm S Areas follows
e They relzage *hn thutrierits very fastly.
K mlvawt(ceC

K J'I' Y Y 1 = “Their effects are short lived, so they are required again and again, after short

intervals, may be 4 to 6 times in a year.
e Use of synthetic fertilizers may cause over fertilization resulting in burning of
plants instead of greening them.
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NATURAL FERTILIZERS ARE BETTER THAN SYNTHETIC

FERTILIZERS .'Q fi@

Q.1 What are natural fertilizzis? (Kr.'" vleclge Bace)! | (FSD 2017)
Ans:  Answer given on Page # 329 '

Q.2  What ar¢'disadvaiitanesof chernical fertiiizers? {Knowledge Base)

Ans:  Answer-givanion frane #1349

Q.3  What ig fertilizar? (Krnoatedge Base)

Angi Aniswer giviin on'Fage # 349

[\ MULTIPLE CHOICE QUESTIONS

1. Natural fertilizers contain natural Bio-degradable from: (K.B)
(A) Nitrogen (B) Phosphorous
(C) Livestock (D) Potassium
2. Chemical fertilizers release very fastly: (K.B)
(A) Minerals (B) Gases
(C) Nutrients (D) Both Aand C
3. Natural fertilizers improve the structure of: (K.B)
(A) Soil (B) Ores
(C) Minerals (D) Metals
4. Natural fertilizers are decomposed by: (K.B)
(A) Fungi (B) Algae
(C) Bacteria (D) Ferns
5. Natural fertilizers practically do not contain: (K.B)
(A) Nitrogenous chemicals (B) lonic chemicals
(C) Non-ionic chemicals (D) Toxic chemicals

16.4 PETROLEUM INDUSTRY
LONG QUESTIONS :

Q.1  What are the characteristics of petroleum° Explain the-oi n n of-p =txolrur1
_ s (k now tedge 2258) (GRW 2017)

Ans: FE TRDLEUM)| - |

Definitiori; \

“It is a Coi, olm nliture, 01 saver 1l\gmeous, liquid and solid hydrocarbons having
water, saltsiaric earth baricles with it”.
_ AN TN -~ CHARACTERISTICS OF PETROLEUM
y J M “Thecharacteristics of petroleum are as follows:
e Petroleum is a natural product found under the Earth's crust trapped in rocks.
e Petroleum means rock oil.
e Itis lighter than water and is insoluble in it.
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Q.2

\ .\lﬂ 'r nea 10 H-on reflnlng of crude oil.

)

RIGIN OF PETROLEUM

Petroleum was formed by the decomposition of dead plants and animaissurried-updar, ™ |
ecarth’s crust millions of years ago. It is believed that millions: St ypars-ago liviny! plrtnta
and animals in the seas died. Their bodied sink arg-hiirfied Uridei nfud end gera Then
decomposition process tesi plade.in i abzence ov air|becayse ot nlgh pressure,
temperature and bacterial et erte Tr I |rro e S ton< i lioris~of /vears for completion.
CrudeCii; y L \

Remarro ot dtad plc nt- dnd, animialsiere converted into dark brownish viscous crude oil.

ﬁ";f,r(‘ Imm-.ras trapped between two layers of impervious rocks.

«—— Earth’s crust

_— % — +—— Sh
P = \ ale

-k . —— imperious rock

.

2l =5 —gas
T petroleum
~——— water

“— impervious rock

Figure: Occurrence of Petroleum

Being lighter and insoluble in water it floats over the water and forms an oil trap. The
gaseous products accumulated over the petroleum are found as natural gas.
Extraction of Petroleum: (SWL 2016 G-1)
Petroleum is extracted by drilling holes (oil wells) into Earth’s crust where the oil is
found. When a well is drilled through the rocks, natural gas comes first with a great
pressure. For some time crude oil also comes out by itself due to gas pressure When Qas
pressure subsides, then crude oil is pumped out. AN (T
Refining of Petroleum: P N N R A
The crude oil is refined in the remerres Re‘n.rnq tr)cos: i¢ tae suparatru.r of crude
oil mixture into various fs¢ful nrf,aJcts Lfra‘trons; itis'ce, rrred ot by process called
fractional gistillation, Y -
Write a fitte ci- '?raet'encl dlcqlra\or Lf th Ieum
(Knowied 1o+tJ 1d =r '>to ndrr g+p \pirication Base)

OR

(Ex-Q.4) (GRW 2017)

(GRW 2014, LHR 2013, SGD 2014,13, MTN 2017)
FRACTIONAL DISTILLATION

Definition:

“The process of separating a mixture into its fractions by evaporation and condensation on

the basis of difference in their boiling points is called fractional distillation .
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Principle: B
The principle of fractional distillation is based upon °“par.1t|3|. of suts an €5

depending upon their boiling points, The : uLsfﬂ“Cts hevir 16 I bilirly poirts-ooil out
first and leave the othersibéhind. Fher naxt fraltion of slightly/h/gher boiling point
boils out..This procese-rernains continte untin «.resicue 1s left behind. The vapours of
each fraziion ale ru'le:tud md uonw 1sed acparately

_gparatu,.
hﬂ ractional d.aullatlon of petroleum is carried out in a tall fractionating tower (Oil

Q :‘hllery)

Steps Involved:

The steps involved in the fractional distillation of petroleum are as follows:

(1) Heating of Crude Oil:

The crude oil is heated in a furnace upto a temperature of 400°C under high pressure.
(it) Evaporation:

Then vapours are passed through a fractionating column from near its bottom. The hot
vapours rise up in the column and gradually cool down and condense.

(iii) Condensation: The vapours of higher boiling point fraction (350-400°C) condense
first in the lower part of the tower, while vapours of medium and lower boiling point
fractions rise upward in the tower and condense gradually with respect to their boiling
points at different levels.

Petroleum gas (upto 25 C)

Petroleum (30 to 80 °C)
(Ether)

Gasoline (80 to 170°C)

Fractionating (Potre)
etrol

column

Kerosene oil (170 to 250 C)

Diesel oil (250 to 350°C)

Fuel oil (350t0 400.°C) [~ 1%~y ) | |
Petroleum ! ,A': =\ TN ". ' '-._ A
(Crude ni')-, nor: A -
ANG ay # _7357:;.:::—» Re'au.ual ul(.bow 400 o)/

Ceniface

':lg_JI’t' F'-aLtI(l al Dl,utlrlo.fIOﬂ T Petroleum

=y

g =

Numbeﬂg\i‘_F clionst | 1) L e
Thergrude 'n'tl i ':epamtceo mto six hydrocarbon fractions.

T

yerrpontisnof Single Fraction:
‘Zach fraction is not a single compound. Rather each one is a mixture of hydrocarbons

having different number of carbon atoms in it. Each fraction has its specific boiling
range, composition and uses.
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IMPORTANT FRACTIONS OF PETROLEUM
(GRW 2014.-=SD 2016.G-}}-.
The important fractions of petroleum, their composition, boiling range ard (izss zretas fplovis:
 Name | Composition | BoilingRangdl § Usese- § =em AN N L C2 gD~
\ : ~ [\As'a 'fuel, &s such in the Torm of LPG,
Petroleum | usec-tor itne-proaucrion of carbon black
Gas | )\ 1 CuleCs up t0.25°C . | (needed in tyre industry) and hydrogen
‘ = ~ | gas (needed to form NHj3; used to
manufacture fertilizer).

| Pedrbletim CotoC 30 t0 80°C Used as laboratory solvent and for dry
| [tiver 5T cleaning purpose.
Used as fuel in motor cycles, motor cars
Gasoline or o and other light vehicles. It is more
Petrol Cr10 Coo 80to 170°C volatile than kerosene oil. It is also used
for dry cleaning.
Kerosene Cioto Cy 170 to 250°C ps_ed as domestlc fuel, a special grade of
oil it is used as jet fuel.

Fuel for buses, trucks railway engines,
Diesel 0il | C;3t0 Cys 250°C to 350°C | tubewell engines and other heavy
vehicles.

Used in ships and industries to heat
boilers and furnaces.

Fuel oil Cisto Cyg 350°C to 400°C

Residual Oil:
Definition:
“The left behind residue obtained after the fractional distillation of crude oil which does
not vapourize at 400°C is called residual oil”.

Distillation:

The residual oil, which does not vapourize under these conditions is collected and heated
above 400°C for further fractional distillation.

Fractions:

The four fractions of residual oil are:

(i) Lubricants TN, iy

(ii) Paraffin wax ~ T\ T WY (2lo
(iii)Asphalt | Ay - ' -
(iv)Petroleum coke

Q.1 V"nat is con ms.uon of dlesel fuel sold in summer and winter? (Knowledge Base)
(Interesting Information Pg. # 170)

“Ans MPOSITION OF DIESEL FUEL
The diesel fuel sold in winter is different mixture of hydrocarbons from the mixture sold
in summer. This is because diesel sets rather like Vaseline at a little below 0°C and will
not work as a fuel. More of the lighter fractions are added in winter to prevent this.
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Q.2

Ans:

Q.3

Ans:

Q.4

Ans:

10.

11.

What are the fractions obtained due to fractional distillation of residual oil?
(Krawledge Base)

Answer given on Page # 353 _ -

Describe uses of diesel oil. (Knowledge Bist) oL CRWIERGEE G
Answer given on Page # 352 '

Write uses of petroleum ethiar, i nnwleagn B 1sa) — - (DGK 2016 G-1)

Answer-givel: on Pane+ 253

Inraraciiesal distillation crude oil is heated up to: (K.B) (MTN 2017)
(A) 400°C (B) 500 °C
(C)450°C (D) 425°C

Crude oil is separated into hydrocarbon fractions: (K.B)
(A)7 (B) 6

(©) 8 (D)5

Boiling point of gasoline or petrol is: (K.B)

(A) 50 to 100 °C (B) 30 to 80°C
(C)40to90°C (D) 80to 170°C
Petroleum ether boils at: (K.B)

(A) 350 to 400 °C (B) 60 to 140 °C
(C)40to90°C (D) 30 to 80 °C
Boiling range of fuel oil is : (K.B)

(A) 250-350°C (B) 350-400 °C
(C) 400-500 °C (D) 200-250 °C
Kerosene oil is used as: (K.B)

(A) Laboratory solvent (B) To form NaCl
(C) Jet fuel (D) In ships
Composition of petroleum ether is: (K.B)

(A) C,t0Cyp (B) Csto Cy

(C) C13t0Cys (D) CitoCy
Which one is used as jet fuel? (K.B)

(A) Kerosene oil (B) Lubricating oil
(C) Fuel oil (D) Diesel oil

Composition of diesel oil is: (K.B)

(A) C o Cyp ; TB)Cs o~ WS N [ (2,0~

(C)Ci3to Cys o (D Ciwogy 4L o

Boiling point of diesel 0|I 1s (I/ B} ' ) L

(A) 256-91340°C .~ (B 6810 140 °C

(© 40159097 O\ N (D) 80 10 170 oC

The cor. 1p39|trcn of f‘arLf‘ i fuel oil is: (K.B) (GRW 2017, RWP 2016 G-1)
a “A,( 710 Clg- (B) Cioto Coo

!C) C13t0 Cys (D) Ci5to Cig

Which one of the following is used as laboratory solvent? (K.B) (SWL 2017)

(A) Kerosene ol (B) Diesel ol

(C) Petrolum ether (D) Fuel ol
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13.  Which fraction of petroleum is used in ships and industries as fuel? £ B\

1%,

(A) Petroleum gas (B) Petrol
(C) Diesel ol (M)-Fuel oif
_Em;ﬂiﬁiﬁl!ﬁ_
i Define-geircleum—Kaowladee Base) |, . | {&HR 2015, GRW 2016 G-11, MTN 2016 G-1)
Ans: : NV BEFROLEUM
efuition. '

I T G complex mixture of several gaseous, liquid and solid hydrocarbons having water,
salts and soil particles with it.”

Characteristics:

e The petroleum is a natural product found under the Earth’s crust trapped in rocks.
e Petroleum means “rock oil”.
e Itis lighter than water and is insoluble in it.
ii. How petroleum is extracted? (Knowledge Base) (LHR 2015)
Ans: EXTRACTION OF PETROLEUM

Petroleum is extracted by drilling holes (oil wells) into Earth’s crust where the oil is
found. When a well is drilled through the rocks, natural gas comes first with a great
pressure.

For some times crude oil also comes out by itself due to gas pressure. When gas pressure
subsides, then crude oil is pumped out.

iii. What is principle of fractional distillation? (Knowledge Base) (SWL 2016 G-1)
Ans: PRINCIPLE OF FRACTIONAL DISTILLATION

The principle of fractional distillation is based upon separation of substances depending
upon their boiling points. The substances having low boiling points, boil out first and
leaving behind other. Then next fraction of slightly higher boiling point boils out This
process remains continue until a residue is left behind. I~ )

iv. In how many fractions crude oil is sepamted’? (Kf‘.aﬂlxled“'—\ I-_‘ase, 'I o N
Ans: EE/ACTIA)S OF CRUDE DIL) -

The crude wii\is separatcd into 'six frecticns:. )

(i) ‘ htroIoLm gas\ |\ \ A

(i) F-etfcle‘.un_\_etn.e.) -
Sl | G5asoline (petrol)

J' S iv) Kerosene ol

(v) Diesel oil
(vi)  Fuel oil
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Ans:

Residual oil is another left behind residue of fractional distillation of petroleum.
What do you mean by a fraction of petroleum? (Knowledge Base)— = _ (FSD 29%&/ 5 I)
FRACTION OF PETROLEUM '

Fraction of petroleum means a part of petrn'eum Zach'fiacticn is riot # slisgie compound
rather each one is a mixtur¢ o7 hyaracarhonshalying différan: number of carbon atoms in it.

Each frou, i has_its-speciiic boiling rarge, comriosiiion and uses.

0

Q.1

Ans:

X RES, OIF\EIRE'REQUIRE DIFFERENT METHODS
an TO EXTINGUISH

LONG QUESTIONS

What are the things needed to start and sustain fire? Describe methods to put out
fire. (Knowledge Base) (Science, Technology and Society Pg. 170)
THI TO START AND TAIN FIRE
The things needed to start and sustain fire are as follws:
(i) Euel:
The substance that burns in the combustion process, e.g. wood, oil and electricity.
(ii) Heat:
The energy component of the fire when it comes in contact with fuel, it provides the
energy necessary for ignition and sustaining combustion process.
(ii)Air (Oxygen):
It is essential component for combustion process.
Self Sustained Chemical Chain Reaction:
“A self sustained chemical chain reaction is a complex reaction that requires fuel,
oxygen and heat energy to come together in a very specific way .
METHODS TO PUT OUT FIRE
Fire can be put out by taking away any of the components like fuel, heat and air (oxygen).
When fuels are different, they require different techniques to put them out.
(1) Wood Fire:

Wood fire can be extinguished by throwing water on it. Water uses ) e amauntGi ueat" \!

for evaporation process, so it absorbs huge émount of kedt and de“rl /e The V\nn #irg of
heat and it is not possible for, fire to b.a sustvlned '

(ii) Qil Fires: - |

Oil firgs zqn he i out W! th water| béacal_jsé-oi"«l and water do not mix. Oil being lighter
than wate!, _fIL_c_ts ard spredcs averit. The fire also spreads along with water. To put out
Gi! fire, xiier! he¢ds-+o be cut off. This can be controlled by throwing sand, table salt or

'\ hilkig $caa on the flames.

(iii)Electric Fire:
Electric fire is much stronger than other fires because its source of heat is electrical
energy. It requires cut off oxygen supply to put it out. Oxygen supply can be controlled
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by using fire extinguishers.

Q.1 What is self sustained chemical J aii react |o'r.’> (Rnnwicdge Baw;
Ans:  Answer (I/en caPage# 455
Q.2 Name tiie things heeced to steriandsustain fire? (Knowledge Base)

Ans: \ THINGS MC-START AND SUSTAIN FIRE
T2 things aeededto start and sustanin fire are:
e uel
e Heat

e Air (oxygen
MULTIPLE CHOICE QUESTIONS
1. Which fire could be extinguished by water? (K.B)

(A) Wood fire (B) Qil fire
(C) Electric fire (D) Fat fire
2. Which fire is the strongest of all? (K.B)
(A) Wood fire (B) Oil fire
(C) Electric fire (D) Fat fire
3. Which fire can not be extingiushed with water? (K.B)
(A) Wood fire (B) Qil fire
(C) Electric fire (D) Both Aand C
4. The energy necessary for ignition and sustanining combustion process is provided by:
(K.B)
(A) Fuel (B) Heat
(C) Air (D) Oxygen
5. To put out oil fire needs to be cut off. (K.B)
(A) Oxygen (B) Nitrogen
(C) Hydrogen (D) Carbondioxide

CHEMISTRY AS A CAREER IN INDUSTRY

LONG QUESTIONS

Q.1  Write a detailed note on chemistry as a career in industry. (Knoy J|€d € 3a5e)
(Scigre Technulbg/ angi ,oc 61y R5-170)

Ans: CHEMISTRY AS AQ_P 1:P= Lg@gx
Chemist:
By studyirgchemistry;-sne can bﬁ plf.fe.Sl )I’ldl "hP ivist.
Function’sof\srChemisi; ~,

e destudies the ¢ot npo*:-*.on and propertles of available chemicals.
. . ® He'ceveiors ‘methods to manufacture new substances on commercial scale to
W dnzed the needs of society.

A o He designs and develops instruments and techniques to make the production more

and more economical.
Career of a Chemist:
Chemists can have working opportunities in almost all fields of industry depending
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upon their areas of specialization.
(i) Organic Chemists:
Organic chemists have career in pharmaceutlcal petroleum, l""t"O( her*“.c ls, co ,met Cs,
polymers and plastic industries. -
(i1) Inorganic Chemists:
Inorganic chemists work in:
Vietallurgicar indusiries .
Menuiasturinglindustries ke textile, cement, sugar
o Chernicals

| wianufacturing plants like fertilizer, acids and caustic soda.
(|||)th3|cal Chemists:
Physical chemists have working opportunities in energy transformation industries. They
develop new and better energy sources. They explore renewable energy fields.
(iv)Analytical Chemists:
Analytical chemists work in almost all fields of industry.

e They identify the materials, measure their quantities and control the quality of the

products.
e They evaluate the efficiency and devise techniques to enhance the production.
e They have working scope from food and beverage industry to paints and varnish
industry.

e They work even in generating units.
(v) Other Types of Chemists:
The other types of chemists are:

e Biochemists

e Food chemists

e Material chemists etc.

CHEMISTRY AS A CAREER IN INDUSTRY

=

Q.1

Ans:

Q.2

Ans:

SHORT QUESTIONS
Good communication skills promote the sale while poor communication skills often
result in inefficiency. (Knowledge Base) (Science, Technology and SOCIety Pg. # 171)
COMMUNICATION r Y

Definition: : -
“Communication is the exchange of infor'mg tlnr* t )lhe S trrwgw al |d.u vidzo, prlnt
or electronic media”. \ \ \

Good Communication SKills: /" _ -

Good copm. Inicatien skills ffe||, b G surc thiz “efricient operation of all levels of an
organizzunn, fonf inwest to' hlqr°

Poor CL_JT]Ur'I catign Sicilis: (ills:

< Pogr corpmiunidation “skills often result in inefficiency. Successful business leaders know,

n'r e ciency equals a loss of productivity and consequently, a loss of profits.

Moreover, communication can make the difference between success and failure for a company.
Therefore, in the field of chemical industry good communication skills are also vital.

What is the work of an inorganic chemist? (Knowledge Base)

Answer given above.
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CHEMISTRY AS A CAREER IN INDUS

MULTIPLE CHOIGE QUESTIONSH

1. Organic chemist has career in: (K.B)
(A) Pharmaceuticals (E) Chnierit
(C) Energy (D) Causiic soda

2. Inorgenic chainist.has tarcerin*{F.E)
(A) Fertilizers | \ (B) Petroleum
(€) rlharmaceutica.s (D) Cosmetics

=, b \Wiri<h-aae'or the following has career in almost all fields of industry? (K.B)
J [ 6 Organic chemist (B) Inorganic chemist

(C) Physical chemist (D) Analytical chemist

4. Which one of the following explores renewable energy fields? (K.B)
(A) Organic chemist (B) Inorganic chemist
(C) Physical chemist (D) Analytical chemist

MULTIPLE CHOICE QUESTIONS
INTRODUCTION
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> WO >

CHEMISTRY AS A CAREER IN INDUSTR

A
A
D
C
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CONCEPT DIAGRAM

Basic
Metallurgical

Operations | !

T lmIe A\

. alertrbiysic

¢ cathode - pure metal

| L«' e - impure metal

[ Solvay's Process J

J L

Raw Materials

* Sodium chloride
* Lime stone

* Ammonia gas

-

Caoncentration
} Pl \
')f Ore;;__y —-‘.’_.r

Refining
of Metal by

* Gravity cemaration
o |Fipth fictation pridcass .~
» Cledtromagnelic separation

° Roasting
¢ Smelting
» Bessemerization

E A

v\ _

= e

-

Basic Reactions
o preparation of ammonical brine
e carbonation of ammonical brine
+ separation of sodium bicarbonate
e preparation of carbon dioxide

p e recovery of ammonia
N

of Urea

< L

‘ Manufacture

Raw materials
° ammonia
« carbon dioxide

~

|

Origin of
Petroleum

animals &

Process
» reaction of NH, & CO°
« urea formation

« granulation of urea

. Qies_e!,gi_i'_ P
crude oil refining b\_"--._\ Uy fuel oil \ o=
fractional | | A A e o e L
digtlation.. | v |\ ®\residual oll )
| Aypito _;-"_OL‘..DCJ‘J.I LA A (A

1R \ : ° lubricants
L e paraffin wax

e asphalt

e petroleum coke

@ Advantages

® cheap raw
materials

e pollution free

e produces
pure product

* low consumption

S of fuel )

Uses

e 90% use as
fertilizer

e raw material
for explosives

(o petroleum gas
* petroleum (Ether)
¢ gasoline (Petrol)
* kerosene oil

¢

CHEMISTRY-10

361



Chapter-16 Chemical Industry

EXERCISE SOLUTION .

10.

11.

T~

MULTIPLE CHOICE QUESTIONSHES

Concentration is a: (K.R)+ I (3R\V 2014,'SGD {017, FSD 2016 G-1,11)
(a) Mixing technique ' (b} 3eparating techaiqui

(c) Boikingtechnique | |\, (d)\iCesiing technique

Froth &2tation piocess |> used taiconcentrate the ore on: (K.B) (SGD 2017)
(a) Dengity Dasis | (b) Concentration basis

(). \W'ett, ng L'a§1~ ' (d) Magnetic basis

ivlatiers'a mixture of: (K.B) (LHR 2014,15, SWL 2017)
(@) FeS and CusS (b) Cu,0 and FeO

(c) CuzS and FeS (d) CuS and FeO

In the bessemerization process: (K.B)

(a) Roasted ore is heated (b) Molten matte is removed

(c) Molten matte is heated (d) Molten matte is added

Concentration of the copper ore is carried out by: (K.B)
(LHR 2013, GRW 2013, RWP 2017)

(a) Calcinations (b) Roasting

(c) Froth flotation (d) Distillation

When CO; is passed through the ammonical brine the only salt that precipitates is:
(K.B)

(@) NaHCO3 (b) NH,HCO,

(c) Na,CO, (d) (NH 4)2 CO,

In Solvay's process slaked lime is used to: (K.B)

(@) Prepare CO, (b) Prepare quick lime

(c) Recover ammonia (d) Form Na,COg3

When NaHCOg; is heated it forms: (K.B) (DGK 2017)

(@) CO, (c) CaCOs

(b) NH,COONH, (d) CaO

Formula of urea is: (K.B) (GRW 2013, LHR 2013,14, SGD 2017)

(@) NH,COONH,4 (b) NH,COONH;,

(c) NH,CONH,4 (d) NH,CONH,

Crude oil is heated in the fractionating furnace upto: (K B).- \
IMTN 2016 G=i17, rsr) 1€ c 1§ J\Al 76 5@1)’
(a) 300°C _ ) () 350°C) | '

(c) 400°C VT @) asnec

When crugé, oil is heated In ihefractionatihg towei - (K.B)

(a) Vapours of hmhpr duiling p@-lﬁi\ﬁ acricr-condense first in the lower part of the tower
(b) Vappuis ot 1o el b ingingint fraction condense first in the lower part of tower

() Wapcurs bf hiatier-boiling point condense later in the upper part of tower

M % jagness ot higher boiling point never condense

wvhich one of the following is used as jet fuel? (K.B)
(a) Kerosene oil (b) Lubricating oil
(c) Fuel oil (d) Diesel oil
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13.

14.

15.

Ans:

Ans:

Which one of the following is not fraction of crude o0il? (K.B)
(a) Paraffin wax (b) Asphalt
(c) Fuel oil (d) Petroleum coke. -

Which one of the following is not a fractisr of petrolzuin? (K.B3.
(RWP201€ G*1_FSD 2017 G- ||)
(a) Kerosene oil ' - - (£)'Dlesal ol
(c) Alcohq! L fd) Retrod
The nitrager, présentm ureads tsed by-r nlgiits to synthesize: (K.B)
' _ (GRW 2014, RWP 2017, DGK 2016 G-1)
@) Sugar oL L (b) Proteins
(o) mate - (d) DNA
Vlitichone of the following organic compound is found in gasoline? (K.B)
(DGK 2017, MTN 2016 G-I1, FSD 2017 G-I)
(a) CoHy (b) CsHg
(c) CgH1s (d) C12H26

ANSWER KEY|

2 c 8 - i3
KX c KR 2 &) c
Kl c N J 75
s I 1015 I

EXERCISE SHORT QUESTIONS

What role is played by pine oil in the froth flotation process? (Knowledge Base)
(DGK 2016 G-11)

Hlﬂ

ROLE OF PINE OIL
The role played by pine oil in the forth flotation process is that the pine oil coated ore
particles being lighter come to the surface in the form of froth that can be skimmed
easily.
Name the various metallurgical operations. (Knowledge Base) (GRW 2014, LHR 2015)
METALLURGICAL OPERATIONS

The various metallurgical operations are as follows:

e Concentration of the ore

e Extraction of the metal ]

¢ Refining of the metal —S\ N | 7
How roasting is carried out? (Krwwledge FACJth'[I(.r Baw) N

| (BWP=216/G-1, GRW 2014, L HR 2013, 35 SWL 2015 16 G-I, 11)
ROAITING i

“Itis e pr ecegs of. |I(:'q'['1’Ig the eonee\trmed oredo a hlgh temperature in excess of air.’

Exampie. \

Copzer py e '( U e87 - 5trongly heated in excess of air to convert it into a mixture of
Lprous suinaice-and ferrous sulphide (Cu,S + FeS), while impurities react with oxygen

tc Tefnivolatile oxides.

2CuFeS, ) + O, ,—> 2FeS, + Cu,Sy + SOy, T
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4.

Ans:

Ans.

'C,)

Ans:

Ans:

Ans:

Explain process of electro-refining. (Knowledge+Application Base)
(FSD 2016 G-I, SGD 2016 G-11, MTN 2016 G-11, PSK 2016 G-
Answer given on Page # 335 - i

What are advantages of Solvay's process? {KnowledgeBase), ¢
(DGK 2016 G-11, 17, FSD 206 G-1. \-kR 2014, GRW 2015, SWL {017 AN 2016 G- ||)
ADVANTAGES OP-507TVA YIS PROCESS
The advantages of Solvay’s processiargas'fo/lows:
(i) Iths 2'chegipprocess, &siraw riatzriais ard-available at very low prices.
(ii) Carber, dicxide ard anironis-are recovered and reused.
(iii)Bocium, carnohate-ot-very high purity is obtained.
fivy 'tis pollauion free because the only waste is calcium chloride solution.
) “Consumption of fuel is very less since no solution to be evaporated.

What is the principle of Solvay’s process? (Knowledge Base)
(SWL 2016 G-11)
PRINCIPLE OF SOLVAY’S PROCE
Principle of Solvay’s process lies in the low solubility of sodium bicarbonate at low
temperature i.e., at 15°C. When CO, is passed through an ammonical solution of NaCl
called ammonical brine only NaHCO3 precipitates.
Nag,, +HCO;,, ——> NaHCO, .

What happens when ammonical brine is carbonated? (Knowledge Base)
CARBONATION OF AMMONICAL BRINE

When CO; is passed through an ammonical solution of NaCl called ammonical brine

only NaHCOj3 precipitates. Following reactions take palce in the carbonating tower.

CO, +NH, +H,0——>NH,HCO,
NH, + HCO, + NaCl——> NaHCO, + NH CI
CO, +NH, +H,0 + NaCl—> NaHCO,, + NH,Cl
Na, +HCOy,, —> NaHCO

3(aq) 3(s)
The temperature of the mixture is lowered to 15°C and precipitates of NaHCO; are
obtained.

How NaHCOg; is converted to Na,CO3? (Knowledge Base)
(GRW 2014, SGD 2017, DGK 2016 G-11)

CONVERSION OF NaHCO3; TO Na,COs ’ . y
By heating sodium bicarbonate (NaHCOs3), it can be con\mr su |rt0 qu ium cai_.r-g_qha_'{-s;
(Na,COs3). This process is called calplnatlon - WM L0
2NaHQU Y, — == Na;CO,\ +CO (g)+H Ol | -

How amnuuma |s reccvc-’ed il the \Sal /ay g pio*ncr >{(Knowledge Base)
-\ y | (LHR 2014, 2015)
AM“JNIA RECOVERY

(aq)

¢ _A_r*]moni'a'i', rechvered in  ammonia recovery tower from ammonium chloride
doiatica’ produced in the carbonated tower and calcium hydroxide formed in lime kiln.

2NH,Cl,,+Ca(OH), ——>2NH,, +CaCl,+2H,0

In fact, all ammonia is recovered in this tower and is reused in the process.
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10.

Ans.

11.

Ang:

12.

Ans:

13.

Ans.

14.

Ans:

How ammonia is prepared for the synthesis of urea? (Knowledge Base)
(GRW 2024-SWL 2028 6.1
PREPARATION OF AMMONIA i ™, | [ .
Ammonia is prepared by the “Haber’s prdcels”.-Omié\voluine Hf.nitrdgn-{frorh-air) and
three volumes of hydroges—obtainea by-pdssitig 'mathiane’aiid 'steant over heated nickel
catalyst) is passed over iroi} catiiysy au 4-5( »“C_ and 299 alrn.rressurel

34,1, G HNH

. N o(0) 2 ()~ S003m 3(0)
Describyz the fo'rmiation nfpetroleum. (Knowledge Base) (LHR 2015, MTN 2017)

N FORMATION OF PETROLEUM
(riganic Theory:
According to the organic theory, millions of years ago living plants and animals in the
seas died. Their bodies sank and burried under mud and sand. Then decomposition
process took place in the absence of air because of high pressure, temperature and
bacterial effects. This process took millions of years for completion. Thus, remains of
dead plants and animals were converted into a dark brownish viscous crude oil.

What is refining of petroleum and how it is carried out? (Knowledge Base)

(FSD 2016 G-I)

REFINING OF PETROLEUM
“Refining process is the separation of crude oil mixture into various useful products
(fractions).”
Method:
It is carried out by a process called “fractional distillation”. Fractional distillation is the
process of separating a mixture into its fractions on the basis of differences in their
boiling points by evaporation and condensation.
Give a use of kerosene oil. (Knowledge Base)
(MTN 2016 G-I, 17, GRW 2017, BWP 2016 G-I, 17, SGD 2017)
E OF KEROSENE OIL
Kerosene oil is used as domestic fuel, a special grade of it is used as jet fuel.
Describe the difference between diesel oil and fuel oil. (Knowledge Base) (LHR 2013)
DIFFERENTIATION
The differences between diesel oil and fuel oil are as follows:
Diesel Oil ‘ Fuel Oil

Number of Carbons Atoms . Ay (Ul

e . W Y (Il N Y

The number of carbon atoms in diesel [o| The nuymber of carizor ajomg-in el i
oil ranges from Cy3 to Ciz— o ranges fiom Ciste Cis. |

Its boiling'ren¢e 152507010 #59°C™ o Its boiling range is 350°C to 400°C.

. J' '--".'.-':—

4N

Uses

it is used as fuel for buses, trucks, [o It is used in industries to heat boilers
railway engines, ships etc. and furnace.
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15.

Ans:

16.

AN L%

Write down the names of four fractions obtained by the fractional distillation of
residual oil. (Knowledge Base) (SWL 201850
FRACTIONS OF RESIDUAL OIL & i
The four fractions obtained by the fractiongi distillatisnior residtal <il| a'
Petroleum gas -
Petroleum ether
oitse! oil
o =ugloil
What is the difiererice tﬂf‘wcen crude oil and residual 0il? (Knowledge Base)
(BWP 2017, SGD 2016 G-Il 17)

| - DIFFERENTIATION
i he difference between crude oil and residual oil are as follows:
Crude Oil \ Residual Oil

Definition

e It is dark brownish viscous liquid which |The left behind residue of crude oil

is formed by decomposition of dead [when it is heated at 400°C under high
plants and animals in absence of air pressure.

Products of Distillation

e It gives residual oil on fractional e On heating at 400°C it gives further

Distillation. four fractions:
(i) Lubricants (ii) Parrafin wax
(iii) Asphalt (iv) Petroleum coke

17.

Ans:

Q.1

Ans:

Q.2

Ans:

Q.3

Ans:

Q.4

Ans:

Q5

Ans:

Q€

“Ans:

Q.7

Ans:

Which petroleum fraction is used in dry cleaning?
(LHR 2013, SGD 2016 G-I, I, FSD 2017 MTN 2016 G-I1)
PETROLEUM FRACTION USED IN DRY CLEANIN
Gasoline or petrol and petroleum ether is used in dry cleaning.

EXTENSIVE LONG QUESTIONS

Describe in detail the various processes involved in the concentration of ore. Explain
your answer with the help of diagrams.

See LQ. 2 (Topic 16.1)

Explain the process of roasting with reference to copper.

See LQ.2 (Topic 6.1) — Iy

Write a detailed note on Ammonia. Solvav prno AN T RN R

See LQ.1 (Topic 16.2) \ - 1R o

Write a note on fractional wskllla‘ ion 01 pvtr'J eu”n )

See LGz 2 \Tcplr‘ 154 - \ -

How ufez s iarifactured? E nlais ;howmg the flow sheet diagram.

See L.Q.1 (Topi¢ 15.3)

TG erlide it is refined? Explain two important fractions of petroleum along with

fhei.v- usage.

See LQ.2 (Topic 16.4)

Write a note in detail on smelting and bessemerization, giving a specific example.
See LQ.2 (Topic 16.1)
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Chapter-16 Chemical Industry

ADDITIONAL CONCEPTUAL QUESTIONS

Q.1 What is meant by flux? K

Ans: A substance introduced in smelting process-iy promote fluidity,anado | emme Impuriites
in form of slag. : -

Q.2 Whatis dlfference betwetn miti¢ral'anc ore? /K. P) — (SGD 2016 G-I1)

Ans: } DIFEERIEHT IA_O_

The differzhces betveenimirieral @sd ore are as follows:

af “ﬂ_

SN Definition
J' ' _;_‘_‘The solid natural materials found | ¢ “Those minerals from which the metals
beneath the Earth's surface, which are extracted commercially at a
contain  compounds of metals in the comparatively low cost with minimum
combined state along with earthly effort are called ores of the metals”.
impurities, are called minerals”.
Nature
e All minerals are not ores. e All ores of the metals are minerals.
Examples
e Rocks salt, hematite, gypsum etc. e Ores of copper are; copper glance

(Cu,S) and chalcopyrite (CuFeS,).
Q.3  Describe the difference between gasoline and kerosene oil. (Knowledge Base)
Ans: DIFFERENTIATION

Gasoline ‘ Kerosene

Number of Carbons Atoms

e The number of carbon atoms in diesel |¢ The number of carbon atoms in fuel oil
oil ranges from C; to Cyo. ranges from Cypto Cyp.
Boiling Range ¢
e Its boiling range is 80°C to 170°C _ [e( 'ts boi%ingirange i 17C°C To *‘00“_'_'j
— USes RIRLRIRREEE

e Used ) uel in.<noetor u)CLfS thcr—ro Lseu as domestic fuel a special grade
cars ana other ‘_ig'jt vehicles, If folsstvryc of it is used as jet fuel.
wolzile!, than "k"ﬂrbsenc oil. It is also

RRE 20 i Ary cieaning.
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TERMS TO KNOW

e | omtos e (AU

The solid natural materlals found benegik the Fa’h; SWACR ~diign

Minerals contain  compouna rf metilsiii the cerab. ned stae ¢ Iong with earthly
impurities, aie ¢a.led minzrls,
I Tiose miinelals frora, which: the netals are extracted commercially at a
Ores somperalivel “Yfow cost with minimum effort are called ores of the
r‘.]btdls.
‘(J ________ The earthly and other impurities associated with the minerals are known
angue
g as gangue.
The process of extraction of a metal in pure state on a large scale from its
Metallurgy . . .
ore by physical or chemical means is called metallurgy.
The process of removal of gangue from the ore is technically known as
Concentrate . - i
concentration and the purified ore is called the concentrate.
Gravity Gravity separation is based on the differences in densities of the metallic
Separation ore and the gangue particles.

Froth Flotation
Process

Froth flotation process is based on the wetting characteristic of the ore
and the gangue particles with oil and water, respectively.

Electromagnetic

Electromagnetic separation is based on the separation of magnetic ores
from the non-magnetic impurities by means of electro-magnets or

Separation .
magnetic separators.
i It is a process of heating the concentrated ore to a high temperature in
Roasting .
excess of air.
. It is further heating the roasted ore with sand flux and coke in the
Smelting

presence of excess of air in a blast furnace.

Bessemerization

It is the further heating of the molten matte in a pear skapeu beS“c" )
converter. \ AN \

4N

Blister Coprer:—
PPel | S fdce of the snll

The molten_metal i5 guftpﬂ from *hv ¢onv =rLer to sa 1d Foulds and IS
allowed to cpol. jite dh ,olved rdses esca 12/ oUT formmg blisters on the
cop‘acr T.‘.c*refore it is called blister copper. It is
a.\out 98% pwa ropper It is further refined by electrolysis.

Elac tl Qlytic |
' ! f X ‘ 'Reflnlng the impure metal by electrolysis is the most widely used process of
|| e nun 0
9 refining metals.
Metal
Matte During smelting of copper ore cuprous sulphide and ferrous sulpide form
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a mixture (Cu, S .FeS). This molten mixture is called matte.

Concentration

concentration and the purrfred are is called-thie cancenirate:”.

Slag

Principle of
| Seivay.2 Frocest

- - ¥ —_— _|
The process of removal of gangue from the ore is techn-cally _knovm s

When flux combinef with S2aague it will Tr:)rm Ia1 Whl' h be.ng Ilghter in

| weight and fi 0afs/or: the 1hoiten rnatal

— L 4 L u

P.r.r(‘lpl’ o1 Se va)'s Frecess iies in the low solubility of sodium

|| icar bt)mte at o temperature I.e. at 15°C. When CO;, is passed through
an u.nmonlcal solution of NaCl called ammonical brine, only NaHCO;3;

precipitates.

' '_I'echnology

Technology is considered a consequence of science and engineering.
Fertilizer Fertilizer is a substance added to soil to improve plants growth and yield.
Natural Natural fertilizers contain all natural, biodegradable materials from
Fertilizers livestock and human waste and foliage of plants.
Chemical Chemical Fertilizers include one or more of the three elements most
Fertilizers important for plant nutrition; nitrogen, phosphorus and potassium.
It is a complex mixture of several gaseous, liquid and solid hydrocarbons
Petroleum ) . -
having water, salts and earth particles with it.
. The process of separating a mixture into its fractions by evaporation and
Fractional . . . . . - L
o condensation on the basis of difference in their boiling points is called
Distillation . T
fractional distillation.
) . The left behind residue obtained after the fractional distillation of crude
Residual Oil

oil which does not vapourize at 400°C is called residual oil.

Self Sustained
Chemical Chain
Reaction

A self sustained chemical chain reaction is a complex reaction that
requires fuel, oxygen and heat energy to come together in a very specific
way.

Communication

Communication is the exchange of information to others. rlrui._lgh e

- i
_|.....
-

video, print or electronic medis. Y N \ e

Diesal Oil

________._ —— = LA

The number of carbon atomQ in aiesel\oi rarrges roim C13 oL,

.——'—-— —'—.— —-—-—— —
i L 1 [ |
& §

L1 .--r.-'"v.-_ LY = Lo
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SELF TEST

Time: 35 Minutes 1¢
Four possible answers (A), (B), (C) and ‘D) to each memou are given, marlk-che

Q.1

1.

Q.2
(1)
(i)
(iii)
(iv)
(v)

Q3
| 1

i)

correct answer.
Red hair contains:

(A) Titaniam, compousius

© Iror-‘o"':o'np_el compaunds | "(D) Alkali metals
Biister cop’ﬁef cor.atains pure copper:

N (B) 99%

(C) 98% (D) 92%
Formula of urea is:

(A) NH,COONH;, (B) NH,COONH;
(C) NH4CONH, (D) NH,CONH,

Temperature required for the production of ammonia is:

(A) 400°C (B) 450°C
(C) 425°C (D) 500°C
Fauji fertilizers contributes market shares:

(A) 55% (B) 61%
(C) 56% (D) 59%
Composition of petroleum ether is:

(A) C2toCyp (B) Csto Cy
(C)Ci3to Cys (D)CtoCy

Give short answers to the following questions.
What do you mean by gangue?

What is the difference between slag and mat®?
Give reaction for the formainn of ar*"moma7
What do yes mean by mlcma wn) L

What i "ﬂe plmc1 jie cf ol o4l S“o\mt.” 7~

Angy /er._the.fo{Iom_ur,q-queatlons in detail.

A ".‘D'eé'c_ri’m E&ssemerization along with diagram?

Write a note on manufacture of urea.

_AB} iAaly5denum compounds

~ Marksy2E

\Oxl 6)

(5x2=10)

(5+4=9)
®)
(4)

NOTE: Parents or guardians can conduct this test in their supervision in order to check the skill

of students.
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