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Chapter 1: Water Technology and Green Chemistry
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Impurities in water, hard water, hardness of water, its types, units of hardness and hardness calculation. Chemical

analysis of water by determination of hardness by EDTA method. Alkalinity of water and its determination.

Numericals on EDTA method and alkalinity. Disadvantages of hard water in boilers. Water softening techniques :

Permutit and lon exchange method. Water purification by reverse osmosis and electro-dialysis. Dissolved Oxygen

(DO), Biological Oxygen Demand (BOD) and Chemical Oxygen Demand (COD).

Introduction of Green Chemistry : Definition, goals, principles and green synthesis of Polycarbonate.

\
T.1  IIIEEOAUCHION cotureveseeruseessseeessseeesseeesssesssssesesssesssssesss e s8R 888 E 848888 E SRR R0 1-2
1.2 SOUICES Of WALET .uueuuieereeeueeuseessseesssesseesssessssesssessssesssessssesssse s s e st xR £4 SR8 £ RS SRR ER 1R 1R EE AR SRR SRR AR ARt 1-2
1.3 IIMPUTITIES 11 WALET oottt seesesses s sesssess s ssses bbb s8££ R AR bR 1-3

1.3.1 TYPES Of IMPUITEIES TN WALET ..ceureerreeeetneeseeesseiiseessitassesssestsesseesssessses s ss s s s s b s s e neen 1-3
1.4 HATANESS Of WALET ..uvveeeeeeeseesuseeesseeessseeessseessssesssssesesseessssiessssesess o888 E8 £ 8RR R8RS 85 R E R R RS0 1-4
1.5 TYPES Of HATANESS covvurreeureurerseesseessssesssssssssssssssssssssssesssssssssssssessssssssssssssssssssssassssssssessssesssnssssnssseesssnsssansssmesssassssssssnesssnsssmssssnssssssssnssssssssnsens 1-4
1.5.1 Temporary or Carbonate or AlKaling Hardness ... seessemsseseessssssssssesssessssessssssssssssssssesssssssessanees 1-4
1.5.2 Permanent or Non-carbonate or Non-alkaline Hardness ......cceeeneenesssesssessssssssesssesssessssssssesssssssans 1-5
1.6 MeEASUIEMENT Of HATANESS .. cuueerieuiiiueesseeesseessesseeessessssessseesssesssessssess s ssses st ess R8s E s R R RS E AR R bbb 1-6
1.6.1 Calculation of EQUIValents 0f CACO3 ... ssessssesss s sssssssssss s sssssesssssesssssssssssssssssssssssssssssssssssess 1-6
1.7 UNIES Of HATANESS ..vcvureeiureeuseesssesseessseeseesssesseesssessssessseesssessssesssesssssssssesssessssesssessssessssesssessseesssesssesssessasessssesssessssessseesssesssessssessssesssessasessseseas 1-7
1.8 Determination 0f HArANESS Of WateT ... eereereerseesseesessssesssessseesssessssesssessssssssessssesssessssessssesssessssesssessasesssessssesssesssessasessssesas 1-8
1.8.1 Determination of Hardness by EDTA MethOd .......ccoueeeeneemeeeeersesseessessssesssesssssssesssesssssssessssssssessssssssesssssssans 1-8
1.8.2 Principle Of EDTA METROM ....ciirierieeriseisissessssesssssssssssssssssssssssssssssssssssssssssssssssesssssessssssssssssssssssssssessssssssssssssssnsess 1-9
1.8.3 Procedure fOr EDTA TItIatiOn o oreerreesseeesseesssesssessssesssessssesssssssssssssesssesssssssssssssessssssssesssssssssssssessssssssassssssssesssssssans 1-9
1.8.4 Problems based on Calculation of Hardness by EDTA Method .......osssssssssssss 1-10
1.9 ALKRALINIEY ¢ooeeeeuseeerssseeeessssieessssseeesssseeesssseeeesssseessssseeessssseseessssesessssseseess s eess s eess e o881 E 8RR AR AR R AR R AR RS 1-13
1.9.1 Determination Of AIKAIINITY ......cceeeseerseesseesseeseesseesessssesssesssessssessssesssessssssssessssesssessssssssessssessssssssessssssssssssessseseas 1-13
1.9.2 8 0 Yo=Y L PP 1-14
1.9.3 Problem Dased 0N AIKALINILY ... sessssessssesssssessss s ssssse s sssssessssssssssesssssesssssesssssssssnes 1-15
1.10  Disadvantages Of HArd WA ........oeeremeesseesiessssesssssesssssesssssesssssesssssesssssssssssesss s ssssse s s s ssssssssssssssssesssssesssssesssanes 1-18
1.10.1  Bad Effect of Hard Water 0N BOILET .....ieinineisessnsessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssess 1-19
1.10.1(A) Priming and FOAMING ....oceereeueeesreesseeeseessseesseesssessssesssessssessssesssessssesssessssessssssssessssesssessssessssesssessssesssessssessssssssessssssssssssees 1-20
1.10.1(B) BOIlEr COITOSIOMN ccvuuueeeuseeesreesseeesseesseessseesssessseessseesseesssessssesssessssessssesssessssesssessssesssessssessssesssessssessssesssessssessseesssessssssssessssessssssssees 1-21
1.10.1(C) CaUuSHIC EMDIITEIEIMENT ...veeoeeeeeeeeeseesseeesseessseesseessseesssessessssessssesssessssessssssssessssssssessssessssssssessssssssessssesssessssessssssssessssesssssssnees 1-22

2 TechKnowledge



ﬁa Engineering Chemistry Table of Contents

1.11

1.12

1.13

1.14

1.15

1.16

1.10.1(D) Sludge and SCAle FOTTNATION ..cuueuuieeureesseeesseesseessseesssesssessssessssesssessssesssessssessssesssessssessssssssessssssssessssesssessssassssssssessssssssssssess 1-23
TTEALIMEIIT Of WAL «.covceeieeeeeeetseeseeesseetseessessssess e s ss bbb s8££ RS E £ R e R R E £ E SRR R Rk R b 1-26
L.11.1 SOFEENING OF WALET ..cceuieeueeeeeeueesseesseessseessessssesssessssessssessses s s s s s e AR R S ReE RS R AR R bbbt 1-26
1.11.2  ZeOlite OF PEITNULIE PTOCESS w.couurvuueerueeeusesessessssesssssesssssesssssesssssesssssesssssesssssesssssessss s ssssesssssesesssesssssessssesssssesssssesssssesssnnes 1-26
1.11.3  Ion Exchange Process / Demineralization/ Deionization ProCesS ... reermeemeesssisssesseessesssesssnens 1-29
1.11.4  Comparison between Ion-Exchange Process and Zeolite ProCESS ......creeeeeriemssssseessssssssssssssssseanens 1-32
1.11.5  Problems Dased 0N ZeO0lite PrOCESS ..cuieeeseeesesssseessessssessessssessssssssessssess st sssssssss s b sssessssesssssbssesssssssssssssees 1-33
PUTTTICAION Of WATET .e.iuueeeieeeeeeseetreeseeessesseesssesssse st sssseesseess bbb s bR E RS SEEAEEEeEEeER Rk b e 1-40
1.12.1  ReVEIrSE OSIMOSIS (RO iuuiuuieuierreeseesssesseessseessessssessssesssessssessssesssessssesssessssessssssssessssesssessssesssessssessssssssessssessssssssessssssssssssnees 1-40
1.12.2  ElECtrOdialySiS (ED) .o iueeerreeueerreeseesssessseesssesssessssessssesssessssessssesssessssesssesssiassssssssessssssssessssessssesssessssesssessssessasssssessnssssssssnens 1-42
Wastewater - Types, CharacteristicsS and ReGUIATION .......cuuereemereesseeseessesssisseessnessssssssesssessseesssesssesssssssssssssessssissssssseesas 1-44
1.13.1  DiSSOIVEd OXYZEN (DO cueeurerueerseermeesseessseesssessseesssesseesssessssesssiesssessssesssessssesssessssessssesssessssesssessssssssessssesssssssessssesssesssssssanees 1-44
1.13.2  Biochemical Oxygen Demand (BOD) .....cimiiiesessesessssssssssssssesssssesssssssssssssssss st sssssssssssssssssssesssans 1-44
1.13.3  Chemical Oxygen Demand (COD) ... eesisessssssssssesssssssssssssssssssssesssssesssssessssssssssesssssstisssesssssssssssesssans 1-46
SOIVEA PTODIEINS w.oveueeiieeeeteeeetssesteeesesssssesse e s s s s s s e 48R 8 £ R R Rkt 1-47

1.14.1 Problems based on Carbonates and Non Carbonates Hardness

(Total, Permanent, TempPOTrary HArANESS) ... ererreerreeseesssesssesssessssessseesssesssessssesssssssessssessssessssssssssssessassssssssasees 1-47
INErOAUCION Of GIrEEN CHEIMISTIY ... veuurerueeuseeeseesseessseessseesseessseesseesssessssessseesssessssessseesssessseesssessssessseesssessseesssessssessseesssessssesssessssesssssssees 1-52
1.15.1  GOQlS Of GIrEEN CREMUSLIY wovvuvvveuseceessiesesseesssesesssesesssesssssesssssesssssesssssess s ias s ss s s 1-52
1.15.2  PrincCiples Of Green CREMISTIY ... ierresseesseeesiisess s sesssssessssesssssesssssessssesssssesss s ss s sessssssssssssssssesesssesssans 1-52
SYNEHESIS Of POLYCATDOMATE .....evurriresiireeerseeseeessseesisesssessas s s st 1-56

UNIT II

Chapter 2 : Instrumental Analysis and Battery Technology 2-1 to 2-26
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a) Electrochemistry : Fundamentals of an electrochemical cell, EMF of cell, reference and indicator electrodes and
Nernst Equation.

b)  Basic principles, instrumentation and applications of :

Battery technology : Introduction and types of batteries, construction, working and applications of Lithium ion

battery, charging and discharging reactions at respective electrodes.

i) Conductometry : Introduction, Kohlrausch's law, measurement of conductance and conductometric titrations

of strong acid versus strong base, strong acid versus weak base and mixture of acids vs Strong base.

ii) pH metry : Theory of buffers and preparation, standardization of pH-meter, titration of weak acid versus

strong base, simple and differential plots.
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UNIT III

Chapter 3 : [Spectroscopic Techniques 3-1 to 3-38

Ve

(a)

(b)

Spectroscopic techniques: Ultra Violet and IR spectroscopy

UV Spectroscopy : Nature of electromagnetic radiation and its characteristics. Interaction of matter with UV
radiations leading to different electronic transitions. Beer’'s & Lambert’s law, their derivations and applications.
Instrumentation of UV -Visible specrophotometer. Terms used in UV spectroscopy- chromophore, auxochrome,

bathochromic shift (red shift), hypsochromic shift (blue shift), hyperchromic and hypochromic effect.

IR spectroscopy : Principle, Condition for IR Spectroscopy, types of vibrations (stretching and bending),
Different regions of IR spectrum such as fundamental group region, finger print region and aromatic region.

Instrumentation of IR spectrophotometer with applications.
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a) Polymers : Definition, classification of polymers on the basis of thermal behavior, reaction mechanism of free
radical and condensation polymerization with suitable examples. Advanced polymeric materials : Structure,
properties and applications of liquid crystal polymer - Kevlar, conducting polymers - Polyacetylene,
electroluminescent polymer - PPV, biodegradable polymers - PHBV, polymer composite - fibre reinforced
polymer and recycling of polymers.
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