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Knowledge of basic concepts of Chemistry for Engineering students will help them as professional
engineers later in design and material selection, as well as utilizing the available resources.

COURSE OBJECTIVES

e Importance of usage of plastics in household appliances and composites (FRP) in aerospace
and automotive industries.

e OQutline the basics for the construction of electrochemical cells, batteries and fuel cells.
Understand the mechanism of corrosion and how it can be prevented.

e Express the increases in demand as wide variety of advanced materials are introduced; which
have excellent engineering properties.
Classify and discuss the materials used in major industries like steel industry, metallurgical
industries and construction industries and electrical equipment manufacturing industries.
Lubrication is also summarized.

e Relate the need of fuels as a source of energy to any industry, particularly industries like
thermal power stations, steel industry, fertilizer industry etc., and hence introduced.

e Explain the importance and usage of water as basic material in almost all the industries;
interpret drawbacks of steam boilers and also how portable water is supplied for drinking
purposes.

UNIT I: POLYMER TECHNOLOGY 8 hrs
Polymerisation:- Introduction, methods of polymerization (emulsion and suspension), mechanical
properties.
Plastics: Compounding, fabrication (compression, injection, blown film and extrusion), preparation,
properties and applications (PVC, polycarbonates and Bakelite), mention some examples of plastic
materials used in electronic gadgets, recycling of e-plastic waste (waste to wealth).
Elastomers:- Introduction, preparation, properties and applications (Buna S, thiokol and
polyurethanes).
Composite materials: Fiber reinforced plastics, conducting polymers, biodegradable polymers,
biopolymers, biomedical polymers.

Course Outcomes: At the end of this unit, the students will be able to

e Analyze the different types of composite plastic materials and interpret the mechanism of

conduction in conducting polymers.

UNIT Il: ELECTROCHEMICAL CELLS AND CORROSION 10 hrs
Single electrode potential, electrochemical series and uses of series, standard hydrogen electrode,
calomel electrode, construction of glass electrode, batteries (Dry cell, Li ion battery and zinc air
cells), fuel cells (H2-O2, CH30H-0-, phosphoric acid and molten carbonate).

Corrosion:-Definition, theories of corrosion (chemical and electrochemical), galvanic corrosion,
differential aeration corrosion, stress corrosion, galvanic series, factors influencing rate of corrosion,
corrosion control (proper designing and cathodic protection), Protective coatings (surface preparation,
cathodic coatings, anodic coatings, electroplating and electroless plating [nickel]), Paints
(constituents, functions and special paints).
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Course Outcomes: At the end of this unit, the students will be able to

e Utilize the theory of construction of electrodes, batteries and fuel cells in redesigning new
engineering products and categorize the reasons for corrosion and study methods to control
corrosion.

UNIT I1l: CHEMISTRY OF MATERIALS 10 hrs
Part- A:
Nano materials:- Introduction, sol-gel method, characterization by (Brunauer Emmet Teller [BET]),
(scanning electron microscopy [SEM]) and (transmission electron microscopy [TEM]) with example
(TiO2), applications of graphene and fullerenes, carbon nanotubes (types, preparation and
applications)
Thermal analysis techniques: Instrumentation and applications of thermogravimetric analysis
(TGA), differential thermal analysis (DTA), differential scanning calorimetry (DSC).
Part-B:
Refractories: - Definition, classification, properties (refractoriness, refractoriness under load, porosity
and thermal spalling), failure of refractories.
Lubricants: - Definition, mechanism of lubricants, properties (definition and importance).
Cement: - Constituents, manufacturing, parameters to characterize the clinker formation: lime
saturation factor (LSF), silica ratio (SR) and alumina ratio (AR), chemistry of setting and hardening,
deterioration of cement.
Course Outcomes: At the end of this unit, the students will be able to

e Synthesize nanomaterials for modern advances of engineering technology.

e Summarize the techniques that detect and measure changes of state of reaction.

e lllustrate the commonly used industrial materials.

UNIT IV: FUELS 10 hrs
Introduction, calorific value, higher calorific value, lower calorific values, problems using Dulong’s
formula, proximate and ultimate analysis of coal sample and their significance, numerical problems,
petroleum (refining-cracking), synthetic petrol (Fischer Tropsch and Bergius), petrol knocking, diesel
knocking, octane and cetane ratings, anti-knocking agents, Introduction to alternative fuels (Bio-
diesel, ethanol, methanol, natural gas, liquefied petroleum gas, compressed natural gas), Flue gas
analysis by Orsat apparatus, rocket fuels.
Course Outcomes: At the end of this unit, the students will be able to
e Differentiate petroleum, petrol, synthetic petrol and have knowledge how they are produced.
e Study alternate fuels and analyse flue gases.

UNIT V: WATER TECHNOLOGY 8 hrs
Hardness of water, determination of hardness by complexometric method, boiler troubles (priming
and foaming, scale formation, boiler corrosion, caustic embrittlement), internal treatments, softening
of hard water (zeolite process and related sums, ion exchange process), treatment of industrial waste
water, potable water and its specifications, steps involved in purification of water, chlorination, break
point chlorination-desalination (reverse osmosis and electro dialysis).

Course Outcomes: At the end of this unit, the students will be able to
e Analyze the suitable methods for purification and treatment of hard water and brackish water.
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Standard Books:

1. P.C. Jain and M. Jain “Engineering Chemistry”, 15/e, Dhanpat Rai & Sons, Delhi, (Latest
edition).

2. Shikha Agarwal, “Engineering Chemistry”, Cambridge University Press, New Delhi,
(2019).

3. S.S. Dara, “A Textbook of Engineering Chemistry”, S.Chand & Co, (2010).

4. Shashi Chawla, “Engineering Chemistry”, Dhanpat Rai Publicating Co. (Latest edition).

Reference:

1. K. Sesha Maheshwaramma and Mridula Chugh, “Engineering Chemistry”, Pearson India
Edn.

2. O.G. Palana, “Engineering Chemistry”, Tata McGraw Hill Education Private Limited,
(2009).

3. CNR Rao and JM Honig (Eds) “Preparation and characterization of materials” Academic
press, New York (latest edition)

4. B. S. Murthy, P. Shankar and others, “Textbook of Nanoscience and Nanotechnology”,
University press (latest edition)
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Course Objectives

* Qutline the basics of computational chemistry and molecular switches

» Outline the basics for the construction of electrochemical cells, batteries and fuel cells.
Understand the mechanism of corrosion and how it can be prevented.

* Importance of usage of plastics in household appliances and composites (FRP) in aerospace and
automotive industries.

* Explain the preparation of semiconductors and nanomaterials, engineering applications of
nanomaterials, superconductors and liquid crystals.

* Recall the increase in demand for power and hence alternative sources of power are studied due
to depleting sources of fossil fuels. Advanced instrumental techniques are introduced.

. No. of Total
Uant Outcomes Name of the Topic Periods | Period Referen |- Methodology
0 . ce Book | tobe adopted
required S
Unit-1
CO 1, CO3, | Introduction, methods of polymerization 1 Black Board
CO4
Polymerisati Emulsion and suspension 2 Black Board
on, Plastics, Polymerization
Elastomers Mechanical properties of Polymers 1 Black Board
Compounding, fabrication 1 E- CLASS
ROOM
compression, injection moulding 1 Black Board
blown film and extrusion 1 T1. T2 E- CLASS
| 14 R’ZO ROOM
reparation, properties and applications
(FI;VFC):, poncaFr)boFr)lates and BaF:(F()alite) 2 Black Board
plastic materials used in electronic 1
gadgets
recycling of e-plastic waste 1 Black Board
Introduction, preparation, properties and 1 Black Board
applications (Buna S, Thiokol and
polyurethanes
Fiber reinforced plastics, conducting 1 E- CLASS
polymers ROOM
biodegradable polymers, biopolymers, 1 Black Board

biomedical polymers




Unit-2

CO 1, Single electrode potential, electrochemical series Black
C03,C04 and uses of series Board
Single standard hydrogen electrode, calomel electrode, Black
electrode construction of glass electrode Board
potential,  Matteries (Dry cell, Li ion battery and zinc air E-
Corrosion  cells), fuel cells (H2-02, CH30OH-02, phosphoric CLASS
acid and molten carbonate) ROOM
Definition, theories of corrosion (chemical Black
and electrochemical), galvanic corrosion, Board
differential aeration corrosion, stress corrosion T1. T2

1 galvanic series, factors influencing rate of 12 R,20 Black
corrosion, corrosion control (proper designing Board
and cathodic protection
Protective coatings (surface preparation, cathodic Black
coatings, anodic coatings, electroplating and Board
electro less plating, Paints (constituents,
functions and special paints).

Unit-3
. Black
Introduction, sol-gel method Board
characterization by (Brunauer Emmet Teller Black
COL, CO2, IgeTy) Board
Co3 applications of graphene and fullerenes, E-
Nano carbon nanotubes (types, preparation and CLASS
materials, | olicati ROOM
pplications)
Thermgl Instrumentation and applications of Black
anal_yS|s thermogravimetric analysis (TGA), Board
techmques, differential thermal analysis (DTA),
Lubricants, differential scanning calorimetry (DSC).
Cement Definition, mechanism of lubricants,

i properties (definition and importance). 10 T1, T2
Constituents, manufacturing, parameters to R20 Black
characterize the clinker formation: lime Board
saturation factor (LSF),

silica ratio (SR) and alumina ratio E- CLASS
(AR),chemistry of setting and hardening, ROOM
deterioration of cement..
Black
deterioration of cement Board




Unit-4

CO 1, COs, Introduction, calorific value, higher Black Board
CO4 calorific value
FUELS, i5ver calorific values, problems using Black Board
Introduction, ) - :
svnthetic Dulong’s formula, proximate and ultimate
>|,oetro| analysis of coal sample and their
(Fischer significance
Tropsch and
Bergius)
numerical problems, petroleum (refining- E-CLASS
cracking) ROOM
synthetic petrol (Fischer Tropsch and Black Board
Bergius)
v petrol knocking, diesel knocking, Black Board
anti-knocking agents 16 Black Board
Introduction to alternative fuels (Bio- gﬁl&
diesel, ethanol, , natural gas, liquefied
petroleum gas, compressed natural gas)
. Black
Fl I
ue gas analysis by Orsat apparatus Board
rocket fuels E-CLASS
ROOM
. Black
octane and cetane ratings Board
Black
methanol. Board
CO 1, CO2, Unit-5 Black Board
C03, CO4
Hardness of
water, Hardness of water, determination of hardness Black Board
potable by complexometric method
water and its |boiler troubles (priming and foaming, Black Board
specification scale formation
S boiler corrosion, caustic embrittlement) E-CLASS
T1, T2 [ROOM
\ internal treatments, softening of hard water 12 rRoo | Black Board
(zeolite process and related sums, ion
exchange process)
treatment of industrial waste water, Black Board
potable water and its specifications
steps involved in purification of water, Black Board

chlorination, break point chlorination-
desalination (reverse osmosis and electro
dialysis).




Standard Books:

1. P.C. Jain and M. Jain “Engineering Chemistry”, 15/e, Dhanpat Rai & Sons, Delhi, (Latest
edition).

2. Shikha Agarwal, “Engineering Chemistry”, Cambridge University Press, New Delhi,
(2019).

3. S.S. Dara, “A Textbook of Engineering Chemistry”, S.Chand & Co, (2010).

4. Shashi Chawla, “Engineering Chemistry”, Dhanpat Rai Publicating Co. (Latest edition).

Reference:

1. K. Sesha Maheshwaramma and Mridula Chugh, “Engineering Chemistry”, Pearson India
Edn.

2. O0.G. Palana, “Engineering Chemistry”, Tata McGraw Hill Education Private Limited,
(2009).

3. CNR Rao and JM Honig (Eds) “Preparation and characterization of materials” Academic
press, New York (latest edition)

4. B. S. Murthy, P. Shankar and others, “Textbook of Nanoscience and Nanotechnology”,
University press (latest edition)

Faculty Member Head of the Department Principal
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hoddent on cooling 5 knownt A3 thegmoplastics -

o Polgthene , ?Oflqufmqfcﬁ(oﬁdfz (pPvC)

www.Jntufastupdates.com 11



Thatmo setting plastics o) Tharmo hazdening plastics *
The plastics which canviot comverts into
S0ft state by apphying heal ©7) pressure ence lhey a76 tn fixed
Sstalo ex: pakelito, nylov-66.

[X . e
Therwoplastics Thermoseing plastics

I The Plastics which aze spften | Tho plastics conmot Converts z’nfc;‘ |
on habing and havden on  \soft stote by appyling heat 67)
Cooling & kvioww a5 therwo  |pyessuae once thty e mflxed
il plastics. stato - |

3 It wndeaqocs additional  |9. Tt wndetgoes condensation
- polywerisation- - | polymersation

2 These ar6 Toversible PIOCES| 9. TALHC 0T0 Grreversible, process

HThese at6 (inead shaped |4 Theso aro C3055- [inked polymer

|
1
1
)
|
|
. Polymers.

5‘5- These az6 soluble (n oyganic|5.These ave nso(nble in 079anic
- solvent sofyent

b+ Thest plastics havo [ess 6 Thest plastics (ave styong

vandes waals forces. - £o electyostatic forco of atyaction.
. W56 ! _ o )

7. T +his we eve same I I 4his we nse Jifferent

MoNomeTs » ‘—momomows-

o pobgtiene; Teflon  pvc | D bakelite , yylon-6,6-

E—— -

[
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Advautoqes of plasties over tyadrtional waterials

I Light T woight
< Low o5t

5+ N0 coarosion
h- Mo damage 6y (nsects

5. easilyy maimtenance
6. different Colonas
T tasy foy travisportation

g. wide romge and shape
Disadvanfages:
[ non- Ba‘od@cg'mbfc

2. Increase pollutivon
3. Spoil the fovest

by Contaol the FETtility of soi(
5 - Tisk for aquatic animals:
6-  Plastics aro Soft

+ ot suttable for Cook{mg

www.Jntufastupdates.com



| oo o plaliy -
The  (Plocess of ernliingy o ewo Plolies
Voliy 'SPELEQ[ @ n?szu_nf?‘ ds c’ie,\féﬂor/s A{)eci‘af, @lqﬁdfeﬁ like Lonle

A(ﬁenaff?, telsug | C\/uanﬁﬁ‘ Y Mn? qmgulcﬂﬁgr i Arouon og
Corpounding o Ploiics.
1, %@%2- Bieder U He \Narj'eb WM
i pode  wvateral . Birdes WMGWW%
- Th :
St Thewoplaffic Thetesetive podics.

» lley - filews” are cleap ot o erg?nrccﬂpm&dum

wialesnl - B Presae cptmm%- and  steduce W‘lﬁ%#‘“@

“  Clolyli @) Hededtos - Trew e wal 45 Converls Juitle
‘é‘."““ilon—} %\OJ%WJ(BQI@%L FPQ’LOI‘:A& E,EIT’

5 Hobilises'- T ot added & e ploify,

el dabillly  duitg Mouldig

www.Jntufastupdates.com 14

d:&‘.‘fmpts@



N

Lo vty dead, fead Wis, admium ard Bastum Woculer
= -~ elz.

G, -@U@ Retoudanls = These ate  added 15 rp{mh/c o) Pﬂte@f Jsu,mma(

—Eﬂ,{_'_—- fV\C-x[ﬁ.—te, nf] Botax ard  eetic aid -
Y Clewanl - Thee o e{cann{a ard C?nmaanic rP.%Mmtr wed 5
e Celew, ¥6 H&  platic  aile.
:E;}_'r‘ Boturm &) Trosun pgﬁ{;ﬁj
Lﬁﬂfﬂ;@\ﬂ%%@vﬁwm‘[&m
Cdl(mﬂq};uﬂa— "ok
o dyet — Fellew, ctarqe, @l
TCJ.(:M@« g&(})mé (1) MSEM:%
eb‘lmf,io/ffc avalental LT aﬂih(nsr Dteai‘ardfpﬁe&&me,madrﬂ
oueuder  ds colled I\/tguUumr,

) Corprestion Meuuﬁ/

& Ljedin  Aoulding

3, Fodsiuien Ma_nﬂoqmcr
1) Wﬂ pﬂ&&}ﬁ"f

CmnP:m«stew’L mf\suh;ﬂch i a wvelfed OLPTJLEJ‘E
ot ﬂmmqu@mdmmwﬂfzﬂa @wﬁﬁmwm@
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it dilled  wsth plode Powdes s Tren W ey avsulder and upper 1
ooddes e clord and oppled deak anel presie . Vit codiey o
reuder, thw Jlade poader coneded i flidied [l and A5
alficle, % & doken oub from HT wvoulder .

Ce H"\PJ‘Q IO

. _ J] N » \[ \// \
Zd P E A 27T 7
/ /7 Ar S L
’ / ",'//' 7,
’ / s

;f/f—-—y ’T&F Meulder,

), The wveuldess ard  avadine ot U ey -QBLOLO{\&V\CB"‘TBJEJ:QH
2P Mo weliod  we dhould CpAcpase &fxa,:e Corfselled Q)L-tc,p_e,g
@@@_ﬂbﬁg' -

L 20 B ovelfid uﬁ%h‘@d&ﬂiﬁw ‘g%@’tmuxe-ﬂfese e
\f@uT Jnicd& el "

2, Dn ﬁh‘% uwaicﬂf;uv oo ue, Aheuld ‘P‘LF‘WL iﬁ{amﬁfm@/
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oo~ Cilonbial oo of oifices, Stbles, Gt Soctel
Met,de @g_@n@! P@u(_ﬁtu / {P(MGD:C ‘i‘u(js J Um(ﬁlﬂa "j’wiﬁf 7 |
Butle  steppes.

2, Q;_’_ndeig.iﬁ Meulding -

Tros wvelled 1 oprliable for oy Hrumoplasdics-
o conitlr o dwoper dn bt ol poedey B foken - The
Powdes, 4 ofbied  drls @ Jeated udfn&mtcuaﬂmuﬁ&ﬂmagﬁo
@frwm@rc(qimﬁu,ak:remﬁifzfpw;ﬂwia tonerted ®lo fluidised
Plode wteied afs o codl wveulder Then Wz Poule 1 conered

"ﬁ&r_c\_\emeiiam
Cew

Al -

, @n #mia uvetled we&WWony.ce&rjimﬁ&ajﬁdﬁ. |

3 Ok alo doe codtled wckn?wdm@.

@%ﬂﬁ- |
qeuMmMMaMmTMQMM%Wm% |

Fxaredlon - Helroelr, last, buckels ?[aﬁffhwmcgé)cpo utxamffmd ffawgJ
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|0

1B, Fodriuien Mouldirg:

. Tir  ovelfod & Qpﬁcq% 69\, 5&% iﬁa‘%l‘ﬁtrf-lw,ﬁct{
WK contly @ onlm, an  whiely r’)[mffc rPowrl% u Taken: The
(Pmo&uacﬂ it edleted e a Jeated le (ndaical charber ot i3
_l\el]o &6 Jﬂb\ﬂr&aa V]iuncqe», ab o3zl HZ Cl)euziw U Corveded

o pludied  plalie. s flutdiced  plastle eEud difs o el
sveuldey - Then i@ Padic & coneted SAp adlicle.

%WQ%&W‘E&M&%

X, “Trewno — /Sef.&nrﬂr q;{mt% ag  Taevesille PAocex
@‘5— g-«seupeaﬂ chaiw, €allo. witss, tetoy T, Hules,
(P(cvktr, pens, %ﬁrﬁZPa,;fE Juler - - el
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t%"@)&(:&e. (aﬁggd/msuﬂcﬂm ‘o

The \X\&DULOQU\? i opicable for iﬁ'lhmcl‘fa&tc;l |
Gn erlcl{md Jallow AE\aPaJ aslieles  ike Goltles, cowss, (olloon
ool ane Afalbsicated Postsen U a bt and Ypb Horlics i atfechred
1o Ciewtncd- Pos - The (i Qe ’p(mea? i efeen, Bz aveuloler . They
e ovealdes & loged and q)o;stucr Cempymsecﬁ oo fﬁﬂouﬁ!k How{ncr
P e Parisen s ufxmh like o balloew udil 1 ABuche, —Hfe

—@Mﬁqg -

‘-h_ -—J'{Jﬂl&-' CJ-HKQ-(';:(II'Q J(]‘_'E’.Mffo, A(};—@rﬂ'fﬁ? .

2 ~The “MB“M‘MJ wocling ard uveuldess ate dew cost- .
3, -G&J?Lcai restfonce (j)m])exq .

Ditadpilaces -
“lﬁe,mlﬂcﬂuﬂ&emeax%acﬁ'm %w&tzwaﬁ‘mmﬂ

e el el -
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n

Plostics - The polymeric malerial which paye mgh wolecu (ag

WeQht 099aniC polymers whics axe monlded Tnto desiyable

Shapt 1w the prescnce of tbmperature, pPrcssure and Catalyysy
15 Known as plassrs.

,"9’_0_(‘? Vil calori de (PVC) :- |

6%07056@[ ) 790[% viny( 7 |
| | Chloride s

| i | e :

Propaved fug Adelition  polfymerisation of Vinyl chloxide
TOVOMET i the presence of benzoyl peroxide (py) hvelro

-

| Pevoxide (Hy 0;9) Undes pressyye. 7

;
‘i
|
|
|

oda09cn chipride,

=Tho acotylone wokeu g (5
’ ariangement geac -

to form wonomer - T {5 +
—tion.

¢ tutcrnal 7€

71_191401@7 PrEPCIGtioN ;-
cl
CH = cH + H-cl —— ¢Hy = cly

‘ vinyl chlovide,
POy WET propeyation ;-
cl ,,
[ 7 - ] } ac
K (CH?: CH ) benzl pesoxide, 3% -
(0%) HEJO;) y PICS5UIC '6 GH:? CH - Cl?‘;q

pVvC

Propevtics :-

= PVC (5 g wiomfﬁ:sﬁ) novi - inflamable wateriol

= . . -
Kesistont o atpps phedic covditions [
MOIStU7 6

= PVG {5 Stiong and brite |

ffCo OQ,CO,? am{

= PVC 15 vt stable 1o heat and vy Ndiotip
m.
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APPlications i-

b Injection wonlding  aaticles fike 4oof hond(es, yadip

telophone components.

2 Chemical containers aud foams wsed fn builchings. camern’s
and ary canHs.

5 Safety helmets | 1CF 19 7atoTs Components , tyjres, Cycle |

and  votoy Clgc[c wuafg‘;awv’c{s- :

T AGTCUtuTe seclor o Pipes, wated pipes .

7 Bakelite ;- ' ?
OOKE 1T Eako[t_fc 15 Prepovedt by condensation

polymerisation of Phevol and Form alof bévydc by the

climivation of water wolecules ¢, the PACSCNCE of acid
")

| me) 1 the WIEChA Vi 59
7 4 Y
OValaC formed as o tntcTimediate PAUCt Which 15 fineay

] ‘,
‘ha]oc thermoplastic  polymer . Finally, wovalac 15 epnverted
mto bakelite [y the thimination of water wolecules.

bexaming (hexn wiethy lonc, tetzp am

P11+ formation of methylol pheviof
o-H -

n 0
+ -y
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\ Sttp-2 + foymation of novalac (lneoa polymer)
oH OH “

| a oH oH
| N (@'CHQOHJ -—';](H\© ) acid (”d}ﬂﬁfq) 5 @ C”g ( \)
! f | 14

novalac

STEP-3 1 formation of bokelitt (Phevo plastics) :-

o el oH oH
CHQ N cH H
@j hexoming (CH&;N” 7 = o
! H M -7 Ha0

cHo-OH CH@"OH CHQ CHy
(:1 ‘ ch- o él
Ry el LTI o o Qjm\
bakelite
| Paopertiesi-

- bakelitc 5 fagd, Tigif ovd Stiong-

{

2 THi5 o scaatch , watey vesistant polyimer

7 Good anioniC cxchanige €5

I
b Excellent electzical . {nsulato 75

9 Tt B Ve 9ood  adhesive and corrosion WsIStANCE
| Applications -

|

I Blectrical  tnsulator parts ke Switches , switch boazds,
handles etc-

» Moulded awticles (ke telophone pagts,

a Cabinets for godiy
and television
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B Im panis and varwishes.
beoas an adhesivg o7 garnding whecls edc
| o\ ,
90 used a5 antoniC Cxchange 750N,
5 :
P9 coveonates -
LV s preporcdd by condensation Polymerisation

of bi5 phcnol-A  and PhoSGeNe WonomeTs in 4pe Presence of Naoh
05 o Catalvyst:

= Foly carbovate s theTmo plastic.

CH3 0
' t cH 0
H—O—@c O)0-H + c NaoH ik i
C,HO a el < pel o—@—?—@ oﬂ-ci
3 CH3
bis phenol-A Fho sqent
Polvj carbonate

Propertics :-

Tt 5 duwimble gy .

Yesistance- pace esistance , low staych
4 high .. |
T tansperancy to visiple fight- |
;.5 " Good electvical Msulators.
b TF uvdeago

Plastic deformation Without Cmck’fmg (07)
Bﬁakfmg -

Appicotions :-
P2V o Va Ve Vo

I elegronic  components :-

|
|
|

Electrical and teleComunicativns G
' Wa7e and also dielectric tn high stabi ity copacitors: \

|
i
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. \3
2+ Construction materals ;
polyy combonadcs oat wsed fn Tndustsy gor
dowe (Qat, flat & curved c;(am'mg . sound walls.

|
3.5t070.¢ devices (ke ¢D's, pvp's.

H ﬁa&o«afafo;f‘g 5afch7- dog9(cs, sunglass, comyum casts, iame
[f(a{'ts etce

??m%c'f P+ A pohgwnedtC madCrial wWhith Us Soft HhemO st and

| AN
.| Hlexibility 1 fnown a5 7ubber”
i (er )
The polymey havivg Gigh wolecn fo weigat and the
apable of 790 it original fength and Shape aftey ¥eleasc

of apphtd  staess 5 called “rubbers.

MJ{WM[ TWOLET ! The Tubber wWhich (5 Obfach[ from mam:a’t’,
(?fmfl’fs) 5 kvown as natusal 7ubbcs
FXzchion of vatwial Tubbey :

Heaven byasilicinsis

Latex

j/dfsﬁf[(io[ water & awmoniy

Diluted Latex

lcoacgu(ahom (gracm ALtc actd oY formic
acid)
Congulum

b

CIePe <AL poiiing speet iﬂa@
( FUpbCY 50-60C ? (f\]aﬁsongOKcor TUnbbeY
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72’6?6‘0’&#{01/1 of VlOl‘WL’m( 7/mbbc?f It 05 PropaTcd by olcdv hmfl

AN

Polymerisation of 150PICNG (07) ?—'moi‘hag[ L3 - buladone -
CH3

M (CHy= G = cH =ty

= (i5-pp hy soprenc

—CHgo
\
/

H3C

=G
SH

CHQ—

__addilion__ _
Jo{wvmn;:arom '(CH'? C4GH ('H;))»

NotwrTal vubber (G7)
Ci5 - - poly 150 PAenc
= Trans - poly tsoymnc (60) qufla, peacho. yubber
- CH?'*C o (Come From fa{mgf',um
ch/ ey — Juha § c[z'c;ﬁofﬁlsywcha

Propertics of vatuzal supber »

1 Less tensife Sticngtn

2 ££55 duma bility

3. LOW abrasion 7e5(5tance

h 255 chewical vesistance

5. Low Tood bam'w% cayacfﬁg

b Less oil weststance

Vulcani sation »
N/ A/ Ny

Choxles 9ood et “pro posed yulcanisatdn Pypcess

n 1939 t0 oves come Hhe dyawbacks of wnatwsal yubbey with
Sulphur in the presence of 10~ M0C +emperatude.

CH3

'—'CH‘? C CH GHQ"‘CH‘? o C == CH "‘CH;)

— CHy — C=CH-CH, — —C = CH=CHa—
9 I GH 9 CH‘p(‘: CH f';)

CH3

CHB
+ 45 HO"“_—[OZ‘;
—CHy- (lz--GIHQ CHy —CH, -—c-—cH;, CHy-
|
9 6] 5 5
i L _ N —CH-
__GH?__?.—CH;) CH:) CHP-—? CH? Ci‘{j
CH3 CH3

4
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Taopertics :
|+ high tensile stremgtn

2 high duaa bility

3 igh abaasion ws505¢ance

b- hi9h chemwical es5istance

5 (igh lad bawing capacity

6 angﬁ 0l 7esistance

ovntne tiC Tubbey o7 clastomneds :
~J/ [aVa Y e VAV, N VY I rava'd AL A

A polywmeyic waterial which can b6 Staciched
atleast fwicC its origimal shape but it retuans to original

Position ag 5001 AS 561@&%61;‘1/1? forees o aefcased:

=S Elpstowess containg Hiree +gpes of qubbersthey aac

I Buna.-5 ¢ T 15 pacpared by - polymerisation of 13- butadicne
and styrenc . the presence of sodvum as a catalgst- T (s also
known as GRS (#7) ameyipole:

CcH=cCH , v
'WI(CH‘?: CH - CH :-‘—CH;)) + ( @ ‘?) (_Na CCﬂCI[‘ﬁ
“1,3- butadiene” '

f CHg —CH=CH— CH ﬂcH — CH‘?I-j?;

©

" buna-s qupber”
PIOPEEics

I TF % stoong and tough  pofymes-

2 TH 15 vuleanised by Sulphug wiono C&.fon'g(ccf(saci?) 07 Sulphud’
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5 Exceflent abrasion 76515L0MCE

Y It tvaces of 0zowe -prescnt A alwipsphtre

5. high bad bcaring capacity and vesistance .

%2739 (ications ¢

1' Manunfoctudt of tyres.

Xl
Foot weay mf{usfmg fory *mak,mg shoe 5ales and  Foot wear Compovicnt

;3 Maﬁzn% wires & cable {nsulations.

B Production of floor tiles, tank Fwmings tn chomical industaies
and-as adhesiue-

|

er_ﬁ_bo_@ RnbbC7 : @—auwmmcmt TUWbbCr of ?Ofvﬁmfjofzfcfﬂ): Tt 15 the
Co- polymerisation eaction with elwination of swnple molecunles

(ike Nacl-

=Tt docs vot undergoes vulcanisation becanse of 7t has excess -
umber of sulphur elewents-
[
\cLCH - CHy -l ‘5’” ﬁfsf
2 :,') + No - 5—-|um f_gﬁ Vi fcHg -cHy =5~ 5)—
Pory Thiokol-

| sulphide
Prorersts:

I It posses strength & wnpermea bility o gascs.

2 This TWbber cannot be yulcowised & It cammot form hord
T bev

5+ Good Yesistance fo méncral oils, fuels, abrasion, orygen,
solyents ; 0Zone & swnlight -

L — T e e —— /
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: ; al?? &Eﬂflb VIEJ %

I used  for barzagc balloowns, (ifc vafls and Jacket whics s,
- mflattd by co, .

|
;&’“ me? hd%cs  for Comv(’,lﬁlm? gesoltn and il

I
5° Making. gasvets and seals fo7 Priviing yolls
|

3 [
Polvy WIGHANCS : (:790(% 150 Cyanide wbber): It is prpnred bvy

'J’eaﬁawgcmcmt of - polymedisation aaction- Moo mers it
 diTs0 Cyavide  and ditof {w the presence Of Catalyst Gyt cthylene

diamine) and suyfactant (5ificone oc(5)

0=C=NP_p_N—c—g¢ ]
t R-0-K—p-H _TEDTA .

" Sificone oifs
(] H C
. o ]

fc ~N—R-N-C —0-p- oj-
|

(OE)
o f ot
C—N- '—-Rl-—
07&”

| PRopertics :

Tt
t FO55¢5 excelleont hagdness, tewsile steength, tmpact vesistance
obwsion” omd  teax esistamce ’

q- X :
ﬁ?cstsi—amcc Y0 heat, woisture , 9ases Chowicals, oils, sofyents etc,

3. Adsovption .of heavy mcetals and Colouring agents.

b It Possess high Load 6can‘mg Capacity ¢ Hexibility
. 1 '
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APplication :

A N Y

b Kefrgeration, freczers, furnidwie and b()cfcﬁtmgo/,
2 Fool wear , avdowo{tves , coattngs and adhesives:

B Llastowmey and  scalanis.

b purification of water ond  Scvage water foy adsorption of
Colowsing waHer & heay wetals:

Fibre win_foced pigtics (FrPS):

The 7¢inforcing of plastic wat1ix with high
AINGth of fUb7e wattrials ke sand, sifica , ftme stone,

Floss, cavbon cic U5 Rmown as “ibse seinforced plastics.

%

Compononts of p'pepls
% - Plastic matrix
4 Firbre waterial
 Plastic motrix ¢
" A Y |
= The plastic woterial wsed n ErpS 5 alfeol"matri”

=2 The puipose of Plastic watsix 5 4o form body and state
of the FRP'.

X3 Thesmo plastc matsix (Polqthene, pvC)

Theymo so‘rh'mg aatvix (Eakc({{-@, uica forwal deyde
5N, Vglovi-6,¢)
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~

Fiber material s ¢

~ eVl aVaV iy oy

The pwipose of fibey waterinls 4o develops specia/
PIOPeytics [Tke teusile stvewngth, durabifity, ductility ofl s05.

~tance 15 kvown as FHber wmateriol-
ex: savd, Sifico, {rmestone foliC acid, caybonfibey.
C(aasfﬁcaﬁbg of FRPS :
FRP'S 5 classifitd fnto three types based on

wfx{mg of fibey woderial

I Glass FRPS
2. oaomide (07) bullet proof FRPS
3. Covbovi FRPS

Gloss FRP's
VAN oV ad

Glass Frps s prepared by mMinng of savd, [tmestone
folic acid and minior fo fngredienits. The mixture 5 heattd
1t molts abowt 1900C - The wolten glass is passed though fine

holes tn o platinum plate + Glass thcads ©1) needles ave
obtaivied  these arc cooled, gathered and funally we get FRPS.

Plastic watrix o+ sond, [1me stone , folicactd
aJ/moo'c
Molten FRP's
\Lyﬁomf

platinum plote

|

Yass thicads —— Glass Frp's
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PAOPEIHILS

~

L T (o ht’% tevstle stmmgth
3. 1ong duaobility

3. CoM05t0V Yesistant

H. efectrical oesistant

?i?goh'cah'oms -

~ o~ S

— Thest aae wstd Tn wiakimg of autowobiles glasses; storage
faniks ) fuel tanks ... etc

Ayoamido (0v) bullet pioof FRPS
Avamide weans -avomatic poly amide -
—=Thtse a0 two tvjpes

[+ keviar FRPS
- Nomax FRPS

~ N A - ‘
IS prepared by condensation polymerisation of
Pogo. praaltllyl chiloride .and Paton phenylone diamine o the

Presence of temperatwit , out elimination wolecwle ©5 HCl:

(4]
)
dJ«,’,@,g_d +H-H~ )~ NH-H B

S
-an Hcl

o -
() | ,
AR AU Ch

fevlar FRP'S
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7
Nowox ERPS: Tt is propared by Condensalion Polymerisation

| of meta, thalally( chloricde and wdla phenylonc diamine in tne

Presence Of tewmperalndt, our eltminalion 15 Hede

o
-y

d-é'ﬁ)}g-ad +NH@/

NH-H

0 o
2 'c'/NH
oot o,
Nnowox FRP's
IR gistek
l Tt is vesy stdong
9 T+ has igh heat stabiltty and chz'éz'[z'hg
%+ chewical aeststance
L. COTI0OSTON Fesis+ance

5 Thermal vesistance

E&ffﬁtah}ms :

AN AN Y

I T 15wt M space ciafts, acoplanes ovd Circuit dustry.
g It (5 used to Make cor paits (tyces, brcak )

%. It 15 wsed to wakc'hc/mofs, buflet PY00f , glasses.

b THi5 used M gaskets.

Caxbon FRPS @ The plastic watsix combined With caybon
f'o1e 10 form carbon FRPS-

Xt decovative articles, voof cfcsfgmfmg oF hownses
PIOPIEs
I high sticvigth avd Stiffwess

2. Good wechanical staength & chemical yesistance-
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@ﬁffcq,i}:quws :

I 'used e vehieles, Salelliies.

9. used "1t tmdustrial -machz"wam;/.

Big degradable polymers

o~ NN

Genedally polywmers oae von- brodegradable
tut some of the polymers ave degroded i the presence of
MicI0 079anisms 15 kvoww o5 6o degradable polywmers:
Controlling factars of degradation:

bk PeICentage  of CAystalimity o polymers.

2. Molecwloy weight  of pohymer.

- 3 Hydiophobicity of Polymer.

{ .
| - tvRonment suagounding of polyver:

=7 Thewt ot +wo +ypes of biodegradable polgmer.
-l. naturally occuTing  bio-degindable Polymer.
4. Synthasised bio- degadable polymer.
Natuatly dhcwring bo- dermdatle Pl
There ave L types of natwaal biodegTadable
Polyw 75 |

|- poly sachoaides: |
¢xi Staach, collulose (gueen plants)

3 PIotEens | |
a exi- Gelahin, casien (cheese protie)
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L Pofgesters
k ¢x: POhy hydroxy ol kamnoids

o :
= l ( |
R—-d-OH + K-0H W;)D—> ﬁ“ér‘O"R‘

estey
b o’rthS

&7(! Liguime, shellac , nalwyalru bbey
%mﬂt@cﬁc @\L;QJc{ggmB[& Polymer ¢

These ago wmony pofymess PIPOTE by bivlogi-
~Col pavcess and these e 010~ deganclable -

0y a[co&zof‘ﬁom wolasis | poly (ol acids etc-

- 2oy hydi0xy alkavpates (PHA): BlopoL -

Tt 45 ustd % oythopedic 6m79071'c5

T/F\/‘ | fHO{CH—CH; ctoH

Polg 3 byctroxy - butyrate
CHQ CH3 0

9. ‘(o cH-«cH;?*CH - c7L0H

poly B- hqdfqu voumamafc-
CH? CH3 CH?

Z ‘(o__ GH - CH;) - CH G} oH
poly ~ hydr0xy valarinvate
3 poly Lotro acid (Tapioco)
The feamentotion of fopioca, (0%) stasch n
a0 6IC  ondition we get poly Latic acid . (food packing & cﬁ‘]v]ﬂczfj)

,=7 Tapioco ~ 700t pazt of cassava, Plant (baaziy).
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CH3 o© CH3 o©
( 1
-éofc‘H— Y—o-cH - &—Oﬂ'ﬂ

Poly Lo,cticle:
5+ Foly vinyl agetaty (vA):
Teymentation of wmalasis ©7) starch -
=> poly vinyl chlpride ivcated with acctic acid 4o form poly viny(

acetate by the eleminationn of Hl molecnle- 0
cl 2 ?uc—cH;
l I |
ch;,-cH-j_;? + CHy=C—OH  —> fCHrOHﬁ},
PVA
e (0R)
?-‘C-—OH3
{ CHg - cHy
2%}

| ApPications of bindersodable polymer :
|
L These oxc prepared from natuinl matevials.

- Compostable bats felp fn the disposcalt of e vegetable walter:

3+ These o6 envivommentsy friendly.

. The polymers of Land il by solid waste can be Yednced:

Conductiig polymey ;

Geverdlly pofgymers are msulators but some
of the polymeds  exiibits sligntly  Conducting PrOpCIty bean 56
of conjugated downble  bovds X c{ofcc[ waterial {5 gviown as
Camo(motfw% PolyWEY

There att w0 types of conduching polymers -

. Conjuqattel conducting polymer

3. Toptd  Covducting pofymes

www.Jntufastupdates.com 35



| - Conjugaded  condncting  polywiczd

Foby ogedylone: wi(ci=ch) — fon=cti-f,

ol PVT0le: d
9/7\0/'7/ wfw Qﬂ@ N A 1\] VAR
N N \ .N
[ | M
H H

!
Pobe il ﬂ/*; e ' |
Q) (DD,
Foly aniline ©7) evmnldine
 Doped conduction pofymes:
Tt contatns +wo fypes of doping.
[ P-type dping (or) oxidative doping
2 N bype doping (o¥) weductive dopivigy

E}'%C CovAuctivg  polymer:

Fa a4 e va Yl

‘ In P-type doping , ou doped matcotal 15 fwis
acid - The Matust of fewis acif & election POT OcCeptod Means
electovt deficioncy mofecules.

ex: Alcls,Fecls, BR Bely.. .
Mechanisy
AANANNNANA Pl acebylene
'c@]/ tewis atid (pxidation)

VWVNYNVNN Poly acetylene vadical
106J, MMoxidaton cotion
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&
ANA ‘\/’\6/\/\\/\\ Poly acetylene bi cation

ko

Q@Q QL(% 0

I

NS &N\

@
&

<fi)

L\

4§

& P-type coped Ccmcfmoh'mg

70[:71”\&7
gvoqunc’of the PoSUHVE chorge 15 moues
vhe ofd bonds to forms the mew Lounds.
5 dne to positive Charge - Henc these aae
called  p- type  conductivity Pohgmes

The above
entize polymer 10 brenf

In which the comdmch’mg

NHRe Conducting polymeas :

In N-type dopping ouz doped woterial 15
Lewts poses. The wiakuae of Lewis bast [5 electomn PATT donar wican
election deficiency wmolkcules.
ex: NH3 , Hy0, CN', clop, - -

Mechonisw -
A Va VI Vo I o

ANNANANNA Py acetiplone
& l' Lewis bases (ed nction)
WAVA \ N poly acetylene sadicaf anion

1€2) o™ geducton

B@ "!939 o ® © O
O—m—©- B0 7o 18
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Polymes

ovts evitin The above polymer the, negative charge
,,L ¢ the polymer o break the old bonds to form -new
bonds , w which tae Comd'ucﬁbf’f% 15 dune to w@ga’rfuc charge -

Hence these ove called  N-type Conducting polyymes:
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|
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A

. 'C- weste and Gntto] Methads +
ll X Tntroduction +

fv‘

|

Plastics + |
The Rlyweric  Malerials — which  hove  high Moleculor weight

Oranic  fblymers  which are Moulded 1o c/%;'fab/g Shte

In the flesonce of femidue | presswe and Catalyst
15 known As  PlaStics.

E- Wagte -
e-vste (or) Clechonic ubste is Cleajoy When an Eleckr

| o) | Chiy
—Produa S dBided  AFfer the ond of Tis ek [ifp ‘
”/7@ 1a(id Gl sion of %quhofogy and  the Con&cmﬂ/on
drven  Society  yesulls  in the creation of a very {0%@
At of - Waste Tn elery Ming e

. 10 Sy Soid ot
. (-chhmlc@y X € Plstic waske %W@
In e, he Unided State éSh’m/m/Ga/ te Ami of

LQW/(/ Wide  EleCpnic Weaste 'd(SCar Jed Cach Yoay o b
Ho Millon  medlic  tons be

€ Plagtic waste s hot AN Notiohe ISsue- T+ is an
Intervatiovia) (©F) &/Obaf Js6ue. '
Source  of E-_Wnsle - |

The  e- wagte Gu be Qenelted by the All Sechrg ke
out  eecior |, house hojyd geltof, Prvate  8CCor

W e P of @) Comfuers
W) Moniers

Uy Televisipye

@) ingerq

cte |

Todays  Electtonic  Gadgels Tovenpwls lechonic. - WaSte.
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t;meqsms FOV - ubS}ef |
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I

*  Advance many
X chavges in - Fashion Sfyle’ 4 Sladus
X Naling end ofF Iheiy Use i liFe
F Compovents  OF  &- _@8"0 :
O#L’@’ Ferr
[ Goyyl
@f.}é——‘i',_w"od a (3‘8/)
\ Caloss }Uo,o el
' (_L|/) ’7[ Ci‘B;,)
(Iq,)\
'%‘FCFFecfs dua to Com@)@m}s F  €-_aste 7
5! 1o Com@omw CHlact EFFects
1 lead CRT (Catbods boy tube)  Arae Mia, dqvmgc fo.
her Vs Syskam |
9 | Mel’CuVy Flot  Scieen V‘?waolfg, |’ szusc/e weqkm@gg
3 | P gylation - of | YesPirator,
ﬁ“@bfy Vinyl Ciqlohd@)‘ | e wiles /l e C}lsques
g | Bisfhenol A | P)OSftC C'OM/{@}V}QW{S " h@aV% WOb/GM/;_S‘
ol chbhinely T
5 2 Vfgl;mf@d Ok CCWO,,,@WS : Dovege 4o fhe /u/ez/
* €- %@jc Prsfosal =
~—> Postic  Wagte +
Flomr Koy beard S, (Gbin
Pinted ¢ "9, Pesic hadhoe ComPenoyys,.
— (VCurt @curd Wagle =
How) H/'}Q CIVC(;Z fofy bmrc} g
_ 5 [ ) Ty —
Inteinal Ciltults efe.- e iy bmyd/’ i
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"}@1@7 “Melds fecycling of  €- wasle)
¥ Ds Agsembly /0/16 Izl_g:mift'l/@ -

—~ Dsasembly is the SySlewnlic  1emoys
forts , a grup OF firks o o syl assemp,
Which s in ¢- Waste.

* UParadig -

OF CCI/W %Meﬁﬁs)
Flom a P//C(/uc,l

T Tncludes COMMiV)aHl/@ aud 8@6)01@(1’/()1/7 OP Mﬂf@l’lb/s

Wsing  Wechanical / Physica and/
Methods fo lecover Matevials T
¥ Matelial  Recovery -

The  Mederials  cie teuered - by JeCyClivg /@&‘/H/'eg.. The

Viestics, glass , Metals Gwy be lecovered by goviing theu,
herore Mixing  With Olher agte -

X f}dlfa@i_o@as of Gegclivg € - Wagte
X Asser ey
* feduction  oF Waed Br land Fills
* beduction  of qunkg
¥ Besole and Beuse
¥ Cleation of gobs

 Conclugion =

OF Welallupical  Precessing,.
Clude  1eF nive and Othey.

— - Wagle i ove of the Rsiest growimy Aoblew; Tn e |

| weyld - Hence we Aue of  that-
> Product design by Using Sobe and Mgt EMeRing
| 1eChrolegies and Jow) Wafetials , which @ ENVIION Wyoyy,
| Priend|y.
D Imflementing 26 (rincifle
Reduce - Reuse - Gecycle.

—_————,——————— e — —
——— S
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f i Yoy 2 & 5

H\yrﬂe\’ P

_;_——--'

; "C{‘ 5 a, PO\){mgr that s C\»e,\le!qud o \?v‘.nj
Teis a . biodeqgradable ¢hemical  coropound

Yo ba'\(\aﬁ .

that i veqayded os _the rrost organic compound-

0 the amsphere- YW

The mare B\opo\yme_r '0dicokes that Sk 1sa. bio-

deﬁm‘blt pg\ymc( B0

B"QPO\-»;("{QT LH‘S"_‘&'{? :"' 1 D C ! L L

- A s RT=TTN

) This poly raey has been PY&‘SQQ.{‘ o0  carth fo¢: biigns
F vears. py s Older thad sypthetic

. . Polymers sachas
Plastics,! - wq ot R -

Ex: ‘4,
IP\dS

G. Nuc\e\c‘ qc_.c\s :hpepl- de.x 3. po\ysac&nhdu

DI\H\ kLo Po\ymgr Is e troost ?mpor-l:on-l: -1 hurnans”

= e reost o e« 00 biopoly mey g Cellulose, B4 is

Q180 e g 10 A9 B ks ST D e 4
+m0Skabundant  6radAic Comn . a;

l ' ‘ ) mPOslﬂd 0 'S
P\QOaL S 9 - il n th hi

o~ ML) ARl 1L

- .u;_ ]
\ .l“ ‘
R pglymex lass' $ycation :

COm T|SQL | - afi%e AT B Y AOS s Jdtei b~
¥ © 33 gpcol placet com FOPeOt 0N eqith

Sugox Based ! Biopolymers: -

Stoxeh OY SuC v03e $s Wsed ot

“oput- +or manu-ﬁadm

PQ‘)’ hydmx.
PYoduced 5}- bloco
extrusign | dhtk.g

bu-\~>.rcu;e Suﬂqr based POlymus Can b&

|ﬁ3 \0)QC‘—_|OG , VQ_CCum Lcrm‘(‘a Qnd

QC-A Po\ymexs ore Cfea_-LecS -Hom NIV
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E P

| Suqay thal s e xtyacted -ﬁ‘—rom po’coioe} Ma-lled.ﬂhe&f and
SU-SOU( beet.

Starch based Riapolymeyss

Starch acks af a natura) polyme s and can be obta' ned
Lo wheal topiCa , maite and potakoer. The moatevials 55
Stored Vn Lissues op planks a1 one way Lafbob&ml‘el-i"f S

POt present in  Arimal isSues. I
B.opoly MNexs bo,bed on 5>.n'tf-s.-.-\:\c Materials:

Syn't%e:hc compounds that- are obtained Hom

Potroleum Can alss be wded 2or making \:nodegmdub\ﬁ

\
| POlymMerS Sch as alipbhatic avomatic coPolyex?:&kS.\
CQ'”LL\Q,SQ P h NG % _

bClSed p@\ymars ke

FTF\M& are gyred - —mr PO_C_KIﬂS C|3cure"c-¥ca CDS Qﬂd
d
On %u:\.—rom~ry It %3 obtained _me no:}mm\ ¥e30UrCed
iKe cotton moﬁd mheq:\_— o.ﬂé QO‘(I'\

The production ot bmop@\y fner mo.y bo_ dobt a\ ﬁ\“ 'Hom
AN emal P"Gducg o« aqv olraal plaots. ooy o o
2 OPO\Y‘“&K -E‘-fpe.b a1 WlgQui 0TI Locxxt ary s

| I ) =
SR A

Ther ace P“\‘m“\)’ -\:cuo -Ey Pe,& 0,[_ &S oPo\ymer One_that
s Obt'mﬁed -t-rom \|V\03 Orgqn\smk and anather ﬂ\cﬁ-h

Pmduced +Yore Yene uaab\a vesourCes boud vepraive Pd)-mwhiwoa
opo\ymer Lusel.

1. Riopoly mew  bhaged on synthetic are used ko conrutacture
Subs-\ﬂu}c oo,

Q. Cd\ulOSL bcuac\ Baopo\ymet's Suc") a3 Cd\phﬂ\eamm
ab P“Ck“ﬂ‘\f} md?_r:a_l T NPT e
3. These - po \ymo_'A Lan \'e.AucQ caX bor) St omde. \e)léln“" Te

Q}crms \-\e_r cnc\ also c\,_(re_c,;e_ meon em1551m
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L Q)
N RoviastalT The Sikdoncs dhak hos been
er mterack wth Wolgfol - gyetems
.c\?:nc:d:\a Wrkh .ﬁ’ﬁna c=\2

ena‘i’hae\r::cﬁ ‘o

{for medfcal pugcse
of o bocld.

g__{@ Miti&h‘ P_Q\.jﬂlc;l‘% = The POBNE@ 4hat have been

Uped fr rredical including prevertive medicthe,
and Suvaf’ccxl treakmenk  of  digeaser

Poperics -

¥ Nontoxic

- \%h£ wc?gﬁ:

¥ Restskonce 1o Bochemieal atack.
* -Fex?b?l?-l:a .

¥ T can be {fabicable ko desed ghape
wrthoklc offeckig popertics .
_%P__@S gF Rlo- Medical ?%gr%. "

@uﬁg = '“'—\efz,é ar= divived Frsm hcﬂurqna occ:uv?na
materfolz @) orpiisms . | EL 2
Thete are diidad Srko 5—\3])@,% en based of chemia |
Stuckue - | | |

1) Eg_‘aScx_ghqr‘?deLg - Thege mUY‘OSC\C;\aﬁdeg

together to fom o polySacharide .

exL Celluloge , chPkIN cdloac'n |

] —
p—

Combine "
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¥ c@\\u\osse “foronaRion: . k L
Gilucose combines 4o %m cellulse '

X TL VS \9%@@1 +or Dma deh\/t(:\], bbcd ?LLWQCQ{FGD
wound o\fcggma |

?) Prokstn— CO\\oaen

O“Gain — Pﬁw’ccm mode 0%' amino actds .
*I‘E 3 O&ecﬂ N ngme—l;\c SU\YS\CQ[ "H\Ca‘krﬂeﬂk

2) Bockerl polyeskers — Poteduction of medical devices.
Xt Screwg |, base Fixakion, Hssue Yepals

P;-V\OPEFHCS G? NG‘NYQ‘ Rla-Medical ?Q_QLCY»%

*Cheap o manufacture
X Non-tonte

& 3 H?a"\\d 'PQYOUS
% Bio degradokle

Slodeqodable - Bt 1 Carricd Nok through Hhemal
oxidation, photolyste ©) Jodiolysis  lout thiou
Or Non - c:nl\ujnhjm_c hadvo\js\,g_

= DSSYQQ\Q‘L\GT) e musk malch the Hire ‘Bteqplrcd)
=) should be MetabolPsed hthe \oodj afkey ﬁ}ﬁll‘f‘a
ke purPOSe

‘ mf | SHOM ourd
-\1989%\16 hag healed. g

3‘ﬂ <My matic
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X otherz -
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| B\O e\”odtQHe LO\mCI'\ Sene Slﬂork 'tcxm PuYPOSe 1r7

ond dCCGTﬂPCBﬁ 10 Smo“ molccues "ﬁYIE Gan b@
me’cobbhzecﬂ (oY) exaretad),

Wakev Soluble polymers:- “thalk ’FOYMS ke
o) which functons a8 macr mo\eculgs dms%'
»Pr.ppllcdbm%~ Most mldelJ V8 are 12 shlicone rubber

l CPO‘J d\mejrh\\-‘\ S Kanc)

‘ X DES\\”@H@ ‘F@u\é\ ﬁd |
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blood docsnok stk +o s wnllg.
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* [fespan 52 obadk S Yot el
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.\ UNIT-TL
i £LeciRocHemMEcAL  cellg AND  CORROSTON @

\
|

| Iﬁﬁoﬁ‘fofﬁ,ﬂ: Electzo chomistsy (5 the baanch of physical
icﬁomfﬁ{'a’\g.- which eXplns electzicity  and chemical seaction:

ﬁ@}cﬁgp cf\:gn}'\cg( cells:

A device which converts chemical encrgyy into
electarcal energy Et{] Spontancons vedox veacktionn 15 Known
a5 clectao chemical cell (07) voltaic cell (o9) galvanic cell ©7)

Daniel cell -

5 salt B‘o’l’o(@c
5 Nyl + NHyNo3 (07)

Ol y P eclA ET\\03
1 ‘e’ wetaf (co&hod@)

7Y -n‘\(;‘{a[ | = il i
(o.vxoc(ﬁ) =1 i,J B s N

-
T T (nsoy s0lwtion) m)

—

—

| - -
} Zn50y 60.\u{10“§f:_—; m= s
| (1)

Tt consists of 4wo half cells the half cell ow the left sicle
consists o, ‘zene metal clegtaode’ dipped i Znsoy 50/14%.:"014-7’/@6

half il on +he ignt side comsists o ‘ou’ electyode dipped (n
These +wo  half colls  avt folned by salt

w  electzodes  ave connected 10

Cs0y  solntion -

bridge - In which zun and_C
voltmeter and  electrolytes Ensoy, Cusoy) connected by salt

b’ﬁo{g&-
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Qg\{ [ chyb’cscmfaizbn : | ” h\ 3

-
e Vo e W ‘I

= Awode half cell is witlen on left hand s5ide and cathode
half cell 5 waitlen on 7ight hand sicle.

=7 Awnode s %PTCSCV]'ECO[ 67 Flrst wetal elect7or and then

eleckvolgte - These two ae sepevated by vertical hne 6v)

semt Colont -

{Z'”/ noly  QY) Zn‘ 2150,

=7 cathode s veprcsenied by frrst metal clection and Haew
electwolyte - These two ase Sepcioted by vertical pz) semt colom
Cusoy [ cu ©07)  cusoy ; cu

=7 Thtso two €ef aso seperated by salt bridlge which ¢s fndicate
d by double vestical line

cell reaction — zn Z150
Cuso

OXiolati 0N \yr /
M"{Qi‘jom half cell WACHON T ‘2200 mekal ' acts as anode undeagocs
ondation waction by losing of elections fo foym (2’

onode ; - o [ 12
At n —— zr'? 4 9¢ (omo[aﬁmﬂ-)

&;[%h"gy Fxf\aif Cﬂ[ wo@mﬂ: ’Co]:'yoa’ metal * acts as cathode,

UNdergocs  seduction seackon by G}az’ﬂntam? of electzons +o
formn (o).

cathode: 12 -
At cathode WY 496 oy (fﬂ;ofmcﬁ"om)
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Neb Reaction: @
A T ey s
N —— zn'?yae

cul? +2¢ —>

Mt s oy

%O of salt bridaot salt bridge (5 Gnveried ©-shaped tubt
whith have kcl, kNos and  gelattn (o9) NAycl , NHy NO3 and geltin

75 9el shaft 15 known A "g@aa’ g0 _gc[ !

= It Prevents actumulation charge of [iquid junction potential
— It allows clections from anode o cothode

—> Tt docs not allows clectvolyte sybstance From anode to Cathode
Sl clectiodt FaRmal:

when a, wietal vod dipped in s salt solution
The metal otom  4onds ceither o lose electrons (oxidation) of
t0 occept electrons [eduction) the paocess of oxidationt (ow)
geduction depends on the natwse of metal- Tn this process
there develops o pofential betweew the wetal aloms and its
Corresponding Lons called +he electrode polential + There 15 o
betweent metal and metal ton and Tho pottntval  value of

'@[ccho(qw e zev0.aund hence f5 called single electrode yof-cmﬁth[-

T+ 5 measured (n volts:

www.Jntufastupdates.com 3



Electrolyiic cell 67) (136U Sibley cell B s
A devic, which converts electzical
o1y mto chemical ener9'y by sponlancous atdox reaction

i callecd electzolyiic cell ©n) frveversiple coll-

'E(&oh'oqui’s 0f Fusedl Nacl:
Al A i o I S Y

Tn 45 process fwo platinum  eleci70des
070 tmmessed  nto fused Nacl electzolyte Dlution, i this
two plattnum  olectaodes aze commected o baflery  positive celf
fermival connected  ploattnum  elctyode acts as anode and
undergoes oxidadion, negattve cefl teamimal acks os cathode and
undergoes  geduction.

At anode positton chilvvide fvons combine 10 ¥olease aﬂ;,
905 ot cathode, position sodtum (ons  gains eleCtyons fo forwm

. 'i'lr.;
sodium  wetal - i .
N
chi o ‘
e | guphite clectzode
6(60’:100&(&7100[&) b1 N -t X (Ca%ac(e)
| _ .. TNTT T N metal
%[ﬂh% %Cﬁgﬂ: oNacl —— oot +2c”

o .o~ wo—  (0xidation
%%OOV@. ¢l ——> Cﬂp/{‘—f 2¢ ( l )

r~

/E/"ﬁ' C%hoif/? aNat 499 - 2 Nov @’eolmohﬁm)
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%@% %ohon: acd”

o~

S ci;,_ N a2t
MNat+06” 5 oo

(?r\la'i'-f N 3 AN Cﬁ;)/f‘

Elects0 chemical 5631c5  (galvanic Seies) :

AV VR ALY AL

A 5e7ics of meta ls arsanged n

neeasing  oydes of Standard  seduction potential and decaeasiv
o7ded of standard oxidation potential 5 known as “electro chemical

5e7its"

k _— k-H + lC@

o —— cat? +2¢°

No. —s Natly (2

MG —— Mg ;9O f ANODE
Al > AL 5P

n

o
> znt? 496

F&

> Fe'?+ 962

Po —— po*? 4 26

Hy — 91®; 2¢O j "BoTH ANODE AND CATHODE

CL —_ Cv\,f—? -+ ﬁﬁe
H% —> F)?H..;_;@@ CATHODE
FO ——> ey 32

Pt —> PT3430
www.Jntufastupdates.com )



59nificance :
n (A Y a W
- we undleastood  veactiviy of 4he wmetals

¥ 7{190(’0’0?614 acts as both anode and cathode because of which

underqoes  oxication, gefuction reaction

8 Rbove the hychogen cloment the woetals acks as anode undergoe:
oxidation weaction which Gave negative electzode potential value -

e Bolow the hydaogen element the metals acts as cothode und ergoc:

Teduction geachvn which have positive clectvode potevitial value -

b o
WCJ 560“[4 Ca[CM[OL{‘C C[CCHO WO{Z«UC’ Dfoz-ce) EI\/”: ujz‘pm? 6[6[,'5'23’0 Cﬁawi’_
-cal 5615

EMF = Ecathode — Ecmodé]

b I motallurgy 'Comccff wo Should  sepeatt metals from ove-

¥ Above the hydvogen clement which acts as anele umdleagoes
Tapick Covgosion when Com pogeol 4p lowes position of wetals.

S&Wf\f@% ﬁﬁdﬂﬁ% electrode @) nogmal hyda0gen electzode

g?facfmg Plativnumn il frdo N of Hcl
Sofution « The Hoil 75 coalecd with cazbon black Powder which,

abs0Tb5 Nyolrogen gas. The Foil i5 closed with open fell fife,
9lns5 tnbe which bove {nlead For the SMij(V{’-m% of p,gc[;m?m
Gos ot 2ATP - The pladrnum foil Ab50765 hydaogen 905 then
Converted  tnto hjolrogen  elect7ode -

I Hege,, Pyolrogen electsode acts as amodc:

9. The electmolyte Solwtiovt aces as cathocle

www.Jntufastupdates.com 6



s Hy 925 (9ATP)

5 jﬂfo‘uffﬂum clectrode

' ‘_—ij—ifé‘“ﬁ Platinmmm fof( coalte] 1with cazbon

S ., blac k (node)
— = = " INHd soludinw (tathode)

At amnode : - .

At cathode: ot + ~
At cathodl e HT 30T Hy T @rccfmcﬁ‘ow)

= 7 7 - d '
> Heze , net reactionn 75'zev0’, e electzode fm‘cmﬂ"af also Zep -

Cafi
slowed chctande 09) 19 - g, clodo:
— Sotwnated kcd Solwtion fmcdius
—JT_J !__ wtion (medium)
] _ > pladivum foif
NHycl+ NH;T,N03 == :J: :;___> swmfcc( kd solutipn
. —}“*3' H9 - H9ycly paste (Cathrode)
> Pure Hg (anode )
Constrnction

It consists along 9lass tube the botowr 4o 4he

glass 15 filled with pure Hg' above the Puye Hg  mecndy - meacu:

0us Chloyide electzode - The gemaining poyiion of the fUbs (5
www.Jntufastupdates.com 7



filled with,  satuzated ket sofution. The 9loss havimg two tulleds,
one (s wsed for filled saluvaled kel and awnolher one is acts as
salt baidge: The plalinum clctiode (mmerseod fn the tube upbo

the paste -
=> The potcniial cofpmef electrode 7 dopends on concontration

of kcl sofntion
= If we take sotuwrateodd kol solution +hen the E°value 5107y .

workivg
At anodos  any — 17 198 pxidation)
AL Cgi@é* HYG* +28 ——> 99 frecuctiov)
=> The wek waction ¥ I - S0, tlectiock potevitial {5 zego-

%cc&ﬁorh‘bm cell s | : |
A device which Converts chernical cNeYGY o

electaical ene¥gy by spontameons wedox Teaction- Hevo, the
Concentration of electvolyte (5 Jiffesent 5 known as concentmtion

Cell-

A

 (iyel iy N3

=5 5a[+ 63’1.0(046
Ag — AY (Coﬁﬁocfc)
praode) |- Pl W E ,
el S = = e — == == AgNO3 sohwtio ()
M glution = = = = ) (= = =
(¢) |
_:j CQ>C1 |




S ¢y
OpETQIOT : Ty wwhich elctaodes e samo avl clectzons ot also
come,  but Comcemtralions av6 diffcrent ¢ and Cy- In Which
CQ> CI-
ﬂt aVZUC[C: +! _ ]
o Me) — e,y +16~ (oxidation)
, thode: +1 _ )
‘_ﬂj— ca Udo H?(q?) T —— AC}(CC?) fb"eo[uoimv])

net veactions

A9 () —> Acyfél ) +1e”
r
AC;(-E&) HIE — A9(cy)

| Tl
A9 () + H‘i@) > A, § G

?lcwiafz'mcg o "neanest equatio

= EMF = £°4 0:0599 o (k)
a4
= EMF = Ep-E_

Cll yepresevitations

A9 (c,)/f)QNO‘g (@) //’q?N%(Cf?) /8?(%)
= B 0099 1o (o,

BL= "+ 0:05% Jog

EMF

1

EgR - EL

E/+0‘Ljf)‘?§ dog(cq) — £ 9'__‘?,"?9_;’ dog(cy)

—
e

L0733 (_)jq? [Jog (cq) log (c,))

Cy

EMF = 0.0599 dog (Cy
2

——e
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:Q,@Hg?-‘ A device which converts Chewmical 6NeI9y fnto C@éfr%{;a[
enetqy {5 kvown as balery BoHedy princiPle {5 same 10
electro chemical celf.
The [
batleries A {wo %‘gj?CS ? -M@l/(f e
I Promonvy batlesyy

9. Seconolaay bafleay

;- . . ‘ o
?&m,@j‘g Ef@ﬂ@%- The 5Jra,'ﬁmg stage, of batterics () on -
1Chogable gafleries & known as PImary  bolleyies

ex: dry cell Lechinnce cell, zine air cell

| ’ o A Present WSIVg  bLatleates (o) zeChadgo.ble
botlevics 15 knpon as Eccoqumﬁ botteries.

(::’_‘t’:'ka@[’ Caclium Ca[[/ nickel metal ﬁyo[ﬂ'o[c cell -

N7y Cell (07) Lechlanche cells -

OL% +ve celf

KRNI M
r'l‘! :\ « R P
‘\‘- :"“ ‘:f.\\::"'
Graphite <=7 || |57« G NHycd + Zncdy + mno, + stiach
—t— e ‘1“; :.' '-""J "Jr\
(cathod ) Fh ?‘».'—f.*:‘.\, (electvolyte )
< U > —ve cell

www.Jntufastupdates.com 10



Zinc an octs as avode wndegoes  oxidation. gmyu ,

sl octs as cathode  but it dloes wot UNdeIgocs  yednchion -
geaction becanse, of it 5 a won- wmetallic eloment:

The Mmixtuge of NHL,CQ ; ZV]C/Q;‘)J MN0, and Swall amon-
-t of Staach youk)[w’ aGts as @[ccfzofrgfc which undergocs
Tednction  geaction.

At onodo:
N —— 2t 90 @Xfofaffon) 1

At cothode ; + - ‘
(sechuction)
Nt Reaction:
e N = gnPrae”
INHT £
W + IMNDy - 97 > MNp03 + 9Ny +H,0 -

In+ 9Nl + omn

Advaritoges -

I It 75 fow price:

| e
0 >z My 03 + 9N HyH0 (16V)

2. Tt glven 15 wit of voltage -
% These o1 MNONntoxic palerics-

uses: | ] : :
It s used W electionic devices ke calculator vadivs;

wall focks, vacmens . .ete.

INickel cachminm cels (Ni-cD) :

N Ao [ ad

It 75 on txample of exaw ple of

seccondary  Cell 07) battedy - T 4Ats  ceff Caafcum metal aoﬁ
a5 omode underqoes oxidation and  wickef oxi Fydao xide

www.Jntufastupdates.com 11



:\h‘o(ou)u, acts a5 catbode  undergocs  geduction  gud a[ga(;m,'
potassium  hycoxide (kon) acts as  electaolyte

The power out fo7 these balleries s yy

At anode:

T adraoHT M)y +at™ (oaidation)
de: 9Nl 3 i
M CAthodti antoo +oHy0 4367 s guien), + 208
‘ | Cffec/mcﬁ'oﬁ
et FEalhon: o | opg-

> cd OH)y + 067
.?Nfo.._(oH);, T 20 +26 — > 9NI(OH), + 20H”~

Cd+ FNIOOW)g +3H0 ——— cd i), + onifon), [iyv]

uses ¢

~— |
]-(V’rﬁ‘pge 4, Usec [m medical df?[t'cah‘bmg. x
9 These age used tm 7egearch  equipment:

3 These are ustd M Agh quality Lab equipments-
] l/ ) -
Nickel- -metal hgolicles cofl  (Ni= M)

In +avs cell  MH, acts a5 amodle uvicle7g-
—ots  oxidation and wickel oxihydioride [Nio o )] acts as

cothode wndergocs seduction and eleciso fyte solwtion is
alkaltne KoH solyution .

These  ballewies ame Mecharging rowes
5 19V -

o: J
-g_;t( %oi MH + oH ﬂ M‘FH;)AO‘!' P (O?C’Laofa-h‘b‘m)
At Cathode i Nio OH) FHy 04167 ——>  Ni@H), + o™ (sechuction)
~ N

e RO S HP E 6566 12 4




net zeaction s . @
R VO RV

MH 4 0H" —— M+ Hy0 4 1€
Nro@H + B+ —— W (o})@ +oir

;e

%565 :

I+ Tt 75 used tn electonic devices fike CovnpUters-
2 T+ also wsed o o[ech’waf Vehicless

C’Lx—fﬁa%m fov) C,@ﬂ( LF—anpcc([): Tn s cefl  Lothouma wetaf
acts as  anode ond undezgoes oxidation and Mo, acts
as cathode wndergocs geduction and  Lithium metal

079aniC  splvent Tl efécffoﬁg-tc-

The power outpul fov +his Cell i5 [1.3v]

RN

At onode » . . g
N = LYY e xidation)

e bl e - ¢
AF Catndets Muny + Lt —— o mno, frtofu Ghiow)

Mt deaction: oy > 4T e
MnOg + LMl 5 i mno

¥

by mnly —  £i- mno, (1:3V)

‘Ef)gf [tcations:

nAY N

I+ These are used ™ andtomatic cawmeros.

9 Conic typcs of [tthivw cells are wsed n 75t watches
oand cacm[a%oacs

www.Jntufastupdates.com 13



ch aig CellG:  Iwn the typo of prITvOTy cell, the cell of zivic
metol acts 05 avode undergoes oxidation avd porotS Cavbony Plaite
acts s cathode widemgocs weduction and alkaline koH acts o5 electaol-
~ o

At oanodo:

~ TS TNl —— 2y HoO 26" (oxidatiov)
cathode: L N
A Cothode: Lo, 4 Hy0 4 g P0H ™ Gecuction)

Net 7eaction:
o A oo~

0% — 70 (ev)

= Tho powtd owtput for t0his cell s — .5V
Applications:

DAL A

I Thesy oge used n milata7; voice tromsmitteds

It olo used @ eloc tgonic POYETS

sk ol
A fuel coll vs an electrochemical cell which Comerts

Chomical energy nto electrical encigy by using  fuel i the
Prsenco of oxygen and hydwgen 9ases wespectively.

The basic prnciples of fuel cells ome tdentical
to +h0s6 of the electro — chemical colls-

The fuel and the oxldisivg agents Az
Continmously avd sepeantelyy supplitd to the electaodes of coll,
af which they WNde790  seact ions © Puel cells are capable of
§mf]'0(‘gfﬂ% cwgrent as [ovig a5 the, qeactants ase supplicd -

www.Jntufastupdates.com 14 i



. Fuel cells axe chovocterised by e
e hgh enedqy efficiency -

9 Low 10iCe Level

z M0 theymal pollntion

Hachtogent - orgqen fusl colls (Hy-0y) -

In this fuel coll , 9 povous guphite
efectaodes  coated with platinum pasticles acts as anode: andf

cothode. -+ The @[cohm(qfc sofution 15 &54. of koH Solution weans
9.59 koH prsent tn roml of wales:

Rt oxgele - My + HOH™ —— o0 + ue (Oxidation)

AE CHHPOGET 09+ W0 T HE s Lou~ (e wotion)
et veaction: 3 | | |
A rvvfrl\ez‘ QH? +/LIOTT - Lch?O +,Lfff-
_ T
H .
e A% —> oo (l.93v)

= Tho POWCH OUl't'j?Mt' '(75‘ [ 23V

Applications :

VAL AN A

I A5 an awxifiazy ene¥9y sougce in SPACC Vehicle, swbwmarines. -

- ¢lC
9. becavse of hight weight , these avt  pPaefersed for SPace CIAFEt-

ond proctuct tho & a vamable Fresh water foy A
Pl iof0g6e

| Bnergyp Guversionn 15 uary high.

9- Noise & thermal polfution ozt how -

www.Jntufastupdates.com 15



3 Matvdoanance cpst 5 Low -
b Paoduct Hy0, 5 o oArtnking water source F0¥ astzonouts.

- Limitodions:
Vo N

[+ The [fettwe of Fuel cell s ot accm,m%cﬁf F0WN -
2 Tals nitinl costis high. |

Methyl alconol oryqent fucl cll{ cHgoH): [afkaline Frel cell]
Modtials: 2 porous nicke( plate , one yoa’oms ickel platt s coattd

mqum%eo( with Pltinum pagticle which acts a3 anode,
or0the¥ podous nickel plate (5 coated with silvey PpaFticles acts

05 cathode~ e eloctaolytt Sofution i sodwgatet koH Solwiion.

At anody: ) o

le GV@LJW@? %03 + 3He0 +66 — 5 oy~ (voc[mcﬁbﬂ)

et geachon: CHzOH -+ g6H" —— COy + S5Hg0 +6C~

53—99 + 3H0 + 66 —— QQH?'

L

CHOH+ 20y —— 0, +9H0

electic cugrent

€ el

e | —
(s

\ &

I

S

e

&
-
I 'Y

!

b

16




©)

Advomntagces :

I These cells are stable at afl envizonwental conditions .
2 Easy to tavnspost
3" [ess 7isk 10 aquatiC plants, aniwals - - ¢tc.

He Becouse wethanol possess Lowes flama bility lemit thon
ga.50ltne it Posses  [ess fae 7isk thaw gasoline-

5. BCO of high hydzogen concenitzation in methanol 415 an
excellent Fuel-

Phos Pho7ic Acid Fuel colls (pArc) : _,
In phosphoric acid fuel coll, 9pprous

Platinum, poagticles acts as gumode 4
cothode + The clectaolytic solution s o mixture of phosvhoric aci

& silica cozbide moatsix (5:"@,?} The Powts output 1s 199 — 400 ke .
Powt? output 5 vy high due to T 15 Steong acid acts as v

elctrobyto:

Covbont Plates coattod ypig,

At a&o@i Heg —— 4ty e @mbﬁn‘fomj

&f %ﬁ%: 03 ’f‘Lin—-rLtC— —_')_QH;)U (‘ICO(TA-CTE{OV])

net 7reaction:
a2

AN ?Hg -—_ﬁ;%fd_)‘ﬁ/ ~

BT aE — ano .

'?H.?'f' 03 = ?H‘?D (ioo.— LfUDKDO)

%y[i\%{w: |
- phosphoTiC acidh fuel cells ast useel $07 stah'onoady power
generotion with ouwtput- 100kw to 40O ke
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2 wsed Sov Lomge vehiclks 95 buscs:

Y VAV.Y.Y)  clectwic current
gfcci +oN Flow <——T, JJ" f{OV\]
s L
- | W ;—»’1—
htgd‘zoqen-—% Wy e %
/}\ H'f J/ ‘;a:’af
_%
H—
H-t o
H+._: A== > Ha0
I 4 |

: omoay(c' c{c'ch'roftgié athode
Moltev, %b&mﬁ fuel cells (MCFO): 10 4pis fuel cell, ove pozous

Nickef Pplate is ivnyn'@ma%of with platinum, payticles acts as
anodle ) aviothes poapus wicke/ Plote i Coated with Lethinated

m;cﬁo[ﬂ 0Xide acts as cathode . The cfcct’xo/%c sofution 75 sodvuwm
f@fﬂum WTLONHME and Ciamic ceff (K,mﬂo;). |

Af aviode: H + Ccoa®
lad [AYaY) ) O .
s ? 3 @ — Ho0 +CO;,+!9_C &de’ aﬁoﬂ)

‘ﬂ . —
A Cathodo: Lo, 4 COy +3C

7 — g5’ (Fecluction)

Net  weaction: :
~ e et |
9+ O

LV

> H?o+;a§+}%/'
]
703"’—%*% —>

'HQ +_LO

T Tt

ﬂ}yfﬁ:gaﬁb FF R
Molien. coxbonate fuel cels
ndustsies 4o pwduce efectyro Powe? vig,

A7 Used many
s“{rcavn U bines.
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electwon oW > Lc(ccm'c cwrrent (in)

| ]
| | 57
— —— / ; o
hqd'zrogcn_j T’ n i ,’L:__ ongen
ol \‘J _ 10N5 0'?
Ho «— a0 B sl
anode < e > g,[cc{‘mf!ﬁ(f,
i /
© Cﬂ‘H‘lOO(C
Lov0
@2‘:@/&5 A

QT390 The prowss of destouckion 6v) deberintfon of metals
Fuantityy by the actlon of cwvisonment 5 known as CorsosV

EX* | Tyon form sedelish brown Colous precipitott 1 IS Suzface
5 kown a5 usting of frov  (Fep03 % Hpll .

3. FpYY $0IMS Frenish colows lavyer fn its susfacc fs kvown
as TUSHVI% OJC' Cojyl};»c'z’ (Cu‘@o)

Theoties of  covrosion:

I Acid — th on: »
ARG CP\,{?’QEL%) © Tht wietols twteracts with atMmosPhcye
Tases fike eavbont dioxicle , wate? vappu? and OXGTN 9as +o for
metallic C acl ! z i
BACOVIC aCids - Pupthur o bonic aciol eneFates Coyypsiov
t0 +he wmetal .

G Fet HoD+3¢0, +.1
T3 > Fo(ﬂcog;);

Ton caypomic aciyf.
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W thodyy (07) Divect chemical atfack %59;{9‘7 of Corgosions:

(e A 2 VO S A

Dy COT70510M

. |,

y b ]
oxidation coTr05i0v With Ciguid wotal
CoTFOSTON Othes Goses cov F05i07\

- oxidatlon  wmosion:  gyeta(s wacts with dpyy atmosphesic oxygen

to fovm o wmetal oxide flayer on #5 suzface

At 00k, : v i

t ) T M e (oxdddation)
AU Gathodt: b v - -

— 7% — o7 (zecductioy)
90+

dRTEN M+ o0 s 7 5
? Yy q
L}\)

metal oxide, doves

Natvde of N0 Lovger ;

I Stable, 1on-powous

If the My Loer
5 Which G5 proftctive and acts as o b
VNI,  thal means M0 loyer
WT05ic of wetal-
éx:

15 Stable and von-pogoy.
01T betwetl wetal and

Prevents the further
COPPET,  alwminiym,

f e If the M0 Layer s unstable then i+ 1%
eanatthy  decomposer docs vt takes

‘ jD/aCC OXvaen . T N
metal  covsosion docs ot “oke 99[515@- 7 M s

exr 90 i) platinum
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3. volodile natwio: I Hhe motal oxide Loyer @5 volatile @ nduze
vapid Covosion takes place-

ex: MO

M- 5table porous: I +he MoD & Laver 15 stabl and POTONS

Which caease 1he Fusthed corsosion of the wmetol

€xXy Chomium

) LR In this concept metals dnteracts
With othey gases ke Chlovine, flourime, Co, | Su,[}jﬁuja’ dioxide,

NOX' o form pwvtective omd nom- PATECEVG Loy

Cx.
= MWrdy —— o (Protective)

ntcly Sncly  {rion- Fotective)

In abgve two Example. sifyer

chlovine oo 40 forvm Fivtective (a
wetal to form  vion- Protective, [

motal integacts it e

7¢7  but fndeyacss WIith stanum
yes. '

%+ Ll ¥
AW mootal orosion:

All the metals aw, 501

| | s at 700m tempe -
-rotuwre extopt of MUICUTy~ The WEICUdy ftegact WHA  haiser

other metals 4o form mma[fj'awz exXCoPt of o

Platimum {5 ¢
Lqnid mutal  covrosion. Nown,

—=> This amalgum 75 useful i dental treatwent 4 full £l
avity present i eeth. |
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Web HepTeq (o0) cldkmchenniaal aback vhedy

Pasd

T electyochewical thedred wmetals acts as
anode undesgoes oxiclalion  and envivonwent i acls as catpode
'Lmo(effgocs Wduction weaction tn +wo cases those aze acidic
envigonment, basic 00 wentval enylronwient

A appds: M —— m*, e @%z'ofahbm)
At Cﬁiﬁog\g:

cas¢-1 1 opt a .
SOV L (N | [Bectnction)

case-il ¢ 1 *
AT gt D4 ——s 20 freduction)

Kusting of faon:
Tho 190 metal fteaacts 1oith basic oz) newtral
evwionwient 1o form vellow  colour ferzons hydaoxide « Trmediatehy

ft (05e5 wodes molecules 40 9et ecdisf,  byown  Colous precipitote

At 93,@05{9" o — m7 oy ee (oxi’c{aﬁ’om)

At %ﬁ%ﬂ _g')-O;) +H0 + 267 — 5 9o (weduction)

wmet yeacton:
N VRV F& —— Fﬁf?-p@@/

r\ —
302 +Ha 04267 o oo

F6+L0y +H,0 19 -

Viellow Colon7

= 9 FeoH)

FO( Q9 '__EO‘—) %&03'?6/"30
L—?—__/

Yeclolish bzown Colpua
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Tovmation of diffeent ypes of colls dwing Comosion: @
Theae 030 fowd 1ypes of clls.

I Diffcrent welal Coryosion

9. Diffegent aevalion ©v) concenivalion el corvosion-

3. woater [(ne covosiont

b Styess  Cpvaosion:

[ 'QLH%@Y}}L metal Cov705i0M 2

whenever two different metals placed
wm EffeCHO(\ng Solmtion  commected  with electrically . ﬂccofo[{mg to
gleckochemical Semes  put of these two wttals one metal Acts as
anode (zf’wc) UNdeYQots Corrpsion, anothe? wmetal acts as Cathode,
@oyymr) does not  underqoes corwsion 6 fnowwn as'oliferent

metal eoroee  corr0sion” o

CW

cathode)

e
(0&7100[6) ol ey ]

— - = clecivolyte solutinn

At avodes | |
z - o o
" SRR (@mdahom)

Ap cathocder  cut3g 5 cu frecuction)
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QSN TN N )

R+ Rifferent acvation (09) covcewlaation cell cory0 siom 3
LSS AV e VS P (e N D o~ g

In this cell 75 prepoaed by the Cconcentra-
o solulion. 72, metal c{z’yj?eo[ o ~Nacd solution
15 pastially e wAdipped) POV OF ZIMC wetal acts as anocle

unde7goes  comsion  and uncippeol portiont of zing metal acss
a5 cathode docs not undegoes  cowypsiom -

~tiovt of c¢lectvo lyte

ﬁ?m( B bureHe
- | stand o
L _
sofulion -

Ar onpde sz —> ' ae priclotion)

At cathodo: Lo +H0 426 5 goi” (echuction)

3. wWatey Lifne cormpsinn: . -
v A~ NQ, reu 9\»—2 I’Vb 'H/HS CC’/[( 15 }?3’6}9@3’(5{ 6% COWCG'I/I'{'?’GL—
~{ion of oxvygtwm Level

%’Vﬂﬂ“ Take o WAtt? containes which s filled with

ater  below the water Level i5 poor Oxg9enated paxt acts as
anode  wnderqoes  corwsion and  above the water Level 15 yics,

pxygent jort acts as cathode dots not umdergocs corsoison -



wich —F a por?
oW R Y,
OX‘/J%@% pode) |2 T 0XvyaeV)
== - 530 omode)
-

Y Gi9ess Covmsion:
stress Colls a7t pavpared by staessing
eXomplot Tn o naif , head  and ol part 5 styessed ovca acts

05 anode umdffa’gocg IWSI0N  « The ewmaining bocdly is unstaesse

aved, acts as cathode docs not umdergoes  covapsion.
(ANSt? 655096 de )

sech . .
- Tj}'ﬁa} CO\«@M%OCL(J) [5{’0’ C%%;{mo de) - (C atho
L ! &
styessed
azea, (avol) e coed
((,‘0\%05{ ) dig_‘

-

Tossivity of metals: staessed (ovode)

The Prcess n which o metal exhi bits
hi9heT Covosion.  wesistance s called Y passivity of wmetal”

when o stable, viov- posous and highes protect
-tﬂyc Mo0 layer” 15 foomed on the surfacc of it 5 caffe

"fassim'f\g " This metal My Lover 5 formed  a boyyiey betwee
wetal aud environwent avd protectVe the metal foxm Cory05i0N-
This  paoperty 75 called o ssivity”
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Tactors  tnfluenting aate of Corrosion:

A e VS A

L Aodwre  of wetal

I Nature of environwent

Z\[aé&?{g of wetal :

n

o
%) physical state, of wetals:

A A

The vote 0f Comrosions (5 informed by Gaain
dne 10 5Hiess | Smalle? 10e 5ize of metal greated the wate of codrosim

Y Position, of wmetal ow gg\ﬂvaf@j}c 567(¢S -

P A N~ v

when twWo metals aze v contact

Vo the 5¢aits acts as anode and,
uﬂc{wcgocs OTDNON - The, metal befow +he Sedies acts as cathode and
dotsvot  undergoes  corosion

With eledbwhgto - The wetal apo

c) 5/\%13‘9\96 Opf —mngﬁg(: A «fow%ﬁ swaface  of m@fa["rmyz’offy CoTa0dES

a5 it colleCts wmote ofuste 2 smooth surface  does mot corvocled Casily.

d it -
) TR & mal Geveaally PUTO meAals  does ot undle7 goces

Qmosion i tmpuwrties ame addedd undergees  corapsion.-
) 2Btwe of wyy Lage

If the Mmyp Laver 15 staple ) VOV~ Popus
(’/7,‘0»(‘3 BV]f Mg0 (o

) - 7T 15 Staple POTOUS which
CTEAss the Corapsion.
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. Natwae of enyionment : )
LA oy ~ e e e

o) et of temperatude:  Gyypsion vate (s paoportional to temperat-

“WTL , TACTEASES Hhe demperation vate of COTI0500n  also (ncyeascs:

o bumicty o7) MOTHUIE Mpistuge fin 4, atmosphere acts as

electrolyte and causes electao chemical coyvosiom (00) wett Corr05i0M,

c) Amount of XYW tn atwos phere :

| oxygen in a{wosth& CAUNGES c{i’ff&’fﬂn
~tal avation 4vpes of covmsion fess 0xy9enated port acts as
avode. and  moge aygenatiad poat octs as cathode - Corwsion
take ploace at anode-

d) presente  of WpUITiies fn ofwosphere :

Impurities [ike HyS, 50y - - - eAC presemt
. the atmodphese metal undezgots vapidly Cormosion -
e) E’JCJ%CT{’S _?_f PH:

In O\.CI‘O{IBC GVIUIGYOVVVVIUVIIL 1/1/]&{‘5[[ umcffjﬁ?ocs '3&)012:[
CoFY051071-

Corr0sion. Contao/:
- JPaopen designing ;

= Whot avode and  cathode wateridls aze ysed +o Jather thew ot
OTh 0f OVOG matenial 5 Lorge-

=2 The anodic pazt spoulf

not b6 Painted (pr) copted becanse
anvy 1 ovCks

1 Coatf’m% aaunses ’M}’faf CoOMY051 0
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- ?lvofo[ﬁ/;? alloys | o

= Angles , commers, edges should be awicled, (v o Structuze.

I S —— i

g s )

= The waterials should vot have $hoTP cramens- and wevises.
Theyy  help v store of MPWITIES-

= The Pioper design should avoidd the presence wurses betwesy,
the odjacevit pazts of dhe Strmctuse-

T
] 9
e 1
]
z o
1 I —
= i, - -
A g
4
“
Foor . pooT
= S
weld T’Omt
) V77777 77777777 77 777777,
FZ///';Z’/’/ ///,,;,///@ ) u///////{//f//////ﬁ/;j @009{
| wed 10
T T i S T 772
] o best
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. When ever possible the equipment showld ke supportech on legs
free, air cizenlation:

v Cothodic paotection:

Ny AN Y

The principle fvolued  tn this metol 15 10
force the wetal to be protected (ke o cothode thoy by CoF90510V)

does not eccnrs. TE s two types
I 5007 fical anodc protection
20 Impwessed current cathode protection

- sagifical auodic proteotion:

‘ 501
A e P Tusulnbed CoPPeT Wire

e == ﬂ'—— Cathode,

L — -— —f
W

In this metiod o wore anode metal 75 egmaécte
Comnected 10 base -motal for Patection frowt  coyp0siont the
wote avode metal iiself coraode Slowly, awpile the bast 15
Protected

www.Jntufastupdates.com 29 il



The o7t anede metal s calleef  sacaifical ama(;[e'.'.

WO covds the sucrifical avode 15 weplaced by fresh one |
Jonegal all used]  sactifical anode Mg-zn , Bl .- ede.

App [Tcatiom ¥

- To prevent  Comosion of under stand fom PR, ealfle notins
- To prevont -Qrr0siov of Shiphulls- .- ehC

ual
@
“J|IQ
D BRI A I S
I R N R SRR o
= ;-‘f“',\‘c;*t-; '_-——'“ 501( '
Anode Y ] MR TR KPR
G G Tvsulated Coppey
T LR IEE N wize
coal :

precze o 7T P Pire e cathode

-—

I Hiis method oM tmpaessed cuzzemt (s appliech
W OpPosite  digection 4hen +he base wmetal chavnges faom avode to

cathode -
In +his method the base metal 5 connected o negative

tegmimwal of D-C - Hemce +he base wetal acts as cathode and

Wo%ccfc@l faom o050V + The Positive teamival of DC - conmecte-
—d 40 gwphitt and acts as eathede  anode  undergocs cmosio-
N This tjpe of protection 15 used o buared off pipes, wottd



App ltcatipns; *

T Prevent gust formation of Laid Upsps -

2. To Prevevit  wust Forwalbw Tn tganswissiont [tne fowlss:

PFOtCCLECHUG  Coatings:

A V.S VRV VU N

Metallic coating: i, SuIfalG of base metal 15 Coatedd with an
othey wetal 5 called m@fa{h'c Coating - 1t 5 of two Bygpes -
) anedic cootivg.
W) cathodic Cooting
) avodic VG 1 e, base wetal 5 Coated with moTe anode metol
15 Called “anode Qativg"  Genesally used avode wetals are zn,
Mo, Al - AR
If ony holes beaks @r) cracks oo formed on the anode

cootitng . 2 qahanic cell 5 formed between the coat metal and
e,xjoosticé post of baseo wotal =ztve 45 wove anodic than fyon -

Tonce zine acts a5 anode and undergoes cozavsion, Fe actsas
cathodo and protected Fvom  Coxyosion:

Base metal on 5 Coaded With wmore anpde 20N
(Coaiﬁof metal) «

'ID cathodic Coating :

Genewally used cotpode @etin Gn) -

,, Cathode
cooting paovide effective protection +the [uee medal on

, (\y when
the Lavjer (5 ontimuons and doCs viot foyrm AN ol (7)) break
(okr'8 21 .

If ang hole (v (zack axe formed on the cpgtey Layey « The base
metal undtr9ocs  mme cowmsion.

by S
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example :
Ton coating ow the swaface of 701 Paovides jWOfGG'lLtOVL

and o5 long 05 1he SuTfacs of wetal 5 coveged but TF any ﬁo/o

v crack Fowed tn loyer

f{f)?%afiglft mﬁhgg_f)s of rr0sioN:
I 'Ga(uam'sfm% ) }

| } Hot dipping process

2 Tomning == =g S

3. Electa plting

Y. 2lectapless Ploting

5. Metal c{ao[cfﬁ/l?

Jo! t- (zp’ fto(
. shet zn’ (0
ion ' sheet

f-(irtf( H{:pﬁoLE | hot woten Zm) NHy, L flux
solutio 4 woted L35 -u3oc)
(é0-a0T)

excesszn’
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- . . 17
_ Galvanising 15 the papcess » The (ron, Sheet 15 Coated with

LnC - The Tron aaticle {5 fiyst dipped (n dimic Hysoy o vemouve
qust and dwst: Thew | this metal 5 0{5]9}9@0{ m wolten zine bat
mamtarn ot u30G - The swrface of bad i Covesed with NHyCl

Flux - Por sticking ow the surface of moHen zn’ The coated

base metal 5 passed thwough - unifoym e thickness of coal
metal * Pinally we get galvanising  asticle:
9. Trnning «

AV, Y R oV

Toming 15 cooded tn ovet the fon of steel oaticls T

. I T acid
PS5 Consists Tn FIsSE tyeatng  steol sheet tndintt SM(fﬁW”

e it T h o
1o gevnove omy oxide fFilm- AfFCT this, it yasscoﬁ Jc&mfoqua[w
bt of zinC Chloride Flux - The Flux helps +he -moltert M o

Q
' h
odd et to the wetal sheet - wext, tho sheet  passes thaongn Ay

tonk of wolten 4 omd fomally though o Sevics of 70[{-075{?";3{%;«»
wnded meath the susface of o Laye?d palm oil + The palm oil pavtects
the, ot tin- conted  sugface aganist oxidation. The 70lle7S

o VNOVG AN 6XCe55 of 1N and ywofmcc o thin £l of uniform
thickvess -

Q) @)
rr/ _ +- O : O \L

N e R W22 11/ 1YY,
6“ Ccss {l’ﬂ /‘i: :— - el ‘P‘\t ‘:,.,I :_..:--’.‘{‘
|4

[

PRI - 8 % \‘ :':: “;‘::'"—% 'ZHCJQ? ’F’(%X
{ ‘mofffcﬂé_“:‘_:_‘;’ .‘T. __-f. _: :j g ::.'\-_:'."" e -~

TR

Hys0y (E0-90C)

33
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o

5 Tlectyo plating - 2

AN A Y AN Y

Ag wmedal -
(amode))

E ‘fé::-———) cothode

f— =

AR

-
— —_—

—— =1 5ilver thivogamide sofwiion

-—

TR

o

. Blectwoplating & o piocess tn which the coated
‘medol {5 ofoyosffeo[ onn the basc- metal by yaﬁﬁz’mg DG Hmfm/g/z
o electiolyte solution. : _
oF \ Tn s piocess. the cleaned 6as56 metal 5 made .
05 cothode 0 be  commecttd megative o termivals of p-C and
o eoat metal 5 taken cleckORE - The electaodes ot
Wit 4o batlery and OC- CwrItnt {5 passed . pw -
Cehctilysis is takes place omd the  codt metal 5 deposited
Ve +he base metal

xarple s |
T~ The €sat 5 coast silved on v coyye’f 5PoOTL Wﬁ'(ﬁ;g@
Spoon acts @ cotthode and siflver acts as anode. and stlver
0
thio sulphus ©) CyvIote

age conmected oC ,Ag S deposited o the spoon-

75 electaolyte - when the electyodes

"5NIO Newme of the avode  Eleckrolgte golution
I Silver 5ilve? thio cyanide
9 AN Ancly
EX ‘Vlka(’}[ NI.C.LQ
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% b Pplatinum prcly
5. cadvminm aAsoy

Electroless plating :

AN AN NN il

A techingue of deposition of coat wetaf
ond o catalystical active surfoce of basc metal by as

mitable ‘Jﬁc{ma'm% ogevits without wsing clectsical emergy is
fnown s “electwkss Plating”

Electroless Plating process :

FAV .V N a VO N oV V)
In 05 process eloctaons elease from the
oxidotion of weclucing oagents , seduce the wiotal ons at

talytically active surfacc to wmetal atowms and depositte] 40
coat- metal-

Electiokss plating of NiCke |-

I AAVER AV I &y

E ﬂnfﬁfn? solution (o7)

' — Nicly solution
electaolitic bathivg solutiov - .

- Reduncing agent —  sodinm hygophosphate

3. buffer solution —  Sodium acetate

4. Medvum solwtion (071) sodinm  suctinate
complexing agent

PP s

6 fompeTaturt  — 93¢
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. ity ) )
~ HoPO3 + HoO  — HpPO3 -+ 9HO 0O (om'afah"om) '

at cathode ; _ ) |

~ AN A N{*~9+g>@ —> Nt (Vﬁo[ULOh'OVI)

?L“Qg@? gaﬂfﬂj!@g of Coppea

| Eafﬁfmq solntion ©7)

electo (itc éa%i’mg solution — Gy
2 Cf?co(memg agent  — JCO’JVHO[O(GQI?O[&-
3-  buffer soluttom — Fochelle, solt (SOofﬁ/th jpo%assz'mm—fmﬁa@

b. Medvm solution (o7)
Complexing  agent

EDTA solution

5. Py told

- Temperatud — 25¢

At ovodo:

. |
o~ A~ '

e
HCHO + UOH™ ——— 91C00® + 9Ho0 +Hy -+ e

%J—{— Cﬂ%’ﬁ'ggf&:

ewt? 4962 5 cu
%ﬁi%f CL@O[,«’(;V@ (07) M& tal sandwitch (g ;
' Y S A A

In this process base metal 5 coated
with w0 fomogeneons metals 4o form  claddivg  speet like

comd witch e
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"%@f\@” Dwao olwminium & coaled witt, 1wo Al 'meta/s 5
the prsence of clectaic wlrs py opplying tempeIatuse

and PEssut® o foam Al-clad sheet -

'*.' _ '.dVv’D'Ob _
o Tt Uum

Al - clad sheet

Al

g e 1Y

oints 09) g19amic coting

! ot 15 o ofv'sj'n:’%zbm oFf v y@mﬁnf
m o medinm  oil patnt Contoin the following ek gaidicnts-

T %Oﬂkgs: These ae added 1o paints 4o (ol together oll The
tngridients with pigmonts:
' X! WAX

@ Filles : Thest, ' age addﬂf[ to pants to vedwuce the cost & €0
TMPIVE the special LWOFWJG‘? (tke, dwra biltsed  hozdwess, Staevigd
exy "fa(C','sf(z:ca,, Gy Psum .
B PQWGMSt These a6 added o paints for different colpuss
l ex. cosbon— Black

Zno — whitt, -

Yo DG oil: The [iquidk position of patnts fn which the
j%"@mcamt' (s dissolved (s called medrum o) oFyivg oil-
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ex:  sogabeonn oil, fi5hoif i

5 ”l’mmmfs Thest, o7 added to pamt 40 veduce the thin so

1hat, they con casily applitch  on Hhe suzfact

exs fey0sono , vitaw M-C

——

£ g:’[as%fcf’zwﬁz These o6 added to paints 4o give the
jv(aﬁﬁcmg and Hmabzfﬁy to the yam{'

%% 'T’?ﬂj?ﬁcﬂ%ﬂ AMINE:

T Antoxidants

VAV B2V VI o VI o

g 6656 076 aofofcof to paints 4o prevent omoﬁmhow of*

Patnts - e
8. Anti 5&:3@51/19: These age added 4o paints 40 prevent

N oS _ SR
Skinning of pafvits-

i polyhydoxy  phenyl

s
S'o:B\)Q,PDJ/li Vewlcotaloo
M Bed
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" -IC
“—, ————
o, e PART-A .

“The mqﬁeﬂals
ZeY o ahd nduct
ave eatleé &’emf conductoys -
= Thts p'rope-rttj Of f“ﬂr,c"”‘?“*?ﬁ‘,’..&j, explamed E;Jqsedtm

OoNIT-TT

NOn ElemeDtM Cem Ctmdqcfing Matevials -

Wihfel behqve a¢ fosulatoy at abgoultte
e{ectrfcfg at rmmar wmpemmres

band theory - | ‘
Types  of Cemiconductors. '

0 L -
* Semiconductoys  are two types-
I+ IntYngfc  Gemfeonductors

& fxtrimsfe  Semi conductors
I+ Intyingle  Sem? conductove == En “the fevmi ehergy gap

i Smaut  bhal -the umer)ce band and

conducttm) bands Qo that -the erecﬂov) 'F‘rom valence

band s exléited 4o conduction band s 1t fs  catted
-1 'n{‘rmslc @emlconduﬂtmbmh | 'H)e ho[e leﬁ N Vvatence
band  and  the extt-ted e(ectvon 0 -the Condu@fi’tm

band contyibutes ‘%om[qus condeiet? &r”fy- A¢ the tempeva-
Huve Yises, 4he  hoof electyoms PYomoted o the
conduction  band Increases contributing +o the incveace

condu ottty OF  Semi conductoy -
conducting band

(N

- E.p C’&mau)
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v Exdrbnslc  Semtconductors t-

The fermi enevgy
conduction band 1§ moclevate

\S$ knhownN QS extyinefc  Semi

gap between

\ratenty band and
in  Semi conductors
conductors -

% This gap is  Jal-filed with impuvities fs known
as coping -

conductHomn
Band

N-tgpe  Semi conductors - The pentavatent jmpurities like
 pydvy to the gflicon @) Germaniam

Semi con"auctmg [$ Knownh ag M~+(jpe Lemt
conductoy - '

¥ penta valent impusities have five electyon out

OF these fouy electrons ponded wiith s?(que,
One

Sutplus  electyon 1§ waandem’ng N gemf
conductoys . | |
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® L8

X

penta valent -fmpuﬂ’ﬂj a{om"(dtmov)
S T T
-—‘_. C?D H @ij;—./@)i/.-:&m plug’ etectyo™

a) qut’nﬂ of impurity

© eonducting band

. &t )
- ] e Fe\“m 1 "
pohay band_, enerqy qap

ralente band
A dopan t wfth move electsons form a

Nayyow band -
P- type  gemiconductoys i~ By 'n’)tmdqciddj a trivalent
Impus Yy ' atom ke Ae, By §a into
& oy Gey +the vYeplacement Of these &f or Ge atome
by impurity pvoduces an incomplete bond tn -the
Styuctuve pvoduti’ﬂg a po&fﬁ\l{g hofe -The posftive holeg
ave localized avound trfvaient impusfry atom at tow
tempevratuyes oy abgolute xevo - -At nNoymal tempeyatues
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b

%e wate,ncé' electyon¢ on -the adjacent al 0Y Ge atom g
My again  Sufficlent €hergy 1o move fnto the hofe,
fhus  ceating @ new hofe con the &l ov e By a sevfy
of hops , -the  posfiive hole can -mfgvate™ across the
erystaly pue  euvvent 6 Cavried out by Jhe migra-
Hon ot poctdve Centres- . - v T

l A’r’ff“a‘“lt ?mpuvfﬂj atom (denor)

! I I '.= amducting - band

— (Dol

I Q@:—/'bafe

I

a) posfifve hefe on ol

Cayctal  tattfce - Ry, %

¢ . . \talence band
Q'L:P_‘ Chio MQ_{_:_YfC @g]’_n‘[ CDDdtlt%‘l‘OTS e

==

| The - Cvystal _Stvuctutes  and band
stuctuves  gimilar 1o that of allicon (i) and
Gey Manium  (Ge) are. devetoped . by ..the = combination Of
gioup I - and  gvoup 'ﬂf elemants  ang gvoup -1 and
gvoup M elements.  named . as . gstolchis metyic  gemicon-
AU Y S " " | |

[ 1

{ Ui R y L ’
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Y-

- Gvoup 0 9 Combinatioy) Qroup £ ¢ 0 combination
Semi conducttoY — fermi energygapE;)  Semdcopdultoy Jeymi energy
(& ev) RHE) |
qap Q14 eds Qa2 |
GAAS '35 cdge 34
Gash A
InAS 636

chavactevistice o4 Stoichiometric Semiconductoys:

—_—

[+ stlochio metvic  Gem? conductors have wiide energy
QaPy which teade +o bwad eyxhauction Eone
with Pfgh  conductivities- Hence -they can be used
at  widey wvange of tempevatuves:

2 They can be doped o N oY p-type emi condu.ctore ;

. —————y

Non- stoi chiometyic  Semi conductors: The +vangi+ om
| | metal attached qu’er cha[eoger)
elements  tike 019330 o form 4wo 1) MoTe ‘
different  gemi conducloy  materfals f¢ knowd ag
non- gtoichiometyic ~Semy conduLctovs: S
£ Tn this +ype  of Gemiconductor does not Obeyy
fArheniug the oty o eectvolytic  dissassodiation

Means the total no-of apfons fs not equal to
total ho'0f  cationg .
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e ————

Ex'— Feto - =~ feo yfer0-.
cuto ~ Cub 45CUa0y CU30
40 Tioa y TlOg, Tio
MmN +0 - MNO, MN,03 y MNOg y MN 104

ey em1condu ¢toyg -

Controlled  valen
Semiconductoy produ cfnj

st 12t o .
N‘:—4 N‘mo 1S o hOPPH’)ﬂ
Semi conductivity by hoPPinﬂ of electyons

boppina

from Mt 4o Ni3t fonge the  concentration and
conduct Vit o4 \idt T contyolled by the addthtm
Of Smati amount o4 (it fons.

Lio+ Nio 0, — 5 Liy NEEY N0

conductor  ghows cpnductivitfes depending

The et
and find  applications

as the TD‘)IDS‘IO{;,.

on tempeYatuwe g

Ctheymaty -gengitive  ¥eg{stors) . Thege -~ gemiconductors

can be uged over a wide Yange o0+ tempeyatuve
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on 2t z+
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s electyoneutyal

|
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Chalcogen  photo Sggfcond_il:CtOTS'

0¥y9en Co) s Sulphey (s)s Selenfum (ge) and Telle y fam
(e) are couec’cfeuud called Chaltogens oY O {’orming
elements because o lavge ho-of metal OYes ave
oticles oy Sulphides: -

he chavacteyristics of chaltogeng aye:

I+ They behave a¢ gemiconductors oy photo CoNAdUCtors
efthey alone ov by combining wiith other elements:

& They vapidly  form glags on Coo(mg and Vi scous liguids

on met’cmg
3. Selenium (S an excellent photo conductoy - PtS conducti-

vity incYeages enormously on escpos‘(’ng to (f@hty hence
i {c uged 1N photo co,pginﬁ process (xewox)

prepavation of Semi conducto’s ;ipfsﬁ,laﬁm

" Ly e GIE_,___.J o
| pvepamﬂ'on of ultya p L zone Qeﬁnmg

c1y smls = C%ochmlsm c.mjsta\

3 prepavation of Single
pulling technique:

3 poping 1 e
tey  TOMM o

Epltaty biffusion Ton lmja\?n‘rfr_ tH on
technig,ue
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|« prepovation of ultva pue Ge

a) D!ﬁlllahon -
Ge +2ayey o{ Hed

‘L cly @ay
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!

Fra eHON aﬁng coltumn

|
Pee Berth
\l/ Ny atp
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Zone Pefining
b) xone Re Q zone  Refining. 1§ a metalluygical
procegs  Which ¢ baged on he p_nrmup‘l‘e
+hat +he impuslties present 'h a metal ave moze Soluble
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—
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& preparation- . ot single cwystals of &i orGet- |
The basic wequivement fov the fabyication ofa semi-|
conductor  device (s that -the Semr conductoy Used mugt
be a single  cystal tence sing(e crggmlof sl and
Ge are produced by Cxochyalgki Ccryéal pulling technighe:

C%och‘mtsm c1ystal pulling technigue-
| This process was Named aftey the poifst sctentf-i
st Jan  Crochyalski Who invented the method 1n 1ql6 |
5bcj accrdent while geudglng crygtalization methods -
'5 on +his method, ngle arystals.  ave grown N Such |
away that - dusing  Cagstal growth atoms veproduce |
4he  came atomic  avvangement . ASthat of-the :Seed

aystal - & .82 m 3

3"& evy st

ef;idﬂ

@) memng o4  B)Intreduction O Beginning the d) CYysta) ) Formed 0ysta)
Poly gliicon o Seed tryeta) | OYstal qrowth - . pulh‘n9 With q .,egfd'mw
D‘f‘ S”l'cof) .

CXochvralgki  process: i

! '
! At
f )1

e e e e e e e e e
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300_92193"1htmducin3 ‘an ‘mpuxity 1nto ~the <semiconduc-
Hing  cvystal s catied  doping.

X one Boyon (of) Arsenlc atom qdqeq(ﬁ)(oo
millions of  Germanium Co1). gilicon

a) Epitany - The Wovg ‘QP"fO'ly’-fs deyfved. from

Gyeek ;(Epi’ mean ¢ &euemr,"cqwuj’ me.an ¢

Seveval manney - The ‘deposttion ofa - Cvystalline

gubstance oOveYy he  Gryctalling  Qubgtrate. £pitany

vefevys 4o the deposition of a cygﬂ;a“;m‘ ove v Laye¥

on a  cyystalline  Qubgtyate Which -ads ag geed

cvystal- The 'fououafnta “are ' some 0+ the echnique
moleallay  beam e pitady (mpe)-

b) D|‘_H:us|‘on‘- Anh  eprtaxlal lagew can be doped dmma’
- clepo SftioN. by addig  'mpuvities o Souvce
.raag ' su,c,h qg ' owsmt, g)osphme oY dubomne

The concentmﬂon ot m)pufutj in ~}—he Bag ,P"zaSQ
aetE‘fmfnes e concentYation «in the r olepostted

t(m -
c;e Ton tmplanfahon\téhm%uef 2n this +echmq,qe

; .o - gemieonductoy ma’certal s \
bombmrded wWHh an etec’rrtcalLU cont'rol[ed
beam ha\nnﬁ hig hey __neTgtj.. i lokeyv conmlmng
impurity  fong ke boyon 0OF phOSPho'!.OQS.IOD ' plo-
ptation  method s extengively used 10 the Pabrica.-
Hon of bhigh  freguency devices.
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P;D 'J'u@ on

When o sfngle  Ciystal of of or Ge is doped
With  Tndium at ene end arsenlc at the Othey
end wibfch  congtitutes One part p- type gemicondu¢-
oY and  +the Othey —tﬂpe gemiconductoy wirth midd;
te bozmdavg' -reﬂlcm Wheve the +two gides meet: ThiS s

Known ag p-h JuncHon. The group 1D elements ByALs §a
or 0 and qroup ¥ element (ke p ov AS are mostly
ued because of theiv (0w Metting point ,wibich fs use-
fal  Por yﬁah temperature dT-F.Pus?on o 4the app’ropv'\’a’re
dopant  element:
p-n Junctien as o Rectiffe :

cuyvent f£rom an outside Source
(¢ alowed 1o Low through  a ‘rectifiey only tn “one
direction and thfs (g Veyy ugeful becatse ft helps 7n
Cbnueahnﬂ atteynate cuyvent ‘tac) to divect cuvvent (pe) -
The  fanction 'of p-b Junction ag Yectiffey r¢ discusged

below: & trangistoy wifth o zoneg, one p-type and
the ofber n-type With  pyn —JuncHon in between fg kNOWN
diode: D¢ p-type gemt conductoy Yegfon £ Connected
+0 the pocttfve  termfnal o battery and n- ~type vegion
fe  connected to the reqative termPnal of the came patter)
From  n-type mgj‘lon electyong V\H'fh mfgmte towaydg
the  pyn —junctton 4 where ag holeg witt MiQvate ¢owavdg
the p-n JuncHon . At +tne pn junction ofdiode 4 the
mig ratinp Clectrons  from the n-type region ‘mové fnto
+he vacant l:mfeg in the Valence band o4 +he P-type
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regi'on. Thle migration of efectrons and holes cap continue
and a cuvvent Plows as long ag fhe external  Vottage than) -
a battery P¢ eupplied

+Ve holeg Ve hofes
-— bﬂangtgtow

“«— A
—~ LT andsto ¥
PN p D—]'———

«— -—>

electyong Electrong
! G | 1|
P,aﬁerﬂ Baﬂertj
) conducts b) doe¢ not conduct -

When the connectfon f¢ vewerced p-type veqfon fs
connent‘fnj Yo the ne’_ﬂa’r?ve ~terminal o+ the battery and
n—type- regfon fs copnecting to the posftive terminal of
the battery the posiftve holeg move away from pn
Janctton 10 P-type 've(j?oo and the electrong mlprate ausay
P P Junction ip the n-type vegion - The cuvrent doeg
not PLlow ot the Junc‘r?on ag there are np electyong

oY pocfH e hotes-
> Junclior) ~Hancietors

Transfstovs  are slhgle crystals of cfticon Wibfch bave
been doped  to glve thwee  zomes, pfther pp-p or
n-p-N ag ¢chown below

ENENEY - [T

fmitey  Bage collectoy

Emittey RBage colte ctor
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Dl{{event vollages must bo applied to fne +hvee teglong of
dhe {vanslstoy o make L WOYK WIith  regpect to the emittes,
1he bage f¢ typically -0V and -the coltectoy fs typlealty

1_..“ P —— ———
]

~Q\Ipl ¢
In the p-n-p trangfstor, {he chavge cayylers fnthe

emitier  aye PostHve boleg, wnich migvate Prom the emittey
ot O Volte 1o the bage at -0-2 Uplks- The positive
holes  oross the emfter]|base p-n junction. fp+the h-
type  bage Yeﬂ?()ﬂ eome holeg combine With e‘rectw‘)ns and
are destrogeq . Electyons flow 10 the veverce divection
Prom the bage +4p the emitter - Tthere fs thus a emau
bace  current . Qince the Collectot bas much greatey
negaﬁve voltage  and the bage {8 very thin ymost of the
pogitive holeg pass thvough the bage 1O ce)l(effor,
Where they combine  wih electtons  Prom the cwcu'?b
At dbe emittey s etectyong leave the p*ﬂ,{Pe Semi
conductoy and entey the clreuit by producing move

;POS?ﬁ"e holes - Typfeally M 4he emittey eurvent i

ij,mﬂ ,”H’)E bace cusyent f$ ©0) mA and -the coflectof
(cuwent (¢ p-qe mA- Thep-p-p trangictoy WOTE 1N 4
;@im'ﬂm V\(aﬂ, excep‘c +he Polqﬁty p+ -the base olt-
‘aae t¢ Yeversed . Thug the collectoy and bage Qve
positive  wrrvto  the  emftier:

i

+ve hofeg

lo’u‘[P - P{-—LV
T N

emitter  Bage  Qollectol
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Base(b)
—2 ¥
emiterce) colle ctoy (@)
Typical bfag  Voltages fov p-n-P trangfctor-

—h?pﬁcat‘t'bns o4 trangictor¢ o— Transietors ave mos+ w:‘de[a

ufed as-
D Ampliflers and  ogclllators in vadfo s T-vy computers and
hi—fl  cfrcults 4 photo ‘trangictors 5 gplay cetls y clete ctovs
Por f'bnii:ing rjadt"aprﬁons,ﬁerm:"sters and tunne| diodes.

— 0 —
'
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maokerdal  thok on ke Maﬂneﬁled bj on extanal 'Ffdd, and 'trcmaffn,
rf\aﬂnek‘\ud ofler Hae extornal -fed g Mmowd'.

S i 1§ due o presence of dovains Cdomdm‘s ave no&h‘mj but a
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1) ¢o endvity
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i Maqnelic EusP:chbmg 1S \n\tu&\a Propostional ' ~to* aksolut e &rnpzrm&ure

e , |
T-Te |-

w =
Y x maamtic suspeck\b\liky
¢ - rakesial Specific  unie constant |
T = Oo\asolute 4ernperature
T = (ke dernpuatuse.
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e  WNTITT PART-R
‘ 8. Crousrey Or Sovucen Mereenss -
Nano MAaTERIBLS: o @
WV eAAAANANAANY

The matevials like metals, ceramics, Poltjmerié
materials or-COMmefg materials with dimensions and tolerances
flj_ﬁ\c range oj- anm 1o 100nm  are callect the Nano mafeﬁab-ﬂ’e:)j
|exhibit um'ciu_e. fmjagrtfes like mel‘a'nﬂ f@ﬁ’ft reactivity, reaction vates,
_ dﬂctr{cair_:‘conduch'm'- ty, eolou) 'franf.fnfencj etc.

& A : - : ' ‘ H |
SENERAL MeTHoD for Peeparemion O NANo MATERIALS:

VAN VA AANN

1. Ter- Down' Aperonc Merrep : |
¢ j::oucdev and then ‘TDV‘T.‘ahf;JPQ,Y‘Hcl:és bﬂ mq‘{;ﬁﬁ use oj‘ lt‘thojmfhlci

method s. 1his <mcﬁ:10d 15 used. in the micoelechonic Int{uéhy-

sor N\ - - . .
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| ~ In this method ue'rj small Jaakh'dés like Oﬂf‘Jm.S are
assembled to gd"dué’cc:\f.s which in twn are aﬂfeje agareaa‘ted to

|| get.naneparticles. Fullerenes and polymer nano cormposites are
frefqred bj this mMmethod. ‘ o ﬁ
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Pecenramion Oc NewoMareans BY Supusrant METHOBAL:,
| cSol—ﬂe,L fmF6ﬁ°on s bottom —up affroach j‘or
the synthesis of mnoma’rerial_s-do.l—ae)_ ocessing 18 1<k
chemical technique that uses a sol to produce an {n'haﬂrafed,
hetwork te., gel. Metal oxides or metal chlorides undergoes. .
]"fjd"olﬂ&'s and fOlU" condensation r@chHon¢ to Horm _ a colloiel which
I a sbgs‘tem comjbt)éed' oj' nano JleJCldeé dis g-_,vcf;c.d In aodeUerz'L".
The solvent evolves toward the jorma’a'on' an ;.n:o?fgcimllc cor?:arfua
neteoork cén‘tafm'nj a h'clut'd. Ph‘asg (gel)- 'Fovm?hon of @ me
oxide {nvolves wnnccﬁncj the metal »ccn‘h&s“wwh 030 (M~ O#)
oY hﬂdm.mfelﬂm (M-oH-M) bridﬁes acne.raﬁna mc‘?a[ —oxnolor)
melal -".h_xjdroxo fqltjmers- _tn the 60[‘9{?{00 . Aj—-]:eY -drﬂmﬂ fr()(:es& 9
UC[.‘*‘.'H— Phaée'fé re_mo.\lgd’ jmm Scl dhdc‘_‘ialdr;waﬁt‘t)ﬁ 'L':s fe\:"omcd
Alcohol s used as solvent. - S
A
- gt jorm.s similar &ize oj- nanomaterials

- Jt cmde»:cjoe.é low temperature reactions

v \\ . i

L 9t | j'orms Ticyd 6ﬁucﬁrc Jsarh'clea
- Jt  contols anj 6‘(‘013& of the veactions.

- This method Telongs to bottom -~up approach
/Vletal nano\f)av‘h'cles- \Parﬁcularlj siluer nanOfor‘Hc_le:s are
J)rcj)ared bj this method. T o -
Stepartion oft silver nangpartides: '

- For the Prefargcﬁoq oj‘ silver nanolaarﬁc_l!eé

| TETTR _ i 7
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L‘fsi'lu@r nitate solution and 7. wjw sodium dOdengU!Phé%Té@Df’-
are used as metal salt precursor ond metal csfabih'zfna agent,
_Yeéfeaﬁuelﬂ— Hydvazine hﬂdm‘re, and cthate solution are used as
veducing agents. The "franbj:arenf colourless solution <oill b'_’c. +@

- converted o falc 3ellow andl jnale, vecl colour which fndicates
. | | ) 4o
the jovma’a'on of silver nanbjxnrﬁcleé., The nanczfa"hf-lﬁb are purifie
by cenﬁjujah’on. o .
WEpplicevon:

> Nmoyarh'cles like. silver, goldly J.)‘laﬁ"ng'mctc. 5 are J:rcfared
'bj‘u‘lts method: ‘ |

2 Bewor Lmwer Teuee Mernon (BED:

. ANVVVY
Nano Crﬁsfallt'né Parﬁdc‘s ’of?‘(c);é(ie@;x)@t;' ‘1"‘3 53”1'”‘35;5‘

" by combustion reaction method using fron nitwate cobalt
 nitates and urea . with Asa’s juél wifhbti'f,'te}nflafﬂ and
 subsequent heat treatment. The maximum reaction tem perature

ifanﬂ'e, s ]50—-1010°c and cembdéﬁ'oﬁ lasts jor_ -806cc,j‘or all
éjstcm- The mdterials are washed with deionfsed water and
the bﬁfmdudé_ are vinsed ij’ frqdua'nﬁ pure nqn?quﬁdgﬁ-

This 5 a sha e w_n‘t‘ro‘lluzi method or ‘_I.."he. synthesis -

idal flah'num nan Da!’HFfl@é;”?hf"ih f§ fotmhall ‘tmportarit
ln the jw'eld. of catalysis. # solution of- potaasium platinurn t hlovide
6D.lU'h'On CO-OOOOiM) 15 frcfafﬂd- In woater and treated UOt.'H'\ o-2ml
) Oj' 0:AM Sodium Jbolﬂacnjlatﬁ-{ﬁ"@ feéulﬁna solution Ts bubbled
with Av gas j—ov 20 min - The f‘l:‘ lons are reduced by bubblfnj
hydvogen ga s Jor & rin -"‘ fhe reackion vessel 1s sealed ond
[e-H-" overnight. The <olulion turns light gqldcrj andl nanofqrﬁd:

.o.j' c‘ollo
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ave fuﬁj-fed. ancl é?fXJYa‘t‘ed- N | , K ﬂ:,

‘Reoéeraﬂas Or Wf- |

eV e Ve Ve Ve Y L Vo \ :
> The maaneﬁc \Proj:c'f‘h'eé fncreases WITh dewease (n size OJL
rotdexials .

- ./VleUan j)omt of the manomaterials Encreases 10hen comfared
Cwitth o‘ther material de,fendtng on size oj— j:arhdeé

-~ cSolubth%j DJL mnoma‘l'enalé fs rore than other marenal.s due
%o detreased size.

- (olouy : /he ‘Phwlca[ JDroj)eth COIDUY‘té ajatﬂ dizc dEf@dQDT
— Wansfqrencﬂ -ﬁ'anf_jjqrena‘_l Oj- namma'ta‘(dJs 5 more than

other matertals. | ' ‘

— Ca‘lelj’ac Behau:bué )@ue-bo mcreased Surjoccoraa, the

: Cata(ﬂﬁc, actlutfy cd- 'Une, mnomd'L‘enalé s more ‘Ermn ofher’
. materals.

— Couodtal froferheb /L\he CDUOdlal rﬂnOJ)oYhde—é are_catled.
coerana colloéds. L
> Chemical- ReacJaUth Manofarhc\es faéses h:gh chemncal
reac;twd'j ‘ ! TEEE S

> Reaction Rates: —Htgh reaction vates were obsewed' w?th
rTanomatexal .- . , o
| ~—>—/he, N0 ma’cenalé exhtbtt' 3ood. dlS\Pefétbllt'l‘Ef |

| -—>— the nanomatedals con be Used as 8ood conduchncd, semi
onduc:hn3 and Fnau!ahr\a matenala

Y A Hallerene. Bs any molec,ule Cﬂth@_.gd en'hrely
' oj* carbon ' in ﬂﬂejorm oj~ a hallowo 5Jshere, clltPsotd or tube.
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<& d‘\e j—frg\f jullerene ~nolecule 1005 meamd in 1986 bfj

A. they were
“Richard Smalley etal” at Rice Uriversity » WA 0
rded Mobel Prize n 1996 jov their work 3

NE:
“Types Or f&%

\/'WV‘N\

TERS .
1. Buokyau ClusTeRs, . R
The <smatl&5‘t“ ts Cap Cun\sa’rurafed qens:on ({r

—drane ) anol most cornmon 15 Ceo -

2. Carson AIONOTOBES
VWV A AANANNA | ) . )
" fotlow ubes of very small dimensions having <ingk
or muth' f le ooaLLs.
3. MegaToBES:
,L)a\fge‘r tn dtamc:ter than nano{;ubes and. JDEPGYEd
with walls oj' dtﬁe,rcp’f thickness-

vy it

1 Pouyaegsr ..
Chain, two dlfY}enéloﬂdl and -three. dirensional
j-)Ol'jfT)ﬂ‘;‘) are joﬂmd undev htgh-ﬂ-fre&sure. h[Sh, -[ﬁmfamre
o Newo Owiong:, -
e . 6J:>hcncal farhcleb b "
SOELH0 U”d‘ng a bucktdbal cove J)myo&edf Jor bbricants;

aéed on mc‘LLhPle. '.O.tjei’é

6 KED N DIMERS
w\"‘“ Bau Auo % Pwvw

VNN VY

| - “Tooo buckballs [mked, bﬂ & carboh cham
lhe dnﬁercn‘t i’ndmmal jxulereneﬁ baaed on comjDoél-hon 0%
|fstect belou:)
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B e
i

' R FULLERENE: L ,
’W g:/\j\-/t::v smallest ju'llercne,fno\lecz;%le-@é structur
oj— .Ce,o‘ Es cau;:-:a LLTrun'C(:'l“l'ed Icg's‘ahéjprone’f c_arflfqt'??nﬂ Q0 Zﬁ‘(}m
and 12 Pen‘lnaons with carbon atom at the \fcrbcei orz; o
polygen- fe vanderwiaals diameter of Cgpis 1:2NM:

average bond leng‘fh s 1HA

1o - Perttogonal
ﬁr'\a 4 -

RO —hemgona! b _

- e

o : -' ﬁCe
© Cgo dutierence  Cag JHIETENE

b, 1I30roN BuckygriLs ¢
A ANANAANNANAAN

A typec of buckyball

wohich uses boron otoms tnstead

.

e, o LE . .
< /Mlerauo FusRenes o
 fhese are a class of novel 'nanojaarhc es, comprises
20 carbon atom Ccéo) j-ormfna a ﬁ)hcre wh:'ch en,do,ées flcomJ)lex
of three metal afomf;w a:noLo.ne. ‘ni‘hvgen alwliom.-
' A ERENES ; | -
A common method used to- produce fullereres fs 1o
5€ﬂd a larae current betwoeen hﬁo"nearbg Srafht'vlcel.t.schoole‘s
fn an Tnnert atmosphere.- The resulting carbon plasma-arc
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| ‘ & ' shith
" bbhoeen the electrodes cools tnto sooty residue Jom o

illerenes can be isolated . The j‘ullgrcne& are. extrackd

.'ma'nj' .
rom soot using raulti step procedure:

+||_— " ," | ’ @

— CARBON PLASMA  ARC POINDEF

v 11 i

ANOPARTICLES

Feoreeries O foureenes:
- Endohedral Fullevenes: |
INAAAANMNN NV _ L T R .
When other atoms _taﬂ';ed foside ' -J‘ullcreheé +Djvrm |
‘Inclusion 'cqm:Podpdé- fs known as endohedral fullevenes.
é%} ‘Tba'UCCg;q Cfgg dhdfé,d “Fullevene). /
—~ Solubilidy: . o |
Fullevenes are dj)_a'rl'nglj soluble in many solirents,
common Lplvents j'or jul[gireneé .are toulene , Cs )

7 Ceramie saulotures:
Several seulptures symbolizing wave, particle duali
are created. , : PR d}/

=+ Chivality:
- dome qulcrenes --are--?nhwtlﬂ thival because The‘d are [ -
- Symimetric anol have been dqceeasjnw\lﬂ‘ resolved. '
- rHydogenation: BN -
- Ceo exhibfts a small d'e'arec:-oji womartic .CbaYaC'fe*}'Uf’de'y
addition with hydrogen 1o folyhgdmjullemnéé-' I
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+ Halegerafont

Additon of Ficl and Br ocur. Jor Go ander various
conditions, JDYDduceé a st no: 0)" haiugenafcd devtvetives- .
~ Qddition gf oxggen:

Cep can be ovtggenaff:d— to efoxldﬂ CE:OO ‘

Applisadions:
. Buckljbal'é are ejjfcten‘f medium 1o make' htjdrogmjud/

~ In medical jt'eid,' buckm'l'r?l'gﬁfrer jg_t[lerene, t5 used to inhibii

the HIV vivus o
> 9t s used In fFEPamHOH oj’do\arenefggl- |
Careon AlayoToses Ceur): . o
Carbon nanptubes: are sheets oj‘ 9raj>ht'i~e, about
0:Hnm in diameter- .Carbon h-an_ofube.sxarc' otherwise, calleel
bucktj tubes - | '
-f[\bere:-are T T:ﬂia ---oj’ ~carbon : nandlubes « .7 ]
1. Single Wall manvlubes o
R. Mulli 1Wall nangtubes

dy Age | ,
& LR Dicriarge NMernoo:

fi e & Bj are -dischq@&wj vﬂraf'hfte. cledr’bdé's in Ppresence
OJL fonised 305 1o veach ','T'ﬁgh ternperature and bj usin ga curren_'t
‘oj 100 amps CNT coas produced.: The yield is 30/ and produces
both cs:?néle dhd 'i‘bul‘l’i—wauﬁdf_'nano-blbe. with . lengfha oj’ UJDh
50 micomelrs. TR e e
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diiLaser Asmoy

gn this JD*'Occ&é a J)ulscd ]_aéeY ~apourtses d qrap]ﬁt’cef

9 While an innert qué is
target , wah temperature rcac_’rov | =

Y, Y\ano'\?ube. rleue\ojaé on The cooley

-l» (‘or)dehéeé
ﬁ cofl')on
surtace 0 1he YeaclO

tal c,a‘talﬂat
To me a/c(irﬂbiﬁ’licg/gj' vajz}_\ﬁe ™e

stngle
vtic CCO and Nt mlx'l"uvc) oA uéeol +to 53n'['he.sts 3

-uoalleol CNT-
i Puiasma ToreH m

e B A2 22 g
(Slﬂﬂ1c v:)a[led CNT woas j)r red. b this "rilefhod ar:té

thernal P\as'ma torch method ht “frequen asaLla {;\i curven

n a coil In Howtnq tonert ~gas Was ‘fe@lé

/_/bJﬂfL and. ca’gglglsj_gh_de\égnd then cooled. down
Sc‘l' <tmgle waall _ ~qhis wnethod J)rod_uce.s 528m5

oT CNT Jper mintue.

AV, C—Hem:aﬂL MPOUR D POSITION m
\/\/\/V\/\/\M

in c'hemtcal vapour deposition process o substdle
OQA ) Jx) fos j) rHeles

wWas red with a laﬂex oj‘ roetal catal'jét nantzf:a
(Nior co)- The substridle s heated o 700c and a mixture Oj
mtroaen and. carbon coritalning acdylenc or ethylene or
ethanol or methane was passed: ‘the ;arbon containmg gas
15 broken and carbon E.s Jcran.?ﬁorh‘:d 1o the edjc.s oj' the
jxlfhcle. where it J‘omn enr. Fluidised bed red_ vead:or (s
most w:.delﬂ usecl j—ov CA/TJDmduchon
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“copeeties OF CNT:
ANV AN

Vava'e
r Sheogths 5
CT posscas strengfh upto. 200 gigapaseals C&Fe)
- Hadoess: ‘ o '
| Standard ggfngle walled CNT 1oithstand s a j;re&’»um uf:i'o
5" G Pa wi’chout.dejoxrmcfﬁon' !
+ Kinetic E{/o:%v:ﬁe;s
Multivoailed catT exhibit « striking

CNT ts 6emtconduchn3 with o very small band gap
- between valence band. ‘and.’ conduc’c‘frg band . o
7 Bldtomagpelic wave obsorption:
. QAT Possess  wmicrowave ab.:.og)'ﬁon dnarqﬁ,{cmﬁc
> hemnal propertiess | ' "

CAT are vevy 3ood 'ﬂ\ermal conductory CAT o voor
Mfemfure ]fuif, _ti’]e,rml -Candlucﬁufi‘[d &5-00 WM*—IR"‘I. /[EE/
krnfevafure é'tabilt’iy'
R ai- .
> T leddty

| CAfooase-ss toxicity _..
Opplicatons of: cur

> CNT's ‘are, usec. 1o n?ake -\Sfaf—e élé.Va'f:oks, 6*ab;fm0f)

bullet Troof d’dﬂlfnj

— CMNT Is used in

belescoping propert

of CNT Ts @300c Invaccum £ 150

ex 'ba‘tiieﬂ'&s o |
> U.se.d in olfafta,l 5w;_{5},;n3 deulces elmﬁomgneh’cumve
- detectors.
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S CNT can shore }Hdroaen
. P chna[e.—uxﬂfed CNT $s Insevted aroun
Medical j{eld : .

d 'cancérous celly hence used ir
The substances which exhibits comentional L;c[u,‘d

;Pr(‘}:erﬁes- as well as ujéfcallf ne olid f’rcfrer!j (s calleol |
liguid cystaks. ) o

(RuID -
Lige Ceumis (iey):

[V Ve Ve Y

0000 - o, o coo O

Q00000 D o 0 o Poo

oo [0 00 ] |o ®ufm
Soud tROID LIQUID CRYSTALS

_ T%RES gj; b’gufd C_)ygfg/‘ﬂls‘: o
| & ﬁ:e'rmo'[vof[o Lcc; -
@ AHOiTOJ)Ec,‘ _(Cs | -
- & Metallotepie Les |

> Thermobopie les: |
{Re@oﬁpﬁn'c fbaﬁeé ca;re, Those 'théai‘ oceuy Ih-a certal
fcmj;exqfure range. .’smflu' oj'. —t"]ﬂ\/m()h'oj)ljc: U’qu:’d cr‘lfstallfne
‘&béﬁm’fs .are. Chol’ed-exgl_ benzdate, exhibit liquid erystalline
stale Juss 118.5%¢ , P- azojxjanféolé at 116 - 135 ¢, and

Y

'Pfazox\tjj:heﬁafole, at 13+ -26%C.

p |
lheve ave .‘ﬁﬁre,e. distinct fhasc:s o .which 'thermoh’of'f'd LCs
exists. | '

- Moroatie Ugid phases: |
MNematic in Greek means thread (Tke simple 3huc}¢;mé
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KT e N L s mAK
I D= =N ysm

Ixample

Oy U
6 Cholestrts AN — e 9 v
L . ) @
’ NQ&N‘C [.7-93/' 1

| I’L?ﬁe. ‘fv\oitec;ul% are. ah:cjn'ed fara_ue,l 4o a frejf,rred
divection qs [n rnermatic J:hQSe. tWhen frocee.dt'nj-i’n . Ty
divection nownal 4o the. fl,ane ) '.the. fre,jzfred _dﬁed—:-oﬂ rotdtes
ontinuously, the résult (s helfcal sthucture.

Rample

In 3ree.k smetfc means doaf- There are ‘ﬁ‘-’ree, ‘l"ipézé’
o smetic phases basecl on orentution of the director.
om0 0D @Ry ] fFW(J"
| umom j@j@ﬂ o 0

A
U

Smetic Smete A

Lyotople Les: -

.(/Uheneucr- the. substance [s added to tiguiol arystals

f’-b will Increase the concerthation oj".l:'?u"d crysta’.fhaseh is
. called Aigo'frof'fc.. LC.s e | |

—

SmehcR  smeficc -
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mn 0o ]/
13147 I AV AN

LameunR -HexngonpL  LYOTROPIC LCs
amrrHaX

LYOTROPIC [C&
APPUCHTIOM!; } j { H
| P é% w{o”‘!‘f Lty

- rejnm‘f‘wn Oj' 2 Tv's Lajyfpfb Comf;r_dt:r‘ mom‘h)rs
- Jt {5 ased in inhibton 0‘]"' canceyr cells , tumoaur cells

= (Osed in a?ummé
—= (Used in elecfromagneh'c coave detectors-

9,

Coeee Conooerons

The Sctentist  Dudch fhgabist-- v kamm'ci’[r'njb onnes” !n

JQIIfr?f&saL dofex conductors.
A solid cohich o j‘ rs no resictance 'iﬂjx:msaje c‘Jj‘
e,ler,-tnaiy ‘Hnrough it s ca[led ‘Super condluctors.

i ducto ) B
_(%QA 5‘7;‘ Super conductors u o et

1T—

| . b o
b Tgpec T superconductor { e
(ov) e e ‘
sl ogoeauces 5
Vava'al - ﬁ al
_ YT S
- 9In this sup condudbor, it ;j ATL‘J&ZJ
exthibits d:amagnc‘hc me l‘y § ‘ |
" and. glso meissner e .5 » rmPure,éuPevcondudo:
> "The crrhcat _kmf:.e.rafure (72 - te e K
- ; /Tm?ercrhare;c
(5 ’"3’1 wohen comj:artd. 1o : /P\){ ) 1/ "Jo,mml‘ metod
nomat kaeYaf*ure a N %pﬂ
| o i P Ny
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SOPU"J 1 ¥eal —]D'f,t.ch extracton method 5.

|- SFE 1S the pacsence ot Scrmaﬁrrl o one component
Lrom onothen comMponent us(’r\c’ sOPy evitical Flaid ag

The e_DC‘hClc:h“n? ¢olvemt oytaction s wsoaltﬁd £Lom QA
Solrd h’)c:d'ﬁi cbat con alio be fom -L\Elul‘dg

Z: STE method 155ued. {oy Omd&lhhaﬂ_ Pupose. o aL \o«aqc Scale

to rthen cunenomted, Malestal '*Fm‘r‘n aL im’ool,uc,t- Cde_-ca?‘c'.'

naten) ;1 collect @ desired. predilet (ressential 6F19)

3. ) o |
_ These essemtial 'ollS can {nelude \1 troonene Cciottio) (ferg

pene tgpe of hydno canbeon)  and athes Sﬁt@cdht'. Solvent

R C,decpndjoxjdﬁ Ceo2) 1S the most Q'S(_,CL supest cnritcol
'ﬁ.uﬁo\. SomMe  A{pne .vcok.so\ycm}b Sgch al me;rhc:knd oand,
e thanel : v

conditions ef SFEE |

1 In SFE—"MeHvoo\, we Use Cen urdwqog ositeal tem
Persatust abeve - ol 31% and criteal Hem Pmiodruffc?)

ptessure © s Jy boskt Eicm/flog paseal

Proceclurse =~

The Sstem  mast contaudn a pump for the coa oL

PicSSume oMl contoun Samf’k’,-w@ QPPLUI a qu_&&m"e cell

confain  -urple - w0 appltj pressure ‘N The &ystem and.

a CEJUecan vessel - The Ligend s pumped. to a beating

Zone  phere Tt is heated 1t 7S heated D SOperd cTihiead

Conalffsen - it Then Fasses ‘Nto exttrochon ressel wheme
(€ vopidly . aiffuses tato soldl yrateit and- diSles
the motesiol w0 be oy tvacted
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J_k"(OC"hO'n
vessel
"\
\ .
floe H
T valie

A

' le
" - atior
petmp - S

Cld\zan’raq& o | F«ahcawr

i Sa\ectivftcj = In SE= pﬂeﬂ-h@dy We O‘Ppuzf Seﬂecf@d

"rcmFm)o.‘i‘ e ancl P"b’f.SSLL'ZfE

-2 SPeed.;— Th STE medhod qu;ed dﬁ@eﬁdﬁ espon - diftusion
T matr™  and egtracted.  rrafesials
mnitatons o
I sie method, we Smfplcd hfcah PresSuve (e
cost compased. +4p  oanuemional

‘Ncnease the
) hglcuol enttactbn .,
G OpeE cryitiecal '-Fl&!a. extva ction rMethed o-

In 1he's  wetined 2 }
POIJ“"mmS / PE"—M’O th“

[ )
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T fe

I

+ In this Supey conduclor, it exhibits magne'h"aa:ﬂm;),' walue |
(s xero j-mm lessey magnetic j'r'eld to Mgha— maanch’c-—ﬁatd-

~ The eritical +eme-era-the‘ (Te) Ps less cohep comfared to
normal femperature Cf) |
{%)})L

ﬁi# )

Caaple for sperczodade . o oo
"t i T L | B ED L
Yrthriam Ban'urp thfra‘fa ‘CVBa,,C'uéO.,_.,L)' |

T>T,

g't‘ Cﬂﬂi‘w'ns,- (zj}H,'I‘rl-um o-,u'de. P barfum mrbom‘tg p Cuf:roud o:(t'd;
n stichiometic yatio (1:2:3) and. hence Is called 1233 molayr
_ &Lfev CDndUC‘fDr and, T- = 90’k '

ST of 181 suporenductor by conmic methad:

Step s P repayertion of a bombgcnouﬁ misture of ﬂwex;c onides
(%05 , Bacos and cuo) in their molar vatios

‘\S)L\%ﬂy ;:Hea'l:ﬁ'ﬂﬂ them o obtain '-Qbf,yﬂen dej—?efenf sufer.cmduabr
- mqmujj-le.jwmce. o |
:‘ége;%: ﬁnnealfnj .‘f.he. above .corq;quﬁd. 'Ix)mm-bhﬁcxdﬁlm to
velain it cornposition, shructure and- wfcrconduc,ﬁﬂj
Prop erfies )
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s 4
R O s . o & . 2
et O dommewoaeToRs: g 007
| oo T &
1. Blements Eg : Hg, Nibs la g“;‘\‘;\wwﬂf"ﬁ’ {-6"1
18 — e
@ Alloys E9: LasTn,NbyGe B e
3. Stmple com ands Eq: NbN el A e ©
JD \-FO Eg- , p;l\@% i Lag,in

H. Molew,fav G‘Llj‘sfals Ej Céokl Qi — SN

Ce WY, — (&0 b
. 8- xamics 3 /thed meTaf oxcoles _ urird metol

a
6- gnorgamc Rpljmem 53 C&V),C - v s, @ s
. In, - SNw

¥ Oﬁamc, comfound.s | o

o
‘EW OF dUPERcozuoucToR.f:

—de are bn‘t‘He; SO used N J)re:FaYa'l‘(O” OJ’ eled'mmc. 10ie;

> U’l& maﬂﬂe‘héaﬁ,on fmfe-dy ts ZQYO

< hen cuvrent §s passed #nough the <5tff>cvcenduchn9
mafu’ralﬁp the hea:hng loss I'R 1s e -

m.& Or SvperconpucToRs:
- vl YNV ALY
= Used. in /VIRI c5cannef$’

> C\[ BaLctgé 0, x) P u_écd, in tndustrial cafahjgl’ hke. h\cjdrogena{-fz
O?ﬂdahOU d‘c D

- Wed as a aliohol sensor 4o f\reuerfl' road, accidents
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Introduction
A fuel is a substance that contains carbon and hydrogen undergoes combustion in
presence of oxygen to gives large amount of energy.
Fuel + O, —— CO; + H;0 + Energy

Classification of Fuel
On the basis of occurrence fuel is classified into two categories; natural or primary
fuels and artificial or secondary fuels.
) Natural/primary fuels: These fuels are naturally present.
i) Artificial/ secondary fuels: They are synthesized by primary fuels.

Solid Liquid Gaseous Solid Liquid Gaseous
(wood, peat, lignite, coal) (Petroleum) (Natural gases) (Charcoal, coke) (Petrol, diesel, kerosene) (Coal gas, water gas,
or producer gas, LPG)
Cruid oil

Characteristics of Good Fuel
Fuel should have high calorific value.
Must have moderate ignition temperature.
Fuel should have low moisture content.
Available in bulk at low cost.
Should not burn spontaneously.
Fuel should burn efficiently, without releasing hazardous pollutants.
Handling, storage and transportation should be easy.

Unit of heat

Calorie: it is the amount of heat required to raise the temperature of 1
gram of water through one degree centigrade.

British Thermal Unit (BTU): it is the amount of heat required to raise
the temperature of 1 pond of water to one degree Fahrenheit.

1 B.T.U. =252 cal = 0.252 kcal

1 kcal = 3.968 B.T.U.

Centigrade Heat Unit (CHU): it is define as the amount of heat
required to raise the temperature of 1 pond of water to one degree
centigrade.




1 kcal =3.968 B.T.U. =2.2 C.H.U.

Calorific value

Calorific value of fuel can be define as the amount of heat evolved when one unit
mass or volume of the fuel undergoes completely combustion in presence of
oxygen.

) High or gross calorific value (HCV or GCV): it is defined as amount of
heat evolve when one unit mass or volume of the fuel is completely burnt
and combustible products are cooled to room temperature (25°C or 77°F).
Low or net calorific value (LCV or NCV): it is defined as amount of heat
evolve when one unit mass or volume of the fuel is completely burnt and
combustible products are permitted to escape. Therefore net calorific value
is lower than gross calorific value.

LCV = HCV - latent heat of water vapour
LCV = HCV — mass of hydrogen x 9 x latent heat of steam (587 kcal/kg)

One part by mass of hydrogen produced nine parts by mass of water
molecule. Therefore,

LCV = HCV - H/100 x 9 x 587 kcal/kg
H = percentage of hydrogen in fuel

Determination of calorific value
Bomb calorimeter

Bomb calorimeter is used to determine calorific value of solid and liquid fuels
experimentally. A bomb calorimeter contains a cylindrical bomb made by stainless
steel. Combustion takes place in this cylinder. The lid contains two stainless steel
electrodes. Oxygen is supplied through oxygen valve for combustion. The
electrode is attached with a small ring which supports nickel or stainless steel made
crucible. The bomb is taken in a copper calorimeter which is surrounded by air and
water jacket in order to prevent heat loss by radiation. The copper calorimeter also
contains electrically operated stirrer and Beckmann’s thermometer (take reading
with temperature difference up to 0.01°C.




. electrodes Thermometer
stirrer

OXygen gas = - —Insulated
inlet . comtainer

Stainless steel
bomb

sample dish

Ignition coil

Working: In a crucible, a known amount of the fuel is placed in the nickel or
stainless steel crucible which is supported by a ring. A fine magnesium wire
touches the fuel sample, which is already connected to the electrodes. The bomb
lid is lightly screwed and filled with oxygen at about 25 atm pressure, is placed in
copper calorimeter containing a known amount of water. The electrically operated
stirrer is driven and notes the initial temperature of water (T1). After that both the
electrodes are connected to a battery to complete the circuit. The fuel sample is
burn and heat is liberated. To maintain the uniform temperature, water is
continuously stirred and the final temperature (T,) of water is noted.

Calculation:

Mass of fuel (solid or liquid)= x g

Mass of water taken =W g

Water equivalent of calorimeter =w g

Initial temperature of water in calorimeter = T; K

Final temperature of water in calorimeter = T, K

2-T1
High or gross calorific value = (W+w)(T2-T1)

cal/g

X

LCV = HCV - H/100 x 9 x 587 kcal/kg

H = percentage of hydrogen in fuel

Corrections:




(W+w)(T2—-T1-Tc)— (Cs+Cn+Cf+Cc)

X

HCV or GCV =

Where

T. = cooling corrections

Cs = Corrections for sulphuric acid (H2SO4,)

Cn = Corrections for nitric acid (HNO3)

Cf = Corrections for fuse wire

Cc = Corrections for cotton thread

Theoretical calculation by Dulong’s formula:

The theoretical calculation of calorific value of a fuel can be approximately
calculated by Dulong’s formula, based on the percentage of the constituents (C, H,
O and S) present in the fuel.

As per Dulong’s formula

HCV = [8080 C + 34500 (H — 2) + 2240 S] kcal/kg

Where, C, H, O and S are percentage of carbon, hydrogen, oxygen and sulphur
present in fuel. In above formula the oxygen is assumed to be present in combined
form with hydrogen or in form of water (H,O).

Hz + 1/20, —— H:0

29 169 189

1g 89 9g

Total mass of hydrogen in fuel — fixed hydrogen

Total mass of hydrogen in fuel — (1/8) mass of oxygen in the fuel

=~ 8 part of oxygen combine with 1 part of hydrogen to form H,O.

Mass of oxygen in the fuel

Fixed hydrogen = -

Then the amount of hydrogen available for combustion
= total mass of hydrogen in fuel — fixed hydrogen

= [H-0/8]




LCV = HCV - H/100 x 9 x 587 kcal/kg
Analysis of Coal

The quality of coal can be analyzed by two analysis; proximate and ultimate
analysis.

Proximate analysis:
In this analysis moisture, volatile matter, ash and fixed carbon can be determined.

Moisture: A known amount of finely powdered air-dried coal sample is taken in
crucible. The crucible is placed inside an electric hot air-oven, at 105° to 110°C for
1 hour. The crucible is then taken out, cooled in desiccators and weighed.
Difference in the weight of sample gives the information about the weight loss due
to removal of moisture.

loss of weight

%o of moisture = X 100

weight of coal taken

Lesser the amount of moisture content, better the quality of fuel.

Volatile matter: The moisture free coal sample is taken in a crucible, covered with
a lid and placed in muffle furnace (electric furnace) at 950°C for 7 minutes and
then remove the crucible from the oven and cooled first in air, then cooled in a

desiccator and weighed again. Loss in weight is due to presence of volatile matter
in coal sample.

% of volatile matter = __loss of weight . 1
weight of coal taken

Low quantity of volatile matter, better the quality of a coal.

Ash: The residual coal sample taken in a crucible and then heated without lid in a
muffle furnace at 700-750°C for an hour. The crucible is then taken out, cooled
first in air, then in desiccators and weighed again. The process of heating, cooling
and weighing are repeated until a constant weight is not obtained. The residue is
reported as ash on percentage-basis.

9% of ash = weight of residue left 100

weight of dry coal taken

Ash is non-combustible substance which reduces the calorific value of a coal.
Therefore, low quantity of ash contents, better the quality of a coal.

Fixed carbon: The fixed carbon percentage is determined by following equation




% of fixed carbon = 100 - (% of moisture + % of volatile matter + % of ash)
Greater the calorific value, higher the % of fixed carbon.

Ultimate analysis:

Ultimate analysis is involving the measurement of C, H, N, S, and O.

Carbon and hydrogen: In a combustion apparatus, about 1-2 gram of coal sample
Is burnt in a current of oxygen to convert C and H into CO; and H,O respectively.
The gaseous products CO; and H,O are absorbed in KOH and CaCl, tubes of
known weights, respectively. The increase in weights of these (KOH and CaCl,)
are then determined.

Calculation:

C+02 — CO2
12 32 44

2KOH + CO; — KyCOs3 + H0

H, + 1/20, —— H.0O
2 16 18

CaCl, + 7TH,.O — CaCl,.7H.0

Increase in weight of KOH x12

%o of carbon = X 100

weight of coal sample taken x44

Increase in weight of CaCl2 x2

% of hydrogen = X 100

weight of coal sample taken x18

Nitrogen: In Kjeldahl’s flask add accurately weighed powdered coal and heated
with concentrated H,SO. and K,SO, as a catalyst. The solution becomes clear
when all the nitrogen is converted into ammonium sulphate then it is treated with
excess of NaOH which convert ammonium sulphate into ammonia; the liberated
ammonia is distilled over and absorbed in a known volume of standard (N/10)
H,SO,4 solution. From the volume of H,SO. used by liberated ammonia, the
percentage of Nitrogen in coal, calculated as follows:

N, + H, SOy —» (NH4)2SO4 Na_OH> 2Na,SO,4 + 2NH3 + 2H,0

2NH3 + H,SOq4 —_ (NH4)2804

The volume of unused H,SO, is then determined by titrating against standard
NaOH solution (N/10)




Calculation:

The amount of H,SO, required to neutralize ammonia evolve from coal is
calculated as follows:

Amount of acid = N/10 V1 - N/10 V>
= 0.1 (V1 - V2) mili equivalents

= %)_equivalents

Thus,

Weight of N =0.1(V1-V2) x 14
1000

V1 = Volume of standard H,SO,4 (N/10) solution
V2 = Volume of standard NaOH (N/10) solution
Thus,

i ight of nit
% of nitrogen = —oett O trogen

x 100

weight of coal sample

1(V1 -v2)

_'%xm x 100

% of nitrogen = 0.1 (V1-V2) X 1.4

Sulphur: A known amount of coal sample is burnt in bomb calorimeter in
presence of oxygen. After that, sulphur present in coal is converted into SO, and
SOs. The ash obtained from the bomb calorimeter, is extracted with dil. HCI. The
washings (acid extracts) are treated with Barium chloride solution and the
sulphates are precipitate as Barium sulphate. This precipitate is filtered, washed,
dried and heated to obtain constant weight.

Calculation:

S —> §03- —> BaSO.
32 233

weight of sulphur _ atomic weight of sulphur

weight of BaS04 molecular weight of BaS04

Weight of sulphur = 22 x weight of BaSO4
Thus,

weight of BaS04 obtained x32
weight of coal taken in bomb calorimeter X233

% of sulphur = x 100




Ash: Percentage of ash calculated by method given in proximate analysis.

Oxygen: It is calculated by subtracting the sum of total % of carbon, hydrogen,
nitrogen, sulphur and ash from 100.

Calculation:
% of oxygen = 100 - [% carbon + % hydrogen + % nitrogen + % sulphur +

% ash]

Biogas

It is formed by the bacterial degradation of biomass under anaerobic condition
(airtight digesters). Biogas mainly contains methane (50-70%), carbon dioxide and
trace amount of water, sulfur and hydrogen sulphide.

Biogas generation

The biogas generated by anaerobic digestion of organic waste (animal waste, plant
residue, crops) in biogas plant, mainly involve three steps: hydrolysis, acid

formation and gas production.

Hydrolysis: In this step, macromolecule like fats, proteins, carbohydrates are
broken down through hydrolysis into fatty acids, amino acids and sugars
respectively.

Acid formation: in this step, fatty acids, amino acids and sugars are fermented by
acid producing bacteria under anaerobic condition into acetic acid, carbon dioxide
and hydrogen.

Gas production: In this step, methanogenic bacteria produce methane either by
fermenting acetic acid to form methane and carbon dioxide or by reduction of
carbon dioxide into methane.




Biogas Outlet

t

Access
¢ Effluent
Influent channel cl}annel

Anaerobic
Reactor

Advantage of biogas

) Produce organic waste
i)  Burn without smoke
lii)  Renewable

Iv)  Help to reduce waste.

Disadvantage of biogas

) Methane is health hazardous.

i) Not efficient like fossil fuel.
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1. Hardness of water

Water which does not produce lather with soap is termed as hard water. The hardness is usually
expressed in terms of Ca & Mg salts like bicarbonate, carbonate, sulphate, chloride etc.

Formation of Hard water:

Hard water is formed due to presence of minerals like Ca and Mg. they are not removed or
separated by sedimentation or filtration. When hard water reacts with soap (sodium salt of
stearic acid or pametic acid) gives curdy precipitate.

2C17H3sCOONa + CaCl, — Ca(C17H35COO)2l + NacCl
2 C17H35COONa + MgSO4 — (C17H35COO)2Mgl + Na,SOq4

In above reaction hard water react with sodium salt of stearic acid to form calcium stearate or
magnesium stearate which being insoluble and separate out without producing lather.

2. Types of hardness

a) Temporary hardness:
Temporary hardness of water is caused by Ca and Mg bicarbonate. This can be removed

by simply boiling of water. Due to boiling bicarbonate is converted into carbonate
(insoluble precipitate)

C&(HCOg)z — C&COsl + H,O + COzT
Mg(HC03)2 — Mg(OH)zl + 2C02T

Temporary hardness can also be removed by adding hydrated lime to precipitate
insoluble carbonate.

Ca(HCOs3), + Ca(OH), — 2CaCOs| + 2H20
Mg(HCOs3); + Ca(OH);, — Mg(OH),| + 2CaCO3| + 2H,0

b) Permanent hardness:
Permanent hardness is caused by the presence of soluble salt of Ca and Mg other than
bicarbonate such as chloride and sulphate. Permanent hardness cannot be removed by
boiling of water or hydrated lime. It can be eliminate by water softening techniques like
Lime-soda process, Zeolite, lon-exchange resin, reverese 0smosis etc.




3. Degree of hardness
The unit in which hardness is usually expressed, known as degree of hardness. Degree of
hardness is expressed in terms of calcium carbonate (CaCOs3) equivalent because CaCOs;
have molecular weight 100 and it is easily precipitate. Degree of hardness may be
expressed as follows-

[strength of substance producing hardness (n;ﬂ] X[ chemical equvalent of CaC0O3] x2
it

Equivalent of CaCO3 =

[ chemical equivalent of hardness producing substance] X2

OR

Equivalent of CaCO = [strength of substance producing hardness (%f‘)] x100

[ hemical equivalent of hardness producing substance] X2

Unit of hardness:

) Parts per million (ppm): it is the number of equivalent part CaCO3 present per
million (10°) part of water by weight.

i)  Milligram per litre (mag/lit): it is the number of milligram of CaCOj3 present in
one litre of water.

Degree Clarke (°CI): it is the number of equivalent part of CaCOs3 present per
70,000 part of water.

Degree French (°Fr): it is the number of equivalent part of CaCOs present per 10°
part of water.

Correlation between ppm, mag/lit, °Cl and °Fr:

[1ppm= 1mg/lit=0.07 °Cl= 0.1 °Fr]

4. Boiler Trouble
Boilers are used in industries and power station to generate steam. During conversion of
water into steam in boiler, the dissolve and suspended solids are not removed. All the
impurities are deposited in form of scale and sludge within the boiler and causes boiler
troubles.




a) Scales formation:
Scales are hard deposits, which stick on the inner wall of the boiler. These are formed
by CaCO3;, CaSO,4, Ca(HCOs3)2, Mg(OH); etc. in hot portion of boiler.

b) Sludge formation:
Sludge form loose, slimy and soft precipitate in the colder area of the boiler. The

sludge formed by the CaCl,, MgCl,, MgCO3, MgSO; etc.
Problems caused in boilers:

Scales and sludge is poor conductor of heat & therefore prevent effective transfer
of heat to water.

In this condition excessive heat is required which increase fuel consumption.

Scale often crack due to their uneven expansion allowing the water to come
immediately in contact with overheated metal. This suddenly result in the
formation of large quantity of steam which in turn leads to excess pressure and
then to explosion.

5. Boiler trouble removal by internal treatment
Internal treatment:

Sludge formation can be removed by blow down operation. In this case impurities
can be removed by an outlet present at the bottom of boiler.
Scale formation can be prevented by internal treatment that involve addition of
chemical to the boiler water either to ppt the scale forming impurities in the form
of sludge so that they can be removed by blow down method or to convert them
into soluble compounds.
a) Calgon treatment:
Calgon is sodium meta hexa phoaphate, which can be used to covert CaSO4 into
soluble complex.
Naz[Na4(P03)6] + 2CaS0, _— N&z[C&z(POg)e] + 2Na,SO,4
Calgon soluble
b) Phosphate treatment:
Scale formation can be removed by adding sodium phosphate, which reacts with
hardness of water and form soft sludge of Ca and Mg phosphates which can be
removed by blow-down operation.

3CaCl; + 2NazPO4 — Caz(POa4)2] + 6NaCl
MgSO4 + 2NasPOy —— Mg3(POa)2| + 3NaSO4




6. Techniques for water softening (External treatment)

a) Zeolite process

Zeolite is a three-dimensional silicate. The chemical formula of zeolite is hydrated
sodium aluminum silicate represented as Na;OAIl;03.xSi02.yH,0O (x = 2-10 & y = 2-
6). Zeolites are capable exchanging ions with sodium ions. So it is capable of
exchanging hardness producing icons present in water. This process also called as
permutit process. Zeolite can be written as Na;Ze The two Na* icons is replaced by
one Ca?* or Mg?* ions.

Na,Ze + Ca** —> CaZe + 2Na*

Process:-

The apparatus is made of cylindrical metallic vessel several beds are made inside it
where zeolite salt is kept. Raw water is poured inside the apparatus through inlet that
passes through beds and thus chemical ion exchange reactions are takes place. After
the use of this process for a certain time, Zeolite is exhausted i.e all Na* ions are
replaced by Ca?* or Mg?* and therefore this will not be used for soften the water.

Na,Ze + CaCl,/CaSO4/ Ca(HCO3),— CaZe + 2NaCl/Na,S04/2NaHCO3

Regeneration:

Exhausted zeolite can be regenerated by treating it with brine solution (10% NacCl
solution)

(Ca?*/Mg?*) Ze + NaCl —*> Na,Ze + CaCl, (or) MgCl,
Exhausted Zeolite on washing with cold water, CaCl, & MgCI, can be removed and
regenerated zeolite is this ready to be reused.

Hard water indet—

Injector—

NaCl
Solution |
storage

Soft water
outlet




b) lon-exchange resin:
In this process cations and anions are completely removed by passing impure water

into two different columns. First column contain sulphuric acid resin with acidic
group —SOsH. This column is known as cation exchange resin because it exchange
only cations like Ca%*, Mg?*, Na" etc.

Resin-SOzH + Na" —— > resin- SO3Na* + H*
2Resin-SO3H + Ca?* , (resin- S03),Ca + 2H*

2Resin-SO3H + Mg?_____ | (resin- SO3),Mg + 2H"

Whereas, second column contain resin with basic group like -NR$ OH-. It is known
as anion exchange resin because it exchanges anions like Cl-, SO% etc.

resin~-NR*+ Cl- + OH-
3

resin-NR*+* OH- + Cl-
3

—_—

The removal of H* ions from the first column and OH- ions from the second column
react to form water.

Regeneration:

when both the column are exhausted, then first and second column are treated with
dilute sulphuric acid or HCI (generate H* ions) and aqueous NaOH (generate OH-
ions) respectively. So, they have to be regenerated.

(resin- SO3 ),Ca + 2H* — 2Resin-SO3H + Ca?

(resin- SO3 ):Mg + 2H* —» 2Resin-SOsH + Mg

Injector A O AR IS Injector
3¢ __]

Pump Soft Water— Alkaline
Regenerator Out Regenerator




c) Lime-soda process:

In this process, hydrated lime & sada ash use to remove hardness from water.

1) Hydrated lime:

Hydrated lime is used to remove temporary hardness of water. It react with Ca(HCO3); &
Mg(CO3), to form insoluble precipitate of calcium carbonate and magnesium hydroxide
respectively.

Ca(HCOs), + Ca(OH), —>  2CaCOs] + 2H,0
Mg(HCOs), + 2Ca(OH),—> Mg(OH),] + 2CaCOs| + 2H,0

Hydrated lime is also used to remove permanent hardness (magnesium salt impurities
only) from water. It reacts with MgSO, & MgCl, to form insoluble precipitate of
magnesium hydroxide.

MgC|2 + C&(OH)Q —> Mg(OH)zl + CaCl,
MgSO. + Ca(OH), —» Mg(OH),| + CaSO,

In above reaction calcium based impurities like CaCl, & CaSQ, also form, which are
soluble in water. Therefore calcium based impurities (CaCl, & CaSQg) are not removed
by lime treatment.

i)  Soda ash:
Sodium carbonate (Na2COs) is used to remove permanent hardness of water which
caused by MgSO, & MgCl; or CaCl, & CaSO,.
CaCl, + Na,CO; —» C&COgl + 2NaCl
CaSO4 + Na,CO3 —» C&COgl + NaSO,4
MgCl; + Na,CO3 —» MgCO3| + 2NaCl
MgSO4 + Na,CO3 —» MgC03l + Nay,SO,4

The amount of lime-sada required for the softening of hard water can be calculated
by following formula-

Lime requirement = % [temporary hardness of Ca + 2 x temporary hardness of

Mg + permanent hardness of Mg in terms of CaCOj3 equivalents]




Soda requirement = %%[permanent hardness of CaCl, + CaSO4 + MgCl, + MgSQO4

in terms of CaCOj3 equivalents]

d) Reverse osmosis:
The minimum excess pressure yhat has to be applied on the solution to prevent the
entry of the solvent molecule (pure water) into solution through semi permeable
membrane is known as osmotic pressure (lower concentration to higher
concentration).

Reverse
Osmosis Osmosis

Solution i
Pure
Wat Soluti
oz REVERSE
e o
OSMOSIS

d l higher —
hlgher_ Semipermeable COI.lCEIltl ation Semipermeable
concentration Membrane  Jow concentration Membrane

low concentration

If a pressure higher than the osmotic pressure is applied on the solution, the solvent
(pure water) will flow reverse, higher concentration solution to low concentration
solution, the process is known as reverse 0Smosis.

Reverse osmosis process can also be used in purification of sea water, for this purpose
sea water is delivered under pressure through the semi-permeable membrane where
water permeate the minute pores of the membrane & is delivered as purified water.




Advantages:
1) Reverse osmosis system have low maintenance requirement.

2) It removes colloidal silica, which is not removed by demineralization.

3) RO system required less energy as compare to other technology.

4) The reverse osmosis is gaining ground at present for converting sea water into
drinking water and for obtaining water for very high pressure boilers.

7. Phase rule

Phase rule (Willard Gibbs in 1874), play an important role to know the behavior of
heterogeneous system whereas as law of mass action is apply to know the behavior of
homogenous system. If the equilibrium between any numbers of phases is not influenced
by gravitational/electrical/magnetic forces but is influenced by pressure, temperature and
concentration, then the number of degrees of freedom (F) is related to the number of
components (C) and the number of phases (P) as:

F=C-P+2

Explanation of terms used in phase rule:
1) Phase (P):
Phase is defined as “any homogeneous, physically distinct, mechanically separable
portion of a system which is separated from other part of system by distinct interface”.
a) Gaseous phase:
All the gases are completely miscible and have no boundary between them. Hence
all the gases constitute a single phase. For example Oz, N2, Ha, CO; etc. form air,
which constitute a single phase.
b) Liquid phase:
The number of liquid phase depends upon the number of liquid present and their
miscibility. If two liquid are miscible then they form single phase eg. Alcohol in
water. If two liquids are immiscible then they form two separate phase eg. Benzene
in water, oil in water etc.
¢) Solid phase:
All the solid phase constitutes the separate phase.

CaCO3(s) «—> CaO (s) + CO2(g) (C=3)

Component (P):

Component is defined as “number of independent variable like temperature, pressure
and concentration by means of which composition of each phase can be expressed in
terms of chemical equation”.

Ice(s) <«— Water(l) «—> Vapour(Q) (C=1)
H,O H,O H,O




3) Degree of freedom (F):
Degree of freedom is defined as “number of independent variable like temperature,
pressure and concentration must be fixed to define the system completely”.

F=C-P+2
Where,
F=0 (Invarient)
F=1 (Univarient)
F=2 (Bivarient)
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Temperature (Not to scale) —>

Water exists in 3 possible phases, namely solid ice, liquid water and water-vapour.
Hence, there can be three forms of equilibria, each involving two phases such as.

Solid Ice <—> Liquid Water

Liquid Water <—> Water-vapour

Solid Ice <—> Water-vapour
The phase diagram for the water system is as follows and it contains curves, areas, and
triple point.




Curve OA
The curve OA is called vapourisation curve, it represents the equilibrium between
water and vapour. At any point on the curve the following equilibrium will exist.

Liquid Water <—> Water- vapour
This equilibrium (i.e. line OA) will extend upto the critical temperature (374°C).
Beyond the critical temperature the equilibrium will disappear and only water vapour
will exist

Curve OB
The curve OB is called sublimation curve of ice, it represents the equilibrium between
solid ice and water-vapour. At any point on the curve the following equilibrium will
exist.
Solid Ice <> Water- vapour
This equilibrium (i.e.line OB) will extend up to the absolute zero (— 273°C).
Beyond absolute zero only solid ice will exist and no water-vapour.

Curve OC
The curve OC is called melting point curve of ice, it represents the equilibrium
between ice and water. At any point on the curve the following equilibrium will
exist.

Solid Ice «— Liquid Water
The curve OC is slightly inclined towards pressure axis. This shows that melting
point of ice decreases with increase of pressure.

Curve OB’(Metastable Equilibrium)

The curve OB’ is called vapour pressure curve of the super-cooled water (or)
metastable equilibrium where the following equilibrium will exist.

Super- cooled water «—> Water- vapour
Sometimes water can be cooled below it“s freezing point (0°C) without the
formation of ice, this water is called super-cooled water. Super cooled water is
unstable and it can be converted into solid ice by “seeding” (or) by slight
disturbance.

Along the curves OA.OB.OC and OB’

The no. of phases(P) is 2 ,component(C) is 1 and the degree of freedom of the

system is one i.e., univariant. This is predicted by the phase rule:
F=C-P+2;F=1-2+2;F=1

Therefore, either temperature (or) pressure must be fixed to define the system.




Point ‘O’ (Triple point)

The three curves OA, OB and OC meet at a point ,,O%, where three phases namely
solid ice, liquid water and water-vapour are simultaneously at equilibrium. This
point is called triple point, at this point the following equilibrium will exist

Ice(s) <> Water(l) «>  Vapour(g)

At this point the no. of phases (P) is 3, component(C) is 1 and the degree of

freedom of the system is zero i.e., nonvariant. This is predicted by the phase rule:
F=C-P+2;F=1-3+2;F=0

This takes place only at a constant temperature (0.0075°C) and pressure (4.58 mm

of Hg).

Areas

Areas AOC, BOC, AOB represent liquid water, solid ice and water-vapour
respectively where the no. of phases (P) and component(C) are one. Hence the
degree of freedom of the system is two i.e., bivariant. This is predicted by the
phase rule:

F=C-P+2;F=1-1+2;F=2
Therefore, both temperature and pressure must be fixed to define the system at any

point in the areas.
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