West Bengal University of Technology

SEMESTER IlI
Sl. No. Subjects Codes| Lect Tut Pracf TO| Credits
T
A. THEORY
SUBJECTS
1 HU-301 Values & Ethics in Profession 2 0 0 2 2
2 CH(CT)-302 Chemistry Il 3 1 0 4 4
3 CH-301 Basic Environmental Engg. & 3 0 0 3 3
Elementary Biology
4 CH(CT)-303 Chemical & Engg. 3 1 0 4 4
Thermodynamics
5 CHE(CT)-301 Unit Operation | 3 1 0 4 4
6 CT-301 Earth Sciences & ceramic Raw 3 0 0 3 3
Materials
TOTAL OF THEORY 20 20
B. PRACTICALS
7 CT-391 Chemical Analysis Lab 0 0 3 3 2
8 CS(CT)-391 Software Lab 0 0 3 3 2
9 CHE(CT)-392 Unit Operation Lab 0 0 3 3 2
10 CT-392 Physical Testing of Ceramic Raw 0 0 3 3 2
materials
TOTAL OF PRACTICALS 12 8
TOTAL OF THIRD 32 28
SEMESTER
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SEMESTER IV
Sl. No. Subjects Codes| Lect Tut Pracf TO| Credits
T
A. THEORY
SUBJECTS
1 Basic Sc. Numerical Methods 2 0 0 2 2
2 Basic Sc. Mathematics 111 3 1 0 4 4
3 Engg. Sc. Energy Resource & Elements ¢f 3 0 0 3 3
Furnaces
4 Prof. core | Unit Operation Il 3 1 0 4 4
5 Prof. core Il Process Ceramics 3 1 0 4 4
TOTAL OF THEORY 17 17
B. PRACTICALS
6 HU Comm. Skill & Report writing 0 0 3 3 2
Basic Sc Numerical Methods 0 0 2 2 1
7 Engg. Sc Fuel Testing Lab 0 0 3 3 2
8 Prof. Core | Geology Lab 0 0 3 3 2
9 Prof. Core Il Instrumental Analysis Lab 0 0 3 3 2
TOTAL OF PRACTICALS 14 9
TOTAL OF FOURTH 31 26
SEMESTER
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THIRD YEAR FIFTH SEMESTER

SI. Subjects Codes | Lect | Tut | Pract TOT Credits
No.
A. THEORY
SUBJECTS
T HU 501 Economics for Engineer 3 0 0
2. (P.C)CT50 Refractories Technolog' 3 T 0 Z Z
3. (P.C)CT 502 Glass Science & Technology 3 1 0 4 4
4. (P.C)CT 503 Whitewares Technology 3 0 0 3 3
5. Free Elective
CT 504A (IT 504D) Operation Research 3 0/1 0 3/4 3/4
CT 504B(CsS 601) DBMS
CT 504C(CS504D) Object Oriented Prog.
TOTAL OF THEORY 1771¢ T1771¢E
B. PRACTICALS
6. CT 591 Refractories Lab
CT 592 Glass Lab
8. CT 592 Whitewares Lab 0 0 3 3 2
9 Free Elective 0 0 3 3 2
CT 594A(IT 594D) Operation Research Lab
CT 594B(CS 691) DBMS Lab
CT 594C(CS504D) Object Oriented Programming Lab
TOTAL OF PRACTICALS 12 8
TOTAL OF FIFTH 29/30| 25/26

SEMESTER
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THIRD YEAR SIXTH SEMESTER

nology

Sl. Subjects Cod| Lect | Tut | Pract | TOT | Credits
No. es
A. THEORY
SUBJECTS
1. HU 601 Principles of 2 0 0 2 2
Management
2. CT 601 Cement and Concrete 3 0 0 3 3
Tech
3. CT 602 Engg. Materials Sc. 3 0 0 3 3
4. CT 603 Ceramic Coating & 4 0 0 4 3
Process Calculations
5. 3 0 0 3 3
CT 604 Metallurgy
6. 3/3 | 0/0| 0/0 3/3 3/3
CT605A Instrumentation
or or
CT605B Process Control
TOTAL OF THEORY 18 18
B.
PRACTICALS
7. CT 691 Cement & Concrete 0 0 3 3 2
Lab
8. CT 692 Materials 0 0 3 3 2
Characterization Lab
9. CT 693 Metal & Ceramic 0 0 3 3 2
coating Lab
10. CT 681 Seminar 0 0 3 3 2
TOTAL OF 12 8
PRACTICALS
TOTAL OF SIXTH 30 26

SEMESTER




B. Tech in Cera_hﬁifc Technology
West Bengal University of Technology
Fourth Year —Seventh Semester

Sl. Subjects Codes Lect Tutf Pract TOT| Credits
No.
A. THEORY
SUBJECTS
1. CT701 Advanced Ceramics 3 0 0 3 3
2. CT702 Physical Ceramics 3 0 0 3 3
3.
CT703 Monolithic Refractories 3 0 0 3 3
4, CT704A Nano-technology 3/3 0 0 3/3 3
CT704B Composites
5. CT 705 Quality Management 3 0 0 3 3
TOTAL OF THEORY 15 15
B. PRACTICALS
6. HU 781 Group Discussion 0 0 0 3 2
7. CT 791 Plant Design-I 0 0 4 4 2
10. CT 782 Industrial Training 4 wks during 6™-7" sem-break 2
11. CT 781 Project Part | 6 2
12. CT 793 Monolithic Lab 0 0 3 3 2
13. CT 795 Quality Management Lab 0 0 3 3 2
TOTAL OF PRACTICALS 19 12
TOTAL OF SEVENTH 34 27
SEMESTER
Fourth Year — Eighth Semester
Sl. No. Subjects Codes Lect Tut Pract TOT| Credits
A. THEORY SUBJECTS
1. HUB801A Organizational Behaviour / 2 0 0 2 2
HU801B Project Management
2. Prof. Elective 3/3 0 0 3/3 3
CT 801A Bio-Ceramics
CT 801B Electrical & Electronic Ceramics
3. Free Elective
CT 802A Energy Management 3 0 0 3/3 3
CT 802E Environment Manageme
TOTAL OF THEORY 8 8
B. PRACTICALS
4. CT891 Plant Design-I| 0 0 6 6 4
5. CT 881 Project | 0 0 12 12 6
6. CT 882 Grand Viva 3
TOTAL OF PRACTICALS 18 13
TOTAL OF EIGHTH SEMESTER 26 21
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Syllabus
Third Semester
Chemistry 11 — Credit 3
Code- CH(CT)302

1. Chemical Bonding:

0] lonic Bond — Types of ionic solids, radius ratio effect andretination number, limitations of radius
ratio, lattice defects, lattice energy and Born-éfabycle, solvation energy and solubility of ionic
solids, polarizing power and polarizability, Fag@n' rules
3

(i) Covalent Bond: Valence bond theory and its limitations, directioctaracteristics of covalent bond,

various types of hybridization and shapes of simpl@ganic molecules and ions. Valence shell
electron pair repulsion (VSEPR) theory, linear cambon of atomic orbitals (LCAO), bonding,
nonbonding and antibonding molecular orbitals. Aggilons of MO theory to explain the stability of
homo and hetero dinuclear diatomic molecules, rugitre bonding in electron-deiént molecules.
6

(iii) Coordination Compounds: Werner's theory, nomenclature, chelates, sterenvictry of
coordination numbers 4, 5 and 6. Various typessofmierism in coordination complexes. Important
applications of coordination compounds. Sidgwicfeefve atomic number concept, valence bond

theory of coordination compounds.
5
(iv) Theories of Metal-Ligand bonding: Limitations of valence bond theory; Crystal-fieldebry and

crystal-field splitting in octahedral and tetrah@dcomplexes; factors affecting the crystal-field
parameters. Different applications. J.T. distortion. Demerits. Ligand Idie theory.
8

2. Magnetic Properties of Transition Metal Complexes:Types of magnetic behaviour, methods of determining
magnetic susceptibility, L-S and J-J coupling, biontribution to magnetic moments. Correlatibmagnetic
moment data and stereochemistry of Co(ll) and Ni(tlomplexes; anomalous magnetic moments.
2

3. Electronic Spectra of Transition Metal Complexes:Types of electronic transitions, selection rule dd
transitions, spectroscopic ground states. Explanatif electronic spectra on the basis of Orgel gnéevel
diagram. C.T Spectra. 4

4. Surface and Colloids Chemistry:Adsorption- Langmuir and Freundlich isotherms. Miayer adsorption-BET
equation (no derivation) and its application toface area measurement. Sols (reversible and isieley,
emulsions and emulsifiers, association colloidscéthes), gels. Applications of colloids. Qualitaivdea of
electrokinetic phenomena. Zeta potential. 4

5. Molecular Spectroscopy Emission and absorption spectra. Transition prditialsi and selection rules. Pure
rotational spectra. Normal modes of vibration. danéd spectra of linear and bent ABolecules. Examples.
Electronic spectra of diatomic molecules. Vibra#bn structure. FrancikGondon principle.
4

6. Magnetic Resonance SpectroscopyNuclear Magnetic Resonance spectroscopy. Chemittis.sSpin spin
splittings. Relaxation times. Electron Spin Res@ean Nuclear hyperfine splitting. Examples.
2

References:

1. General Inorganic Chemistry (I and Il) — by RS@rkar.

2.“Physical Chemistry”,P. C. Rakshit,5th Edition (1985), 4th Reprint (1997), Sarat Bétduse,Calcutta.
3.“Inorganic Chemistry”,D. F. Shriver and P. W. Atkins 3rd Edition (1999), ELBS, London.
4.“Concise Inorganic Chemistry”). D. Leg 5th Edition (1996), Chapman & Hall, London.
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Chemical and Engineering Thermodynamics
SEM-3
Paper Code €H(CT) — 303

Syllabus of Chemical Thermodynamics

1.

Enthalpy and Free energy : 5L
Enthalpy, Different types of heat of reactionseatiHess’s Law, Bond Energy, Gibb’s Free energly a

Work function, Spontaneity of a process , Staddsiate, Standard free energy of formation, Pantialar
volume, Partial molar thermal properties, Chemjpalential, Gibb’'s Duhem equations and its applicat

Helmoltz equation

Free energy and Chemical Reactions: 6L
Chemical Equilibrium and Equilibrium Constant, R@@t Isotherm, Temperature dependence of

equilibrium constant, Van't Hoff equation andatsplication, Change of thermal properties in H&jeneous

chemical reactions

The properties of Solutions: 5L
Properties of Ideal solution, Rault's Law, Duhem atlyules equation, Vapour pressure curves for ideal

and nonideal soOlution, Solid liquid equlibria

Phase equlibria: 5L
Clapeyron equation in Solid-liquid, liquid-vapoequilibria, Gibb’s phase rule, Phase diagram in amz

two component system, Simple Eutectic and peritesystem

Statistical Thermodynamics: 4L
Thermodynamic probability and entropy, Boltzman triisition law, partition function and

thermodynamics quantities.

B. Engineering Thermodynamics

1.

Thermodynamic System and Control Volume; Thermodyindroperties, Processes and
Cycles; Thermodynamic Equilibrium: Zeroth Law oféfmodynamics; Heat and Work 4L

First Law of Thermodynamics; First Law for Closegs®m; Energy; Specific heat and Enthalpy; FieswL
applied to Flow Process; Steady Flow Process; Batance and Energy Balance; Examples of Steady flo
Processes; Variable flow Process 6L
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3. 2"Law of Thermodynamics; Difference between heat amk; Cyclic Heat Engine; Heat reservoirs; Kekvin
Planck and Clausius Statement B Raw; Refrigerator and Heat Pump; Reversibility ameversibility;
Causes of Irreversibility; Carnot Theorem; Absellihermodynamic Temperature Scale 8L

4. Entropy; Clausius’ Theorem; Property of EntropyirBpy Principle; Causes of Entropy Increase; Epyrand
Disorder 4L

Books and References:

1) Engineering Thermodynamics — P. K. Nag

2) A Textbook of Chemical Engineering Thermodynesnt K.V.Narayanan
3) Thermodynamics — P.C.Rakshit

4) Thermodynamics for Chemists — S.Glasstone

Unit Operation —I

Code:CHE(CT)-301
Units and dimensions, dimensional analysis 2L
Hydrostatic Equilibrium, Manometer L2
Newtonian & non-Newtonian fluid, Laminar & turbuleflow, Reynold’s stress, Boundary
layers, Momentum balance and Bernoulli equationt®n factor and friction factor charts
8L
Pipe, Fittings and Valves, Pumps, Fans and Commresslowmeters 5L

Drag and friction in flow through bed of solids, Mm of particles through fluids 4L

Heat Transfer by conduction, Fourier's law, Compbugsistance in series, Heat transfer through watidinder and
spheres 3L

Unsteady state heat conduction, Semi infinite s@&ighetration distance 2L

Principles of heat flow in fluids, Countercurrentgparallel flows and related temperature profi@gerall heat transfer
co-efficient, Logarithmic mean temperature diffaenindividual heat transfer coefficients, Calcigiatof overall co-
efficients , Heat transfer by forced convection,fdnnal equations

7L

Heat exchanger equipments 3L
Fundamental concepts of radiation, Emissivity cRlody radiation, Planck’s law, Wein's displacemlent, Stefan-
Boltzman Law, Kirchoff's law, Gray body, Angle ofsion

Radiation intensity of blackbody, View factor, Raiibn between two black surfaces, Heat exchangedeet parallel
gray surfaces 7L

Earth Sciences & Ceramic Raw Materials

Paper Code — CT 301

GR.-A ( Earth Sciences & Natural Raw Materials )

1. Idea about Earth Science or Geology. lIts diffebranches and its importance in Ceramic Teclgyoldvolution of
the earth from the solar system. Interior andretef the earth. Global Tectonics and its beguam the global pattern
of distribution of geomorphic features as well sogks and minerals. The Geological Time Scale.

(06 Lectures)
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2. Rocks and Minerals: Characterisation and (fiaatibn of rocks and minerals. Petrology and Mabegy. Igneous,
Sedimentary and Metamorphic Rocks. Physical artcapproperties of minerals as tools of mineratntification.
Elements of Crystallography. Physical and optalperties of some important ceramic minerals. kRagcseful for the
ceramic industry. (06 Lectures)
3. Silicate Minerals and Silica: Fundamentals ibfate structures. Structural and/or compositloctzaracteristics of
Quartz, Tridymite, Cristobalite; Feldspars; Sillimitz group of minerals; Zircon, etc. Polymorphiansformation of
silica minerals and aluminosilicate minerals. Biént natural forms of silica of industrial importa and their properties
and uses — Quartzite, Ganister, Flint, Silica satal, Properties, composition, effect of heat, arse Indian availability
of silica minerals, Feldspars, Pyrophyllite, T&dlimanite minerals, Zircon, etc.

(06 Lectures)
4. Plastic Raw Materials: Definition and classifion of clay minerals. Structure of clay minerdl§aolinite,
Pyrophyllite, Montmorillonite, Chlorite etc.) antsicomparison to the structure of micas. Compmsitproperties, uses,
particle size, plasticity, cation exchange capa@C), effect of heat treatment, etc. of the ctagerals.
(05 Lectures)

5. Fluxing Raw Materials: Nepheline Syenite, Bohgh and Wollastonite — their compositions, proatilindian
availability and uses in ceramic industries.
(03 Lectures)
8. Refractory Raw Materials: General idea, contjmsi properties, effect of heat, Indian availghiland uses of —
Bauxite group of minerals, Magnesite, Dolomite, @hite and Limestone.
(04 Lectures)

_GR.-B ( Synthetic Ceramic Raw Materials )
1. Scope & Application of Synthetic Ceramic powder: 3L

Purpose /Advantage of synthetic ceramic raw maseriadea about crystal, crystallite, grain, paetic

Particle size, shape and agglomerate, Applicatieas of synthetic ceramic powder

2. Methods of Ceramic Powder preparation: 6L
Precipitation and co-precipitation technique, Sel-@rocess ( SGP), Hydrothermal synthesis, Solvent

vaporization technique

3.  Alumina:
4L
Phases of Alumina and its structure, Bayer alunm@nd its purification, Calcined Alumina, Tabular

alumina, Fused alumina, Synthesis of oxide and dwide Powder from solution routes & their

Characterization

4. Zirconia: 4L
Polymorphic transformation of ZgO Partially stabilized and fully stabilized zirdan( PSZ & FSZ ),

Synthesis of stabilized ZgOpowder (with 05 , CeQ etc. ) from solution routes & its Characterizatign
Monodisperse spherical ZgPowder
5. Magnesio aluminates Spinal: 4L

Synthesis of Magnesio aluminate hydrate ( MAH rfrosolution route by using different precursor yseeeding
effect on crystallization and spnelisation, Magja rich and alumina rich spinel
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6. Mullite, Silica Gel and Precipitated Silica: 4L
Synthesis from different precursors in solutiontesu& their Characterization

7. Barium Titanate and Ferrite: 4L
Temperature dependent structural stability of BaTi@ormal and inverse spinel ferrites, Hexagonal

ferrite and gernet ferrites, Synthesis from différ@recursors in solution routes & their Charaetion.

Pechini process and modified Pechini process, i@oxmtation techniques of Ni, Zn and Mn ferrite

Recommended readings

1. A Text-book of Geology — P.K. Mukherjee (196World Press, Kolkata. 539p.

2. Introduction to Physical Geology — A.K. Datt®8B). Kalyani Publishers, New Delhi. 261p.

3. A Text-book of Geology — G.B. Mahapatra (1997BS Publishers, New Delhi. 366p.

4. Rutley’s Elements of Mineralogy (2&dition) — H.H. Read (1970). Thomas Murby & Coefge Allen & Unwin),
London. 560p.

5. Manual of Mineralogy (Z1Edition) — C. Clein & C.S. Hurlbut, Jr. (1993) i&f, J.D. Dana]. John Wiley & Sons, New
York. 692p.

6. Mineralogy (2° Edition, First Indian Reprint) — L.G. Berry & B.agon (1985). CBS Publishers, New Delhi. 561p.
7. An introduction to the rock-forming minerals (B& Edition) — W.A. Deer, R.A. Howie & J. Zussma®8). English
Language Book Society (ELBS) & Longman, London. 528

8. (In Bengali)Kristalmurti vidya O Alokranto Mineral VijnafEnglish Translation: Morphologic Crystallograpbpnd
Optical Mineralogy] — S. Ray (1974). W. Bengal 8tBbok Board, Kolkata. 349p.

9. Ceramic Raw Materials [2Revised Edition) — W. E. Worrall (1982). Pergankress, Oxford. 111p.

10. Properties of Ceramic Raw Material&*@dn. in SI/Metric Units) — W. Ryan (1978). Perganiress, Oxford. 113p.
11. Ceramic Raw Materials of India: A Directory -KSGuha (Editor) (1982). Indian Institute of Cerami Kolkata.
202p.

12. Ceramic Powder preparation : A Hand BookyBitdu Gangully & Minati Chatterjee, Kluwer Acaderfuablishers
13. Sol-Gel Processing of Advanced Ceramics, EdiyorF. D. Gnanam, Oxford & IBH Publishing Co. Phtd. New
Delhi

14. Advanced Technical Ceramics Edited by Shige$okniya

PRACTICAL

for 3 semester.

Chemical Analysis of Ceramic Raw Materials & Produts:
Paper Code — CT 391

a) Estimation of SiQ F&0;, Al,0;, CaO and MgO in Dolomite.
b) Estimation of SiQ Fe0s;, Al,Os, CaO and MgO in Lime stone.
¢) Quantitative analysis of Bauxite.

d) Analysis of Sea-Water Magnesia.

f) Analysis of Fireclay.

g). Analysis of Kyanite.

h) Determination of insoluble portion in Portlamgément.

i) Determination of Free Lime content in Portladement.

k) Complete analysis of Portland Cement.

10
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I) Analysis of Water Glass.
m) Analysis of Soda-lime — silica glass.
n) Analysis of Firebrick.
0) Rapid estimation of silica in glass sand aladgy
p) Quantitative analysis of Talc.
g) Quantitative analysis of Blast Furnace Slag.
r) Quantitative analysis of Fly Ash.

CS(CT) - 381: Software Lab: Credits = 2

a) Familiarity with various Operating Systems > D@8ndows, UNIX.
b) Programming with basic language C

¢) Familiarity with MS Office softwares > Word, Exl¢ Access

d) Presentation with MS-Powerpoint module.

CHE(CT)-481: Unit Operation Lab: Credits = 2

a) Determination of the diffusivity of moisture thugh a supplied wooden block (wet) during its dgyat (100+_18C)
b) Determination of the thermal conductivity of thgplied insulating plate by Lee's method.

c) Determination of the effectiveness of the sugapli6 mesh screen in separating the supplied clagder mix.

d) Determination of the mixing index in blendingtbupplied two varieties of granular solid undenlbling action for
one hour.

e) Determination of the Determination of viscogityefficient by falling sphere method .

f) Determination of diffusivity of 2% ethylene ggl aqueous solution.

g) Comparison of the sedimentation rate of 20%alklay aq. Suspension to that of in presence 8bMNACI.

h) Determination of specific surface area , averzgécle size of the supplied Quartz mixture bye®a analysis.

i) Determination of the rate of drying of the suipdlwet mud at (75+_2@).

j) Determination of the power requirement to crasmually the supplied rock from 4mm. Size to 0.5mize.

k) Determination of thermal diffusivity of the supga metal slab.

I) Determination of the critical speed of the gligd laboratory ball mill.

m) Determination of the viscosity coefficient okthupplied liquid by capillary flow method.

n) Determination of mixing index for mixing 10% veatwith the supplied dried clay mass under mulécgion for one
hour.

0) Description with sketch the application of tlupglied flow control devices for fluid flow in press plant.

Phys. Characteristics of Ceramic Raw Materials: Cedits = 2
Paper Code- CT 392

a) Determination of percentage Moisture conterd@y.
a) Determination of % Grit content of a clay.
a) Determination of Water of Plasticity of Clays.
d) Determination of Atterberg's Plasticity of ctay
e)) Measurement of Drying Shrinkage of clay.
f)) Measurement of Dry Strength of clays.
g) Measurement of Firing Shrinkage & firing colafrclays and feldspar.
h)) Determination of % Free iron content in Feldsp&@uartz
powder.

i) Determination of Vitrification Range of Clays.
j) Determination of Water Absorption of Fired Cera Bodies.
k) Determination of particle size distribution by Sgrdiph.

Fifth Semester

THEORY PAPERS
HU 501 (Economics for Engineers):

11
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Contracts: 3L Credits- 3
Module-1
1. Economic Decisions Making — Overview, ProbleRwsle, Decision making process.
2. Engineering Costs & Estimation — Fixed, Varialarginal & Average Costs, Sunk Costs, Opportuitsts,
Recurring And Nonrecurring Costs, Incremental CaStsh Costs vs Book Costs, Life-Cycle Costs; TypeEstimate,
Estimating Models - Per-Unit Model, Segmenting Mo@®st Indexes, Power-Sizing Model, Improvemenit&arning
Curve, Benefits.
Module-II
3. Cash Flow, Interest and Equivalence: Cash Fl@iagrams, Categories & Computation, Time Valu®ohey, Debt
repayment, Nominal & Effective Interest.
4. Cash Flow & Rate Of Return Analysis — CalculasioTreatment of Salvage Value, Annual Cash Floalysis,
Analysis Periods; Internal Rate Of Return, CaldotaRate of Return, Incremental Analysis; Best Alagive Choosing
An Analysis Method, Future Worth Analysis, Ben@ibst Ratio Analysis, Sensitivity And Breakeven Arsi.
Economic Analysis In The Public Sector - Quantifyitnd Valuing Benefits & drawbacks.
Module-lil
5. Inflation And Price Change — Definition, Effec@auses, Price Change with Indexes, Types of Indemposite vs
Commaodity Indexes, Use of Price Indexes In EngingdEconomic Analysis, Cash Flows that inflate iffiedent Rates.
6. Present Worth Analysis: End-Of-Year ConventMigwpoint Of Economic Analysis Studies, Borrowed héy
Viewpoint, Effect Of Inflation & Deflation, Taxe&conomic Criteria, Applying Present Worth Technigjudultiple
Alternatives.
7. Uncertainty In Future Events - Estimates andrmise in Economic Analysis, Range Of Estimatesp@bility, Joint
Probability Distributions, Expected Value, Econoriecision Trees, Risk, Risk vs Return, SimulatiReal Options.
Module-1vV
8. Depreciation - Basic Aspects, Deterioration &s6llescence, Depreciation And Expenses, Types Qiesg
Depreciation Calculation Fundamentals, Depreciatind Capital Allowance Methods, Straight-Line Depation
Declining Balance Depreciation, Common Element3 & Regulations For Depreciation And Capital Allowees.
9. Replacement Analysis - Replacement Analysis $d@tiMap, Minimum Cost Life of a New Asset, Mardi@st,
Minimum Cost Life Problems.
10. Accounting — Function, Balance Sheet, Incona¢eBtent, Financial Ratios Capital Transactionst 8osounting,
Direct and Indirect Costs, Indirect Cost Allocation
Readings
1. James L.Riggs,David D. Bedworth, Sabah U. Randh&conomics for Engineers 4e , Tata McGraw-Hill
2. Donald Newnan, Ted Eschembach, Jerome LavEigineering Economics Analysis, OUP
3. John A. White, Kenneth E.Case,David B.Pratinddple of Engineering Economic Analysis, John Wile
4. Sullivan and Wicks: Engineering Economy, Pearson
5. R.Paneer Seelvan: Engineering Economics, PHI
6. Michael R Lindeburg : Engineering Economics Assi@, Professional Pub

CT 501 (Refractories Technology): Credits = 3

1. Introduction: Scope of Refractory Industry, Détfon and classification of refractories.
@

2. Binary phase diagrams related to refractory @sigstems eg. AD; — SiQ, Al,O; — MgO, MgO — C4O5, MgO — CaO.
(6)

3. Manufacturing, Properties and applications efftilowing refractories:
a) Silica Refractories: Super duty, Moderate ey and Low heat duty silica refractories.

(2
b) Alumino-silicate Refractories: Signifiance of & diagram in the development of different phaddigh alumina
refractories. (6)
¢) Basic Refractories : Magnesite, dolomite, lin@hemically bonded and Direct bonded refractories.
(1)
d) Chromite and mullite refractories. 4

e) Carbon bearing refractories — MgO — C angDA MgO — C etc. (6)

f) Refractories for non-ferrous metallurgical intties like Al, Cu, Pb, Zn etc. (5)

4. Testing of important properties of refractoridsP., B.D., Total Porosity, Sp. Gravity, Pore sdistribution, C.C.S.,
Cold MOR., Hot MOR., PCE., RUL., Compressive Sttlng°PLCAR, Spalling Resistance., Reversible Thermal
Expansion., CO — disintegration, Corrosion resista (8)

5. Monolithic Refractories

12
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References:
1. Refractories — Production and properties — Lliester
2. High Temperature Oxides, Part — I, A. M. Alper
3. The Technology of ceramics and refractories P.RBudnikov
4. Refractories — F. H. Norton
5. Monolithic Refractories — Subrata Banerjee
CT 502 (Glass Science & Technology): Credits = 3

1. The non-crystalline solids & the glasses. Formatiamm liquid phase. Formation from a gaseous phase.
Formation from a solid phase. Definition of glass. 2L

2. Rheological properties of glasses, Viscosity, Edagt Visco-elastic properties of glasses.

3. Vitreous transition. Phenomenological study. Thetymamic study. Theory of vitreous transition. Reldon
behaviour of glass in the transition interval. Detimation of transition temperature. ~ O5L

4. Conditions of vitrification. Structural theory (Zsariasen model etc.). Kinetic theory of glass (eatibn &

Growth). 04L
5. Structural models of glass. Reaction mechanisms. dechange & network breakdown processes. Glass
durability controlling factors. Improvement of dbitity. 04L

6. Thermodynamic basis of phase separation in glabresiscibility in glasses. Spinodal decomposition.

7. Density & Thermal expansion measurements & theiplications and their dependence on compositions.
Thermal history effects. Effect of crystallizatiokdditive rule.

04L

8. Diffusion in Glasses. Electrical conductivity obgkes. Dielectric  properties;

9. Thermal Properties of glasses, Specific heat, Theconductivity, Thermal expansion.

10. Glass production, Basic processes of glass makdagch process, Continuous process, Raw materials
selection, Batch house & mixing, Batch transp@tatTank furnace, Batch feeding, Melting & refigj
Bottle glass, Sheet glass, Other glasses, AmmgaliThermal treatment, Chemical treatment,
Production control & planning, Optical fibre glapsoduction & processes.

11. Batch calculation of the glass and determinatiothefoxide composition of the glass.

Reference:
1) Handbook of Glass Manufacture - F.V. Tooley
2) Glass Engineering Handbook — E. B. Shand.
3) Handbook of Glass Properties — G. W. Morey.
4) Handbook of Glasses — R. H. Doremus
5) Chemistry of Glasses - A. Paul
6) Inorganic Glass - Arun K. Varsheneya
CT 503 (Whitewares Technology): Credits =3
1. Scope & Application of Whiteware product, &écteristics of Whiteware product, Earthenwaren8&uare,
China & Porcelain 2L
2. Raw Materials used in Whiteware industrylayC Quartz, Feldspar, Wollastonite, Pyrophyllifalc, Bone
ash, 3L
3. Body Preparation & Fabrication process: L 5

Crushing and Grinding, Screening, Magnetic sepamaffransport, Storage, Batching and body compmpositi
Aging, Slip casting, properties of slip, plasticrfong

4. Drying: 5L Types of water
present, Factors affecting drying (internal & ertdrfactors), Different types of dryers and its m@piens &
maintenance, sources of heat for drying & Dryingestule, Defects of dried body at green stage atses &
remedies.

5. Glazing: 7L
Purpose & advantages of glazing, Raw glazes, Brgtazes, Semiconducting Glaze, Fusibility of gtaz@laze
Opacifiers, Stains, Colloidal colours, Differenaaring oxides, Adherence and Flow properties a&glslip,
Glaze defects, Glazing techniques, Testing of glaze

6. Firing: 5L Firing schedule of
whiteware bodies, Reactions at different tempeeatuMicrostructure development and phase formadion
porcelain bodies, Firing defects — causes & rensediédferent types of kilns and operation technigjue

7. Kiln Furniture: 4L
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Characteristics, Different types of Kiln Furnitu@ordierite, SiC based Kiln Furniture, Silicon & bonded
SiC kiln furniture, Low thermal mass Kiln car.
8. Production of the following whiteware bodieish process flowcharts, Body Composition & prajes:
(i) Electrical Porcelain 1L (i) Wall & flatiles 3L (iii) Sanitary wares 2L
(iv) Spark plug Insulators 1L (v) Bone China 3L

References:
1. Ceramic Whitewares — Sudhir Sen
2. Industrial Ceramics — Singer & Singer
3. Fine Ceramics — F.H. Norton.
4. The Technology of Ceramics and Refractories —Bu@nikov.

FREE ELECTIVE (One to be chosen from the following)

Operation Research
Code: IT504D (CT 504A)
Contact: 3L + 1T Cresli4
Module |
Linear Programming Problems (LPP):
Basic LPP and Applications; Various Components®fRroblem Formulation.
Solution of Linear Programming Problems
Solution of LPP: Using Simultaneous Equations anabBical Method;
Definitions: Feasible Solution, Basic and non-ba&ciables, Basic Feasible Solution, DegenerateNomdegenerate
Solution, Convex set and explanation with examples.
5L
Solution of LPP by Simplex Method; Charnes’ Big-Metflod; Duality Theory. Transportation Problems Asdignment
Problems. 121
Module Il
Network Analysis:
Shortest Path: Floyd Algorithm; Maximal Flow Prambli¢Ford-Fulkerson); PERT-CPM (Cost Analysis, Craghi
Resource Allocation excluded). 6L
Inventory Control:
Introduction to EOQ Models of Deterministic and Pabilistic ; Safety Stock; Buffer Stock.
3L
Module 111
Game Theory:
Introduction; 2-Person Zero-sum Game; Saddle PMitti-Max and Maxi-Min Theorems (statement only)dan
problems; Games without Saddle Point; Graphicahidet Principle of Dominance.
5L
Module IV
Queuing Theory:
Introduction; Basic Definitions and Notations; Amiatic Derivation of the Arrival & Departure (PoissQueue).
Poisson Queue Models: (M/M/1}»( FIFO) and (M/M/1: N / FIFO) and problems.
5L

Text Books:

1. H. A. Taha, “Operations Research”, Pearson

2. P. M. Karak — “Linear Programming and Theoryzafmes”, ABS Publishing House

3. Ghosh and Chakraborty, “Linear Programming anelofy of Games”, Central Book Agency
4. Ravindran, Philips and Solberg - “OperationseResh”, WILEY INDIA

References:

1. Kanti Swaroop — “Operations Research”, Sultaar@h& Sons

2. Rathindra P. Sen—"Operations Research: Algostamd Applications”, PHI

3. R. Panneerselvam - “Operations Research”, PHI

4. AM. Natarajan, P. Balasubramani and A. Tam#lerdOperations Research”, Pearson
5. M. V. Durga Prasad — “Operations Research”, CES& Learning

6. J. K. Sharma - “Operations Research”, Macmitablishing Company

Database Management System
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Code: CS-601CT 504B)
Contact: 3L+1T Credits: 4
Introduction [4L]
Concept & Overview of DBMS, Data Models, Databassmduages, Database Administrator, Database UskregT
Schema architecture of DBMS.
Entity-Relationship Model [6L]
Basic concepts, Design Issues, Mapping Constraf@gs, Entity-Relationship Diagram, Weak Entity SdExtended E-
R features.
Relational Model [5L]
Structure of relational Databases, Relational AtgetRelational Calculus, Extended Relational Algelrperations,
Views, Modifications Of the Database.
SQL and Integrity Constraints [8L]
Concept of DDL, DML, DCL. Basic Structure, Set omtéwns, Aggregate Functions, Null Values, Domaim€mints,
Referential Integrity Constraints, assertions, @eiNested Subqueries, Database security applicdéeelopment using
SQL, Stored procedures and triggers.
Relational Database Design [9L]
Functional Dependency, Different anamolies in da@sig a Database., Normalization using funtional esefencies,
Decomposition, Boyce-Codd Normal Form, 3NF, Noralan using multi-valued depedencies, 4NF, 5NF
Internals of RDBMS [7L]
Physical data structures, Query optimization : gligorithm, statistics and cost bas optimizatiorarniBaction processing,
Concurrency control and Recovery Management : &etieh model properties, state serializability Kdase protocols,
two phase locking.
File Organization & Index Structures [6L]
File & Record Concept, Placing file records on DiBked and Variable sized Records, Types of Sihgeel Index
(primary, secondary, clustering), Multilevel Index®ynamic Multilevel Indexes using B tree and Beet.
Text Books:
1. Henry F. Korth and Silberschatz Abraham, “Dasgb@ystem Concepts”, Mc.Graw Hill.
2. Elmasri Ramez and Novathe Shamkant, “Fundanseatddatabase Systems”, Benjamin Cummings Publishin
Company.
3. Ramakrishnan: Database Management System , MeBila
4. Gray Jim and Reuter Address, “Transaction Peiegs Concepts and Techniques”, Moragan KauffmatmliBhers.
5. Jain: Advanced Database Management System CgtierT

6. Date C. J., “Introduction to Database Managem#fd. I, II, Ill, Addison Wesley.
7. Ullman JD., “Principles of Database Systems'lgBtiia Publication.
Reference:

1. James Martin, “Principles of Database Manager8gatems”, 1985, Prentice Hall of India, New Delhi
2. “Fundamentals of Database Systems”, Ramez Eingtexmkant B.Navathe, Addison Wesley Publishingié&ul
3. “Database Management Systems”, Arun K.Majumietimay Bhattacharya, Tata McGraw Hill

Object Oriented Programming

Code CS504D(CT 504C)

Contact: 3L + 1T Ciitsd 4

Object oriented design [10 L]

Concepts of object oriented programming languaggohMand minor elements, Object, Class, relatigggshmong
objects, aggregation, links, relationships amolgs#s-association, aggregation, using, instantiatieta-class,
grouping constructs.

Object oriented concepts [4 L]

Difference between OOP and other conventional @mogning — advantages and disadvantages. Classt,abggsage
passing, inheritance, encapsulation, polymorphism

Basic concepts of object oriented programming usingava [22 L]

Implementation of Object oriented concepts usingJa

Language features to be covered:

Class & Object proprieties [6L]

Basic concepts of java programming — advantaggsvaf byte-code & JVM, data types, access spesifigerators,
control statements & loops, array, creation ofglabject, constructor, finalize and garbage cttbec use of method
overloading, this keyword, use of objects as patarm& methods returning objects, call by value 8 by reference,
static variables & methods, garbage collectiontete& inner classes, basic string handling coneetisng (discuss
charAt() , compareTo(), equals(), equalsignoreQase(exOf(), length() , substring(), toCharArrayfpLowerCase(),
toString(), toUpperCase() , trim() , valueOf() matk) & StringBuffer classes (discuss append(), cad® charAt(),
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delete(), deleteCharAt(), ensureCapacity(), get€handexOf(), insert(), length(), setCharAt(){lsength(), substring(),
toString() methods), concept of mutable and immletatring, command line arguments, basics of I/@rafions —
keyboard input using BufferedReader & Scanner eklss
Reusability properties[6L] — Super class & subclasses including multileveldrighy, process of constructor calling in
inheritance, use of super and final keywords wihes() method, dynamic method dispatch, use ofatistlasses &
methods, interfaces.
Creation of packages, importing packages, memhszysador packages.
Exception handling & Multithreading [6L] — Exception handling basics, different types ofeption classes, use of try
& catch with throw, throws & finally, creation ofar defined exception classes. Basics of multitineg main thread,
thread life cycle, creation of multiple threadsetd priorities, thread synchronization, intertdreammunication,
deadlocks for threads, suspending & resuming tlsread
Applet Programming (using swing) [4L]— Basics of applet programming, applet life cydi&erence between
application & applet programming, parameter passirapplets, concept of delegation event modellsteher, I/O in
applets, use of repaint(),
getDocumentBase(), getCodeBase() methods, layonagea (basic concept), creation of buttons (JButtass only) &
text fields.
Textbooks/References:
. Rambaugh, James Michael, Blaha — "Object Oriektedelling and Design" — Prentice Hall, India
. Ali Bahrami — "Object Oriented System DevelopthenMc Graw Hill
. Patrick Naughton, Herbert Schildt — "The completfference-Java2" — TMH
.R.K Das — "Core Java For Beginners" — VIKAS PUBHING
. Deitel and Deitel — "Java How to Program" —Bth — Pearson
. Ivor Horton's Beginning Java 2 SDK — Wrox
. E. Balagurusamy — " Programming With Java: Arferi' — 3rd Ed. — TMH

~NOoO O WNE

PRACTICAL PAPERS
CT-591: Refractories Lab: Credits = 2

a) Powder Preparation -- Crushing fireclay grogeSieparation of grog.

b) Determination of Packing Density of refractoaywrmaterials

c¢) Fabrication of refractory bodies using best gacdefractory raw materials.

c) Firing of refractory bodies at different temperas

d) Study of effect of Composition, Forming pressfiriring temperature on some properties of refsacbodies.
e) Testing of various important properties of refogies as per IS.

f) Refractory corrosion test.

g) Spalling Resistance Test (Thermal Shock Regsis)anf refractory bodies.

CT-592: Glass Lab: Credits = 2

a) Preparation of Soda-Lime-Silica glass with défé colouring oxides,
e.g. CoO, FeO etc.

b) Preparation of Boro-silicate glass with alkalaékaline earth oxides.

¢) Preparation of Opal glass with different opaicifyagents -- Fluoride &
Phosphate opal.

d) Preparation of low melting Phosphate glass iioua systems.

e) Determination of Alkali resistance of glass.

f) Determination of alkalinity of glass

g) determination of Chemical durability of diffetegpes of glasses

h) Thermal shock test on glass wares.

i) Determination of density of glass.

j) Determination of strain in glass wares by pisieope.

k) Demonstration of cord viewers.

CT-593:  Whitewares Lab: Credits = 2

a) Preparation of Whiteware Body >> Milling of raw redgls,
measurement of slip properties, green bodyayation, slip
casting/plastic forming/pressing.

b) Preparation of glazes & application of glaze onyhallying and firing.

c) Determination of water absorption, True densitylkB
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density & Modulus of rupture of various firadhiteware bodies.
d) Determination of thermal shock resistance of finddteware bodies

e) Measurement of glaze thickness by Penetrometer.
f) Determination of acid solubility of ceramic bodyggaze.
9) Determination of alkali solubility of ceramic bodyglaze.

Free Elective (Any one of the following)

Operation Research Lab

CT- 594A (IT594D), Contact: 3P, Credits: 2
Software based lab using C /C++

1. Assignment on Tranportation problem.

2. Assignment on Assignment problem

3. Assignment on Duality

4. Assignment on Simplex method (Including Charns’-BidMethod)
5. Assignment on Shortest Path by using Dijkstra’Bloyd’s Algorithm
6. Assignment on Maximal Flow Problem (Ford-Fulkeratethod).
7.Assignment on PERT/CPM

8. Familiarization with O.R package: TORA

Database Management System Lab

Code: CS691(CT 594B)

Contact: 3P, Credi®
Structured Query Language

1. Creating Database

[0 Creating a Database

[0 Creating a Table

[ [1Specifying Relational Data Types
[10Specifying Constraints

[1[]Creating Indexes

2.Table and Record Handling

a. INSERT statement

b. Using SELECT and INSERT together

c. DELETE, UPDATE, TRUNCATE statements
d. DROP, ALTER statements

3. Retrieving Data from a Database

[10The SELECT statement

[100Using the WHERE clause

[100Using Logical Operators in the WHERE clause
[10Using IN, BETWEEN, LIKE, ORDER BY, GROUP BY and HANG
Clause

[0 Using Aggregate Functions

[1[JCombining Tables Using JOINS
[1JSubqueries

4.Database Management

[0 Creating Views

[1)Creating Column Aliases

[1[)Creating Database Users

[10Using GRANT and REVOKE

Cursors in Oracle PL / SQL

Writing Oracle PL / SQL Stored Procedures

OOP Lab

Code: CS594D(CT 594C)

Contact: 3P €tlits: 2

1. Assignments on class, constructor, overloadiitgritance, overriding

2. Assignments on wrapper class, arrays

3. Assignments on developing interfaces- multipteeritance, extending interfaces
4. Assignments on creating and accessing packages
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5. Assignments on multithreaded programming
6. Assignments on applet programming
Note: Use Java for programming
Preferably downloadjdva_ee_sdk-6u4-jdk7-windows.exXefrom
http://mww.oracle.com/technetwork/java/javaee/downbads/java-ee-sdk-6u3-jdk-7ul-downloads-523391.html

Sixth Semester

CT 601 Cement & Concrete Technolpg Credits = 3.

1. Pozzolana Cement

Definition, classifications, Pozzolanic activityna its influencing factors, Lime — Pozzolana reattiand products fomation,
Applications. 2L

2. Portland Cement

Definition, Raw materials and their physico — chesthcharacteristics, manufacturing process, cematking kilns viz, Rotary and shaft
kiln. Refractory used in Rotary kiln, reactions oed in different zones of rotary kiln, Hydratioh cement, Setting and hardening of
Portland cement, Heat of Hydration, Action of agidulphate water on cement, Flash set and Falsef sstment, Alkali — Aggregate
reaction in Portland cement. 10L Applications

3. Special Cements

Rapid hardening Portland cement, Quick setting cénwhite Portland Cement, coloured cement, Suphedisting cement, Low heat
Portland cement, Oil — well cement, WaterproofedI®ad cement, sorel cement, Blended Cement, Mdefect Free (MDF) Cement,
Sur — Sulphated Cement, Refractory Cement, Cenzentsp 6L

4. Testing of Cements : Insoluble residue in cemestimation of free lime in cement, fineness ahent, standard consistency of
cement, Initial and Final setting of cement, sowsin of cement, slump test of concrete, Flow talelst of mortar ,
6L

5. High Alumina Cement

Introduction to Refractory cement, Raw Materialedjsclassification and composition of HAC, manufisicig process, Mineralogical
phases of HAC, Hydration of HAC on the basis of €8@Ds;-H,O Phase diagram, Strength Development, HAC castabid uses.
8L

6. Concrete:
Introduction,Gap Grade concrete, continuous gragfecrete, light, normal and heavy concrete, propertf concrete, installation
techniqgue of concrete, uses of various concretes. 8L
Books:
a) Chemistry of cement by F.M. Lea
b) Cement Chemistry by F.W. H. Taylor
¢) High Alumina Cement by T. D. Robson
d) Concrete Technology by Neville.
CT - 602: Engineering Materials Science: Credits =3

1. Structure of solids: Introduction — Atomic bondirgionic, covalent, metallic, Van der Waals; Cryst&iucture, Lattice
planes and directions.

2. Lattice imperfections — point defects, line defeptane defects etc.

3. Practical determination of Structure: Introductideoretical and Practical X-ray diffraction — P@wvdechnique, other
applications.

4. Mechanical Properties: Introduction, Deformation $iip. Plastic deformation. Slip by dislocation vement, Cottrell's
views, Shear strain rate, Peierl’s stress, CrifRedolved Shear Stress for Slip, Twinning deforomati

5. Fracture behaviour. Brittle & ductile fracture, ®e fracture & crack propagation, Griffith’s thgomModifications. Critical
Stress Intensity Factor, Fracture Toughness etc.

6. Strengthening Mechanisms > General concepts, Coiking, Yield point, Yield stress, Strain (Work) rdaning, Solid
solution strengthening, Strengthening by grain lblawies, Second phase strengthening, Dispersiorehiagl Precipitation
or age hardening.

7. Annealing of Metals: Objectives & Methods. Fundataéconcepts, Recovery, Recrystallisation & Graiovgh, Factors
affecting them, Effect of annealing on mechani&dddviour of metals (Microstructural changes on Aling).

8. Electron Theory of Solids > The electron gas, Qsedtelectron gas, Free electron theory of meléstrons in periodic
potential, Band/Zone Theory of metals, Brillouimes.

9. Corrosion & its prevention: Galvanic theory, fhaéll potentials. Electrochemical corrosion, Csiom rate, Types of
corrosion, Corrosion prevention methods. Corrogiofarization & Passivation. High temperature csion: Oxidation of
metals, Pilling — Bed worth Ratio, Oxidation kireti
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10. Electrical Properties: Electrical conduction rnimaterials, Electron mobility, Drift velocity, Redation time, Electrical
resistivity, Energy band model: Insulators, Cortdrs; Semiconductors, Band diagrams, Mechanisnteofréeal conduction
in intrinsic and extrinsic semiconductors, Chargasport in pure silicon, Quantitative relationsbfgelectrical conduction in
intrinsic elemental semiconductors, Effect of terapgre on intrinsic semiconductors, N - type andtype semiconductors,
Doping. Mass action law, Charge densities inmisi & extrinsic semiconductors.
Books: 1) Principles of Mat. Sc. & Engg. — Smith
2) Introduction to Ceramics — W. D. Kingery
3) Physical Props. of Materials - Lovélery, Vernon
4) Materials Science — Callister

CT-603: Ceramic Coatings & Process Calculations Credits =4
A. Ceramic Coatings
a) Advantages of ceramic coating w.r.t. organic cagin
b) Different types of ceramic coatings : i) Therratrier coating,
ii) High emissivity refractory coating.
c) Characteristics of different types of ceramic augti
d) Raw Materials, Composition of different typescofting, Processing of the raw materials, fheparation, Milling, Preparation of
enamel slip.
e) Metal surface preparation before coating.
g) Wetting of metal by glass, Different theories ohatkence.
h)  Theory of opacity and treatment of opacifying agent
i)  Application of coatings on metal surfaces.
j)  Drying and firing of coating.
k) Different coating defects and remedial measures.
I)  Special types of coatings.
Testing & quality control of coating.

Books :- 1) Technology of enamels — V. V. Vargin
2) Vitreous Enamel : A guide to modern enameling
practice — K. A. Maskall & D. White.

B. Process Calculations

A) Materials Balance :
1. Combustion Calculations : Liquid and GaseBuels, Excess Air, Flue Gas Volume etc.
2.Evaporator & Dryer : Weak liquor, Strong Lay, Evaporated vapor
3.Calculation on processes with or without @leal Changes
B) Energy Balance >
1.Calculations on Heat capacities, Mean hapacity, Heat of Formation, Heat of Reaction, H#alution and vapourisation.
2. Energy balance for various Reacting andReacting systems.
C) Material Balance for Ceramic Process >
Introduction to Glaze, Glass calculations, #atch recipe, Molecular formulae and other eletaey problems.

References :

1) Industrial Stoichiometry — Lewis, Radasch & liew

2) Chemical Process Principles - Hougen & Wattson.

3) Calculation in Ceramics — R. Griffithies.

4) Basic Principles and Calculations in ChemicagiBeering — D.M.Himmelblau

CT - 604: Metallurgy: Credits =3
Scope & Relevance in relation to Ceramics .

a) Ferrous Metals > Pig iron, Blast furnace, Cast,iponge iron, Corex & Mandrex process, Effeatlemical elements on iron &
steel, Steel making process, Classification ofistéplication of carbon steel, Influence of thenstituents on steel, Alloy steel,
Effect of alloying elements on steel.

b) Non-Ferrous Metals & alloys > Aluminium , Its extraction, alloys & application€opper, Its extraction , alloys & applications,
Zinc, Its extraction , alloys & applicationsLead, Its extraction , alloys & applications . Alloysrfhigh temperature service
conditions, Metals for nuclear energy.

c) Powder Metallurgy > process description, Mainteeann¢ metal powders, Blending of powders, CompactiBre-sintering,
Sintering, Secondary operation, Products of powdetallurgy, Advantage of the process, Disadvantdgdisitation, Design
consideration.
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Forming Process > Casting, Mechanical working pgsc#/elding, Brazing, Soldering, Machining of metal
Mechanical Tests > Tensile test, Compression l&stiness test, Impact test, Fatigue test, G&estpess-rupture test.
Phase Transformation in Metals > Nucleation & Glov&olidification, Allotropic transformation, Coolj Curve for Pure Iron,
Inverse rate curve for steel, Isothermal transfeiona Transformation upon continuous cooling, Masitic transformation, TTT
curve, Phase transformation in alloy steel, Effecttransformation points, Isothermal decompositidnAustenite, Alloyed
Austenitic transformation upon continuous cooling.
Binary Diagrams of systems with simple eutecti@rtipl & complete solubility , intermetallic compod formation & mixed .
Ternary diagrams - elementary ideas . EquilibriutNé&n-equilibrium phases .
Heat Treatment > Iron-carbon phase diagram -rdaf@atures . Heat treatment programmes & prod@dsbon - steels , Cast
Irons , Alloy Steels . Normalizing, Mar temperindustempering, Harden ability, Theory of temperir@ase hardening,
Carburising, Cyaniding, Nitriding, Induction hardeg, Flame hardening, Diffusion coating.
Books :- 1) Elements of Metallurgy- Swarup & Saxen

2) Physical Metallurgy - Avner.

3) Metallurgy - Lakhtin.

ELECTIVE
CT 605A Instrumentation Credits = 3

Basic concept of measurement :- Idea of generalizedlsurement system, Functional units, Static gndrdic characteristics of
measuring device — accuracy , precision , errgrstenisis , resolution , threshold value , repelitatetc.. Calibration error and
uncertainty , Statistical analysis of data andrerRID diagram of Process Plant and Instrumenti§pation .
Transducers : Basic concept , classification ampficgiions .  [2L]
Temperature measurement: Classification, mechateogperature sensor — solid expansion , liquid \apbur filled thermo
Thermo electric thermocouples , Electric type —itaace thermometer , Thermistors, ,Optical/ Raatidype .
Pressure measurement : Mechanical type — ManomgeHestic type Bourdon gauge/pressure spring lofésl and Diaphram ,
Bell gauges . Electrical type- potentiometric devjstrain gauge , LVDT and capacitative . Solidestievice — piezo junction and
piezo-resistance . [4L]
Flow Measurement :- Classification of flow metetsead , area , mass flow , positive displacement fheters . Electric type —
turbomagnetic , electromagnetic , ultrasonic artavace . Digital , open channel and solid flowmetetcs.
Level measurement :- Mechanical , thermal effedéctrical, ultrasonic angradiation types.

[4L]

References :-
1)  Principles of Industrial Instrumentation - D. Pathis. Tata Mcgraw Hill (2 Ed).
2) Industrial Instrumentation Fundamentals - Fribahtegraw Hill.
3) Process Instrument and Control Handbook - Consi@li@®nsidine. Mcgraw Hill.

ELECTIVE
CT 605B Process Control Credits3

Process Control:-
Basic concepts of control — system , logic analgéisystem , process control — open and closed $ystem , block diagram ,
Transient response , system linearisation , Mattieatanodeling of simple physical system , trandferctions .
Linear open-loop system — Transient analysis aftirder , Second order system , Analysis of firder systems in series .
Linear closed — loop system — Negative and posfiezlback , servo and regular control , transfection of measurement ,
controller and final control element . Mode of coht- P, PI, PD , & PID . Transient responsesla$ed-loop system , stability of
control system . [6L]
Industrial Controller — Cascade controller , MetereRatio , Time variable , Limit , Dual agent cmig , Engineered control
systems . [6L]
References :-

1) Process System Analysis & Control - Coughnourghdw Hill (2 Ed).

2) Chemical Process Control - Stephanopoulos. eeeh@ll India.

3)Process Instrument and Control Handbook - Camsi€l Considine. Mcgraw Hill.

PRACTICALS:

CT 691 Cement & Concrete Lab: Credits 2

a) Tests like Consistency of cement, Initial Settime, Final Setting Time, CCS as per standardifipation,
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b)  Study of strength properties both as a functiocoohposition and setting time of cement-sand mo&acencrete.
c) Setting time of various grades of cements.
d) Slump test of concrete.
e) Vee- Bee consistometer test of concrete.
f) Compaction factor test of concrete.
g) NDT of cement-sand mortars/concrete blocks by Sd¢ht@st hammer.
h)  Soundness of cement.
i)  Flow table test of mortar.

CT 692 Material Characterization Lab ( B. Tech.) Credit=2
1. General techniques of characterization of Nano aniicron ceramic materials: Scope and Application.
2. Particle size Analysis :( Nano and Micron ) Theory of working principleas® study of ceramic materials
3. FTIR spectroscopic Analysis :Theory of working principle, Case study of ceramiaterials
4. Phase Analysis by XRD Theory of working principle, Case study of ceramiaterials
5. Crystallite Size Determination by XRD techniquesTheory of working principle, Case study of ceramiaterials

6. Micro structural Analysis by SEM / TEM : Theory of working principle, Case study of ceramiaterials

CT-693: Metal & Ceramic Coatings Lab: Credits =2

1.Metal surface preparation — cleaning, picklingdidping and neutralization.
2.Formation and melting of enamel frits, compougda recipe of enamel slip with frit, opacifiensd other additions, melting.
3.Sieve analysis of wet milled and dry milled enmeetermination of consistency of enamel slip.
4.Aplication of enamel by dipping, spraying
5. Firing of enamel wares.
6.Study of defects of enameled ware
7. Testing of vitreous enamel wares:
a) Test of resistance to Acid and Alkali
b) Test of resistance to boiling water
c) Test for resistance to Thermal shock
d) Test for resistance to impact
e) Test for warpage
f)Test for abrasion resistance
g)Test for adherence of enameled specimersihgrence meter method.

CT 681 Seminar Credit =2

Topics & contents decided by the concerned teacher

Theory: 7" Semester, B. Tech. In Ceramic Technology
CT-701: Advanced Ceramics: Credits = 3

a) Engineering Ceramics: Carbides: Boron carbidec@ili carbide, Titanium carbide, Zirconium carbideafiium carbide &
Uranium carbide. Nitrides : Boron, Silicon & Aluniirm nitrides. Silicides : Molybdenum disilicid&orides. Sialon. Graphites.
Cermets & Composites.

b) Ceramics used in advanced applications: NucleamggneGas turbine blades, Abrasives, Aerospaceat iHgchangers, Cutting
Tools, Wear Applications

c) Ceramics for Medical and Scientific products:

Tissue attachment mechanism, Bio- active materiasyrly inert crystalline ceramics, porous ceramhsactive glass and glass

ceramics, calcium phosphate ceramics, carbon bgslant materials, ceramics for dental applications.

d) Ceramics for optical applications: Telecommunmatand related uses, Information display, LasdmeFoptics , Electromagnetic
windows .
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e) Ceramics in Electrochemical cells: Sodium sulphaié (witR —alumina), Electrical ceramics for fuel cell and
high-energy batteries.
1. Electronic Ceramics:
a) A. Ceramic substrates > (85, BeO, AIN , Glass Ceramic) , Processing of THidkn , Thin Film , Multilayer Packages.
b) Properties of Ceramic Insulators.
c) Ceramic Capacitor Dielectrics > Barium titanatdyenttitanate based dielectrics, Composition witihi?b content, Processing of
thick & thin film capacitors, Integrated capacitdrRelaxor Dielectrics.
d) Piezoelectric Ceramics > Piezoelectric & elesthiotive materials, Powders & Processes , Pieztrédeceramic applications.

e) Electro-optic Ceramics & Devices > Differentitdrials , PLZT compositional systems , Powdersréc®sses , Hysteresis loop ,

Electro optic properties , Applications.

f) Sensors > Oxygen Sensors, Principles of operaBofid electrolyte sensors, Semiconductor senddrermistors and related
Sensors.

g) Magnetic Ceramics: Spinel Ferrites, Hexagonal temriGarnet, Processing, Single crystal ferriteplisptions.

Critical parameters, Powder synthesis,

h) Nano Ceramics: Different Compositions, Synthespgpliations.

i) Ceramic Membranes.
j)  Briefintroduction of non — oxide ceramics, diffaoe between oxide and non-oxide ceramics regatsbnging

k) Carbides — Boron carbide, Silicon carbide, Titaniocanbide, Zirconium carbide, Tungsten carbide, iafncarbide - their
methods of preparation, bonding / structure, priggeand applications both in refractory and adedrapplication.

I)  Nitrides:- Boron nitride, Silicon nitride, Aluminia nitride, Uranium nitride — Their fabrication/ pagation methods, structure,
properties and application both as refractory ahéaced ceramics

m) Graphite — Fabrication, structure, properties grlieations

n) Borides — Fabrication, Structure, properties angliegtions

0) Silicides — Fabrication, Structure, properties apglications

Suggested Readings:
1) Ceramic Materials for Electronics: R.C.Buchanon.
2) Electronic Ceramics: B.C.H Steele.
3) Adv. Ceram. Materl. Vol | By K Furuta & K Uchino.
4)  Ceramics and Glass( vol I) ASM International.
5) Science & Technology of Ceramics (vol 4) Advanee€eéramics A.H.Heuer and L.W Hobbs
6) Handbook of Properties of Technical & Engineeringrdnics, part I. An Introduction For the Engineer &
Designer, R. Morrel.
7)  Ceramics for high performance applications: J Bufk&.Gowan & R.N Kalz,

8) Introduction to Technical ceramics by B. E. Waye.
9) Ceramics for Advanced Technologies by J. E. Hove.
10) Encyclopedia of Chemical Technology Kirk Othmer.
CT-702: Physical Ceramics: Credits =3

Scope & Objective.
a) Ceramic crystal structures : Corrundum , WigrtzZinc blende , Rocksalt , Perovskite and Spstrecture etc.

b) Atomic Mobility >> Diffusion & Diffusivity, Laws of Diffusion , Diffusion in solids , Controllingiffusivity . Nernst-Eistein
equation. Diffusion as thermally activated procé&smenclature & concepts of atomistic process. Texatprre & impurity dependence
of diffusion. Diffusion in crystalline oxides. Detation. Boundary & surface diffusion.

j)  Phase Transformations >> Formal theory of transétion kinetics with examples. Spinodal decompositibhermodynamics &
kinetics of nucleation & growth.

k)  Grain Growth, Sintering & Vitrification >>Sinterin- Single & multiphase . Study of sintering - Kiies , mechanisms of mass
transport , Sintering variables , Sintering aidRecrystallisation & grain growth. Abnormal grainogith. Sintering vis-a-vis
Vitrification. Sintering with a reactive liquid. Bssure sintering & hot pressing. Secondary phenantéring shrinkage.

I)  Microstructure & Characterisation>> Features innwstructures. Microstructural observations - Opt&&alectron Microscopy .
Techniques of sample preparation .

f) Ceramic Phase Equilibrium Diagrams >> Technggjokdetermining phase diagrams. One - , two Rd, three - components

phase diagrams. Examples. Phase composition viersiperature. Non-equilibrium phases. Typical cécansystems like

zirconia - calcium oxide / magnesium oxide / cegalcia - silica , magnesia - silica , soda - linsdlica , lime - alumina - silica etc.

g) Electrical Properties >> Electrical conductionmaterials, Electron mobility, Drift velocity, Redation time, Electrical resistivity,
Energy band model ---> Insulators, Conductors, $enductors diagrams, Mechanism of electrical cotidndn intrinsic and extrinsic
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semiconductors, Charge transport in pure silicamr@itative relationship of electrical conductionintrinsic elemental semiconductors,
Effect of temperature on intrinsic semiconductdts, type and P - type semiconductors, Doping. Mat®n law, Charge densities in
intrinsic semiconductors.Electronic & lonic contlan, Ceramic conductors like varistors, thermistoesistors etc. Piezoelectricity,
Ferroelectricity.
h) Magnetic Properties >> Diamagnetism , Paramagnet Pauli paramagnetism , Ferromagnetism , Amtfeagnetism & Ferri
magnetism - Ferrites .Soft & Hard magnetic matsri®lerrites, Mixed ferrites, Origin of interactioms ferro - and antiferro - and
antiferri - magnetic materials ---> direct, supendadouble exchange interactions. Exchange energggnktostatic energy,
Magnetocrystalline anisotropy energy, Domain waérgy, Magnetostrictive energy.Properties & appiices of ferrites.
i) Dielectric Properties >> Introduction, Basic pesties of dielectrics & theory ---> D.C., Capanite, Dielectric strength, Loss factor.
Equivalent circuit description of linear dielecgjcPower factor, Dielectric polarisation, Polaimatmechanisms, Polarisation Vs.
frequency, Dielectric loss & breakdown, Ceramicamrs and insulators.
j) Optical Properties >> Introduction. Light & eteomagnetic spectrum, Electromagnetic waves irami@s, Refractive index,
Dispersion, Reflection and refraction. Transmiss&nreflection of light. Luminescence ---> Photo &atBodes. Lasing action.
Scattering of light. Boundary reflectance and sefgloss. Opacity & translucency. Absorption & eolo Stress-optic effect.
Comparative optical properties , Structural cotiete , Optical fibres .
k) Thermal Properties >>Thermal conductivity , Sfietieat ,Thermal expansion , Thermal stress . Ganative thermal behaviour of
ceramics .

Books :- 1) Introduction to Ceramics - W.D.Kingery
2) Fundamentals of Ceramics - Barsoum
3) Physical Ceramics for Engineers - Van Vlack
4) Principles of Materials Scienc&g&gineering - Smith
5) Handbook of Ceramics - Editor S.

CT-703 Monolithic Refictories Credits: 3

a) Introduction of Refractories and Monolithic Refrariés/Castable Refractories, Shaped and UnshapkdcReies —
Advantages and Disadvantages of Monolithic/CastBlefeactories, Classification of Unshaped Refories.

b) Aggregates used in monoliths/Castables Refractories

c) Refractory cement and other additives, Additives&nming and gunning materials.

d) Refractory Cement,Morters,Concrete,RammingMasdifgtt
Gunning Mass, Spray Mass.

e) Type of bonding in Castable Refractories e.g. HylitaBonding, Chemical Bonding and Quagulation Biogd

f) Classification of Castables: Conventional Castallesv cement Castables, Ultra low cement castaiNespr zero
cement Castables, Gel bonded and self floor castailica free and basic castables, Nano matrarporated
Castables.

0) Carbon Bonded Refractory Castables,

h) Manufacture of Castables/Monoliths, Installatiochteiques, Applications.

i) Different areas of application of Monolithics/ Calsie Refractories.

Reference Books:-
1. Recent Trend in Refractory Monolithics by Bubrata Banerjee.
2. Refractories Hand Book Edited by Charles A. 8bha

CT-704A Nano Technology Credits: 3
1. Introduction of Nano scale and Micron saaterials in nature, Idea on Nano technology ifiedént branches, Application of
NSM, Theories of formation of NSM and future chatie.

3L
2. Quantum Mechanics: Application of Quantumchamics in Nano structured materials, Electronibavéor and Nano material
behavior, Wave particle duality, Schrodinger wageaion and its solution, Eigen value and Eigercfion, Operator, particle in 3D

box and Well, Linear harmonic oscillator 6L

3. Physical and Chemical route for preparatibhNSM : Milling, Physical vapour deposition, Chieal vapour deposition, Sol-Gel
method, Combustion techniques, Precipitation and -pr@aipitation techniques.

6L

4. Synthesis and characterization of Nano-ceramterials (a) Nano AD; (b) Nano Si@ (c) Nano ZrQ (d) Nano BaTi@(e) Nano
Ferrite ( MFgO, , M = Ni, Cu, zZn, Co etc. ) () Nano TiO
10L

5. Properties and Characterization of Nanoctired materials: (a) X-ray diffraction ( Crysttdlisize and strain, Williamson-Hall
plot, lattice parameter) (b) Particle size (c) Sdag electron microscope and Transmission elea@roscope.

6L

Recommended Books & Journals:

1. Hand Book of Nano Structure materials & Ndechnology edited by Hari singh Nalwa.

2. Nano Materials edited by H. Hosona, Y. MisajH. Takezoe & K.J.D. Makenzie

3. Nano powder to Functional Materials editgdadu Robert Piticescu, W. Lojkowski & J.R. Blirda

4. Journal of Sol-Gel Science and Technology

CT-704B Composite: Credits: 3
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Definition, Historical Background, Classification@applications
Mechanical behaviour and failure of materials
Strengthening and reinforcing — Analyses and ptdiof strength of composites
Fibre reinforcement — Fibre and matrix types.
Brittle matrix composites, Inorganic matrix comgesi CMC, MMC, Polymer matrix composites
Characterization and analyses of composite intesfac
Composite Fabrication
Books, proceedings etc.
1. Mechanical behaviour of ceramics- R.W.Davidge
2. Concise encyclopedia of composite Materials — Anshigelly Ed. Pergaurdn Pr.
3. Proc. Am. Ceram. For composites — 1986 onwards
4. High performance fibre composites — Morley ( Acaess)

CT-705A Quality Management Credits =3
SL.NO. | TOPIC No. of Lecture
1 Definition of quality, Quality control, Qualitysaurance, TQM, Quality circle. Importance |of7

quality control activities in an organization, Qtalloop in an organization, Stages of quality
control activities in an organization, Type of dtyatharacteristics, Advantages & disadvantages
of different quality characteristics.

2 Statistical Process Control >> Definition, Chanaases, 2
Assignable causes, Difference betweencauses along with practical application

3 Cost of Quality >> Elements of quality cost, Assiag cost of quality, Cost of appraisal3
Prevention & failure cost, Optimum cost of quatigntrol

4 ISO - 9001 Quality System - Introduction, Defimit of 1ISO, Its development. Clauses of 1SQ 4
9001 quality system.Benefits of 1ISO - 9000 quadiystem, 1ISO-14001 ENV. Mgt. System, 1ISO
18001 OHSAS, SA 8001

5 Cause & effect diagram, Control charts, Paretmmim, Histogram, Brain storming, PDCA cycle8
Gantt Chart, Kaizen, TPM, 5S
6 Process Capability Study - Definition, Needs obgess capability study, Derivation of standard

deviation, Concept of USL & LSL, Accuracy & preois, Calculation of Cp & Cpk indices,
Implication of Cp & Cpk on process control.

7 Six sigma- Concept, Definition, Process, Methodyg| benefits 5
References:

1. TQM and ISO-14000 — Dr. K. C. Arora.

2. Introduction to Statistical Quality Control — DoaglC. Montgomery

3. Statistical Methods for Six sigma in R&D and marmtfiaing- Anand M. Joglekar.

4.  Quality Control and Application — Bertrand L. Hans€rabhakar M. Ghare

Theory: 8th Semester B. Tech. in Ceramic Technolgg
Organisational Behaviour
HU801A

Contracts: 2L
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Credits- 2

1. Organizational Behaviour: Definition, Importancejstdrical Background, Fundamental Concepts of OB
Challenges and Opportunities for OB.

(2]

2. Personality and Attitudes: Meaning of personalilgrsonality Determinants and Traits, Development of

Personality, Types of Attitudes, Job Satisfaction.

3. Perception: Definition, Nature and Importance, Bectinfluencing Perception, Perceptual Selectivitink
between Perception and Decision Making.

4. Motivation: Definition, Theories of Motivation - Mdow’s Hierarchy of Needs Theory, McGregor's Thery
& Y, Herzberg's Motivation-Hygiene Theory, AlderferERG Theory, McClelland's Theory of Needs,
Vroom's Expectancy Theory.

5. Group Behaviour: Characteristics of Group, Types&odups, Stages of Group Development, Group Detisio

Making.

Communication: Communication Process, Directio@ofmunication, Barriers to Effective Communication.

Leadership: Definition, Importance, Theories of tleaship Styles.

Organizational Politics: Definition, Factors cobtrting to Political Behaviour.

Conflict Management: Traditional vis-a-vis ModereW of Conflict, Functional and Dysfunctional Canf]

Conflict Process, Negotiation — Bargaining StrategNegotiation Process.

10. Organizational Design: Various Organizational Stutes and their Effects on Human Behaviour, Corgept
Organizational Climate and Organizational Culture.

©o~No

References:

1.

&

Robbins, S. P. & Judge, T.A.: Organizational Bebgwearson Education, 1 &dn.
Luthans, Fred: Organizational Behavior, McGraw Hilf" Edn.
Shukla, Madhukar: Understanding Organizations -a@iational Theory & Practice in India, PHI
Fincham, R. & Rhodes, P.: Principles of Organizaldehaviour, OUP,"1Edn.
Hersey, P., Blanchard, K.H., Johnson, D.E.- Managenof Organizational Behavior Leading Human
Resources, PHI, f0Edn.
Or
Project Management
HU801B
Contracts: 2L

Credits- 2

1. Project Management Concepts: Concept and Charstateri  of a Project,
Importance of Project Manageméhj.
2. Project Planning: Project Evaluation, Financial I8es, Feasibility Studief]

3. Project Scheduling: Importance of Project Schedpliwwork Breakdown Structure and Organization
Breakdown Structure, Scheduling Techniqué&antt Chart and LOB\etwork Analysis — CPM/PERT6]

4. Time Cost Trade-off Analysis — Optimum Project Diiga. [2]

5. Resource Allocation and Levelin@]

6. Project Life Cycle[2]

7. Project Cost — Capital & Operating Costs, Projefg Cycle Costing, Project Cost Reduction Methddk.
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8. Project Quality Management: Concept of Project @uarQM in Projects, Project Audifl]

9. Software Project Charateristics and Mangenight
10. IT in Projects: Overview of types of Softwares forProjects, Major Features of
Project Management Softwares like MS Project, @dtefor Software Selectiorfi2]

References
1. Gopalkrishnan P. and Rama Mmoorthy: Text Book @jéat Management, Macmillan

2. Nicholas John M.: Project Management for Business Bechnology — Principles and Practice, Prentiaé H
India, 2° Edn.

3. Levy Ferdinand K., Wiest Jerome D.: A Managemenid&to PERT/CPM with GERT/PDM/DCPM and other
networks, Prentice Hall India"®Edn.

4. Mantel Jr., Meredith J. R., Shafer S. M., SuttonN#, Gopalan M. R.: Project Management: Core Tex0lg
Wiley India, £'Indian Edn.

5. Maylor H.: Project Management, Pearsdfi B3in.

6. Nagarajan K.: Project Management, New Age Inteomati Publishers, 'SEdn.

7. Kelkar. S.A, Sotware Project Management: A con8isely, 2 Ed., PHI

Prof. Elective
CT-801A Bio- Ceransc Credits: 3
l. Need for bio ceramics
I Physiology of human bones
1. Stress distribution on some important joints oftilienan body
\A Types of bio ceramics — tissue attachment
V. Types of bio ceramic materials:
(&) Almost inert crystalline bio ceramics
(b) Porous Bio Ceramics
(c) Bioactive Glasses & Glass — Ceramics
(d) Bio Ceramic Coatings

VL. Interfacial Reaction Kinetics

VII. Relation of surface kinetics to the rate bone bogdi

VIII. Present uses pf bio ceramics

IX. Processing of bio ceramic materials and their dteraation

Reference:
Bio Ceramics — Material, Properties, Apations

A. Ravaglili & A. Krajewski , Chapman & Hall

CT-801B Electrical and Electronic€eramics: Credits: 3

Dielectric Properties: Dielectric constant and Jd&3®lectric strength and break down voltage, Cécansulators.

Ferro electric Ceramics: Crystal structure, per@es&tructure, barium titanate — hysteresis andeCRoint. Effect of isovalent and
hetero valent doping. Vacancy and non stoichioyneétmped Barium titanate as semiconductor. Rolgrafn boundary. Potential
barriers as grain boundary. Interfacial polar@matiEffect of grain size.

Ceramic Capacitors — Barium titanate based capaclhtigh dielectric constant and losses, ageimglsiand multilayered capacitors.
Piezoelectric properties of ceramics:

Sensors- NTC and PTC effects, Barium titanate b#seunistors, role of grain boundary and dopingctbding, Semiconducting gas

sensors
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Solid electrolytes — SOFC.

Free Elective:
CT-802A Energy Management Credits: 3

Objectives of Energy Management

Energy Scenario - Global and National

The Energy Crisis; Ceramic Industry and Energy

Areas and levels of Energy Management

Energy Monitoring and Control

Energy Conservation - Principles and Techniques

Energy Audit - Principles of

Less Energy Intensive Processes and Conditionsratic fixing of numbers is not being done

CT-802B Environment Management Credits: 3

Objectives of Environment Management

Waste Minimization, Life Cycle Assessment.

Standards, Regulations and Monitoring of EnvirontaelRrogrammes.
Standards for Environmental Requirements - Counisg Variation .
Environmental Impact Assessment (EIA),

Air Quality and Water Quality Modeling

Environmental Auditing

Multidisciplinary Team Management

Case Studies.

Books/Readings:

C.D Grant: Energy Conservation in Chemical & Predeslustries - I. Chem E , George Godwin Ltd. Ruy®y9.
B Linnhoff et al: User Guide on Process Jutegrafiwrihe Efficient use of Energy. - | Chem E , Rygii982 .
Uhlmann's Encyclopedia of Chem Technology - Vol B7.

Env. Engg. G. Kiely , McGraw Hill (1998).

Uhlmann's Encyclopedia of Chem Technology - Vol B8.

Envtl. Auditing - International Chamber of CommeRgh,486 , ICC Publishing(1989).

o, wNE
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