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[3564]-330
B.E. (Petrochemical)

CATALYSIS TECHNOLOGY & FLUIDIZATION ENGINEERING
(2003 Course) (412411)

Time : 3 Hours] [Max. Marks : 100
Instructions to the candidates:

1) Answer any three questions from each section.
2) Answers to the two sections should be written in separate books.
3) Neat diagrams must be drawn wherever necessary.
4) Figures to the right indicate full marks.
5) Use of logarithmic tables, slide rule, Mollier charts, electronic pocket calculator

and steam tables is allowed.
6) Assume suitable data, if necessary.

P1221

SECTION - I

Q1) a) Derive Langmuir Adsorption Isotherm with the help of important
assumptions. [6]

b) With  help of diagram explain how catalyst changes rate of reaction.[4]
c) Differentiate between deactivation and Poisoning of catalyst with help

of suitable example. [6]

Q2) a) For the catalytic gas phase reaction : A + B  C where all A, B, C are
adsorbed appreciably, derive rate expression considering Langmuir-
Hinshelwood mechanism in terms of partial pressure of respective
components.

If inert I be present in the system which is also strongly adsorbed, what
will be the modified rate expression? [10]

b) “Zeolites are very useful catalyst” – Explain in light of present day
industrial scenario. [6]

Q3) a) Discuss the industrial method of preparing ammonia with special
emphasis on the type of reactor employed. [8]

b) Write importance of Catalyst supports and name four of them. [4]
c) Write down important characteristics of a catalyst in order to be suitable

for industrial purposes. [4]

Q4) a) With a specially designed catalyst of 175.8 gm following data were
obtained:

Vol. of Helium displaced by sample = 78.5 cm³.

Vol. of Mercury displaced by sample = 83 cm³.

Calculate pore volume and catalyst particle porosity. [6]

P.T.O.
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b) Define the followings:

i) Active Site.

ii) Functionality.

iii) Turnover Number. [4]
c) Name four methods of manufacture of industrial catalysts. [4]
d) Differentiate between Structural Promoters and Textural Promoters.[4]

SECTION - II

Q5) a) How fluidizing particles are classified? Write down important
characteristics of different group of particles. [6]

b) Write down advantages of fluidization. [4]
c) Compare the performance of different types of distributor. [6]

Q6) a) Write a short note on bubble movement and its hydrodynamics through
fluidized bed emphasizing Coalescence and Bubble break up phenomena.

[6]
b) With help of sketch explain the slug flow through a narrow pipe under

fluidized condition. [4]
c) Define followings: [6]

i) Minimum fluidization velocity.

ii) Agglomeration.

iii) Pneumatic Conveying.

Q7) a) Explain small and large bubbles and their interactions in fluidized bed.
How are they moving through the bed? Highlight mixing caused by
them. [8]

b) What are advantages of fluidized bed driers over conventional ones?[4]
c) Write a short note on Cloud formation in fluidized bed. [4]

Q8) a) With help of suitable diagram show the operation of different types of
fluidized bed driers. [6]

b) With help of neat sketch explain fluidized catalytic cracking. Show that
it contains two fluidized bed operating simultaneously and operation of
one bed affects the other. [8]

c) Write a short note on heat transfer from fluidized particle to gas phase.
[4]

W



Total No. of Questions : 12] [Total No. of Pages : 7

[3564]-329
B.E. (Petrochemical)

PROCESS ECONOMICS AND PROJECT ENGINEERING

(2003 Course)
Time : 3 Hours] [Max. Marks : 100
Instructions to the candidates:

1) Answer 03 questions from each section.
2) Answers to the two sections should be written in separate books.
3) Neat diagrams must be drawn wherever necessary.
4) Figures to the right indicate full marks.
5) Use of logarithmic tables, electronic pocket calculator and steam tables is

allowed.
6) Assume suitable data, if necessary.
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SECTION - I

Q1) Answer Any Three from the following: [18]

a) Discuss breakdown of Fixed Capital Investment (FCI) items for a
chemical process.

b) Write a brief note on: “Estimates of Total Product Cost”.

c) A shell-and-tube heat exchanger of 1000 ft² surface area fabricated of
carbon steel was purchased in 1995 for Rs. 30,000.

i) Estimate the purchased price for a 2500 ft² exchanger using the
six-tenths exponent.

ii) You read in the literature that exchangers of this size had a 0.70
cost capacity exponent. What is the difference in price compared
to that using an exponent of 0.6?

Data: The 1995 CE Index is 381 and the present one is 399.

d) Discuss with suitable example(s) the factors affecting investment and
production cost of typical refinery project.

e) Discuss in brief the various components of a balance sheet and Profit
and loss account statements.

OR

Q2) a) The plant of a chemical company has an initial worth of Rs. 50 crores,
and an estimated salvage of 2 crores in service life of 8 years. [9]

i) Given a choice between the straight-line and declining-balance
methods of depreciation. Which method would you recommend to
save tax and why?

P.T.O.



[3564]-329 -2-

ii) Estimate the book value of the plant at the end of 4 years for each
of the two methods of depreciation.

b) Discuss the tree diagram showing cash flow for industrial operations.[9]

Q3) a) Discuss the types of cost indices available in the Chemical Engineering
literature. Discuss the importance of these cost indices for cost estimation
of chemical engineering equipment. [6]

b) Ajax Petrochemical is considering the manufacture of 18MMlb/yr of a
speciality-chlorinated hydrocarbon. In the process some 4MMlb/yr of
chlorine is required. Ajax has an older caustic-chlorine facility at the
same location that has a rated capacity of 100 tons/day. The book value
of the chlorine unit’s capital investment is Rs. 20MM. Calculate the
amount of allocated capital to be charged to the chlorinated hydrocarbon
unit if the chlorine is to be transferred from the existing caustic-chlorine-
plant. Assume 330 operating days per year for both plants. [10]

OR

Q4) a) Prepare a balance sheet for the financial year 2008-2009 ending on 31st

March 2009 when the M/s ABC Petrochemical Corporation Ltd., Pune
had the following assets and equities:

Cash Rs. 20,00,000

Accounts Payable:

A Company Rs. 1,00,000

B Corporation Rs. 1,60,000

Accounts Receivable Rs. 3,00,000

Inventories Rs. 7,50,000

Mortgage Payable Rs. 2,00,000

Common stock sold Rs. 2,00,00,000

Machinery and equipment Rs. 9,00,00,000

(at present value)

Furniture and Fixtures Rs. 2,00,000

(at present value)

Government Bonds Rs. 1,20,000

Surplus Rs. 60,000

[8]
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b) Company X is considering the Projects that have the following costs:
(All costs are in Rupees)

Item Project A Project B

First cost 15,000 18,000

Annual Operating Costs 3,500 3,100

Salvage Value 1000 2000

Life, years 6 9

i) Using a money worth 15% per year, determine which alternative
should be selected on the basis of a present-worth analysis.

ii) Company X has a standard practice of evaluating all projects over
a 5-year period. If a study period of 5 years is used and the salvage
values are expected to be Rs. 1500 and Rs. 4000 for A and B
respectively, which project should be selected? [8]

Q5) a) An existing plant has been operating in such a way that a large amount
of heat is being lost in waste gases. It has been proposed to save money
by recovering heat now being lost. Four different heat exchangers have
been designed to recover the heat and all prices. Saving has been
calculated for each of the design is given in the following table. The
plant manager wants at least 16% annual return on initial investment.
Which one of the four designs should recommend to the plant manager?

Data:

Item Design-I Design-II Design-III Design-IV
Initial
Installed 2,50,000/- 4,00,000/- 5,00,000/- 6,50,000/-

cost (Rs)

Operating

Cost, Rs. 7,500/- 7,500/- 7,500/- 7,500/-

Fixed

Charges, 10% 10% 10% 10%

% of initial

cost per

year

Value of

heat saved 1,00,000/- 1,40,000/- 1,60,000/- 2,00,000/-

Rs/year

[12]
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b) A project expected to have cash flow for five years as follows after all
expenses and taxes. The initial fixed capital investment is Rs. 10,00,000
and the working capital investment is 15% of the fixed capital investment.

Time (Years) Cash Flow (Rs.)

0-1 2,00,000/-

1-2 2,70,000/-

2-3 3,30,000/-

3-4 4,00,000/-

4-5 4,75,000/-

Determine the payout time required for given project. [4]

OR

Q6) a) The following data are available for two reactors from a petrochemical
plant:

Item Reactor Reactor
(Mild Steel) (Stainless Steel)

Installed cost Rs. 5,00,000/- Rs. 1,50,000/-

Salvage value 0 0

Service life 3 ?

Interest rate (i) 12% 12%

If the capitalized cost is same for both the reactors, estimate service life
for stainless steel reactor. [8]

b) A plant is designed to produce 1.2 x 108 kg/hr of an agrochemical. The
estimated fixed capital investment is Rs. 1.5 x 109. The working capital
is 2 x 108 and startup cost (only in the first year of commissioning and to
be accounted for in the first year) is 1.5 x 108. The following cost data
are available:

Raw material: Rs. 0.8/kg product

Labour and Utilities, etc.: Rs. 0.27/kg product

Selling price of product: Rs. 10/kg

Other costs (on year basis) including Maintaince, insurance, etc, @10%
of fixed capital.
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Indirect cost of administration, R & D, marketing, etc., 20% of sale
proceeds. The plant will be fully depreciated over a period of 5 years
using the straight-line method.

The rate of income tax is 40%.

Calculate

i) the net profit at the end of first year

ii) the payout period. [8]

SECTION - II

Q7) a) Discuss in brief the anatomy of Chemical Manufacturing Process. [6]

b) Write a brief note on. “Design constraints and the design process”. [6]

c) Explain the plant-design project stages with suitable example. [6]

OR

Q8) a) Explain the items that should be considered in making a feasibility survey.
[6]

b) Write a brief note on: “Process Design Codes and Standard sources of
information used by Process Engineers”. [6]

c) Discuss with suitable example(s) the organization of a chemical
engineering project. [6]

Q9) a) Most process units require consideration of proper materials of
construction. The following table gives a relative cost of Metals using
carbon steel as a base.

                 Material         Relative Cost

Carbon Steel Base Cost (Lowest)

Low Alloy Steel Low-Moderate

Stainless Steel Moderate

Aluminium and Aluminium Alloys Moderate

Copper and Copper Alloys Moderate

Titanium and Titanium based Alloys High

Nickel and Nickel based Alloys High



[3564]-329 -6-

Why is the selection of the correct material important, and what are
some of the constraints one must deal with when making choice. Consider
different situations such as for example a crude tower in an oil refinery
or a vessel in a vaccine-manufacturing unit. [8]

b) Explain Plant shutdown and emergency procedure. [8]

OR

Q10) a) What are process utilities? Briefly discuss important utilities required
in a typical petrochemical complex/refinery unit. [8]

b) What is equipment specification sheet? Give a typical Specification sheet
for Shell and Tube Heat Exchanger. [8]

Q11) a) Discuss in brief the following safety terms: [8]

i) Fault tree analysis.

ii) Flash and Smoke Point.

iii) Trip and interlock system.

iv) HAZOP and HAZAN

b) Discuss in brief the following (Any Two): [8]

i) Piping Specifications.

ii) Engineering flow diagram and Piping and Instrumentation Diagram.

iii) Plot plan and equipment layout.

OR

Q12) a) Discuss in brief Bar Chart, Milestone chart and Gantt Chart for
Petrochemical Engineering project analysis. [7]

b) Description of various activities is listed below for a project of laying
of pipeline in a refinery in one of the MIDC area near Mumbai.

i) Decide the sequence of operations.

ii) Draw the network and determine the critical path.

iii) Calculate the earliest expected time and latest allowable time to
complete the given refinery project.
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Date:

Sr. No. Description of activity Time duration
in weeks

A Site selection and survey 4

B Basic Process design 3

C Preparation of layout and drawing 8

D Preparation of specification 2

E Excavating the trench 12

F Procurement of material related to 12
pipeline and control

G Laying and joining the pipes 10

H Refilling and compacting 6

I Inspections and Testing 10

i) Draw a network diagram with given expected time of each
activity.

ii) Determine earliest expected time, latest allowable occurrence
time and slack time for each path.

iii) Show the critical path. [9]

W
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Total No. of Questions : 8] [Total No. of Pages : 2

[3564] - 327
 B.E. (Petrochemical)

REFINERY PROCESS DESIGN
Time : 3 Hours] [Max. Marks : 100

Instructions to the candidates:

1) Answer any 3 questions from each section.
2) Answers to the two sections should be written in separate books.
3) Neat diagrams must be drawn wherever necessary.
4) Figures to the right indicate full marks.
5) Use of De Priester charts, electronic pocket calculator and steam

tables is allowed.
6) Assume suitable data, if necessary.

P1315

SECTION - I

Q1) Feed to the condenser of a multi component distillation column is saturated
vapor of the following composition : C2H4 20%, C2H6 20%, C3H8 40%,
C4H10 20%. Calculate the operating pressure of the condenser if the vapours
are to be totally condensed at 27oC. Also calculate the temperature of the
condenser feed at this pressure. [16]

Q2) a) Differentiate between adiabatic and isothermal flash. [4]
b) Overhead vapor from a fractionating column has the following

composition : Ethane 15%, Propane 20%, Isobutane 60%, n-Butane 5%.
It is desired to condense 75% of this vapor at the condenser temperature
of 30oC. What pressure is required? Also report the compositions of vapor
and liquid streams leaving the condenser. [12]

Q3) a) Discusss important steps involved in atmospheric distillation column
design based on Packie’s method. [8]

b) Discuss important steps involved in the design of multicomponent
distillation column using Fenske-Underwood-Gillitand method. [8]

Q4) Write notes : [18]
a) Importance of overflash.
b) Flash zone calculations to determine coil outlet temperature.
c) Pumpback Vs Pumparound reflux.
d) Products of ATU and their boiling ranges.
e) Pressure profiles of ATU and VDU.

P.T.O.



SECTION - II

Q5) Discuss the difference between Rating and Design of a shell and Tube Heat
Exchanger. State the important steps involved in rating of an existing heat
exchanger for a specified duty. Base your answer on Kern’s methodology. [16]

Q6) Elaborate in detail the Lobo and Evan’s method used in design of refinery
furnaces. [16]

Q7) a) Write a note on importance of flooding curves in design and operation
of packed columns. [6]

b) Hydrocarbon feed gas of following description is fed to an existing five
tray absorber so as to remove butane and heavier components. Butane
recovery is specified at 85%.
Estimate the liquid-to-gas ratio needed for this operation. Also report
the exit gas composition. [10]

Component Feed mol% K for solvent used

Methane 70 74.0

Ethane 12 12.0

Propane 8 3.5

Butane 6 0.8

Pentane 6 0.2

C
6
 plus 2 0.1

Q8) Write notes: [18]

a) Types of refinery furnaces.

b) Optimum utility calculations using Pinch Analysis.

c) Optimum L/V or L/G ratio in vapor-liquid or gas-liquid columns.

����
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