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Instructions : (1) All questions are compulsory.

(2) Answer each next main question on a new page.

(3) Illustrate your answers with neat sketches wherever necessary.

(4) Figures to the right indicate full marks.

(5) Assume suitable data, if necessary.

(6) Use of Non-programmable Electronic Pocket Calculator is
permissible.

(7) Mobile Phone, Pager and any other Electronic Communication
devices are not permissible in Examination Hall.

Marks

1. A) Attemptany four of thefollowing: (4x2=38)
a Writedown Daton’slaw and giveitsmathematical statement.
b) Definepurecomponent volume.
¢) Convect 5kgof oxygeninitsmoles.
d) Definelaw of conservation of mass.
€) Draw alabelled block diagram of extraction operation.
f) Definesdectivity.

B) Attemptany twoof thefollowing: (2x6 =12)

a) Theanalysisof agas sample on mole basis CH, = 66% CO, = 30% and NH; = 4%
calculatethe density of the gassampleat apressure of 304 KPaand temperature 303 K.
(AtomicWeight C=12H =1N =14 O = 16).

b) Amixtureof H,and O, contains 11.1% H,, by weight. Cal cul ate a) Average mol ecul ar
weight of agasmixtureb) Partial pressureof O, and H, at 100 KPaand 303 K.

¢) Equa massesof COand N, aremixed together inacontainer at 300K. Thetotal pressure
wasfound to be405.3 KPa. Find partial pressure of CO gas.
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2. Attempt any four of thefollowing : (4x4=16)
a) Explainoutlineof aprocedurefor material balancewithout chemical reaction calculation.

b) A sampleof coal isfound to contain 63% carbon and 24% ash onaweight basis. Theanalysis
of refuse after combustion shows 7% carbon and rest ash. Cal cul ate the percentage of the
origina carbonunburntinrefuse.

¢) Definethefollowingtermswithexample
1) Stoichiometric Equation.
2) StoichiometricRatio.

d) Inproductionof SO, 100 kmol of SO, and 200 kmol of O, arefedto areactor. The product
stream isfound to contain 80 kmol SO,. Find the % conversion of SO..

e) DifferentiateconversonandYield.

f) Calculatethe heat that must be added to 3 kmol air to heat it from 298K to 473K using the
mean molal heat capacity datafor air given below.
Cpm (between 473K and 298K) for air = 29.3955 KJ(Kmol K).

3. Attempt any two of thefollowing: (2x8=16)

8 Monochloro acetic acid (CH,CICOOH) ismanufactured in asemibatch reactor by theaction
of acetic acid with chlorineusing catalyst at 373K.

CH4COOH + Cl,, — CH,CICOOH + HCl

Thechlorineisused 15% excess (on mole basis) of that theoretically required. Thereactionis
95% compl ete. Cal cul ate the amount of the raw materialsrequired for the production of
3000 K g of monochloroacetic acid (Atomic weight of Cl = 35.5).

b) Itisdesiredto makeup 1000 kg of asolution containing 35% by weight of asubstance*A’.
Two solutionsareavail able, onecontaining 10Wt% ‘ A’ and other containing SOWt%A. How
many kilogramsof each solutionwill berequired ?

¢) 10,000 kg/hr of solution containing 20% methanol iscontinuoudy fed to adistillation column.
Distillateisfound to contain 98% methanol and waste sol ution from the column carries 1%
methanol.All percentages are by weight. Cal culate—the massflow ratesof distillate and
bottom product.
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4. Attemptany two of thefollowing: (2x8=16)
a) Cdculatethestandard heat of reaction (AH °R ) of thefollowing reaction.

2FeS, () +5.50, (9) — Fe,04(s) +4 SO,(q)

Data:

Component AH’f KJ/mol at 298K
FeS,(s) -178.02

Fe,05(9) —822.70

SO,(9) — 296.81

b) 2000 kg of wet solidscontaining 70% solidsby weight arefedto atray dryer whereitisdried
by hot air. The product finally obtained isfound to contain 1% moisture by weight. Calculate

a) thekg of water removed fromwet solids.

b) thekg of product obtained.

¢) A feed containing 50% benzene and 50% tolueneisfed to adistillation column at arate of
5000 kg/hr. Thetop product contai ns 95% benzene and the bottom product contains 92%
tolueneby weight. Calculate:

a themassflow ratesof top and bottom products.

b) The percent recovery of benzene.

5. Attemptany two of thefollowing: (2x8=16)

a Anevaporator isfed with 15000 kg/hr of asolution containing 10% NaCl, 15% NaOH and
rest water. In operation water isevaporated and NaCl is precipitated ascrystals. Thethick
liquor leaving the evaporator contains45% NaOH, 2% NaCl and rest water. Calculate:

) kg/hr water evaporated.
il) kg/hr salt precipitated.
iif) kg/hrthick liquor.
b) A sampleof dry flue gashasthefollowing composition by volume.
CO, =13.4% N, = 80.5% O, = 6.1%.

Find the percent excessair supplied assuming that thefuel contained no nitrogen, the nitrogen
and oxygeninfluegasmust havecomefromair.
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C) Methanegasisheated from 303K to 523K at atmospheric pressure. Cal cul atethe heat added
per kmol methaneusing Cp datagivenbelow :
Data Cp =a+bT +cT2+dT3, KJ(Kmol .K)

Gas a b x 103 cx 105 dx 10°
Methane  19.2494 52.1135 11.973 _11.3173
6. Attemptany four of thefollowing: (4x4=16)

a) ExplainHess slaw of constant heat summation with example.
b) Defineadiabatic reaction and adiabatic reaction temperature.

c) A coke contains90% carbonand 10% ash by weight. If air isused 10% excessfor combustion,
calculate molesof air supplied per 100 kg of coke burned.

d) For manufactureof NH5, 4kmolesof N,and 10kmolesof H, arefed. Identify excess

component and cal cul ate % excess.

€) Atray dryerisfedwith 1000 kg of wet orthonitroaniline containing 10% water. The dried
product contains 99.5% orthonitroaniline and the rest water. Find the percentage of original

water that isremovedinthedryer.

f) Inmanufactureof sulphur trioxide, feed to areactor consistsof 50 kmol SO, and 150kmol air.
Calculatethe % excessair isused.




