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Industrial Stoichiometry
(CHEN 2104)

~tted : 3 hrs Full Marks: 70

Figures out of the right margin indicate full marks.

Candidates are required to answer Group A and
ffJ-5 (fivel from Group B to E, taking at least one from each group.

•...••_ ••.- are required to give answer in their own words as far as practicable.

Group-A
(Multiple Choice Type Questions)

the correct alternatives for the following: 10 x 1=10
AflS mixture contains 28 kg N2, 16 kg 02 and 17 kg NH3. The volume fraction of

in the mixture is:
b) 0.20 c) 0.355 d) 0.25.

Fortheequation D (m) = a t (s) + b, the units of a are
b) m I s c) s 1m d) none of the above.

Aircontains 21 mol% 02 (mol. wt. = 32) and 79 mol% N2 (mol. wt = 28). The average

r weight of air is:
29 b) 28 c) 25.24 d) 27.50.

)Causius _ Clapeyron equation is valid when heat of vaporization of a substance:
a) is independent of temperature b) is dependent on temperature
c) is independent of pressure d) is dependent on pressure .

'I Additionof a non-volatile solute to a solvent results in of the solvent
a) freezing point elevation b) boiling point depression
e)vapour pressure lowering d) none of these.

It) ~ reference temperature during enthalpy calculation
~ lllust be same for all the streams of the plant
~lllay not be same for all the streams of the plant

~ is always taken as 298 K
none of the above.

i) 'AP .I\sgiven by
(a) 141.50-131.5

(e) G'i'4G - 13 \. 5

(b) ~-1415G .
(d) none of the above.
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(viii) The negative of the standard h .
combustion product is known as: eat of combustion of a fuel with Ii

a) lower heating value . ,0
c) the standard heat offormati b) higher heating value

on d) none of the above.

(ix) A 'limiting reactant' is the one who h d .
a) ilib . IC ecides the f hequr I nurn conversion b)' 0 a c emical
c) selectivity YIeld te

d) rate constant.

(x) In chemira] process, the recycle stream i
a) IncreaSing the yield s pu~ge? for
c) limiting the inerts b) ennchIng the product

d) energy conservation.

Ef3rd SEM ICHEN 210412015

Group-C

pution of potassium dichromate in water contains 15% K2Cr207by weight. 1000
~ dJIS solution is fed to a evaporator where it is cooled to 200 C after evaporation. If
~~Id of K2Cr207 crystals is 80%, calculate the amount of water evaporated.
1':t)'ofK2Cr207 at 200 Cis 11.47 gm /100 gm water] FTEC

~ of air initially at 500 C and 1 atm pressure with a molal humidity of 0.03 is
:.s ed isothermally to 506.5 kPa and finally cooled to 210 C. Calculate the weight
~ condensed and the final volume of air. [the vapour pressure of water at 500 C
21' Care 12.34 and 2.49 kPa respectively]

6 + 6= 12 nARY
Group-B

2.(a) Using Buckingham's JT theorem sh
pump (Q) is given by: ' ow that the volumetric discharge of a c

Q=ND3f[~'~J
N2D2 ND2

Where, N is the speed of the pump in r:volution .
g, the acceleration due to gravity th . . per mmurs, D, the diameter of'

d H ,p e VISCOSItyof th fI idan the head of fluid., e UI, p the density of

Inlcontinuous kraft pulp bleaching unit, 10% caustic soda (by wt) is required at a
ofl.65 kg/so The solution is prepared by introducing 50% caustic lye (by wt) and
c:ontinuously in a 1900 lit tank equipped with an agitator and withdrawing 10%

H solution continuously at desired rate. Suddenly, the inflow of caustic lye fails.
g that the volume of liquid in the tank is constant, calculate the time required

dieeffluent concentration to fall to 8% NaOH. Specific gravity of NaOH solution in
above concentration range may be assumed to be constant at 1.1. as far

. ata temperature of 30·C and a pressure of 100 kPa has a relative humidity 90%.
te:

Qdlemolar humidity of air.
it) the molar humidity of air if its temperature is reduced to 15·C and pressure is

IICI'easedto 200 kPa to condense some amount of water vapour from air.
ihltheweight of water condensed per 100 m3 of original wet air.

pressure of water at 30·C and 15·C are 4.24 kPa and ~.7 kPa respectively].
6 + (2+2+2) = 12

Group- D61
3.(a) Calculate the composition f th· l .

containing 35% benzene 40 oz0 I e vapours In contact with a solution al WhatISmeant by yield and selectivity of a chemical reaction?
, 70 to uene and 25 o/c h

pressures of benzene, toluene a d _ I 0 ?rt oxylene by weight 1\e
n a xy ene are reSpeCtively 1340, 560 and 210 ?4,25 fresh feed to an ammonia production process contains 24.75 mole % nitrogen,

(b) ~ vapour stream containing 65 lo/c Illole % hydrogen, and the balance inerts (I). The feed is combined with a recycle
with a liquid mixture of the sa mo 0 s~rene and 35 mol % toluene is in eqU "bleb containing the same species, and the combined stream is fed to a reactor in
absolute. Use Raoult's law to e": two s~ecles. The. ~ressure in the system is 150 l ~ a 25% single-pass conversion of nitrogen is achieved. The products pass through
toluene (t) the vapour preSSur s ~~rt e composltl?n of the Iiquid. For styrene ~ enser in which essentially all of the ammonia is removed, and the remaining

1 0 _ es ISO~n4~mHg are gIven by the equations: ~re recycled. However, to prevent build up of the inerts in the system, a purge
ogPs -7.06623_ T 21~98 and logp,° =6.95805- 1346.773 ~ Illust be taken off. The recycle stream contains 12.5 mole% inerts. Calculate the

where, Temperature (T) is in Oc+ . 5 T + 219.693' ,Iconversion of nitrogen, the ratio (moles purge gas/mole of gas leaving the
User), and the ratio (moles fresh feed/mole fed to the reactor).

6? fa) p 2 + 10 = 12
~opane is dehydrogenated to form propylene in a catalytic reactor for a 95%

conversion of propane. The overall reaction is C3Ha-+ C3H6+ Hz. The output
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from the reactor is separated into two streams: one, the product which c
C3H6, and 0.555% of unreacted propane. The other contains the bala~
unreacted propane and 5% of the propylene formed and is recycled to tl]~
Calculate the composition of the product, the ratio (moles recycled)/(moles ft.'
and the single-pass conversion.

(b) Find the overall and single pass conversion of A according to the sche~
below:

2;

Group- E

8.(a) Calculate the heat required to bring 150 mol / hr of a stream containing 60
and 40 % C3Hsby volume from OOCto 400°C.

[For C2H6,Cp= 0,04937 + 13.92 x 10-5 T - 5.816 X 10-s P + 7,280 X 10-12T3
For C3Hs,Cp= 0.06803 + 22.59 x 10-5 T - 13.11 X 10-s P + 31. 71 x 10-12P

Where, Cpis in k] / mol. °Cand T = temperature in °C]

(c) The standard heats of the foliowing combustions reactions have been det
experimentally. Use Hess's law to determine the heat of formation of ethane,

C2H6+ 7/2 02 -4 2C02 + 3H20 ilHI = - 1559.8 k] / mol;
C + 02 -4 C02 ilH2 = - 393.5 k] / mol;
H2+ 1/2 02 -4 H20 ilH3 = - 285.8 k] / mol.

6+

9.(a) Calculate the theoretical flame temperature of a gas containing 20% COand
when burned with 100% excess air, both air and gas initially being at 250C.

[Heat capacity (Cp) = a + b T + C P, Kcal / kmol. K]
The values of the coefficients for different materials are as follows'

Material a b x 103 ex 106

CO2 6.339 10.14 - 3.415
02 6.117 3.167 -1.005
N2 6.457 1.389 - 0.069

The standard heat of formation of C02 (ilHOZ9SK)= - 67636 kcal /rnol

(b) A well stirred batch reactor wrapped in an electrical heating mantle is charged
liquid reaction mixture. The reactant must be heated from an initial tempera
250C to 250°C before the reaction can take place at a measurable rate. Using
given below determine the time required for his heating to take place. j

Reactant: mass = 1.5 Kg, Cv = 0.90 Kcal I Kg. °C ;Reactor: mass = 3.0 Kg, Cv;::; O·
IKg. °C; Heating rate(Q) = 500 W; [Negligible reaction and no phase change
heating. Negligible energy added to the system by the stirrer].
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GROUP A
(Multiple Choice Type

1. Answer any ten questions.

(i) The catalysts used in the Three Way type catalyt
(B)Pt+P

(A) Pt + Pd
(D)Pt+

(C) Ru + Rh

(ii) Which one of the following is true for waste wat
(B) COD
(D) BOD-

(A) BOD> COD
(C) BOD = COD

Water will be considered saline if the TDS valu
(B) > 500
(D) none a

(iii)
(A) < 1500 mg/L;
(C) < 500 mg/L;


