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Industrial Stoichiometry

(CHEN 2104)

:3 hrs Full Marks : 70

Figures out of the right margin indicate full marks.

Candidates are required to answer Group A and
from Group B to E, taking at least one from each group.

s are required to give answer in their own words as far as practicable.

Group -A
E (Multiple Choice Type Questions)
e correct alternatives for the following: 10x1=10
nixture contains 28 kg Nz, 16 kg 02 and 17 kg NHs. The volume fraction of
the mixture is:
b) 0.20 c) 0.355 d) 0.25.

équation D (m) =at(s) + b, the units ofaare
b b)ym/s c)s/m d) none of the above.

]' ains 21 mol% Oz (mol. wt. = 32) and 79 mol% Nz (mol. wt = 28). The average
_ﬂveight of air is:
b) 28 c) 25.24 d) 27.50.

us - Clapeyron equation is valid when heat of vaporization of a substance:

3 dependent of temperature b) is dependent on temperature
s independent of pressure d) isdependent on pressure.

ion of a non-volatile solute to a solvent results in of the solvent
ing point elevation b) boiling point depression
ur pressure lowering d) none of these.

ays taken as 298 K
of the above.

1315
b) ——-1415
® =5

(d) none of the above.
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(viii) The. negative of the standard heat
combustion product js known as:
a) lower heating value

c) the standard heat of formation i i

d) none of the above,
(ix) A 'limi.ti‘ng'reactant' is the one which decides th

a) equlh'br‘lum conversion b) yielde

c) selectivity d) rate constant,
(%) In chemical process, the recycle stream j

a) increasing the yield
¢) limiting the inerts

S purged for
b) enriching the product
d) energy conservation,

2.(a) Using Buckingham’s
pump (Q) is given by:

Q=ND:f[-E2_ _»x ,
N’D?"ND?,

theorem, show that the volumetric discharge of ,

Where, N is the speed of the

8 the acceleration due to i
gravity, » the vi i
and H the head of fluid.. e

(b) Over a short temp
relationship given by:

3.(a) Calculate the composition
containing 35% benzene, 40 %

toluene a
pressures of benzene, toluene and s

% orthoxylene by weight

(b) A vapour stream containing 65 mo]
with a liquid mixture of the same two
ab]solute. Use Raoult’s law to estimate
toluene (t

(t) the vapour pressures (P%) in mm Hg are given by th i
ceri A ot € equations:

T+214985 and logR’ =6 1346.773
T +214.985 ) =6.95805 - _1346.773
where, Temperature (T is inoc 75219693’

species. The pressure in

6'

CHEN 2104 2

of combustion of a fue] With H
gl

ofa chemicy) e

Pump in revolution Per minute, D, the diameter ofj
ty of the fluid, , the density of

erature ranges, the viscosity of a liquid appears to fi

of the vapours in contact with a solution
o-xylene are respectively 1340, 560 and 210"
% styrene and 35 mo] % toluene is in ed”

P the system is 15/
the composition of the liquid.yFor styref®s

™ SEM /CHEN 2104/2015
Group-C

jon of potassium dichromate in water contains 15% KCr207 by weight. 1000
solution is fed to a evaporator where it is cooled to 20° C after evaporation. If
of K2Cr207 crystals is 80%, calculate the amount of water evaporated.
r of K2Cr207 at 20° C is 11.47 gm / 100 gm water]

f air initially at 50° C and 1 atm pressure with a molal humidity of 0.03 is
2d isothermally to 506.5 kPa and finally cooled to 21° C. Calculate the weight
ondensed and the final volume of air. [the vapour pressure of water at 50° C

‘are 12.34 and 2.49 kPa respectively]
1 6+6=12

ntinuous kraft pulp bleaching unit, 10% caustic soda (by wt) is required at a
65 kg/s. The solution is prepared by introducing 50% caustic lye (by wt) and
atinuously in a 1900 lit tank equipped with an agitator and withdrawing 10%
ution continuously at desired rate. Suddenly, the inflow of caustic lye fails.
 that the volume of liquid in the tank is constant, calculate the time required
fluent concentration to fall to 8% NaOH. Specific gravity of NaOH solution in
2 concentration range may be assumed to be constant at 1.1.

Cgy

mperature of 30°C and a pressure of 100 kPa has a relative humidity 90%.

molar humidity of air.

e molar humidity of air if its temperature is reduced to 15°C and pressure is
d to 200 kPa to condense some amount of water vapour from air.

 weight of water condensed per 100 m3 of original wet air.

essure of water at 30°C and 15°C are 4.24 kPa and 1.7 kPa respectively].
2 6+ (2+2+42) =12

Group-D
tis meant by yield and selectivity of a chemical reaction?

esh feed to an ammonia production process contains 24.75 mole % nitrogen,
ole % hydrogen, and the balance inerts (I). The feed is combined with a recycle
jﬂ taining the same species, and the combined stream is fed to a reactor in
25% single-pass conversion of nitrogen is achieved. The products pass through
Bser in which essentially all of the ammonia is removed, and the remaining
'e recycled. However, to prevent build up of the inerts in the system, a purge
Must be taken off. The recycle stream contains 12.5 mole% inerts. Calculate the
Conversion of nitrogen, the ratio (moles purge gas/mole of gas leaving the
il']. and the ratio (moles fresh feed/mole fed to the reactor).
2+10=12
Pane is dehydrogenated to form propylene in a catalytic reactor for a 95%
“Onversion of propane. The overall reaction is C3Hs — C3He + Hz. The output
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10.(a) Calculate the stand
CszOH(l) o
Heats of combustio

11.(a) 50 moles of liquid

(b) When 1.0g of njf

3263

C,HsOH
CH;COOH
C,Hs00CCH;3

(b) Carbon monoxide

air at 500° C in 90
.combustion leave
evolved in the rea
burned assuming ¢
COz, 02 and N2
respectively.)
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conditions the relat
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calorimeter, with al
being condensed, 4
value and the net h

C. The latent heat o/|

i
(

1
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from the reactor is separated into two streams: one, the product which .,
C3Hs, and 0.555% of unreacted propane. The other contains the balgy, §
unreacted propane and 5% of the propylene formed and is recycled to
Calculate the composition of the product, the ratio (moles recycled)/(moles fr
and the single-pass conversion.

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

100 mol Asin

2 Product > N
MY 25 mcl Avin sqmvmml S ool m.
[ AanEE p oo r e (ISP

24

Group - E

8.(a) Calculate the heat required to bring 150 mol / hr of a stream containing §|
and 40 % C3Hs by volume from 0°C to 400°C. '
[For CzHe,Cp=0.04937 + 13.92x 105 T - 5.816 x 10-8 T2 + 7.280 x 10-12 T3
For C3Hs,Cp=0.06803 + 22.59x 105 T - 13.11x 108 T2 + 31.71 x 10-12 T3
Where, Cpis in k] / mol. °C and T = temperature in °C ]

(c) The standard heats of the following combustions reactions have been det:
experimentally. Use Hess’s law to determine the heat of formation of ethane.
CzHe +7/2 02 — 2C0O2 + 3H20 AH; =-1559.8 k] / mol;
C+02-CO2 AHz =-393.5K] / mo;
Hz+1/2 02 - H20 AH3 =-285.8 k] / mol. _
6+

9.(a) Calculate the theoretical flame temperature of a gas containing 20% CO and
when burned with 100% excess air, both air and gas initially being at 25°C.
[Heat capacity (Cp) =a+b T + ¢ T?, Kcal / kmol. K]
The values of the coefficients for different materials are as follows:

Material a bx103 cx 106
CO: 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 CO2 (AH%s9sk) = - 67636 kcal /mol

(b) A well stirred batch reactor wrapped in an electrical heating mantle is char’ gl
liquid reaction mixture. The reactant must be heated from an initial temper‘i

259C to 250°C before the reaction can take place at a measurable rate. Using
given below determine the time required for this heating to take place. f
Reactant: mass = 1.5 Kg, Cv = 0.90 Kcal / Kg. °C ;Reactor: mass = 3.0 Kg, Cv= 0'
/Kg. °C; Heating rate(Q) = 500 W; [Negligible reaction and no phase chang®
heating. Negligible energy added to the system by the stirrer]. ot
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GROUP A
(Multiple Choice Type

Answer any fen questions.

' talyt
(i) The catalysts used in the Three Way type cata yt1

(A)Pt+Pd (B)Pt+ I:i
(C)Ru+Rh (D) Pt +
(i) Which one of the following is true for waste watl
D>
(A) BOD > COD (113) IC3(C)) i« |
(C) BOD = COD (D)
(iii) Water will be considered saline if the TDS Va(l)l(l)z
>5
(A) < 1500 mg/L; (BD)) gt |
(C) <500 mg/L; (



