Time Allotted : 3 hrs

B.TECH/CHE/3RP SEM/CHEN 2104/2017

INDUSTRIAL STOICHIOMETRY
(CHEN 2104)

Full Marks : 70
Figures out of the right margin indicate full marks.

Candidates are required to answer Group A and
any 5 (five) from Group B to E, taking at least one from each group.

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

1. Choose the correct alternative for the following:

Group -A
(Multiple Choice Type Questions)

10x1=10

(i) Inchemical process, the recycle stream is purged for
(a) increasing the yield (b) enriching the product
(c) limiting the inerts (d) energy conservation.
(ii)  The SIunit of the ratio of kinematic viscosity to thermal diffusivity of a material is/has
(a) m (b) m2/s (c) W/mz2K (d) no unit.
(iii) Enthalpy of a vapour gas mixture may be increased by increasing the
(a) temperature at constant humidity
(b) humidity at constant temperature
(c) temperature and humidity
(d) all (a), (b) & (c).
(iv) An equimolar mixture of gas containing CO;, Hz O: and N has the
average molecular weight equal to:
() 106 (b) 53 (c) 79.5 (d) 26.5.
(v)  Thevapour pressuretemperaturerelationgivenby 1, £ _ # (L _ L) isknownas
£ RT, T
(a) Kirchoff’s equation (b) Claussius-Clapeyron equation
(c) Berthelot equation (d) Clapeyron equation.
(vi) A gas mixture contains 28kg N, 16kg O, and 17kg NHs. The volume
fraction of oxygen in the mixture is
(a) 0.262 (b) 0.20 (c) 0.355 (d) 0.25.
(vii) The total volume occupied by a gaseous mixture is equal to the sum of
the pure component volumes. This is
(a) Dalton’s law (b) Amgat’s law
(c) Gay Lussaxc’s law (d) Avogadro law.
CHEN 2104 1

B.TECH/CHE/3RP SEM/CHEN 2104/2017

(viii) 1 torr is equal to

(ix)

)

(b)

(b)

(b)
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mm of Hg column

(a) 1 (b) 0.1 (c) 10

Limiting reactants is one which decides the
(a) equilibrium constant

(d) 100.

of the chemical reaction.
(b) conversion

(c) rate constant (d) speed.

Unit of mass velocity

(a) kg/h (b) kg/m?h (c) kg/m? (d) kg/m h.
Group -B

The relation between the friction factor, f, and Reynolds number, Re,
during fluid flow through pipe line is of the form
f=aRe”
From the experimental data on pressure drop through pipe lines, the
calculated values of fas a function of Re are given below.
Re 4530 5010 5780 9600 | 12600
f 0.0097 | 0.0095 | 0.0092 | 0.0081 | 0.0075
Determine the values of @ and m by using a suitable graph.

15600
0.0071

Then justify the values thus obtained by applying least square
regression formula for straight line.
7+5=12

Check the dimensional consistency of the following empirical equation
for heat transfer coefficient

h =0.023 Gos k 0.67 Cp 033 D -0.2 m -047

where h = heat transfer coefficient, G = mass velocity, k = thermal
conductivity, C,= specific heat, D = diameter, m = absolute viscosity.

A chimney gas has the following composition by volume: CO, 9.5%, CO

0.2%, 02 9.6%, N2 80.7%. Assuming ideal gas law calculate its composition

by weight and the density of the gas mixture at 27°C and 750 mm Hg.
6+6=12

Group - C

Develop steady state material and energy balance equation for a
continuous binary distillation column having only top and bottom
product.

An absorber operating at 40°C and 106.6 kPa is used for removing
benzene from vapour and gas mixture by wash oil (M.W. 260). The flow
rate of vapour and gas mixture is 3600 m3/h. The concentration of
benzene at the inlet of the absorber is 2% by volume and 90% of the inlet
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6. (a)

(b)
9. (a)

(b)
7. (@)

(b)
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benzene is abso
absorber is 0.2%

. "
Determine the 1% — :
benzene concent

the wash oil entering the

)sorblng oil is 10000 kg/h.
+ and also determine the
asorber.

le—{ Separator |y

iy

; 4+8=12
Figurel

Retinsymelatives, humidity weat captegeoh winidityes Bimide Yelpmreqard
byrpitbheat Hmisbairto Fe,05; and sulphur dioxide. Calculate the
4opositimpdtdieiexib gnseeinaveltth andriveightr%s K0 ed salplynis
ekidizsekta sulpbnipdiaideansl gie cest frssphaniioxidRPa, and a dew
point of 5°C. If the air leaves the drier at a temperature 8f+35=C12
pressure of 100 kPa and g pq;nt of 24°C calculate the volume of
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C(B)+0:(g) = COz(g) AHz--9 8ca

1/2H, (g) + % Cl, (g) = HEGYayp - D AH; = - 40023 cal

dGklgd firia e b il eP0) e Qe it r SlAth dioxfid i HyekBheal
Pyrites fines are roasted for makingsalfiyddrhgidiIhe gases leaving the roaster
Tieear @3l feandrbate: pobuecoropositing BEUrbee%a0d 1éabbdn JbidéYn
sl D8Rt Galsplaitei g heat oo kei]of/ HuelgihMineire svesZ8iient
passés B8R tériddistkmadlidh ardnbigineKsentially the entire methanol

and w3 tpmﬂwtnr ne of fhe redctant8 sd¥erts. The attdP%Substances
are rec r-]nr‘ $sz]—\a Fe 11‘1—%4: 717r0ﬁ d h .6?;494'&17\4? th né:ﬁ"%‘%}%g‘_%‘e Sy Stem

02 . 26,0257 11,7551 [ . -2.3424 ’
a purge-str 3B ts—wi uuzf TUTELCEY G- TIIC e HE#5C T pactor
contains 2% Wierts, and phessigrglet pass. eofpgysion is 0§ dzjculate the
molar flow rates of the fresh feed, the total feed to the reactgyagd the

B e e e e R A e b S Wb 4 10000C and
Aritackieas cPREIRT & el W 2ho$61{ePar HOUO Anantbikeabalanoee
HaQ derlsulatRetha melphepipppsidgreoftthggas on a dry basis.

Data: Mean heat capacity of solid Zinc = 0.105 kcal / kg.oC 9 +3 =12
A fee 9 rla}rlrﬁ3 gta ﬂ% éfmd égiii %noggolﬁﬁylgolﬁgponent A mixes

with eat eoarrlno

% llle reactor

flgure eoe? WO Vﬁgorl%ﬁ‘aono natgorm %a?((l oint rea@k
leaving e rgggt%rpl%cé ara X%B(%Hout phase O%mposmon change
frlsWatertheshemtd aquirad dabringrhedisrobiip of $steeam Toniaining
fA8WorGetl o pRdi¢ A% 1ks)ls Rr st huns - figne 16 FartP9%%o Ss and the flow

PaoFarieeNs (mA- @8 To ek 3o B Alin 2i8d peat sl +7.280 x 102 T3
For CsHs, Cp=0.06803 +22.59 x 105 T - 13.11 x 108 T2+ 31.71 x 1012 T3

(where, Cpis in k] /mol. °C and T = temperature in °C.)

4+8=12
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