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2 /Material Balance Calculations

m The reaction A— 2B + Ctakes place in a catalytic

reactor (see diagram below). The reactor effluent
is sent to a separator. The overall conversion of A
is 95%. The product stream from the separator
consists of B, C and 0.5% of A entering the
separator, while the recycle stream consists of the
remainder of the unreacted A and 1% of Bentering
the separator. Calculate the

(a) single pass conversion of A in the reactor.
(b) molar ratio of recycle to feed.

Product Stream
A, Band C

Feed Reactor
Pure A A28+ C Separator

Recycle Stream
Aand B

[2000 : 5 M]

mA butane isomerization process produces

70 kmol/h of pure isobutane. A purge stream,
removed continuously, contains 85% n-butane and
15% impurity (mole %). The feed stream is
n-butane containing 1% impurity (mole %). The
flow rate of the purge stream will be:
(@) 3 kmol/h (b) 4 kmol/n
(c) 5kmol/h (d) 6 kmol/n

[2001 : 2 M]

m Fresh orange juice contains 12% (by weight) solids

and the rest water. 90% of the fresh juice is sent
to an evaporator to remove water and
subsequently mixed with the remaining 10 % of
fresh juice. The resultant product contains 40%
solids. The kg of water removed from 1 kg fresh
juice is

(@) 04 (b) 0.5

(c) 0.6 (d) 0.7 [2002 : 2 M]

m 1 kg of a saturated aqueous solution of a highly

soluble component A at 60°C is cooled to 25°C.
The solubility limits of A are (0.6 kg A)/(kg water)
at 60°C and (0.2 kg A)/(kg water) at 25°C. The
amount, in kgs, of the crystals formed is

(a) 0.4 (b) 0.25
(c) 0.2 (d) 0.175
[2002 : 2 M]

m In the hydrodealkylation of toluene to benzene,

the following reactions occur
C,Hg +H, - CH;+ CH,
2CH; & CLH +H,

Toluene and hydrogen are fed to a reactor in a
molar ratio 1: 5. 80% of the toluene gets converted
and the selectivity of benzene (defined as moles
of benzene formed per moles of toluene converted)
is 90%. The fractional conversion of hydrogen is
(a) 0.16 (b) 0.144
(c) 0.152 (d) 0.136

[2002 : 2 M]

m Na,SO,.10 H,O crystals are formed by cooling

100 kg of 30% by weight aqueous solution of
Na,SO,. The final concentration of the solute in
the solution is 10%. The weight of crystals is
(@) 20 (b) 32.2
(c) 45.35 (d) 58.65

[2003 : 2 M]

80 kg of Na,SO, (molecular weight = 142) is

present in 330 kg of an aqueous solution. The
solution is cooled such that 80 kg of Na,SO,,.10H,0
crystals separate out. The weight fraction of
Na,SO, in the remaining solution is
(@) 0.00 (b) 0.18
(c) 0.24 (d) 1.00

[2004 : 2 M]

m A metal recovery unit (MRU) of intake capacity

5000 kg/hr treats a liquid product from a plant
and recovers 90% of the metal in the pure form.
The unrecovered metal and associated liquid
are sentto a disposal unit along with the untreated
product from the plant (see figure below). Find
the flow rate (m;) and the weight fraction of the
metal (wg). The liquid product flow rate is
7500 kg/hr of composition 0.1 (wt. fraction).
Assume steady state.
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Solvent (C) Sa T__ - Overhead
Pure metal Dosing p OV
- . =1 7 product
Liquid product: my, Wy Xsg c=1 ,- S=50 kg/hr
my=7500 kg/hr ~ m, = 5000 kg/hr ¥ Xsa=0
w=0.1 w,=0.1 VRU Feed (A + B) E
; = 19%'%9’” Distillation
A T, = Extractor column
lm5, W lR X, 5=0.8
Bypass To disposal unit Raffinate Xw, =0
ms = 2500 kg/hr me, We X 4= 1 Y w
ws = 0.1 ' ~ Bottom
product

(a) m, = 7500 kg/hr, w, = 0.0

(b) m, = 7050 kg/hr, w, = 0.04255

(c) mg = 4500 kg/hr, w, = 0.1712

(d) m, = 5600 kg/hr, w, = 0.0314

[2005 : 2 M]

m A feed stream (S,) at 100 kg/hr and containing
only A mixes with recycle stream Sy before
entering the reactor (see figure below), where the
reaction A — B takes place. The operation is at
steady state. The stream S; leaving the reactor is
separated, without either phase or composition
change, into two streams S, and S;. If the mass
fraction of Bin S4 is 0.95 and total flow rate of S,
is 10 kg/hr, then the ratio of flow rates of streams
(84S;), and the flow rate of Ain S, are, respectively,

B

S S, S5

Reactor

Separator

B

(b) 24 and 240 kg/hr
(d) 70 and 330 kg/hr
[2005 : 2 M]

(@) 11and 110kg/hr
(c) 11 and 5.5 kg/hr

Statement for Linked Answer Question (2.10 & 2.11)
Solvent C is used to extract solute B selectively from
100 kg/hr feed mixture A + Bin a steady state continuous
process shown below. The solubility of Cin the raffinate
and the solubility of A in the extract are negligible. The
extract is distilled to recover Bin the bottom product.
The overhead product is recycled to the extractor. The
loss of solvent in the bottoms is compensated by make
up solvent S . The total flow rate of the solvent stream S
going to the extractor is 50 kg/hr. The mass fractions
(X's) of some selected streams are indicated in the
figure below.

m Distillation bottoms flow rate Wand solvent dosing
rate S,in kg/hr are
(@) W=250, S,=150
(c) W=10, S,=50

(b) W=100, S, =20
(d) W=50,5,=10
[2006 : 2 M]

m Feed rate Eto the distillation column and overhead
product rate Tin kg/hr are
(@) E=90, T=140 (b) E=80, T=40
() E=90, T=50 (dy E=45T=20
[2006 : 2 M]

m A simplified flow sheet is shown in the figure for
production of ethanol from ethylene. The conversion
of ethylene in the reactor is 30% and the scrubber
following the reactor completely separates
ethylene (as top stream) and ethanol and water
as bottoms. The last (distillation) column gives
an ethanol-water azeotrope (90 mol% ethanol) as
the final product and water as waste. The recycle
to purge ratio is 34.

Recycle Purge

T §  Wash water
CoH, [~ Azeotrope

Reactor
g J

Scrubbér

H,0

l—> Waste water
Thereactionis : C,H, (g) + H,0 (g) = C,H;OH (g)
For an azeotrope product rate of 500 mols/hr, the
recycle gas flowrate in mols/hr is
(@) 30 (b) 420

(c) 1020 (d) 1500  [2007 : 2 M]

m For the same process, if fresh H,O feed to the
reactor is 600 mol/hr and wash water for scrubbing
is 20% of the condensables coming out of the
reactor, the water flowrate in mols/hr from the
distillation column as bottom is
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(@) 170
(c) 270

(b) 220
(d) 480
[2007 : 2 M]

m A 35% Na,SO, solution in water, initially at 50°C,
is fed to a crystallizer at 20°C. The product stream
contains hydrated crystals Na,SO,.10H,0 in
equilibrium with a 20 wt% Na,SO, solution. The
molecular weights of Na,SO, and Na,SO,,.10H,0
are 142 and 322, respectively. The feed rate of
the 35% solution required to produce 500 kg/hr of
hydrated crystals is
(a) 403 kg/hr
(c) 803 kg/hr

(b) 603 kg/hr
(d) 1103 kg/hr
[2008 : 2 M]

m 600 kg/hr of saturated steam at 1 bar (enthalpy
2675.4 kd/kg) is mixed adiabatically with
superheated steam at 450°C and 1 bar (enthalpy
3382.4 kJ/kg). The product is superheated steam
at 350°C and 1 bar (enthalpy 3175.6 kd/kg). The
flow rate of the product is
(a) 711 kg/hr (b) 1111 kg/hr
(c) 1451 kg/hr (d) 2051 kg/hr

[2008 : 2 M]

m Carbon black is produced by decomposition of
methane:
CH, (g) - C (s) + 2H, (q)
The single pass conversion of methane is 60%. If
fresh feed is pure methane and 25% of the methane
exiting the reactor is recycled, then the molar ratio
of fresh feed stream to recycle stream is
(@) 0.9 (b) 9
(c) 10 (d) 90
[2008 : 2 M]

Common Data for Questions (2.17 to 2.18):

Methane and steam are fed to a reactor in molar ratio
1:2. The following reactions take place,

CH, (9) + 2H,0 (g) > CO, (9) + 4H, (9)
CH, (9) + H,0 (g) = CO(g) + 3H, (g)

where CO, is the desired product, CO is the undesired
product and H, is a byproduct. The exit stream has the
following composition:

Species CH, | H,O | CO, H, Cco

Mole % 435 | 10.88 | 15.21 | 67.39 | 2.17

The selectivity for desired product relative to
undesired product is
(@ 2.3 (b) 35

(©) 7 (d) 8 [2008 : 2 M]

m The fractional yield of CO,is __ (where fractional
yield is defined as the ratio of moles of the desired
product formed to the moles that would have been
formed if there were no side reactions and the
limiting reactant had reacted completely)

(a) 0.7 (b) 0.88
(c) 1 (d) 35
[2008 : 2 M]
m The fractional conversion of methane is
(@) 0.4 (b) 0.5
(c) 0.7 (d) 0.8

[2008 : 2 M]

MA dehumidifier (shown below) is used to
completely remove water vapor from air.

Wet air Dry air

Dehumidifier

Water

Which one of the following statements is true”?
(a) Water is the only tie component.
(b) Air is the only tie component.
(c) Both water and air are tie components.
(d) There are no tie components.
[2009 : 1 M]

m Pure water (stream W) is to be obtained from a
feed containing 5 wt % salt using a desalination
unit as shown below.

Recycle (R)
Feed (F) Mixed feed S Effluent
5wt%salt | 10wt % salt esallj Lr;tatlon

Pure water (W)
0% salt

If the overall recovery of pure water (through
steam W) is 0.75 kg/kg feed, then the recycle ratio

(RIF)is
(a) 0.25 (b) 0.5
(c) 0.75 (d) 1.0

[2009 : 2 M]
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m Ammonia is synthesized at 200 bar and 773 K by
the reaction N, + 3H, = 2NH,. The yield of
ammonia is 0.45 mol/mol of fresh feed. Flow sheet
for the process (along with available compositions)
is shown below.

Fresh feed Pure ammonia
Reactor Separator ——>

75 mol % H,

24 mol % N,

1 mol % inerts Recycle Purge
75 mol % H,
15 mol % N,

10 mol % inerts
The single pass conversion for H, in the reactor is
20%. The amount of H, lost in the purge as a
percentage of H, in fresh feed is
(@ 10 (b) 20

(c) 45 (d) 55 [2011 : 2 M]

Common Data for Questions 2.23 and 2.24:
The reaction A(”q) + B(gas) - C(”q) + D(gas), is carried

out in areactor followed by a separator as shown

below:
Yre: Fre
Feg
Fg
F
FB Reactor Separator —— [
Fa
Notation:

Molar flow rate of fresh Bis Fg

Molar flow rate of Ais F,

Molar flow rate of recycle gas is Fpg

Mole fraction of Bin recycle gas is Yz

Molar flow rate of purge gas is fp

Molar flow rate of Cis F

Here, Frg=2mol/s; F,=1mol/s, Fg/F,=5and A
completely converted.

m If Y5 = 0.3, the ratio of recycle gas to purge gas
(Fra/Fpa)is
(@) 2 (b) 5
(c) 7 (d) 10
[2012: 2 M]

If the ratio of recycle gas to purge gas (Fgs/Fpg)
is 4 then Ygg is

(b)

NlW ol

(d)
[2012 : 2 M]

Common Data for Questions 2.25 and 2.26:

A reverse osmosis unit treats feed water (F) containing
fluoride and its output consists of a permeate stream
(P)and areject stream (R). Let C, Cp, and C,denote the
fluoride concentrations in the feed, permeate, and reject
streams, respectively. Under steady state conditions,
the volumetric flow rate of the reject is 60 % of the
volumetric flow rate of the inlet stream, and C= 2 mg/L
and C,=0.1 mg/L.

m The value of C,in mg/L, up to one digit after the
decimal point, is

[2013 : 2 M]

m A fraction f of the feed is bypassed and mixed
with the permeate to obtain treated water having
a fluoride concentration of 1 mg/L. Here also the
flow rate of the reject stream is 60% of the flow
rate entering the reverse osmosis unit (after the
bypass). The value of f, up to 2 digits after the
decimal point, is [2013 : 2 M]

Two elemental gases (A and B) are reacting to
form aliquid (C) in a steady state process as per
the reaction A + B — C. The single-pass
conversion of the reaction is only 20% and hence
recycle is used. The product is separated
completely in pure form. The fresh feed has
49 mol% of A and B each along with 2 mol%
impurities. The maximum allowable impurities in
the recycle stream is 20 mol%. The amount of
purge stream (in moles) per 100 moles of the fresh
feed is [2014 : 2 M]

m The schematic diagram of a steady state process
is shown below. The fresh feed (F) to the reactor
consists of 96 mol% reactant A and 4 mol% inert-1.
The stoichiometry of the reaction is A — C. A part
of the reactor effluent is recycled. The molar flow
rate of the recycle stream is 0.3 F. The product
stream P contains 50 mol% C. The percentage
conversion of A in the reactor based on A entering
the reactor at point 1 in the figure (up to one
decimal place) is

03F

@

F A—-C

P
[2015 : 2 M]
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m Aliquid mixture of ethanol and water is flowing as

inlet stream Pinto a stream splitter. It is split into
two streams, Qand R, as shown in the figure below:

Q
=)

R

The flowrate of P, containing 30 mass% of ethanal,
is 100 kg/h. What is the least number of additional
specification(s) required to determine the mass
flowrates and compositions (mass%) of the two
exit streams?
(a)o

(c) 2

(d) 3 [2016 : 1 M]

m All aqueous salt-solution enters a crystallizer

operating at steady state at 25°C. The feed
temperature is 90°C and the salt concentration in
the feed is 40 weight %. The salt crystallizes as a
pentahydrate. The crystals and the mother liquor
leave the crystallizer. The molecular weight of the
anhydrous salt is 135. The solubility of the salt at
25°C is 20 weight %.

m Consider the process flowsheet in the

figure. An irreversible liquid-phase
reaction A— B (reactionrate —r, = 164 x,
kmol m=3h=1) occurs in a 1 m3 continuous
stirred tank reactor (CSTR), where x , is the
mole fraction of A. A small amount of inert,
1, is added to the reactor. The reactor
effluent is separated in a perfect splitter to
recover pure B product down the bottoms
and a B-free distillate. A fraction of the
distillate is purged and the rest is recycled
back to the reactor. At a particular steady
state, the product rate is 100 kmol h™", the
recycle rate is 200 kmol h~' and the purge
rate is 10 kmol h~'. Given the above
information, the inert feed rate into the
process is kmol h~' (rounded
off to two decimal places).

Fresh A

The feed flowrate required for a production rate of
100 kg/s of the hydrated salt, rounded to the
nearest integer, is kg/s.

[2017 : 2 M]

m A feed stream containing pure species L flows

into a reactor, where L is partly converted to Mas
shown in the figure.

Recycle stream

Feed stream Product stream

Reactor
L L+M

The mass flow rate of the recycle stream is 20%
of that of the product stream. The overall
conversion of L (based on mass units) in the
process is 30%. Assuming steady state operation,
the one-pass conversion of L (based on mass
units) through the reactor is
(a) 34.2% (b) 30%
(c) 26.3% (d) 23.8%

[2020 : 2 M]

Recycle, 200 kmol h™'

?
Fresh | ———|

—Ia=Kxg
k=164 kmolm > h™'

Purge, 10 kmol h'

(No B)
g
=
%)
©
Q
@
o
Pure B Product
100 kmol h™'
[2022 : 2 M]

m Orsat analysis showing the composition (in mol %, on a dry basis) of a stack gas is given in the table below.

The humidity measurement reveals that the mole fraction of H,O in the stack gas is 0.07. The mole fraction of

N, calculated on a wet basis is (rounded off to two decimal places).
Species [N, | CO, | CO | O,
mol % | 65| 15 | 10 | 10

[2023 : 2 M]
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m Consider the reaction N,(g) + 3H,(g) = 2NH(g) in a continuous flow reactor under steady-state conditions.

0

The component flow rates at the reactor inletare RS, =100 mol s™", F, =300 mol s™', RS =1mol s If the

inert —

fractional conversion of H, is 0.60, the outlet flow rate of N, in mol s™!, rounded off to the nearest integer, is

[2024 : 1 M]

E Consider the process in the figure for manufacturing B. The feed to the process is 90 mol% A and a close-

boiling inert component /. At a particular steady-state:

e Bproduct rate is 100 kmol h='.

e Single-pass conversion of A in the reactor is 50%.

e Recycle-to-purge stream flow ratio is 10.

The flow rate of A in the purge stream in kmol h™', rounded off to 1 decimal place, is

x,=0.9

Feed
el = 0.1

Reactor
2A —>B

x; - mole faction of species i

m Material Balance Calculations

2.1 (8.675%, 9.97) 22 (o 23 (d)
27 (b 28 (b) 29 (9 2,10 (d)
214 (o) 215 (d) 2.16 (b) 217 (o)
221 (b) 222 (a) 223 (b) 224 (a)
228 (4533) 229 (b) 230 (200) 231 (o)
235 (18.2)

SCIELELLL I Material Balance Calculations
EXN 8.675%,9.97)

Product stream

A B, C
3

1 2
Pure A . A—-2B+C .

Recycle stream

(A+B)
Basis 100 moles of A in pure feed
Overall conversion of A = 95%

So moles of A at point 3 (nAS) =100 x 0.05

Separator

Pure B

100 kmol h™" xp=1

[2024 : 2 M]
EEEN
24 (o 25 (o 26 (d)
211 (a) 212 (o) 2.13 (d)
2.18 (a) 2.19 (o) 220 (b)
2.25 (3.27) 2.26 (0.264) 2.27 (10)
2.32 (0.99) 2.33 (0.61) 2.34 (40)
= 5moles

Product stream from separator contains 0.5% of
A entering the separator

Nty = 0.0050,,

5
n = —— =
A 0.005 1000 moles

A'in recycle stream = Ny, — Na,
1000 — 5 = 995 moles
At point 1 na, = 100 + 995 = 1095 moles



MEDE ERSY | Process Calculations

(a) So conversion per pass = % %100

= 8.675%
Total moles of A converted in the reactor

= Ny, — Ny,

= 1095 - 1000 = 95 moles
Moles of B formed in reactor = Moles of B entering
the separator g, =95 x 2 =190 moles
Recycle stream contains 1% of B entering the
separator Ng, = 0.01ng, =1.9 moles
Total moles inrecycle = 995 + 1.9 = 996.9 moles
(b) Molar ratio of recycle to feed

996.9

= ——— =9.969=9.97
100

B} ©

Butane isomerization process produces 70 kmol/hr
of pure butane as shown in figure below.

F (pure n butane
1% impurity)

p (70 ot

Q (15% impurity)
Overall balance :

F=P+Q
F=70+Q (1)
From impurity balance:
Fx001=Qx0.15 (2
From equation (1) and (2)
Q = 5kmol/hr
F = 75kmol/hr

23 [[C)

Fresh orange juice contains 12% (by weight) solid
and rest water.

Water (W)
Fresh Feed (F) -
Evaporation Resultant product (P)
12% solid 40% solid
10 kg
Assuming 100 kg of fresh feed.
From overall solid balance:
Fx012 = Px 0.4
P 100x0.12 _ 30 kg
0.4

From overall balance;
F=P+ W
100 =30+ W= W=70kg
Amount of water removed from 1 kg of fresh feed

-0 o7
100

24 0]

F60°C W 25°C

Cooler

Solubility at 60°C = 06 KA

kg of water

006

T 1+06

Similarly solubility at 25°C = 0.2 kg A/kg water
0.2

= = 0.167 kg A/kg solution
1+0.2 9 Akg

So, crystal formed = 0.375-0.167 = 0.2 kg

25 0]

C,Hg+H, —— CHy + CH,

2CHg —— C,H o+ H,

Toluene and hydrogen are fed to reactor in molar

ratio 1: 5.

Toluene converted is 80%

Selectivity of benzene is 90%

Benzene formed = 0.8 x 0.9 = 0.72 moles

So benzene reacted in 2" reaction is
0.8-0.72 = 0.08 moles

So hydrogen formed in 2" reaction is

0.08

= 0.375 kg of A/kg solution

= 0.04 moles

Hydrogen reacted in first reactor is 0.8 moles.
So fractional conversion of H, is

_ 0.8-0.04 0152

26 [T

F =100 kg . (100 — P) kg solution
Crystalization
30% Na,SO, | Crystalization| 10% Na,SO,

Pkg
Na,SO,.10H,0 crystals

Na,SO,.10H,0 crystals are formed by cooling
100 kg of 30% by weight aqueous solution of
Na,SO,.



12 | GATE Previous Years Solved Papers : |

From overall balance
100 = P+ (100 - p) (1)
From Na,SO, balance

100x 0.3 = Px£+(100—P)xO.1
322

P = 58.65 kg

27 KW

80 kg of Na,SO, (M.W. = 142) is present in 330 kg
of an aqueous solution.

W, kg Na,SO,
W, kg H,0

80 kg Na,SO, ———
330 kg solution L]

80 kg Na,SO,.10H,0
w142
(142+10x18)

W, = 44.72kg
330 = 80 + W, + W,
(Overall material balance)

80 = 80 + W

W, = 205.92 kg
Weight fraction of Na,SO, in remaining solution
44.72

=—— =0.179=0.18
44.72+205.29

28 )

A metal recovery unit has intake capacity 5000
kg/hr and recovers 90% of metal in pure form.

Pure metal
T my, wy =1
Liquid product: w,=0.1
my = 7500 kg/hr - my = 5000 kg/hr
MRU
w;=0.1
msg, Wi
Bypass (A) To disposal unit
ms = 2500 kg/hr Mg, Wg
w3 =0.1
From overall balance
m, = m, + mg = 5000 (1)
From metal material balance
MmyW, = MW, + MW, ..(2)

(metal recovery is 90% given in question)
m, x1=10.9x 5000 x 0.1
m, = 450 kg/hr
mg = 5000 - m,
my = 4550 kg/hr

(from equation 1)

From equation (2)
450 + 4550 x w= 500
w, = 0.01099
Applying material balance at point (A)
MWy + MWy = MW,
7050 x w; = 2500 x 0.1 + 4550 x 0.01099
w; = 0.04255

Bl ©

The reaction given in questionis A — B

T S, x4, =0.05
s, S, S,
100 kg/hr A(4) Reactor
S5 l 85
10 kg/hr

Mass fraction Bin s, is 0.95.
From material balance at point A

S, =8, + S

S, = 100 + 10 = 110 kg/hr
Separation does not change composition.
So, Xpq = Xp3 =X, = 0.05

xg, = 095
Flow rate of Ain s; = S;x 5
= 110 x 0.05 = 5.5 kg/hr

S 110
2 - 2 -1
Sg 10
210 [0
golv_ent (©) S¢ (M T ,-~ Overhead
osing roduct
Xsq c=1 ,- S=50kg/hr P
¥ )(sY A =0
Feed (A + B) E
; =1 9% kg/hr Distillation
FA=VY
Extractor column
F
1 Xy, 5=08
R Xw,4=0
Raffinate ' w
Xg 4= 1 \
"~ Bottom
product

From overall material balance

F+S,=R+ W (1)
Component Bbalance
Syx0+Fx04=Rx0+Wx08

W = 100><% =50 kg/hr
0.8
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From component Cbalance
Fx0+S5,x1=Rx0+ Wx0.2
Sy =50x0.2=10kg/hr

B @

Applying material balance at point 1

S=5,+T
From previous question,

S = 50kg/hr

S, = 10kg/hr

T=50-10 =40 kg/hr
Applying material balance on distillation column,
E=T+ W
= 50 + 40 = 90 kg/hr

[ 212 (%)

Recycle (R) Purge (P)
T ¥ Wash water
CoH, s Azeotrope
90 mol%
Reactor ethanol
|
H,O 30% conversion J
Scrubbér
|—> Waste water

C,H,(g) + H,O— C,H.OH (g)
Azeotrope product rate is 500 mol/hr which contain
90 mol% ethanol. So, ethanol product rate is

= 500 x 0.9 = 450 mol/hr
Reactor conversion is 30%.
So, to produce 450 mol/hr ethanol, C,H, required

= @ = 1500 mol/hr
0.3

Unreacted C,H,= 1500 - 450

= 1050 mol/hr
Recycle to purge ratio = 34 (given)
g - 34— R=34P (1)
R+ P = 1050 ..(2)
Fromegn. (1) and (2),
P = 30 mol/hr

R = 1020 mol/hr

| 213 O
Fresh H,O feed to reactor = 600 mol/hr
H,O reacted to produce ethanol (450 mol/hr)
= 450 mol/hr
Water unreacted = 600 — 450 = 150 mol/hr

Wash water flow rate is 20% of condensable
coming out of reactor.
Condensable = 450 mol/hr ethanol + 150 mol/hr
H,O + 1050 mol/hr C,H, unreacted = 1650 mol/hr
Wash water flow rate = 0.2 x 1650 = 330 mol/hr
Waste water flow rate
= Water unreacted + Wash water
= 150 + 330 = 480 mol/hr

B4 ©
A 35 wt% Na,SO, solution in water initially at 50°C
is fed to crystallizer at 20°C as shown in figure
below:

20 wt% Na,SO,
solution W kg/hr

Crystallizer

F kg/hr
35% Na,SO,

Na,S0,10H,0
crystals 500 kg/hr
From overall balance
F= W+ 500 (1)
From Na,SO,, balance

Fx0.35 = on.2+500><£ -(2)
322

On solving equations (1) and (2)
F = 803.3kg/hr

3175.6 kd/kg
E—
Wkg/hr

Assuming product stream flow rate is W kg/hr.
Now from overall balance :
F+600 =W (1)

Now from energy balance
Fx 33824 +600x 2675.4=Wx3175.6 ..(2)
On solving equation (1) and (2)

F = 1451.257 kg/hr

W = 2051.257 kg/hr
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[ 2.16 [0

CH,(g)—>C(s) +2H,(9)

1
Fresh F (1) W

Recycle (R)

Assuming 1 mol of feed to the reactor at point 1.
-+ Single pass conversion is 0.6

RemainingCH, = 1-0.6 = 0.4

25% of remaining CH,, is recycled.

So, 0.4x0.25 = 0.1 mol of CH, is recycled
Now, Freshfeed =1-0.1=0.9

Freshfeed 09 5
Recycle stream ~ 0.1
PAVA (C)
Methane and steam are fed to a reactor in molar
ratio of 1 : 2 and following reaction take place:
CH, (9) + 2H,0 (g) = CO, (9) + 4H,(9)
CH, (9) + H,0 (g9) — CO(g) + 3H, (9)

Moles of desired product

Selectivity = .
Y Moles of undesired product
_ 1521 oo
o217

B @

Basis 100 mole of exit stream.

Moles of desired product CO,, formed = 15.21 mol

CO, is formed when no side reaction is occur and

limiting reactant had reacted completely means

total CH, in feed = CH, reacted + CH, unreacted
=1521+217 +4.35=21.73

Now, fractional yield = 15.21 =0.70

21.73
[ 219 8

Fractional conversion of methane

Moles of CH, reacted to form CO,
CH, in feed

- B2 570
2173

[ 220 [

Tie component is defined as component which is
used to relate a quantity of one process stream to

another process stream and in this question only
air is tie component because its mass remains
same in feed (wet air) and exit (dry air).

[ 221 3]

Pure water (stream W) is to be obtained from a
feed containing 5% salt using a desalination unit
as shown below:

Recycle (R)
g?/\?td?g:s)alt Mixe(?)feed Desalljlinri\tation Effluent (E)
10wt % sait Pure water (W)
0% salt
Assuming, F = 100 kg for basis
F=W+E
100 =W+ E
Since overall recovery of pure water is 0.75 kg/kg
of feed.
So, W =100 x 0.75 = 75 kg

E=100-75=25kg

From overall salt balance:
Fx005=Wx0+Exx

x=02
Now, overall balance on point 1

M=F+R=100+R
From salt balance at point 1
Fx005+Rx02=(R+F)x0.1
On solving, R =50

50

RIF= — =05
100

B @

Ammonia is synthesized at 200 bar and 773 K by
the reaction N, + 3H, — 2NH,.

Fresh feed Pure ammonia
Reactor Separator ——

75 mol % H,

24 mol % N,

1 mol % inerts Recycle Purge
75 mol % H,
15 mol % N,

10 mol % inerts

Assuming 100 mol of feed basis
Yield of ammonia = 0.45 mol/mol of fresh feed
Moles of NH, produced

= 100 x 0.45 = 45 mol
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From stoichiometry moles of H, required
= 45><§ =67.5
2
Moles of H, in fresh feed = 75 mole
From inert balance
100 x0.01 = Px 0.1

P=10
H, lostin purge = 10 x 0.75 = 7.5
Amount (?f H, lost in purge <100 = Exmo
H, in fresh feed 75
= 10%

[ 2.23 [

Ay + Big= Cy+ Dy

Yre Fre
£ FF'G
B
Fro —-{Resctor Fc
FA
Feg = 2 mols, F, = 1 mol/s
F
B =5
Fa
X, =1
Hence, Fo = 1mol/s
Ypg = 0.3

From overall material balance
Fat+Frg=FotFpg
Fpg=1+2-1=2mol/s
Now, from material balance of component B at

point 1,
Fg=Frg+ Yas* Fra
Fog = % =10 mol/s
Fra _ 10 _ g
EE @
Given: Fra _ 4
Fea
Feg = 2 (from question 2.23)
So, Frg = 4 x 2 =8mol/s

Now from material balance at point 1
Fg = Fra+ Yas* Frg

5-2 3
=g g

IEE(xN)

Reverse osmosis plant is treating feed water (F)
containing fluoride and its output consists of a
permeate stream (P) and a reject stream (R) as
shown in diagram below.

Feed (F,
Cr=2mg/lL Ch

Permeate (P)

Cp=0.1mg/L
From mass balance:
F=P+R
Given: R =0.6F
F=P+0.6F
P=04F

From fluoride content balance
FC- = PCp,+ RCy
Fx2=04xFx0.1+0.6FCg
_ 2-0.04
06

Cn = 3.27 mg/L

EZ3 0.269)

The fraction fof the feed is bypassed and mixed
with the permeate to obtain treated water having
a content of fluoride is 1 mg/L as shown in diagram

below.
"
FU=0F [ ro
2 mg/L
M—>CP =1mg/L
(P+F.f)
F.f

Now from component balance
2(tF)+ PCp= (P+ f.F)x1
2(ftF)+ Px01=P+ fF
~ P=0.4(1-f)Fis given
L 2fF+04(1-HFx01=04(1-HF+ f.F
f=0.264

pvya (10)

Elemental gases (A and B) are reacting to form a
liquid (C) in steady state as per the reaction
A+B—- C.

Single pass conversion is 20%.

Fresh feed consists 49 mol% A, 49 mol % B and
2 mol % impurities. Maximum allowable impurity
in recycle stream is 20% given.
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100% C
Feed (F) Product
P
R
Assuming, F = 100mol

By inert balance
Fx002=Px02
(- purge and recycle stream contains same
composition)
100 x 0.02 = Px 0.2 = 10 moles

EEX) 4533

Fresh feed (F) enters to reactor consisting 96 mol
% A and 4 mol% inert and reacts as A — C as
shown in diagram below.

03F

@

F A—-C

Basis 100 kmol of fresh feed.
From overall steady-state balance :
F= P =100 kmol
Product stream P contains 50 mol% C (given)
So, P contains 50 kmol of C.
From inert balance:
Inertinfeed = Inertin P

100 x 0.04 = 4 kmol
100 -4 -50 = 46%

= 46 kmol
Now A at point 1 =96 + 0.3 x 46 = 109.8 kmol
A'in outlet of reaction

= 46 + 0.3 x 46 = 59.8 kmol
% conversion on the basis of point 1

AinP

~109.8-59.8
~109.8

x 100 = 45.33%

[ 229 [0

Aliquid mixture of ethanol and water is flowing as
inlet stream P into a stream splitter as shown in
figure below.

Q
P

100 kg/h

x,=03 R

Mass % of ethanol in P stream = 30.
From overall balance :
P=Q+R (1)
From ethanol balance
Pxp=Q xq+ R-xg

where, xq = Ethanol mass fraction in
stream Q
x, = Ethanol mass fraction in
stream R
Since, it is a simple splitting process,
So, Xp=x5=x5=03
Now, from equation (1)
100=Q+R

Now, there is two unknown and one independent
equation is available. So, additional specification
required to known all mass flow ratesis2— 1= 1.

m (200)

Aqueous salt-solution enters the crystallizer
operating at 25°C as shown in figure below.

Vapour (V)
Feed (F) Crystal (C)
90°C ——> >
xg=0.4
Mother Liquor (M)
x, =0.

Salt crystallizes as pentahydrate and molecular
weight of anhydrous salt is 135.

So, weight fraction of salt in crystal

.18 45
© 135+5x18

Since, no water loss is given so V = 0.
So, from overall balance
F=C+M (1)
From salt balance
Fx04=Cx06+Mx0.2
C = 100 kg/s (given)
Fx04 =100x 0.6 + (F-—100) x 0.2
100x0.4

F= ———— =200 kg/s
0.2 9
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EE ©

Feed stream containing pure species L flows into
the reactor and partially converted to Mas shown
in figure below.

Recycle stream

Feed stream Product stream

Reactor
L L+M

R = 0.2P (given)
So R =0.2x70=14 mol/s

EXER] (0.99)

(A =289, 1= 21)

/ Recycle, 200 kmol h™'

Overall conversion, X,=0.3
Assuming 100 mol/s feed rate of pure L stream.
Min product = 100 x 0.3 = 30 mol/s

= 70 mol/s (- steady state)
L in product stream.
Now, assuming X, is single pass conversion
Pure species ‘L’ balance around reactor.
(100 + 70 x 0.2)(1 - X,) =70 + 70 x 0.2

X = 26.31%

189
A=—-x100=90%
210

21
1= ——x100=10%
210

Purge, 10 kmol ' (A =9 moles,

Fresh A
(A=180, 7= 20)
Fresh [ ———

|
—ry=Kxy (Z-)'
k=164 kmolm > h™' o
310 5
~ &
Total = 310
A=189
B=100
=21 Pure B Product
100 kmol h™'
X
ForCSTR ~ — = “A
1 X
Fao  kxy
X
Fao  1eax A
310
1 B X4
Fao 154 Fa0l1=%a)
310
X, = 0.3459
A— B, /—_B = FBO+ FAOXA: FAOXA

100 = F,, x 0.346
Fro = 289

Fa=Fao(1-X,)

F, =289(1-0.346) = 189
Inert = 1

(No B) 1=1 moles)
210 — A =189
1=21
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m (0.61)

Let for basis: Moles = 100
N, = 65%, O,=10%

CO, = 15%, CO=10%
Moles of N, = 65
CO, =15, CO=10
0,=10
Let, m = moles of H,0O
il = 0.07
100+ m
m = 7.527 moles
N, = on wet bases
5 = 0.6045=0.61
100+ 7.527

B o

Consider the following reaction in a continuous flow
reactor under steady state condition

N,(g) + 3H,(g) = 2NH,(g)
Consider the following inlet flow condition

RN, = 100mol/s
RS, = 300mol/s
RO = 1molfs

Fractional conversion of H, = 0.6
Moles of H, converted/sec = 300 x 0.6 = 180

1
Moles of N, converted/sec = % =60

Outlet moles flow rate of N, = 100 - 60 = 40 mol/s

m (18.2)

x,=0.9 R
Purge (P)
x=01 | 5=0
Reactor

2A—B

Separator

Singe pass conversion of A = 0.5
R/P=10

B product rate is 100 kmol/hr Pure B

100 kmol h™"

Reaction is given as 2A — B soto form 100 moles
of B 200 moles of A should be converted since
single pass conversion of A is 50% so feed rate

of Ato reactor is % = 400 mol/nr unconverted

Aeither will be in purge as in recycle so applying
mass balance for component A.
400x 05 = (R+ Py,

Since, R = 10P
So, 200 = 11Py,
200
Py = —— =18.18 ~ 18.2 kmol/hr

AT





