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1. solution

A feed stream containing pure species L flows into a reactor, where L is partly

converted to M as shown in the figure.

Recycle Stream

Feed Stream Product Stream

Reactor
L LM

The mass flow rate of the recycle stream is 20% of that of the product stream.
The overall conversion of LL (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

34.2%

30%

26.3%

23.8%

2. Solution

A tank initially contains a gas mixture with 21 mol 2% oxygen and 79 mol %o
nitrogen. Pure nitrogen enters the tank. and a gas mixture of nitrogen and
oxyvegen exits the tank. The molar flow rate of both the inlet and exit streams

8 mol s,

In addition. use the following data and assumptions

- Assume the tank contents to be well mixed
- Acsssume ideal gas behawvior
- The temperature and pressure inside the tank are held constant

- Molar density of the gas mixture in the tank is constant at 40 mol m

If the volume of the tank is 20 m?>. then the time (in seconds) required for

oxvegen content in the tank to decrease to 1 mol 26 is
100.45

304.45

3.445

10

is

3
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Gate-2019

1. solution

100 kg of a feed containing 50 wt.% of a solute C is contacted with B0 kg of a solvent
containing 0.5 wt.% of C in a mixer-settler unit. From this operation, the resultant extract
and raffinate phases contain 40 wt.% and 20 wt.% of C, respectively. If E and R denote the
mass of the extract and raffinate phases, respectively, the ratio E/R is

(A) 1/4 (B) 1/2 (C) 2/3 (D) 1

Gate-2018

1.

Under isothermal condition, a vertical tube of length L = 100 m contains a gas of molecular
weight equal to 60. The pressure and temperature at the top of the tube are 100 kPa and
25 °C respectively. Consider the universal gas constant and acceleration due to gravity as
8.314 J mol" K and 9.81 m s~ respectively. If the gas is ideal, the pressure (in kPa) at the
bottom of the tube will be (rounded off to third decimal place).

Solution
2.
The ammonia (NMHz) oxidation process occurs over a catalyst as
4 NH, +50, —> 6 H,0 +4 NO
Adr is supplied such that oxygen (0O2) is 20% in excess of that required for complete
conversion of NHz. The mole fraction of Oz in inlet gas mixture (NHs + air) is
(rounded off to third decimal place) )
Solution

3.
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The reactant (M) is converted into product (N} in the presence of catalyst in a fixed bed
reactor. All the flow rates (), &, A P and R) in molfs, and mole fraction of reactant (M) in
these streams (xe Xa. X Xp and xg) are shown in the diagram.

Fixed bed reactor =

R, xg

The overall fractional conversion is

x., O — o, I X, G —x, P
A B
A x. G B G

I

) Xy T —ax,, A .
X I

Xy F—x, P
xp I

Gate-2017

1.

Solution

An 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 %.

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

Gate-2016

1.

Solution
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A liquid mixture of ethanol and water is flowing as inlet stream P into a stream splitter. It is split
into two streams, Q and R, as shown in the figure below.

Q

R

The flowrate of P, containing 30 mass% of ethanol, 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) 0 (B) 1 € 2 (D) 3
_Solution

2.
A catalytic reforming plant produces hydrogen and benzene from cyclohexane by de-hydro
aromatisation. In order to increase the production of hydrogen, the owner plans to change the
process to steam reforming of the same feedstock that produces hydrogen and carbon dioxide.
Stoichiometrically, what is the maximum ratio of pure hydrogen produced in the proposed process
to that in the existing process?
(A) 1 (B) 2 € 5 (D) 6

Solution
Gate-2015
1. solution
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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 I. 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

0.3F

F » @ > A C =< P

A J

Gate-2014

1.

Two elemental gases (4 and B) are reacting to form a liquid (C) in a steady state process as per the
reaction 4 + 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

Solution
Carbon monoxide (CO) is burnt in presence of 200% excess pure oxygen and the flame temperature
achieved 1s 2298 K. The inlet streams are at 25 °C. The standard heat of formation (at 25 °C) of CO
and CO, are —110 kJ mol! and —390 kJ mol™, respectively. The heat capacities (in J mol™ K™) of
the components are
C, =25+14x10"T
Poy
C, =25+42x107T
Poog
where, T is the temperature in K. The heat loss (in kJ) per mole of CO burnt is
Solution

Gate-2013

1.
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Q.48

Q.49

A reverse osmosis unit treats feed water (F) containing fluoride and its output consists of a permeate stream
(P) and a reject stream (R). Let Cy, Cp, and Cy, 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 Cr = 2 mg/L and Cp = 0.1 mg/L.

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

A fraction f of the feed is bypassed and mixed with the permeate to obtain treated water having a
fluoride concentration of | 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

Gate

1.

-2012

Here,

Q.50

Q.51

Molar flow rate of fresh B is F,
Molar flow rate of A is F

Molar flow rate of recycle gas is F;

The reaction A, +B __ —C, +D . is carried out in a reactor followed by a separator as shown
below
YRB bl FRG
[ F,
PG
FFB FB
Reactor Separator
I FC
Fa

MNotation:

FB

A

R

Mole fraction of B in recycle gas is ¥,
Molar flow rate of purge gas is F;

Molar flow rate of C is F.

Fop =2molis: F, =1 mol/s, F,/F, =5 and A is completely converted.
If ¥, = 0.3, the ratio of recycle gas to purge gas {FRLifFHi } is
(A) 2 (B) 5 (C)7 (D) 10

If the ratio of recycle gas to purge gas [F'Rﬁ

[ Fr) is 4 then ¥, is

(A) 3/8 (B) 2/5 (C) 1/2 (D) 3/4

Gate-2011

1.

Solution

Solution
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Ammonia is synthesised 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 1 ure ammos
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

(A) 10 (B)20 (C) 45 (D) 55

2.

The following combustion reactions occur when methane is burnt.

CH, + 20, — CO, + 2H,0
2CH;+ 30, — 2CO + 4H,0

20 % excess air is supplied to the combustor. The conversion of methane is 80 % and the molar
ratio of CO to CO; in the flue gas is 1:3. Assume air to have 80 mol % N, and rest O,. The O,
consumed as a PERCENTAGE of O, entering the combustor is

(A)20 (B)62.5 (C) 80 (D)83.3

Gate-2010

1.

Solution

Solution
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A saturated solution ai 30°C contains 5§ moles of solute { M. W.=50kg/kmol) per kg of solvem

( M.W.=20kg/kmol ). The solubility at }00°C is 10 molcs of the soluie per kg of the solvent. If
10 kg of the original solution is heated 1o 100°C, then the weigh of the addinoral seluse thal can be
dissolved in it. is

(A)0.25 kg (B) I kg (C) 2 kg (D) 3.34 kg
Solution
The products of combustion of methane in atmospheric air (21% O; and 79% N} have the
following composition on a dry basis.
Producis Moale %
COs 10.00
G, 237
CO 0.53
N, 87.10
The ratio of the moles of CH, to the moles of O, in the feed stream is
(A) 1.05 (B) 0.60 (C)0.5] {D)045 Solution
Gate-2009
S:l(l,i l\: ;t:i:;(\f_"cm" W) is to be obtained from a feed containing 5 wt % salt using a desalination unit as
Recycle (R)
5 }\:\C(C:II({:]( ‘.\(/:l:‘(:‘{‘:-ii:i‘( Desalination SeEass
l Pure water (W)
0 % salt
If the overall recovery of pure water (through stream W) is 0.75 kg/kg feed, then the recycle ratio (R/F)
is b
e i ek 4 .59 Solution
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A dehumidifier (shown below) is used to completely remove water vapor from air.

Wet air .
Dehumidifier Ty i

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

Solution

Gate-2008

1.

A 35 wt% Na,SO;, solution in water, initially at 50°C, is fed to a crystallizer at 20°C. The product
stream contains hydrated crystals Na,SO4 10H;0 in equilibrium with a 20 wt% Na,SO; solution.
The molecular weights of Na,SO4 and Na,SO4 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 (B) 603 kg/hr (C) 803 kg/hr (D) 1103 kg/hr

_Solution

2.
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Carbon black is produced by decomposition of methane:
CHyg — Cy*+2H;

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

(A)0.9 (B)9 (C) 10 (D) 90
Solution
3.
Air (79 mole % nitrogen and 21 mole % oxygen) is passed over a catalyst at high temperature.
Oxygen completely reacts with nitrogen as shown below
05 N3 ®) + 05 02 (2) — NO 2
05 Nz (®) + 02 (®) Senpy NOZ ()
The molar ratio of NO to NO; in the product stream is 2:1. The fractional conversion of nitrogen is
(A)0.13 (B) 0.20 (C) 0.27 (D) 0.40 Solution
Gate-2007
1.
Statement for Linked Answer Questions 80 & 81:

Q.80 44 kg of C3Hg is burnt with 1160 kg of air (Mol. Wt. = 29) to produce 88 kg of CO;

and 14 kg of CO

C3;Hg +502,=3CO; +4 HO

What is the percent excess air used ?

(A) 55 (B) 60 (C) 65 (D) 68
Q.81 What is the % carbon burnt?

(A) 633 (B) 733 (C)833 (D)933 Solution

2.
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Statement for Linked Answer Questions 78 & 79:

Q.78 A simplified flowsheet is shown in the figure for production of ethanol from ethylene

I'he conversion of ethylene in the reactor 1s 30 % and the scrubber following the
reactor completely separates ethylene ( as top stream ) and ethanol and water as
bottoms, n ethanol-water azeotrope (90 mol %
te. The recycle to purge ratio is 34

The last (distillation) column gives a

ethanol) as the final product and water as was
Recycle Page

‘ ————— —

v | £ Woash ware

r- *  amotupe

srubber

* Waste water

I'he reaction is CoHs () + HO(g) —» C;HOH (g)

For an azeotrope product rate of 500 mols/hr, the recycle gas flowrate in mols/hr is

(A) 30 (B) 420 (C) 1020 (D) 1500
D.79 For the same process, if fresh H;O feed to the r
for scrubbing is 20 ¢
flowrate in mols/

eactor is 600 mol/hr and wash water
o of the condensables coming out of the reactor, the w

ater
'hr from the distillation column as bottoms is

(A) 170 (B) 220 (C) 270 (D) 430

Solution

Gate-2006

1. Statement for Linked Answer Questions

Solvent C is used to extract solute B selectively from, 100 kg/hr feed mixture. A+Bina
steady state continuous process shown below. The solubilitly of C.in the raffinate apd
the solubility of A in the extract are negligible. The extract is distilled to recover B in
the bottom product. The overhead product is recycled to the extractor. The loss of
solvent in the bottoms is compensated by make up solvent Sq. The total flow rate of
the solvent stream S going to the extractor is 50 kg/hr. The mass fractions (Xi's) of
some selected streams are indicated in the figure below.
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Solvent (C) Sd Over head product
Dosing
Xsdg,c=1

S =50 Kg /h
Feed (A+B) x E Distillation
F=100 Kg/h y
Xea=0.6
8 , Extractor
F
| 7 T
Raffinate v
Xea= 1.0 Bottom Product
W
X\/\/B =0.8

a. Distillation bottoms flow rate W and solvent dosing rate Sq in kg/hr are
(A)W=150,S4 =50 (B) W=100,Sq4 =20
(O)W=10,Sq4 =50 (D) W=50, Sq =10

Solution

b. Feed rate E to the distillation column and overhead product rate T in kg/hr are

(A)E=90,T =40 (B) E=80,T =40
(A)E=90,T=50 (B)E=45,T=20
Solution
Gate-2005

1. 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 metal in the pure form. The
unrecovered metal and its associated liquid are sent to a disposal unit along with the

Copyright© 2020 Ranjan e-institute, All rights reserved Page 13



(2

untreated product from the plant (see figure below). Find the flow rate (m6) and the
weight fraction of the metal (w6). The liquid product flow rate is 7500 higher of
composition 0.1 (wt fraction), Assume steady state.

m4 w4 = 1 pure metal

m2 = 5000
kg/h
MRU
Liquid product
m1 =7500
kag/h
Bypass
m3 = 2500
kg/h . .
To disposal unit m6 ,w6
(a) me = 7500 kg/hr, we = 0.0 (b) me = 7050 kg/hr, we = 0.04255
(c) me =4500 kg/hr, ws =0.1712 (d) me = 5600 kg/hr, we = 0.0314

Solution

2. A feed stream (S1) at 100 kg/hr and containing only A mixes with recycle stream S5
before entering the reactor (see figure below), where the reaction A — B takes place. The
operation is at steady state. The stream S3 leaving the reactor is separated, without either
phase or composition change, into two streams S4 and S5. If the mass fraction of B in 54 is
0.95 and total flow rate of S5 is 10 kg/hr, then the ratio of flow rates of streams (S3/S5), and
the flow rate of A in S3 are, respectively.
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S2 S3 S4
1 e — Separator
s1
S5
(a) 11 and 110 kg/hr (b) 24 and 240 kg/hr
(c) 11 and 5.5 kg/hr (d) 70 and 330 kg/hr
Solution
Gate-2004

1. A distillation column separates 10,000 kg/h of a benzene-toluene mixture
as shown in the figure below. In the figure, X, Xp, and Xy represent the
weight fraction of benzene in the feed, distillate, and residue,

respectively.
8000 Kg/hr ;

T Lo ‘ D

Xp = 0.95

Feed, xg =0.5

10,000 Kg/hr

Xw = 0.05

Copyright© 2020 Ranjan e-institute, All rights reserved Page 15



The reflux ratio is —
(a) 0.5 (B) 0.6 (C) 1.0 (D) 2.0

Solution

2. The weight fraction of methanol in an aqueous solution is 0.64. The mole
fraction of methanol Xy, satisfies.

(A) Xu<0.5 (B) Xm = 0.5
(C) 0.5 < Xy < 0.64 (D) Xy >0.64

Solution

3. 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,. 10
H,O crystals separate out. The weight fraction of Na,SO, in the remaining
solution is

(A) 0.00 (B) 0.18 (C) 0.24 (D) 1.00

Solution
Common Data Question 4&5

One mole of methane undergoes complete combustion in a stoichiometric
amount of air. The reaction proceeds as CH; + 20, 2 CO, + 2H,0. Both the
reactants and the products are in gas phase.

A H°298 = - 730 kJ/mol of methane.

4.  Mole fraction of water vapour in the product gases is about

(A) 0.19 (B) 0.33 (C) 0.40 (D) 0.67
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Solution

5. If the average specific heat of all the gases/vapour is 40 J/(mol k), the
maximum temperature rise of the exhaust gases in °C would be
approximately equal to

(A) 1225 (B) 1335 (C) 1525 (D) 1735

Solution

Gate-2003

1. 6 g of carbon is burnt with an amount of air containing 18 g oxygen. The
product contain 16.5 g CO, and 2.8 g CO besides other constituents. What is
the degree of conversion on the basis of disappearance of the limiting
reactant ?

a) 100% b) 95 % c) 75% d) 20% solution
2. An aqueous solution of 2.45% by weight H,SO4 has a specific gravity of
1.011. The composition expressed in normality is

a) 0.2500 b) 0.2528 c) 0.5000 d) 0.5055

Solution

3. Na,S0,, 10 H,0 crystals are formed by cooling 100 kg of 30% by weight
aqueous solution of Na,SO4. The final concentration of the solute in the
solution is 10%. The weight of crystals is

a) 20 b) 32.2 c) 45.35 d) 58.65

Solution

4. A sample of natural gas containing 80% Methane (CH; ) and the rest
Nitrogen (N, ) is burnt with 20% excess air. With 80% of the combustibles
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producing CO, and the remainder going to CO the Orsat analysis in volume
percent is

a) CO,:6.26 CO:1.56 0,:3.91 H,0:15.66N;:72.60
b) CO,:7.42 CO:1.86 0,:4.64 N,:86.02
c) CO,:6.39 CO:1.60 0,:3.99 H,0:15.96N,:72.06

d) CO,:7.60 CO:190 0,:4.75 N,:85.74

Solution

Gate-2002

1. Methane is mixed with stoichiometric proportion of oxygen and completely
combusted. The number of additional specifications required to determine
the product flow rate and composition is

A) 0 B) 1 C) 2 D) 3
Solution

2. 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

A) 0.4 B) 0.5 C) 0.6 D) 0.7

Solution
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3. 1 kg of 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, is kgs, of the crystals formed is

A) 0.4 B) 0.25 () 0.2 D) 0.175

Solution

Gate-2001

1. For the case of a fuel gas undergoing combustion with air, if the air/fuel
ratio is increased, the adiabatic flame temperature will

A) increase B) decrease

C) increase or decrease depending on the fuel type D) not change

Solution

2. A 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

A) 3 kmol/h B) 4 kmol/h C) 5 kmol/h D) 6
kmol/h

Solution
3. The process schematic of a propane dehydrogenation plant is shown

below. It is desired to set up a simplified version of the material balance
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for this plant. Assume that the only reaction is the dehydrogenation of

propane (CsHg) to propylene (C3Hg) there are no side reactions. The

yield of propylene per pass is 30% (i.e., 30% of the propane entering the

reactor is converted to propylene). Assume that the amount of carbon

formed on the catalyst is negligible. The product flow rate (stream Ss) is

50 kmol/h. Calculate the flow rates of all the other streams. Notice that

all streams except stream Ss, are pure.

H,

Absorber &Distillation tower

Se

81 52 83
catalytic reactor
CsHs CsHs
CsHs
H>
CaH2
Gate-2000

Ss
CsHs

Solution

1. The molar composition of a gas is 10% H,, 10% O,, 30% CO, and balance
H,O. If 50% H,0 condenses, the final mole percent of H, in the gas on a dry

basis will be

A) 10 %, B) 5%,

Copyright© 2020 Ranjan e-institute, All rights reserved
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2. The reaction A=>2B + C takes 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 B entering the separator.

Calculate the

a) single pass conversion of A in the reactor.

b) molar ratio of recycle to feed.

A & B, Recycle

Reactor . separator
Feed P

Product
Pure A
ure AB.C

A —— 2B +C

Solution

Gate-1999

1. It is proposed to produce acetaldehyde by oxidation of ethanol in gas
phase:C,HsOH (g) + % O, (g)2CH3CHO (g) + H,0 (g). The ratio of air to ethanol
in the fresh feed (before it is mixed with recycle stream) is 10 to 1. The
conversion of ethanol on a single pass through the reactor is 25%. The
unreacted ethanol is completely separated from the reaction products and
recycled. What is the ratio of recycle stream to the fresh feed stream ? What
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is the composition of the outlet stream from the reactor in mass fraction and
mole fraction ?

Solution

2. A solution of specific gravity 1.0 consists of 35% A by weight and the
remaining B. If the specific gravity; of A is 0.7, the specific gravity of B is

A) 1.25 B) 1.3 C) 1.35 D) 1.2

Solution

3. Pure A in gas phase enters a reactor. 50% of this A is converted to B
through the reaction A 2 3B. Mole fraction of A in the exit stream is

A) 1/2 B) 1/3 C) 1/4 D) 1/5

Solution

Gate-1998

1. Pure ethanol vapour is fed to a reactor packed with Alumina catalyst, at the
rate of 100k.mol/h. The reactor products comprise : Ethylene: 95 kmol/h,
water vapour : 97.5 kmol/h and diethylene either : 2.5 kmol/h. The reactions
occurring can be represented by :

C2H5OH9C2 H4+ Hz (0]
2C2H5OH9C2H5-O-C2H5 + H,0
The percent conversion of ethanol in the reactor is :

A) 100.0 B) 97.5 C) 95.0 D) 2.5
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solution
2. For reaction P + 2Q = 3R, molar rate of consumption of P is
A) double of that of Q B) same as that of Q
C) half of that of Q D) 2/3 of that of Q
Solution

3. Ethylene Oxide is produced by the oxidation of Ethylene over a catalyst.
Safety considerations dictate that the gaseous mixture entering the reactor
should contain 10 mol Air per mol Ethylene. The conversion per pass is 22%.
The Ethylene oxide formed is completely condensed out and the remaining
gases recycled. Make up oxygen is added to maintain the requisite oxygen
levels. For a plant producing 440 kg/h of ethylene oxide.

(i) Calculate the quantity of pure makeup oxygen to be supplied, in
kg/h, in steady; state operation

(ii) Draw a neat block diagram showing the major units, flows and
compositions, and indicate the envelope / boundary around which
the requisite mass balance(s) is/are being made.

The relevant reaction is represented by — 2 C,H,4 (g)+ O,(g) 22 C,H40

(8)

[ Assume atomic massesas:C=12,0=16,H=1]

Solution

Gate-1997

1. In the system as shown in Fig. each stream contains three components.
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unit 1 unit 2
The maximum number of independent material balances is solution
A) 3 B) 4
C) 6 D) 9
. 2. Aflow sheet is given in Figure
Fresh
Feed Pure B
" Reiactor ¥ W Separator
100 mol/hr A=>B .
Pure A
pure A
R

If the single-pass (once-through) conversion of A to B is 20%. Then the rate

of recycle R (moles/hr) is

A) 300 B) 400 C) 500 D) 600

solution
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3. Sea water is desalinated by reverse osmosis as shown in Fig. 12. Feed is 1000 Kg/hr

sea water salt containing 3 % salt. All other streams concentrations are given in figure

below
R Kg/hr, Recycle
_ F (Kg/hr)
- Mixture Reverse Osmosis  Reri .
Sea Water 4% salt E ka/hr rgi\év/isr ¢
1000 5% salt
Kg/hr
Desalinat'ed Water
D kg/hr
0.05 % salt
All compositions are on mass basis. Calculate R/E. solution

4. A feed at 1298 K, consisting of flue gas (CO,, O, and N,) and air, is passed through a

bed of pure carbon. The two reactions that occur both go to completion
CO, (g) + C(s) >2CO (g), AHR®’ at298 K = 170 ki/mol

0, (g) + 2C(s)>2CO (g), AHR’ at 298 K = -220.4 kl/mol

The combustor is adiabatic and the product gases exit at 1298 K. Calculate the required
moles of CO, per mol of O, in the feed stream, so that the net heat generated is zero and
the bed temperature remains constant at 1298 K.
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Data : Mean Molar Heat Capacities, Cpm

Substance Cpm, kJ/(mol)(K)

C 0.02
02 0.03
co 0.03
CO: 0.05

solution

Gate-1996

1. The reaction A + B>C has been conducted in a reactor as shown

A, C
Reactor s C

A&B

[. The number of boundaries around which material balances can
be written are -

a. 1 b. 6
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solution

II. The number of independent balances (material) that can be
made around the reactor are -

solution

2. A hydrocarbon is burnt with excess air. The Orsat analysis of the flue
gas shows 10.81 % COz, 3.78 % Oz and 85.45 % N2. Calculate the
atomic ratio of C : H in the hydrocarbon and the % excess air.

solution

3. Methanol vapour can be converted into formaldehyde by the following
reaction scheme

CH3OH + % 02>HCHO + H20
CH3OH - HCHO + H:

The fresh feed to the process was 0.5 kg mol/ h Oz and an excess
methanol. All of the Oz reacts in the reactor. Formaldehyde and water are
removed from the product stream first, after which Hz is removed from
the recycled methanol. The recycle flow rate of methanol was 1 kg
mol/h. The ratio of methanol reacting by decomposition to that by
oxidation was 3. Draw the flow diagram and then calculate the per pass
conversion of methanol in the reactor and the fresh feed rate of methanol.
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solution
Gate-1995

1. 1000 kg of wet solids are to be dried from 60% to 20% moisture (by weight).

The mass of moisture removed in kg is — solution
(A) 520 (B) 200
(C) 400 (D) 500

2. Assuming that CO, obeys perfect gas low, calculate the density of CO, (in
kg/mg, at and 2 atm & 536 K.)

(A) 1 (B) 2
(C) 3 (D) 4
Solution

3. Pure O, is mixed with air to produce an enriched air containing 50 volume % of
0O,. The ratio of moles of air to O, used is —

(A) 172 (B) 0.58
(C) 0.5 (D) 0.2
Solution

4. Methanol is produced by the reaction of CO with H, : CO +
2H,>CHsOH. Only 15% of carbon monoxide entering the reactor is
converted to methanol. The methanol formed is condensed and recovered
completely. The unreacted CO and H, are recycled back to the reactor. The
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feed will contain H, and CO in the ratio of 2 : 1. For 3200 kg/hr of methanol
produced, calculate —

(i) kg mole/hr of fresh feed
(i) kg mole/hr of recycle gas
Mol Weight of CH;0H = 32

solution

5. The Orsat analysis of a flue gas is

CO,; 12.7%
0, 7.1%
N, 80.2%

Determine the percent excess air used in the combustion. The nitrogen

present in the flue gas is contributed by air only.
solution

6. Pure CO is mixed with 100% excess air and burnt. Only 80% of CO burns.
The reactants are at 100°C and the products are at 300°C. Calculate the
amount of heat added or removed per kg mole of CO fed to the reactor.

Data : Mean molal specific heats between 25°C and T°C (given
below) in KJ/kg.mole.K are —

Gas T =100°C T =300°C
co 20.22 30.61
co, - 43.77
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0, 29.64 30.99

N, 29.17 29.66

Standard heat of formation at 250°C in KJ/kg mole are —

CO : -110524 CO, : -393514

solution

7. Bituminous coal with a calorific value of 20000 kJ/kg is used for generating

steam in a boiler. How much coal has to be burnt to generate 1 MW of

energy. Efficiency of combustion is 0.75. How much air is needed if 50%
excess air is to be used. Assume that coal contains 67% carbon and 33% ash.

solution

Gate-1993

1. 1000 kg of a solution containing 50% by weight of a salt dissolved in it is

cooled. 400 kg of anhydrous salt is separated out. The solubility of the salt
at the lower temperature per 100 kg of water is,

L 80
I. 50
[. 40
Iv. 20

_solution

2. Methane is completely burned with air. The maximum possible volume percen
of carbon dioxide (on dry basis) in the flue gases is,
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L 11.7
I. 21.0
[. 44.0
IV. 28.0 solution

3. Iron pyrites (FeS2 ) is burned with air in 100% excess of that required to
oxidize all iron to Fe203 and all sulphur to sulphur dioxide. Calculate the
composition of exit gases, if 80% of sulphur is oxidized to sulphur trioxide and
the rest to sulphur dioxide. All iron is oxidized to Fe203

solution

Gate-1992

1. It is a desired to make 100 kg of a solution containing 40% salt by mixing
solution A containing 25% salt and solution B containing 50% salt. The mass in
kg of solution A required is

solution
2. 1.2 g atoms of carbon and 1.5 g moles of oxygen are reacted to give 1 g
mole of carbon dioxide. the limiting reactant is the percent

excess reactant supplied is
solution

3. The concentration of SO, in flue gases from a boiler was found to be 0.2 kg/
m> at NTP determine the concentration of SO, in part per million by volume at
NTP assume that the gases are perfect solution

4. The analysis of the gas entering the secondary converter in a contacts

sulphuric acid plant is 4% SO,, 13% 0O,, 83% N, ( by volume) . In the converter
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SO, is oxidised to SO3 the gases leaving the converter contains 0.45% SO, on
SO; free basis . Calculate the percent conversion of SO,.

_solution
5. Dry Methane is burnt with dry air both are at 25 °C .initially the flame
temperature is 1300 °C if the complete combustion is assumed how much
excess air is being used .the reaction is

CHy + 202—>C02 + 2H,0

Standard heat of reaction = -8.028 10° J/g mole of CH,4 reacted, mean
mol at specific heat of gases between 25°C and 1300°C are in J/(g.mole
OK)

CO,=51.88
H,0 =40.45
0,=34.01
N, =32.21
solution

Gate-1991

1. A wet paper pulp contains 75% water after 100 kg of water is removed in a
dryer, it is found that the pulb is now containing 30% of water. the weight of
original pulp is solution

2. H,S is Produced from the reaction

Fes + 2HCL — Fecl, + H,S
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120 kg of Fes react with 150 kg of HCL and 0.5 k mole of H,S has has been Produc
The degree of completion of the reaction is and the limiting reactant is in
the limiting reactant is

Solution
3. The heat absorbed for isothermal reaction
C4H10(g) — CaoHa(g) + CoHe(g)
at 298 K and 1 ATM pressure is standard heat of combustion kg/ mc
CyHio(g) =-2873.5
CyHa(g) =-1411.9
C,He(g) =-1561.0
Solution

4. Limestone mixed with Coke is being burnt in a kiln an average analysis of
the limestone is CaCO; 84.5 % MgCO3; 11.5% and the rest inert the coke
contain 76% carbon 21% ash and 3% moisture the The calcination of CaCOs3 is
only 95% complete and that of MgCOs; 90% the carbon in the Coke is
completely burnt to CO, the kiln is fed with 1 kg of Coke per 5 kg limestone

calculate weight percent CaOin the product leaving the kiln.
Solution

GATE- 1990

1. The following data on heats of combustion at 25°C are given

Compound Heat of combustion at 25°C
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n-Heptane C7H16 (g) - 4850 k] / mol

Ethyl Alcohol C2HsOH (g) - 1410 kJ / mol

Heats of formation of CO2 (g) and H20 (1) are -380 k] / mol and -280 k] /

respectively.
L. The heat of formation of gaseous n-Heptane at 25°C is
I1. The heat of formation of gaseous Ethyl Alcohol at 25°C is

solution

2. Pure propane (C3Hs) is burnt in an excess of air to give following analysis of
combustion

products in volume percent:
COz =5.0,C0=3.5,H20=11.4,02=7.0and N2 =73.1
Calculate the percentage of excess air used.

solution

3.For the reaction A = B, the process flow diagram is shown in figure.1.The fresh feed of A
contains 0.5 % of inert by volume. 60% conversion per pass of A fed to the reactor is
obtained. The concentration of inert going into the reactor (after mixing with the recycle
stream) must be held at 2% by volume. All streams are ideal gases and the process is at

steady state. How many moles need to be recycled per mole of total feed to the
reactor at (1).

Feed
Al Reactor " Separator — 5
Al

Recycle A\l

Purge A\l

solution
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Answer Key
Question No
1 2 3 4 5 6 7
90 -190 37.32 0.344
91 155.55 36.76 99.4 71.39%
92 A 25 70,000 89.35 82.064
93 |° A —
94
9 5 D B A R=1700 49.93 191926.35 | coal=0.066
300 Air=0.771
d - C/H=0.33 eed rate=
9 6 :; ; %e|;l(c=19.97% ::onverstionjso%
9 7 A B 0.626 1.44
98 A B 160 kg/hr
99 RR=0.272 B C
-8.6

00 > : - 9.9:
0 1 B C
0 2 C D B
03 B D D B
04_ B B B A D
0 5 B C

a-D
06 A
07 |3 b
08 C B B
09 |® c
10 |° >
11 |4 B
1237

1-3.2t03.4
13 2- 0.26tG
14 10 34.66
1 5 45.53
1 6 B D
1 7 200
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18 102.40 0.184
19 ¢
2 O 26.3%
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Solution G-2020

1)

Recycle Stream

Product Stream

Feed Stream
Reactor -
L LM

Basis: L = 100 Kg/hr fresh feed

At steady- state:
Overall material balance: Mass flow rate of feed stream = Mass flow rate of product stream

Feed stream (L) = 100 Kg/hr

= 100 kg/hr

100 X 0.20 = 20 kg/hr
product stream + recycle stream

= Mass flow rate of Product stream

= Mass flow rate of Recycle stream

= Mass flow rate of stream just after the reactor
= 100 kg/hr + 20kg/hr =120 kg/hr

Overall conversion =

mass of the reactant (L) in the fresh feed — mass of the reactant (L) in the output of the overall process
mass of reactant (L) in the fresh feed

100 — mass of rectant in the product stream

0.30 =
100
= mass of reactant (L) in the product stream = 70
= mass of M in the product stream = 30

This percentage of L(70%) and M (30%) will remain the same in the stream just after the reactor and
(M

in the recycle stream.
Page 37
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= Mass flow rate of L just after the reactor = 120 X 0.70 = 84
= Mass flow rate of M just after the reactor = 120 X 0.30 = 36
= Mass flow rate of L inrecycle stream = 20 x0.70 = 14
= Mass flow rate of M inrecycle stream = 20x0.30 = 6

= Mass flow rate of L entering in the reactor
= L (from fresh feed) + L(fromrecycle stream)

=100 + 14 = 114

Amount of L converted inside the reactor = Amount of L entering into the reactor - Amount of L exiting
through the reactor

Amount of L converted inside the reactor =114 - 84 =30 Single — pass conversion (one —
pass conversion):

__ mass of the reactant(L) fed into the reactor— mass of the reactant(L) exiting the reactor

- mass of reactant(L) fed into the reactor

_114—84_30_0263
B 114 114

2)

N, N, , O

Initial 21 % O2
Initial 1 % O2

Unsteady-state mole balance:

Rate of mole of oxygen entering into the tank - rate of mole of oxygen exiting the tank = rate of
accumulation of oxygen in the tank

Let ‘X’ is the mole % of oxygen at any time ‘t’ inside the tank. 1T

Copyright© 2020 Ranjan e-institute, All rights reserved Page 38



©

x X molar flow rate of entering feed — x X molar flow rate of exiting feed

__ 0(x X molar density of mixture X volume of tank)
- at

d(x x 40 x 20)

0 X molar flow rate of entering feed —x X8 =

at
o _ g, — 8009x
S T

at = —100%

X

0.01 9x
t = —100fo_21 ~

0.01

= t = —100 X (—3.0445) = 304.5 seconds
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G- 2019
So |<3 S; 0.5
| Ex nocky ————
F = leo R
56 /¢ &/ o
&
o/ ¢

—sovesxall woknel bylop e —
F+8 = E+R_
E + & = 180 - @

— C mokno/ bolonce —

50 x 0o-

° 1050 + Joox So . Ex 40 + Rx 20
foo 400 it

KXE + R = 45125 — @

— /“Olmrg Loun Fon @ 2 @

E = F1-25
R = (08 %5
—> E/R = F(-25 _ o6& “u _g‘
108. 15 3
Ana: ‘¢
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Solution G-2018

1)
Consider the vertical column of gas shown in the figure. Assume the cross- sectional area of the column is S. At a

height Z above the base of the column let the pressure be p and density be row. Now apply force balance on the
small volume of gas of height dz and cross- sectional area S.

i
-
- i

;
I
[
|
l
: |_— Fressure ={p+dp/

Zor I

| ket fﬂo’z
I Pressure =p
| Z
B
x /’{_ T Density = P
|
zi‘i = BN B N 3
v -
dreag =5
pS = (pgh+dp)S + px(SxdL)x g
—dpS= pX(SXdL)XxXg ----m-mmmmmmm- (1)

For an ideal gas density and pressure are related by the equation :

p = % ------------------ (ii)

M: Molecular weight
T: Absolute temperature
Substitution from (ii) into (i), gives

dpSs = prSdex
p—RT( )X g

d M
i X dL
P RT
Integrating between levels a and b, Given T is constant. i
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b dp Mg b
—_ —— La — Lb) dL
fa RTfa( a— Lb)

p
In Pa_ 79 (Lq — Lp) : Barometric Equation
Pp RT
Here, L, =0,L, =100
On substituting the given values,
Pa 60 x 9.81

l

" 100kPa 1000 x8.314 x298.15 0~ 100)

= p, = 102.40 kPa

2)
Basis:
Let NHsfed into the reactor = 100 mole
4NH; + 50, - 6H,0 + 4NO

Stoichiometric numbers represent the quantity of any reactant that is theoretically required for complete conversion
of other reactants.

Theoretical O,required for complete conversion of NH; = % X 100 = 125

Excess O,supplied =125 (1.2) =150

Theoretical air required for complete conversion of NH; = (%51 = 595.238

Excess air supplied =595.238 (1.2) = 714.285

Number of moles of O, in the inlet gas mixture
Total Number of moles of Air and NH3

Mole fractionof 0, =

150 150

Mol ti 0, = N
ole fraction of 0, (714.285 + 100) 814.285

=0.184
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F,x & X H, x, ! ok
Fixed bed reactor >

Overall frcational conversion =

moles of the reactant (M) in the fresh feed — moles of the reactant (M) in the output of the overall process
moles of reactant (M) in the fresh feed

Moles of the reactant (M) in the fresh feed =Fx
Moles of the reactant (M) in the output of the overall process =Pxp

Moles of M converted on the basis of fresh feed = Moles of the reactant (M) in the fresh feed - Moles of the reactant (M)
in the output of the overall process

= Moles of M converted on the basis of fresh feed =Fxy -Pxp

= Overall fractional conversion = F—
XF

Solution G-2017

1)

Let the feed flow rate for a production of 100kg/s of the hydrated salt = F kg/s
And let mother liquor flow rate = M kg/s
mg:mass fraction of salt in the crystals

Overall mass balance at steady-state:

F=100+ M (i)

Salt balance: 1
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F X (solubility at 60°C) = 100 X mg + M X (solubility at 20°C) ----------------—---—- (ii)

Mass fraction of salt in the one molecule of crystal (m;)

Molecular weight of salt

" Molecular weight of salt +total weight of water in the crytstal

135 135

= =222 _ 0,60
Ms =135 1 5x18 225 O°

solubility at 60°C = 40 wt%
solubility at 25°C = 20 wt%

On substituting all the values in (ii)

F x0.40 =100x0.60+ M x0.20 (iii)
From (i) and (iii)
F x0.40 =100 x 0.60 4+ (F —100) x 0.20

0.40F =60 +0.20F —20

40

F=—f
0.20

=200

Therefore, the feed flow rate required for a production rate of:100:kg/s of the hydrated salt is 200 kg/s.

Solution G-2016

1)

Overall mass-balance:

P=Q+R N
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On substituting the given values:

100=Q+R (i)

Ethanol- balance:
PXxp=0Xxo + RXxp
On substituting the given values:
On substituting the given values:
PXx030=0QXxy + RXxp -------mmmmm- (i)
P><yp=Q><yQ + R X yg

Here, mole fraction x, and xgwill be same

2)

Stoichiometrically means write down the balanced chemical equations for both the processes.
Balanced chemical equation for de-hydro aromatisation of cyclohexane:

CeHy; - 3H, + CsHg (i)

(Cyclohexane)  (Hydrogen) (Benzene)

Balanced chemical equation for steam reforming of cyclohexane:
C¢Hyy + 12H,0 - 18H, + 6C0y ----------- (ii)
(Cyclohexane) (steam) (Hydrogen) (Carbon dioxide))

In equation (i) 1 mole of cyclohexane produces 3 moles of H, , that is the maximum amount of hydrogen produced at
complete conversion of CzH5.

In equation (ii) 1 mole of cyclohexane produces 18 moles of H, , that is the maximum amount of hydrogen produced
at complete conversion of CzH ;.

Maximum ratio of hydrogen produced in the proposed process to that in the existing process = ? = 6.
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Solution G-2015

1)

First of all see the stoichiometry of reaction, A — BHere the number of moles will not change at any conversion.
~ F(moles entering into the process) = P(moles exiting the process)

For avoiding any accumulation of inerts,

Mole of inerts entering into the process = mole of inerts exiting the process

Fx0.04 = P X xp;

Xpi = 0.04 {moles of inerts in the product }

This percentage of A(46%), inerts (4%), and C(50%) will remain the same in the stream just after the reactor and in the recycle

stream.
= Molar flow rate of Stream just after the reactor = F + 0.30F = 1.30F
= Molar flow rate of A just after the reactor = 1.3F X 0.46 = 0.598F
= Molar flow rate of A inrecycle stream = 0.30F x 0.46 = 0.138F
= Mass flow rate of M inrecycle stream = 20x0.30 = 6
= Molar flow rate of A entering in the reactor = A (from fresh feed) + A(fromrecycle stream)
= 0.96F + 0.138F = 1.098F
Amount of A converted inside the reactor = Amount of A entering into the reactor - Amount of A exiting through the reactor

Amount of A converted inside the reactor = 1.098F — 0.598F = 0.50F
Single — pass conversion (one — pass conversion):

moless of the reactant(A) fed into the reactor— moles of the reactant(A) exiting the reactor
moles of reactant(A) fed into the reactor

1.098F — 0.598F  0.50F

= = = 0,
1.098F 1.098F 04553 = 45.53%
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GATE- Q013

1)
! | G - emg/ut
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F @ 7
G S
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T ]
2
) - ;
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Correct Answer is B =1
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CaHg —* CaHe * H,
So So 5o
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— Proclu.cf Lrua m -Fnom )RF&"Q}OY C,OY)/W'M o-s/ O/ A
onjering Aperaboy

{r‘.m: Teude a,F A QJ\MV\& Jo /gl::ctruhn/ X ©5 _
o0
— A inm‘ma do ,@Qrukx\rc levoo mo\/h,
A en ’RQCXGQ( = 1000 =S = 995 mO)é)/ }
|
— @nkn'r\/e/ Hfo  mperwhr = C exif 7570m MPCIY"/”Y |
= 95 mol /h
—> B enlm‘r\;t 2o A«Cf)arafof = ' mo//m/
B bolunce on  &paveloy
= >
* {00 o
%= o2 ol [wr
e B o ’RQC)/C,@! R fnecrn = 191.9) - 190
= Jof ﬂ'D?/A{*
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©

-

Hence {’o(tuwiv\ﬂ mo keved Pp»o oh'uawm will be obfeuned —

A 5
F 3 S R > B: 190
A feo A:Lo%\__—«——-—-— A: Jeoo S c: o5
B: fof B: 121:91
c:95
R R 995
p: Iof
— A ann‘ma, {o the fHeacdor
995 +foo = (095  mol/ny
— A ew of meatly : fevo
conuvAion o = B
# A = [0695_-]e00 e

1095

/ﬁ-': 865 /

a) Ams: 8 65

~>  Reayeh ghwum = 995 + 9] = 99691 mol/y
i 9969
= loo
R
= 3-9¢

by Ana * 9.94
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£-1999

Baais ¢ 1 mol [h fresh  enthanol 7&.0/

My on Feeco = {fox 1 = {0 mol /h
Totel Feed = ff mol [h
25 )
> = 4\ R Ky >
I mol/h ,on | Ré) oH - L a|c|0h)'0’~‘l..
_fo mb’ ) Riv fo air 117 Oo
Q-1 mol > 09, OH No_
35 l, N <
Mo 9. R mol/nr oh: ol&o/w/
OH oV)Q)r *
—> 0y o Faed = e2txfo = 2t mol/u

R puwe ebanol én  Recycl gineam
othuno|l Gn  Feod e,yl Roxlhy = @H)

CoHsOH + (QLo,,_ = (s CHO + HoO

—> ohanol of procluct  sheam dw%% ,?@qW:QH)O-B!
ethans/ C,om/ﬁﬁf% /«cfa/rq&/ oyt }1 ,gc/)am/m/ unif |

hence.
R = 0-75 CKVL/)
R =68 @wol /[hy
K ol ; =
e ey Raho = ;K; = _@l?'_ - 65-91%

k’Rr{ = 027 l
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©

Ne out ol TReacly = T9 mol [ hy
O9 ouF ./ Rewthr = @1-— 0:25CRH) . (49 mol [ hr
aldehycle  oul o] PRectlor = (RH) x0.25 = 1 mol [ Wy
athanol  oub of Roncly = o0I5CRHY = B mol/hr
waley  ouf g% Rewetor = i mol/hr

ocluet

MmN .fnezch'on 2 mo/q 74;(3/1‘0#) % QaaA /27'
oul b'é TUathY  Ccon be oolculedd 7470137 abo olots

257
. [
> S ‘ 162602
3 o1
F-ONo
1162 02 o
1 aldehyole 1 oldehyde
1 0
i 3 mv//kv o
F.‘%: makvial _f,(,eu.) Q,Uctafolm
@ bamios jeco g™ wolhion — Q=1
250 ;m A SG = o 7F
6350 gm &6 P - 86 of @
\/2 “}‘040' VOLU.me = O'SS + 0-€¢5 ﬁi"
o3 Vel
p |
—_ = 1 = © 35S & 065 -
ot

\4

/OB L
Ans: (3
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A A, B
Im"'/hv li,

bavs A o ¢ mol [hy

A — 880 |
t=0o 1 o |
t=t 1- oe5x1 3X6-5x 1

e 125

mole f\’lﬂtdt‘en 9!* A ot oxit ,cg/—mozm i —

o5 _
i1-5+0-5

< e
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&-1998

CHsOH —— (g + HaO

t=o ioo .

t=¢ 100 - 35 25 2S

Cong O {i@zﬁs—o”cz“j’) +§f/—/20

't=0 foo
= 4
te € r X -E S S
fotel  Comgon  conurkd = 9545 = fo0 ol
per ant  conwrmion =
Ank: A
!
i
A% 2 C :
C2H4— a3 -%;: OQ_ Cqu, (@)
make up Oq
CeHe Cans l&__l Co g | Ce H4 O
+ O
> 02
Riv e N2
C£H4O
Cone
Og
Ne
K
Page 87
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— Produebon vak = 440 kd/&,
= 440 mol = 1o k mol ‘
ok /' /h
— Do CDWm-Od = % v (B\o'/h!"
e Rewclor
Q22 /.

“ 10k mol / h

Q%)»Qme en Reackr fu_o/ = fo
oo = 4545 kmolfh,
Aix én  treackr 7&;0{ = Jo X 45-45 = 454--54. k,ml/,",
09 ©n Treathr /&c/ = ©-2 X454-54¢ = 95-45 Kmol [hr
No o0 riecclor ‘Aé/ = 45454 -95.45 = 359.05 Kool
ohelne o/ % wally = fud - conrumey
= 4595 - 1o
= 85.45
O2 et of the meachy = 9545 -5 = o9o0.45 ol
N  eut ef  Jfle ruceyy =  359.09
s Recyc,Qg —
EgHe = 85 45 kK nw//:"xr’
O = 945 K mol / hr
Na = 85905 kmol/hr
- Ar 5 ko Jhr % 9 comume o/ 4en o mi«e_

e/ 5Kmo/a,/5{ & T be Sjun

“
Page 88
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Sx 82 = 1éo ~q [\ |

n

make u.b

make up O3 5

| N <
Qe + 10 CpHgq : 45:95 oxiclt ¢ lo
Do : O5-45 Cama: 35
) 02 ! 90495
NL- 359'09 N?,: 359'0' |
Mr: 454 54 oxicle ¢ fo |
< _/

85-45 km'/hv' Cs Hg-
90-45 Kmol/hy ©Oo
35%.09  kaol /by Ny

Aos: 1€o ky/m-
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G-1997

®.

/]

The moximum number o,{ indcﬁena/e/;/' Qguajion thot con be
devived dy ww‘#n} bolance oguakion eon o non rreach

ayskm o) ogued fo  the no 9[' chemica/ ghecies an
the  eénput 2 oput stneam g ‘

Ang: A |
total dhree B/)ch@) , Henca folol gz'nc&n,éo/?fj

metore!  polance ana/r‘en oan be et - |

Froah fud —Z |
> R ~ S
foo md/y, pure g
A h—8
R, puve A
—Feed 4o Roselor = foo + R,
™ A ok the eublt o fragoby - -3 C loo+ R
- A 2n 'Recyelh = A at ddhe ou#ﬁf ef Reoefov—
R = o8 (oo +R)
R= Jgoo QMB

makisial  balenct en cgm,prfe am f —

Bnne wank , B Ks/""; 57 Aol 1™

= |oOoD /‘\ ‘
"b‘/ Sk’ j: Depolimabeq wakr, D, 0°05F Adt
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ovevall bolonet —
leco = B+ D

galt  balana  —
fepo x 8 = . 5

foo loo

535.95 Kg/hr

|

B =
D= 4o4.05 Kg/hr
—>Nateral balance on m)xed LAneom or/r Pocycﬂe £ F.eaq/—— ‘
ovey all F = R + fooo®
makweal  golt 003 % |[000 = 00658 + 0-0005 D
hence
F = %eco ka/hv
R: looo K%[M»
—  oyesall puknel en Re ol —
S
Qeoo Kg“\
D
= DEE
Qooo = 404 .05 t+ E
E = {5 95.95
.—’;
E—— = _[000 =1 0'6266
E 1595-95
fns: oo

Page 91
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Jit dake eniliol  moles of neattonts — (O 1298
C = ¢ moles

Ng = n moloa

Cog = o moled ’Remc)—elnf'/s

O2 = y moles

= °MD9>‘3"‘& Hem  SLow —

258 K [ iese x_

AH, A 6)12

298 K SH » )

As  combuater 9y aclivkakc  henee 7’07‘0? 03?”"’/:1}/
d«anft ‘yﬂ Rouckon &  =zeso

AH = AH, + OHR + M2 = O )

—  Rewedion

Cog + ¢ — QO
t=0 2 C o
Co'“b(‘)'.on o) C-X 9y

Oo + 9C — 5 200
t=-0 Y C (o)

Com’bln/fon o C-‘v Qy

Henct Ffocluu‘* steom  woill  confeur ——

| (o + 2y ) CD
C-%x2) Carbon Fmducf"
n N
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s A”'
CQ'OQC + Gu N+ 0-05 X + 0'03)9

an, =
(2%9"‘ 12‘58)
—> d)‘l{\
AR = Fe X - 2204y

=D AHQ_

4H2 = [@(1 ?y)xe-o_g + @-'X‘Zy) OO‘Z_ +9r) ’9

[ 1e28- ,Qei?J
- AH = U, t4é8HyL + AU =
e

_[ro + Bbox + 3D>':| +Fon = 220-4Y + 60X + 60Y

- &ox -—40)’ = QOC. = O
Nitmogan  port  will  conw| eyt euch  ofper
(606 X = 280-4 Y

xX= faa

Vi
Hener  +ako % oy K Og Qs 44+

Ang: 144
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G-09¢
®) o .. .- R
’ @ @ i S 4__ '
11- s N R 'L > o
Y TE e
6 ‘ AT )
|
. - 1
: o ‘H- . _ s
-(-oJe) .{our boqmoly con be olyewn en cwhich jwin'c/
bholencr  con  be  ewsiten -
'I) oveyall unif
2)  guncken o/ }415/ 2 Peya@ Kuam
.y, Reaoé'f
D point % /kﬁarczé'or; % prod«cf and vzz;/o(!;
12 Ans:p

@
Yln, nc

Na, Ng ‘
J R IR i

y ) .
numbe: e} unknown g - 4 G nons nB/j

nwumbey” e} chemico/ 700n = o]

A+ — ¢

DeF = rwm&(e}/ unkmw whn — number o/ mcéém&"‘

gaa#oq — addikon 0)7%’ 2ehor) |

Adeligional  on 75: mahon = 71 = Conwr gon %L
h j,oo/f "
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poF= 4-1-1

= 2 ma/m'd/ bolont
Honat  vojal 2 én alm,banolmf W can be oA
Ars: B

® bawis :  geo ol of  flue gaa

3-3% wo | Oq
g5-40  mol  No

oZe}'/s {ake /yafm carbon Cx Hy

Cx H)‘ +é“’.42)09_ ———— % oo Hr O

>  Air  supplied = ®s-40 .
019
Ogq /‘“)"b\*m’k = o-2( X |08 lo = 22:-7F° mo\%
Og{ wnmmeO[ = 99-370 = 33& = jg-22 mo(%

s i mo/ C)( H/ con/yumo_o/ ‘/o ﬁvm oC mo/ COy

A= Jo-g|
0g congumed >(+-%___ _ 1592
Y = 844
= Rako of  carbon ond  oxy 9y X _ o8
% 32 d4-
5 s
flos = Vs
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-

/ Cx CoAY @xyagn = /yu)abbﬂel = ?Q%jfﬂ)’

?Q?u.}red X oo
= QQ?O - 12:92
1202 X o
K)Q}wreq’ Q? /é:/ z o Gy = x+Y
. 7 =
= |o® 4+ g9.49¢
=
= {892 ——
Ars: B 97— /
Hero
@ ! 0220‘5 !’(\20 H‘L_.
> g R > S( o S
CHaoH L O 6 CHaoH 2
Heho Ho
H20
Ho
CHaon 11

- All oy Teacts

on  fhe  Feackr —
C )}y OH e
3 ; o 9 ‘2

o

her & + HyO

meane| owmumao' +o com/ée&f% ﬁeacf
et ©.5 Kmol DXy 9n .

1 K. onof

T
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J

3

]

De comporihon  Rxn , Chz ON consum eqf
conmymeof

Oxydehon Kxn , cuzon
dmeHOVl = @ Kmof

HCNO + Ho

Chaoh  Covaumed  On
CMBO” e

convumed @ Koachkoy = B+ 1

Jo+tal CHz 04
= 4 K mol

Metanol bolonce on  Pewcltor

o
=

5 1 S
y LL CMyon

>4

cuaen L

Cugom

v Chyon  out c% Reachr = Chy Oy @7 7796}/0/4 Afreanm

= [ kool

o balanet  ©n  junchon X4 1 = y *x y
i L
v on Rewchy”
Ut _7__‘ e ——> L
4 mol
honet Y = 5  kmo) cuyou comumee]
= 4 K mol
F rush -feecl o0 uni ¢ Chyol = 4 Km'l/;‘,f—
A%: 4
1T
Page 97
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A comvtrmon of  Cigon en  Raclor —
/ Conwyrmen = 5-L X[eo 5 i
5 —_E:
Chyoh
= 80 7
Ang: 80
N
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d — K
= R 90 Joo0 i
s
lic] /

—» Gof moishuve  conkenb onkol

henetL @oo Ka, wehky 4+ 400 l? o% /@OL’C/)
~ Ak d»/‘m% (% Ky wake § oo k?d?v mb‘d)

x
% 4 400 = Lt moipture  tamoscd —
9600-1,00
O-8A = KO _
- B
X = loo k? Seo
Am: B
SO = pm
RT
L= Qxlol x10° X 44
8814 x 53614
< = ©019939x16° =
m3
A = 1993 gy
m3

Ans: 8
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,Zd » e INJ,U Y /ﬁ)ui ruk o/ 1) 2

o ou (4 O < %t oy

S 21y 6.5
‘=(+)’

o5 = 0\9,%7

[)/Df] - 2_'259 = (72 ins 2 A

I

8200 Kg [h

= 900
_3—.325_ Kmol/h

1oo K mol /h

o

me Hano | Pxoolu,c}'von Yoo

{1

Co + QHQ—!’ CHaOH

co COWL“LQd = 160 K mD‘ /k)/*
Ho  Comumes| - Hoo Kk m//,g,/
foo cCugon
Co = R H% S
157 co ' c;:’fg"

—  CONULYAION fs
Co 7Qd '}O Rw/ﬂ)/ = Joo - 66665

o5
Ho 'fed ‘F‘D ,Rouc hov - Qoo N
s -
° T
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freah G2 fud = (oo k mol /v
frah My Jad = | 200Kkmol/hr | K mol [ ha—
co eul «?/ Reatlr = Joo CI-O-IY) o siece
01§
Ha SU* 0} ?GOCFO'X = Qoo CI‘O'IQ - |]33'3ﬁ
o\§
— Meckriol bolan et -fof /g,aavak?()' —
CWyoNn ’Remou—w{ ,)Q-Lom RRXN i e
N H
Reycl  Binsom will  contein co & M .
= 566-66 + I Q353
= {go0 K mol /hy Ane
R= 1300

[ = Co + M
- ﬁm‘k <F€'l°l ™ loo + ?;; anl/h/

=2

= Ao0 Km'o(/l/l'}/
Ans - 300

iv  Aupplied on fd - go2 _ fo1-51¢ Mo/

©-79
Qp muppicd en  fud ~ lol.si8x o2
= &1-318 (o]
A
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Qg comumed = 91318 - 7|
= 1491 mo|
Hencx  $heoveheal au Y Tﬂ%}"z‘){ = 14-21 mo |
02
= 61709 MmO
/ oxum = Suppliod = Reguired
: X foo
’Re?wrzd 1
= [(o]- S18 — 53 .709
65309 A
= 4993 .,
Ans : 4993
@ baria 1 K ol

co {ed to  combusoy
1 kmol o

=

co unreckd
O, X | Op, unickd
No 2/09_
2.
co+r 1 o — co
‘Q 9 7

= Re/  Conwrmen OV[ Co

CO& formec( = i (08) = ©0:8 Kk mol
co -
untenokd = L(Clog) = o9 g mol
e \
Reywree/ ?;{ ﬁ)f /7 Kmo/ CoO = 05 Kmol
bee/ oxed  aldv gubp frof
Auppli <) Q= 7 Kad
1
Copyright© 2020 Ranjan e-institute, All rights reserved

Page 102



OQ COW'mQJ Y7 ’PQM’OY = # X 1)('0.8 = © 4

O{ ouf 3/ RQNC/O:' = [- 6.4 = 66 K. mol
021
Ng out 9_'(‘ Roacfoy = 37619 K mo |

— ﬂbeyina( Hevya Ao —

o“ 300 .C.
leo °C '
P
{AHl HL
a5 ¢ e >
ANy

EnH«ulPh}/ C'J\C(VL?,Q /[OY 71XnN ANH

=  OH + Oy + AHs

s SH, + Roacten)  mixbure. 25 cooled o 25° C_

AU, = Qx 29.92 + 1 X 2944
+ 3.7£1x29.l}) (25-;09 i ‘C;;— - ‘)_}xuducf"
AU, = _12644_597_53 KT 37619 Neg _
— Oy = H eat e/ ﬁ‘mméon % Proo&,(c/’... fHeat o/

for @ekon «9/ reeaten)—

(- 398514) — (-11©524) — ©
= = 2263%92 Ko

0
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SH, PRocct Slruam kmb oncreaned dJo qeo

, | product
fud — co : ©2 ol
O : o6 K mo)

CObp: o©-8% w mol
No . 3-3612 [k mol

Allg = (009X Bo6l + ©8 X43:3F + 076X 30-29

+ 3.3619 x 99'66) ( 800-—-25)

= 49 (1023
AW el = AU F U+ dHoy
= - I2{592¢-35 KT/ kmo| Co fed
Hoat addid Jo Reaockr = 191992¢-35 KJI
Ans : 1919 26-35—
Calov fic  volu = Qeco o KT/K&

Coud). Tuguived = C Ky
i
— heat ﬁmcluuc/ ? Coe/ /o ﬁoc&cc& f nw
enesgy ?me_ra/ion —

C X Qopodx ©.35 x (02 = {000,000

- &7/ Cay bon en coa
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Cavbon

- 067
K
B2 ____8_
AeC
Cavbon = O 6% K mol
1S X12 __‘:2
Ee09 =00
DXy gen Tuq,w‘Yed = 0 G v ool
15X 19D e
fiv ruguired = o067 ko |
I5X12 X 021 T e |
S0/ oxem  aur  Aupplied —
4
v supplied = 5 % O-6) < ol "
IS5X ]2 % 06-2] Aee—
- 1SX 0663 X 29 Ky
15X 12X 0-2] = o
= 0-37) K%,
/)(Q—
Coul rwi,aireq' = o 0€¢ K&/MC_.
Aif um o = 073\ Ka_ //K

Ha
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G- [293
=
S, Y/
Reo Sald
Se0  Ho0 l
,20”’ T\LmoU-LO( CO’)’}VO/W“A)
oo Ky
oveyall belanee
Iooo = 4o0 + Q = g = 600 Kgf
salt helonee
Yoo = 4 + S x N _ Joo . _ , ‘
oo oo > % — X = |6 GG /
\ i
final  polukion  cwsitl condein = Goo X 01666 Ky A%
— |oo’ @ M,}"'
g Seo l?, wwadey”
= \oo ¥ (o0
So0
- R Ans:p
CHe +90p —> CO2 + 2M0
CHe + 307 — COw + GHoeO
moximum  yelume. AOrcm} % Coqy pmb@z,
when  flur g condein o0k Ay, c00 2 ir0
.1
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— obove condibon

holdA
o meachion @D Chg B g

Tado - Convernion 6!4‘, XN 65
does nof  confuip oy CNg or

ewhen ol

©

cny. conver 4 accmrol"ry
are on 5/DfCAI'Dm97"V‘L.

oo/ s’ f&u VaZ)

O unruadkd

bania + [ ol merane
v /Wwéli‘?“( = 2 mo\ |
021
Ng /W]J}Db'“( = o‘logx%(_ = 7.523 mol
o
]Clue gos cwill  eon feun
{ mol C09_
2 mol Ny0
7593 wmol No
Volume. |oerunJr of e = 1 x [o0
1+2+ 7-523
= 55 wed bamA
-@n ‘BQM'/%
/ . .
o 2 =
/ 1+ 37-593 At
= 11-73 /
Ans: 4

“m
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*Fe 8¢ + 275 0g e JQ-’FQQOB + 25804

| o
bams : L ™  Fe Se Sog ‘
Reyuived Oy = 235 Mo
leoy/  axcam  eiy supplied —
02 supblUed = 92x9.35 = 55 mo]
No aupblied = 55 4o6.79 = 206%4 mo|
02|
8809 {;:rmed = 9 mol
Sog3 -ﬁz’lhnc’ = QX 0-Q = |- 6 mO\

= 2x C1-0-8) = o-4 Mol
809 + O —> 893
.

conaumed b » So, = Alxog x 9
2 fow Sy =
= o-8 mo/

@& comumed 7ér @X/O/rz/rbn g% Fo S

—

= 9.75 mol
012 Temains 01 f&« ;q/aeo = /su/a/ab‘ac/_. uwme{/

= 5-§ — @-8-Q.75
= J95 ol
Hene st g will  confeinsg

@Q = 195 mo| \

Ng = &0-69 Mo/
80& = o 4 MDI
803 = 56 Mo/ \ / 9/ each 9 Can

be cof evfadyl .

1
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A 25 v.
\i f————o . 0o K}
8 7. ' do /S

Ho
oveyall  bolanece. —
ﬁ‘i-B = loo
Aolt 50107)(1
©25 A + o050 B = 4o i
A = 40 k&
Bz 6o K \
P H’M 40 Kg
|
C S 0o i COo
(2 m s ™
{2 ol carbon -ru_f;uer on% 19 mol 0o

hen ce O& 27

/. oxam =

on  OXCeAA

puppliod — Roguirved e

r/?zyu?r&/
5 =[2
i1 2
X5 A

X [oo

Ans: 25

T
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8. ey
b%‘é A {o€ m> TUMQ am
809 rmmcn‘f = ®92 X [og \(8 |’0£l~.; goa
- %lxloc Kool  Soo
. : G
2 D2. 4 x 063 X 16 m3 802
pseacn}  @n fob md ges
S% =  TJo0.000 Fpm
Ans: 30,000

bawig :  1eo

mol  enkvA  the ;&cwnd}/ conwrky

4 802
converhr \——
y °2:_:i 20
2
33 Nao 803
Qo
No_
.anch‘onol
/(e} con yoymaon % 80q = > H
802 + éi,oa — > 803
t=o 4 19 o
t-t C4-%xx9) (3- % x) o

Compo ikion  of g ou)

f% eonuy foy —

80p =  4-4x
804 = 4
Og = 13=-2)
Ng = %3
1T
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045 /. 80g en 803 Jne  bomMa :—

0.-45% - 4 - 4%
{o0 Qq-x) 4+ C13-2%n) + 83
> = ©:8985
/ coV\VGXA’l'OV) = 8%'35/ AYVS’- %935

banin & 1 ol ocHa
e o 1300 °c
¥- .- . 95 °
— Reacken gtarfs (@ @5 c - Heal 6’"’"’“/“’/ 7

Rxn  will oncreane the femporafure 0f 71 @CHO)
®ixture « ool pxoohmf 7Lom/é> o) [3e0°C.

— Aot oxyqen aupplied oy x ol

CHe + 909 —> Q0o +t 2H20
tzO 1 K

1=t o ot-2 gt 2

.__yp.uo. gons will  oeondein
© mol CHe

X=2 mol sz__

i mol CO04
2 mol H20

09DX A go| Ne_
-2\

1T
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Heot aQnevdFd =

098X 10° =

185-143% + 64 36 =

Enevgy 1u9w’rod do rreisc TN mixdure
{emposature  do

300 °C

[ &-2) Ba-) 4+ 1Xx51'88 4 2X dod5 +

3821 X 87619 x] X (1800-25)

X= 8641 ol
Aiv Mth‘Qd = 364
02|
= 17-83% mol
Riv Tuci,wY—Qﬂl - o
021
= 9.523 mo,
/ XUM edy = 19338 —9.593
9’5‘23 e X J—OO
S Zrocs Ang . 82064
Q(%/ GIJ{/QTF[N/%/ 19-33¢9 593
ZW
A
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G-1991

basia 1 X ka pulp én'nh'aly

oW %, polic] 0-26% solic]
015N, waky - Q?SX-I,OO) cwaky
L 30/ woky—

pICT ka , wa ke

PUlP QH‘Y Ohyina confﬂ-l‘m 30/ wa/fr —_—

hency —
0-15%¢ (oo
= 0.3
[0:25 % + 0-75% ~ loo]
0:-IZ K -]e0 = g.3%x — R0
045 % = 3o = ® = 165:55 K9
Ang: 155-55
FeS + 2HU —— Follg + Ho8
t=o f20 Ky 150 Kg_
120
K ool B0
K ol
& 36-5 °
= 136 Kmol 4.1095 kmol en?b‘apl/ ok —

WNow deviele by gloichiometnic coe/A‘u'cnvL'

o
{86 < 91095 honc  FeoS @ on

,iji/ffy edement”

1
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FeS 14 2HCe

Felly + Ho8

t=0 36 &5 o o
4-[695
t= t {86 -0*5 41095 - 0:5X2 o5 oS
o086 kaol

g of woscbon _ foud ot f ol
of Lwiliry freacknt” e

- 13¢ —0-86 x 100
/_——‘ .
(8¢
= A
Ank: B6-F6
®. Cole — CaMe .+ Mg
AUy = 2 A Heombuhon, raa_cloni-) — Z O“Cc,,m)proc‘d
= =2333-5 — (—lal.0) — - \56I-O>
= GO K { mo]
- Ans: 99 .4

Nlesoake  profpod —

GHip * .glzi Op. —+ 4Coz2 + 5M0 ~28BS
GHe +80, —> W + 94,0 - 1419
Coheg + F
T30 — > QWg + gm0 -1561° 0
1T
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SubtiRact t* nan  with olher fwo 1ixnf ——

Cip — CoHa — OoHy —> 40 —4C02 + 5H20 - SH2D

Ay = 1400 )56 - 28735

CaMio == Cona + GHg SH= 994

Banis ¢ 5 Kg lime sdbone 65 calcined

Coak  fed = 1 ®g

et Molecular @t
Cally ——> Ca® + oo Qactog = 49°
m&cog — m8® + Coo Mg o3 = ‘ZSC:
S Se e %’(\lgoo = qo

,-»,A-me gdone  pondeis — -

5% 0-845 kg Cacoy = 4225 kg Caloy '
5x 6-115 K% I‘ﬂgcoj = ©0-5]% Kg mgw_s
SX(l-o845-0115) K9 enort = o2 Ky Inerf
— In mas
Cacoq = 4225/ 100 = 0-04225 K mol
m{,wg = 0.545/ 24 o 001607 K aol
7 o fumed = 595x0.04225 Kol
z ©- 064013 kK mol
- 6:049013 X 56 Kg

z Q.243%F Ka_

o
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mao -ﬁ;mwd = ©90 X 0-006)60% K mo

= ©09 X0006160} X §O = KS’

= =l
o 2213

MQ COq Tumouvy =

= (=23 X 6595 ko

=z ©0-0535 K&
CaCO3 rumating =

= &0‘95)X 4225 Ky

= 021125
— Komeins e/, coak & gsh on%z ap cavkon burn camﬁ%
amd  meisuve.  pasitl elcope  en a// g

Remoin gph = 091 x1 ACE

= 0-2)\ \(3,

Henu  cal cined mam el condedn  —

—r

Axh \ 04l
Ca tog \ ©0-21125

COoy \ ®-0535

fma Mloon k
M3o » ‘\@ ©-22(7F 6’
ca.o: \ 24171
Inort \ 09 Jolel = 314823
Weight peremt of 040 0.24 37
314923 X loo
= F1:39s5

Am: 31039 /.
o
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G- [®%0

CyHig + 1102 —> JC0; + SHO 4H = ~4850

W= > aH [pxoducksj — S oM [Reochents]
—4%50= I x (~380) + 8 (-280) AL O

AW o, = 4850 - 2460 - 2240 |

AHf comy, = 50 R/ mel Ans - -50

CoHsOM + 809 —> 2¢09o + 3HO an= -4l

aM = S anp [podueks] — £ ong [Reaclen/s ]
— {alo = QX (~2>80) + QX (—?90) — d”{, esnsoy — O

AUy, ensoy = 14lo - Fbo — 84O

DM, cnson = —foo KT [ g Ana: - g0

—> Papis ¢ fec  molw ?L(u.._ HM{A

o, = §5-0
co = [B:5
o = ¢
01 = q-0
Ne = 33

—» G + 50, EESM  —— 38C0, + "4 MO

5 molks coq -fo(moo]

T

Page 117

Copyright© 2020 Ranjan e-institute, All rights reserved



2 mole of Cang comumed — ©én abeve tixn

Cang + %:—_09_ ——> 3C0 + AHO

© foxmed 3.5 moles

C
8s _
™olen QF CaHg convumed @» abov  7txh

= Pl cany @ fud = 5*;"—‘5 - 9.83 mol
> Ar pupplied

3| = 92.583 mol

©-19
=+ O /WHDUQJ = 621 X 99-53 = [9-431 ol

= 02 TReguired fer comple ke combufion 071‘ 9.83 mol
o{ pyo pane Qccoafc&'ry o I Rxn —

= 5X 2-83
= [4:45 ol
= ‘Yﬂo’ ) - .
(RQCV'“ ouy = 11.1; = A1 3809 mol
/ oxaM oy = Supplied - Rogedved N
?@)Lu'rza/
‘,'3809 X 400
- By
= 3?-323/
AM: 33-29
T
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Lok un amume jJhal  fhe 8truom é;;/m'n} +he Treacfor
¢ ™xed  gRhuow of Recyclh & Fead ) hao  [flow
Wk = ge0 mol /¥y

Inoxt
A

o mol [wr
o8  mol [ hy

]

i

Go /.

I W S

T =9 mollkv\ L3S | o

-
I:

A= 98 mO‘/kY A= ©4x98 = 392
B

> B8 o ;se}:a'(ukcl -Fnom PXOC!MC} }}ﬂﬁ.w’)’) Q"?O/ Oﬁwcéol
ond @ ane/ mcya& Steonm)

fulﬂ},l_
composihion oJ: ?ecye,& ateum =  comporiHion eqL
gieum of  _wpavatoy outdt
J I o Tu.c}/e,(l( = Q e
2+ 392
=  4.854 /

= moknol  bolenee  of  pixod  glneom —

E A_[oo
Sy ; ‘ .
05y =
g
4-854 /.
G5F + 4'854‘ R - 2)( ioo

1T
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S Ba
F 6554

Recycle 4o jotul

fed Yo Reacky RaHo ——

Jote) I-;ao,cl o tuacky = 100  ®ol [na—

Recyels
= B4-45
Jotel ‘fuc) +o TRoacto y —JT—‘
= 0-8445
Ans 2 0344
M
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