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Q1B

formula ot calculating weight percent to get the answer.

Atomic weight of N =
The relationship between urea and N on the molar basis is

sSolution : Basis : 100 kg urea sample.
The sample contains 45% N by weight.
Amount of N in the sample = 0.45 x 100 = 45 kg

14, Molecular weight of NH,CONH, = 60

I kmol NH,CONH, = 2 katom N

On the weight basis, it becomes

.

60 kg NH,CONH, = 28 kg N  —

It means that when the sample contains 28 kg NN, its urea content must be 60 kg

0
Actual urea in the sample = 26—8 X 45 = 96.43 kg
k -
g ued x 100

Weight % actual urea content of the sample = kg sample
96.43
= T700 X100 = 96.43
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t 5€ 0
Stoichiom= , feed water 10 @ reverse OSIUsts prant copyy; Y
7 : The Jeed .4 - 3 (on weight basis). Ty ths S

2 3 . :
\h l-_\-amplc 3. tio 1S
8" . o ,roduct 14 . ; : € tre
‘h\w""’“dc i :Izr 7¢Ionmins 00 ppm solids. Find the dissolyeg sg;sd :——“mm
< Jeaving tlu' / (1 ejecté’d Stream)- o Gateri
:on : Basis ' _

Solet Dissolved solids in the feed = 5000 ppm
We know that - Lepm = bmg s e

Amount of dissolved } . 5000 % 4 = 20000
[solids in the feed water 1 Mg ate

As the ratio of feed t0 product is 4 - 3, the quantity of the product ey
| B

is 3 kg for 4 kg feed.
We have : Feed = Product stream + Concentrategy
Amount of concentrated stream = 4-3 = 1kg ‘
Amount of dissolved ] _ 600 _ )
[solids in the treated water |~ 1 X 3 = 1800 mg

Let 'x' ppm be the dissolved solids content of the concentrated stream.

Material Balance of Dissolved Solids :

[Disso]ved solids J [Dissolved solids Dissolved solidS\
. + | in conc. stream -

in feed water in product
20,000 = 1800+ 7 X 1
Solving, we get X = 18200

Dissolved solids content of the concentrated stream = 18200 pP7
a wa m‘nﬂs9




Q3A

LOIDULLIpea=- - ) .
P consumption of Y070 INGLL AN Y39, b
ample 4.39 : Calculate the ; : . 0
@:bfoo k; of HCI if the conversion is 92%. The reaction taking place is . "
ol Cl
- 2 NaCl + H,S0; — Na:SO+ * 2H( \
 Solution : Basis : 500 kg of HCI production. 3
Reaction : 2 NaCl + H,SO, — Na,SO4 + 2HCI \ -
= 98, HCI = 36.5

NaCl = 58.5, H,SO,
=-2 kmol HCI ... on mole basis

Molecular weights :
From the reaction : 2 kmol NaCl

117 kg NaCl = 73 kg HCI ... on weight basis
Conversion is 92%. As the purity of NaCl is 96%, - ™\
Actual amount of NaCl required / consumed /

500 /g
= 73 (0.92x 0,96, = 274 ke

From the reaction : 1 kmol H,SO, = 2 kmol HCI
98 kg H,S0, = 73 kg HCI
As the conversion is 92% and purity of H,SO, is 93%

Actual amount of H,SO, required / consumed

_ 2; [ 500
7 X
( 0.92 x 0.93
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> Example 4.60 : A furnace t> ./"1 ’

"5 710.6% CO,, 6% O, and the rest N2 ) i
' Wb -' : in nitrogen.

that the fuel oil does not contain nitroge

Q3B
) i g niic, X ~ JUp 3
volume. Find the C : H ratio in the fy,) ol agl"

Solution : Basis: 100 kmol of dry flue gzsg-4 -
It contains 10.6 kmol CO,, 6 kmol O, and o> '
We have : 1 mol CO, = 1 molUs
: 1 ]
0,in 10.6 kmol CO; = TX 10.6 = 10.6 kmol
0, accounted = O,in CO, + O, in flue gas
10.6 + 6 = 16.6 kmol
N, balance : N, in air supplied = Ny in ﬂue gas = 83.4 kmol
0, available from air (i.e., O, in the air supplied) based on 83.4 kmol N,

= % x 83.4 =22.17 kmol

O, unaccounted = O, in air — O, accounted

22.17 - 16.6 = 5.57 kmol
5.57 kmol O, must have been utilised for the burning of hydrogen by the reaction:

1
H, + 5 0, » H,0

1
Hydrogen burnt = (72) X 5.57 = 11.14 kmol

Weight of carbon burnt = 1( 6 x 12

=1272kg
(As 1 katom C = 1 kmol CO,)

Weight of hydrogen burnt = 11.14 x 2 = 2208 ke
Carbon/hydrogen (w/W) ratio in the fye] — 127:2

——

2228 = S.71or5.71:1




Q4A

_ 0.2(100) = 20 kg
100 — 20 = 80 kg
be y kg.

solhids
(water) in the wet .\ul-ld
_dry) in the wet solids !
i roduct solids

Initial moisture
Solids (bone »

Let the final moisture in the p

1 % moisture.

__l__) < 100 = 1.0

Solids (dried) contain

80 + Yy
y = 0.81 kg
: - = 19.19 kg/h
ds = 20-0.81
Moisture removed from the solids to water

Let the moisture in the mixed air be X o dry air

i the Dryer :
i Water Balance at inlet to . . .
Moisture / = Moisture in fresh air + Moisture in rec

Moisture in mixed air = Yele g
x-M' = 0.02F + 0.1 R’
= 0.02F + 0.1 <x3F ... .. (asR'=3 F)

N x-M' = 0.32F'
We have, M = 4F

x (4F) = 0.32 F'
e x = 0.08

Material Balance of Moisture over Dryer :
Moisture gained by air = Moisture removed from solids
0.1 M'—-0.08M' = 19.19

M' = 959.5 kg/h
We have, M' = 4fF
F' = 959.5/4 = 2398 kg/h

0.02

Water associated with dry air in the fresh ajr — 1~ x<239.8 = 4.8kgh

Fresh air fed to the dryer
Moles/h fresh air entering the dryer

I

239.8 + 4.8 = 244.6 kg/h

= n
0 w2396 85k
, = 388 = 5 mol/h
If V' is the volumetric flow rate of the fresh air, th
, then

v' _ NDn'RT
where, n' = 8.5 kmol/h, P

- P
=101 .325 kPa T=
i 2 R = 8' - l' K)’
-~ Volumetric flow rate of the fresh aj S e LR g .
air

= 8.5x8.31451 x 303 /b
= 8:5x8.31451 %303 _ 4
101.325 =211.34
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