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Chemical Engineering
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2.

Answer any FIVE Questions
All Questions carry equal marks
* % * * Kk

(a) What is solution pressure? Explain.

(b) A solution of sodium nitrate in water contains 1 kg of NaNOj 0 kg of
water. Calculate the amount of ice formed in cooling 1000 kg, o lution
to a temperature of —15°C. Concentration of saturated soiftfion @ —18°C is
given by 6.2 kmol of NaNOg3 per 1000 kg of water. [4412]

A large chamber contains dry Ny at 27 °C and 101. atefgd® injected in to
the chamber. After saturation of the Ny with w vapofy the¥emperature in the

chamber is 27 °C:
(a) What is the pressure inside the b turation?
(b) How many moles of HyO p o\are present in the saturated mixture?

[8+8]

. Ammonia is made b e ctign between hydrogen and N, according to the
reaction
No+3Hs —,
If the r i carried out at 50 bar and 600 K, What volumes of nitrogen and

conditions are theoretically required for producing 1000 kg of ammonia

and what Will be the volume of NHj produced at the reactor conditions. [16]

Dry air at 295K and 100 kPa is bubbled through benzene. If the saturated air
leaves at 300K and 100 kPa; how many kilograms of benzene are evaporated per

100m? of entering air. The vapour pressure of benzene (kPa.) is given by: [16]
. 2788.51
InP*= 13.885— 218851

Calculate the amount of heat needed to raise the temperature of 1 mol of a gaseous
mixture containing 79% N, and 21% O, by volume from 200 to 1200°C.

C, for Ny = 6.457 + 1.389 x 107* T — 0.069 x10~¢ T?

C, for Oy = 6.117 + 3.167 x 1072 T — 1.005 x1076 T?

Here C, is in Cal/(mol.K) and T is in K. [16]

(a) A solution has a gravity of 100° Twaddell. Calculate its specific gravity and
its gravity in degrees Baume.

(b) An oil has a specific gravity at 60° / 60°F of 0.790. Calculate its gravity in
degrees API and degrees Baume. [8+-8]
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7. Molten sulfur at 140°C is burnt with 30% excess air at 120°C in a sulfur burner
producing sulfur dioxide. Calculate the adiabatic reaction temperature using the
following data:

Standard heat of reaction = —70.96 kcal/mol
Mean heat capacities in cal/mol.K :

S() =74
S0,(g) = 12.15
Air = 7.00 [16]
8. (a) To prepare a solution of 50% sulfuric acid, a dilute waste acid ca ng 25%
HySOy is combined with a concentrated acid containing How
many kg of the concentrated acid must be purchased f o of dilute
waste acid?
(b) A mixed acid containing 65% H2SO4, 20% HNO;%n is to be made

by blending the following;:

i. A spent acid containing 10% HNO
ii. A concentrated nitric acid 1ni

4 and 30% H,O.
N03 and 8% HQO

iii. A concentrated sulfurig®ci ining 95% H,SO, and 5% H,0.
All percentages are'on\weight basis. How many kg of each acid must be
used to obtain kg f the'mixed acid? [8+8]
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1. (a) To prepare a solution of 50% sulfuric acid, a dilute waste acid containing 25%
H,SO, is combined with a concentrated acid containing 90% H,SO,. How

many kg of the concentrated acid must be purchased for each 109 f dilute
waste acid? &

(b) A mixed acid containing 65% H2SO4, 20% HNO; and Ho@ isto be made
by blending the following;:

i. A spent acid containing 10% HNOs;, 60% H 30% H,O0.
ii. A concentrated nitric acid containing 9 nd 8% H,0.
iii. A concentrated sulfuric acid contail % 0O, and 5% H,O.

any kg of each acid must be

used to obtain 1700 kg ixed acid? [8+8]

producing sulfur dioxidg!” Calculate the adiabatic reaction temperature using the
following data:
Standard heat o

[16]

3. Dry air at 295K and 100 kPa is bubbled through benzene. If the saturated air
leaves at 300K and 100 kPa; how many kilograms of benzene are evaporated per

100m? of entering air. The vapour pressure of benzene (kPa.) is given by: [16]
*_ 2788.51
InP*= 13.885— 218851

4. (a) A solution has a gravity of 100° Twaddell. Calculate its specific gravity and
its gravity in degrees Baume.

(b) An oil has a specific gravity at 60° / 60°F of 0.790. Calculate its gravity in
degrees API and degrees Baume. [8+8]

5. Calculate the amount of heat needed to raise the temperature of 1 mol of a gaseous
mixture containing 79% Ny and 21% O, by volume from 200 to 1200°C.
C, for Ny = 6.457 + 1.389 x 1073 T — 0.069 x10~% T?
C, for Oy = 6.117 + 3.167 x 107* T — 1.005 x107° T2
Here C, is in Cal/(mol.K) and T is in K. [16]
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6.

7.

(b) How many moles of HyO per mole of Ny are present in the satayra @ 1 7
. Ammonia is made by the reaction between hydrogen Nonaccegeding to the
reaction

(a) What is solution pressure? Explain.

(b) A solution of sodium nitrate in water contains 1 kg of NaNOj per 10 kg of
water. Calculate the amount of ice formed in cooling 1000 kg of this solution
to a temperature of —15°C. Concentration of saturated solution at —15°C is
given by 6.2 kmol of NaNOg per 1000 kg of water. [4+12]

A large chamber contains dry Ny at 27 °C and 101.3 kPa. water is injected in to
the chamber. After saturation of the Ny with water vapor, the temperature in the
chamber is 27 °C:

(a) What is the pressure inside the chamber after saturation?

N2+3H2 — 2 NH3

If the reaction is carried out at 50 bar and ;SWhat volumes of nitrogen and

H, at these conditions are theoretic ui roducing 1000 kg of ammonia
and what will be the volume Of& cadl at the reactor conditions. [16]
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1.

d.

Answer any FIVE Questions
All Questions carry equal marks
* % * * Kk

A large chamber contains dry Ny at 27 °C and 101.3 kPa. water is injected in to
the chamber. After saturation of the Ny with water vapor, the temperature in the
chamber is 27 °C:

(a) What is the pressure inside the chamber after saturation

e saturated mixture?

[8+8]

(b) How many moles of HoO per mole of Ny are present,in

. Ammonia is made by the reaction between hy angd N, according to the
reaction
N2+3H2 — 2 NH3
If the reaction is carried out basfan 0 K, What volumes of nitrogen and

H; at these conditions are théoragicallyrequired for producing 1000 kg of ammonia

3 produced at the reactor conditions. [16]

Mean hea)capacities in cal/mol.K :
S(l) =74
SOs(g) = 12.15

Na(g) = 7.51

Air = 7.00 [16]

Calculate the amount of heat needed to raise the temperature of 1 mol of a gaseous
mixture containing 79% Ny and 21% O, by volume from 200 to 1200°C.

C, for Ny = 6.457 + 1.389 x 107 T — 0.069 x10~¢ T?

C, for Oy = 6.117 + 3.167 x 1073 T — 1.005 x107¢ T?

Here C, is in Cal/(mol.K) and T is in K. [16]

(a) To prepare a solution of 50% sulfuric acid, a dilute waste acid containing 25%
H,SO, is combined with a concentrated acid containing 90% H,SO,. How
many kg of the concentrated acid must be purchased for each 100 kg of dilute
waste acid?

(b) A mixed acid containing 65% H2SO,4, 20% HNO3 and 15% H,O is to be made
by blending the following;:
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i. A spent acid containing 10% HNOs, 60% H5SO, and 30% H,O.
ii. A concentrated nitric acid containing 92% HNO3 and 8% H,O.

iii. A concentrated sulfuric acid containing 95% H,SO, and 5% H,O.
All percentages are on weight basis. How many kg of each acid must be
used to obtain 1700 kg of the mixed acid? [8+8]

6. (a) What is solution pressure? Explain.

(b) A solution of sodium nitrate in water contains 1 kg of NaNOj per 10 kg of
water. Calculate the amount of ice formed in cooling 1000 kg of this solution
to a temperature of —15°C. Concentration of saturated solution at —15°C is
given by 6.2 kmol of NaNOj3 per 1000 kg of water. [4+12]

7. Dry air at 295K and 100 kPa is bubbled through benzene. he
leaves at 300K and 100 kPa; how many kilograms of benzdhe evapprated per
100m? of entering air. The vapour pressure of benzene (kP&.) is\giyefl by: [16]

InP*= 13.885— 255

T-52.36

8. (a) A solution has a gravity of 100° Twad e its specific gravity and

its gravity in degrees Baume.

60"F of 0.790. Calculate its gravity in
[8+8]

(b) An oil has a specific gravi
degrees API and degree um
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1. Ammonia is made by the reaction between hydrogen and N, according to the
reaction

N2+3H2 — 2 NH3

If the reaction is carried out at 50 bar and 600 K, What voluafes o rogéh and
Hy at these conditions are theoretically required for producifg g of ammonia
and what will be the volume of NHj3 produced at the ze@ct@r conditdéns. [16]

2. (a) What is solution pressure? Explain.

of NaNOj per 10 kg of
oling 1000 kg of this solution
to a temperature of —15°C. n of saturated solution at —15°C is
of water. [4+12]

(b) A solution of sodium nitrate in water gomtal

3. Molten sulfur at 140°C#is burnt With 30% excess air at 120°C in a sulfur burner
producing sulfur dieXi ulate the adiabatic reaction temperature using the
following data;

Standard

= —70.96 kcal/mol

in cal/mol.K :

Air = 7.00 [16]

4. Calculate the amount of heat needed to raise the temperature of 1 mol of a gaseous
mixture containing 79% Ny and 21% O, by volume from 200 to 1200°C.
C, for Ny = 6.457 + 1.389 x 1072 T — 0.069 x10~¢ T?
C, for Oy = 6.117 + 3.167 x 1072 T — 1.005 x107¢ T2
Here C, is in Cal/(mol.K) and T is in K. [16]

5. (a) A solution has a gravity of 100° Twaddell. Calculate its specific gravity and
its gravity in degrees Baume.

(b) An oil has a specific gravity at 60° / 60°F of 0.790. Calculate its gravity in
degrees API and degrees Baume. [8+8]

6. Dry air at 295K and 100 kPa is bubbled through benzene. If the saturated air
leaves at 300K and 100 kPa; how many kilograms of benzene are evaporated per
100m? of entering air. The vapour pressure of benzene (kPa.) is given by: [16]
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InP*= 13.885— 2852

7. (a) To prepare a solution of 50% sulfuric acid, a dilute waste acid containing 25%
H,SO, is combined with a concentrated acid containing 90% H,SO,. How
many kg of the concentrated acid must be purchased for each 100 kg of dilute
waste acid?

(b) A mixed acid containing 65% H2SO4, 20% HNO3 and 15% H,O is to be made
by blending the following:

i. A spent acid containing 10% HNOs, 60% H,SO,4 and 30% H,O.
ii. A concentrated nitric acid containing 92% HNO3 and 8% H,O
iii. A concentrated sulfuric acid containing 95% H,SO4 and 5%

All percentages are on weight basis. How many kg of gfich st be
used to obtain 1700 kg of the mixed acid? [8+8]
(R

8. A large chamber contains dry N, at 27 °C and 101. a injected in to
the chamber. After saturation of the Ny with w. vapor, thé®emperature in the
chamber is 27 °C:

(a) What is the pressure inside the nb turation?

o)

N, lare present in the saturated mixture?
848

(b) How many moles of HyO p
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