University of Baghdad Final Examination Date: 7/6/2008

College of Engineering First Attempt Time: 3 hr

Chem. Eng. Dept. Chem. Eng. Principles First Year
Answer Five Questions only

Q.1

(A) Five pounds of bismuth (MW=209) is heated along with one pound of sulfur (MW=32) to form Bi,S;

(MW=514). Determine 2Bi + 3S —» Bi,S;

1. The limiting reactant. 2. The percent excess reactant.

(B) A vessel contains air: N, (g), O, (g), and Ar (g).
1. How many phases, components, and degrees of freedom are there according to the phase rule?
2. Repeat for a vessel one — third filled with liquid ethanol and two — thirds filled with N, plus ethanol

vapor.
Q.2
All the concentrations shown in Figure Q.2 of both gases and liquids are specified in weight percent.
Calculate A, F, W, B, and D in kg/hr. @
Air D (kg)
A (kg) Condenser Distillate
) Acetone 0.99
Water (100%6) Air 0.995 Water 0.01
W (kg) Water 0.005
Absorber Distillation
Column Column
> B (kg) :
» Bottom Figure Q.2
Acetone 0.04
Water 0.96

G =1400 kg

Entering Gas Acetone 0.19

Air 0.95 Water 0.81

Acetone 0.03 F (kg)

Water 0.02
Q.3

A synthetic gas generated from coal has the following composition: CO, 7.2% ; CO 24.3% ; H, 14.1% ; CH,
3.5% ; N, 50.9%. (See Figure Q.3)

() Calculate the cubic feet of air necessary for complete combustion per cubic foot of synthetic gas at the
same conditions (V air/ Vreed)-

(b) If 38% excess air were used for combustion, what volume of flue gas at 750 °F and 738 mm Hg would be
produced per cubic foot of synthetic gas at standard conditions (V proa./Vreed)-

mol fr.
CO, 0.072 F (Ib mol) . P (Ib mol) CO,
co 0243 ——P Combustion —————— H,0 Figure Q3
H, 0.141 Gas N2
CH, 0.035 Air mol fr. O,
N, 0.509 A (lb mol)] 0,0.21
N, 0.79

Q4

(A) A gas containing nitrogen, benzene, and toluene is in equilibrium with 40 mole% benzene and 60
mole% toluene liquid mixtures at 100 °C and 10 atm. Estimate the gas phase composition (mole fractions)
using Raoult’s law. (1 atm = 760 mm Hg)

Antoine equation constants A B C Pressure (mm Ha)
Benzene 15.9008 2788.51 -52.36 Temperature (Kg)
Toluene 16.0137 3096.52 -53.67 P




(B) The barometer reads 740 mm Hg. Calculate tank pressure in psia. (Conversion factors: latm = 760
mmHg, 1atm=29.92in. Hg, 1atm=14.7 psia)

Q.5
As shown in Figure Q.5, the fresh feed of gas composed of 75.16% H,, 24.57% N,, and 0.27% Ar is mixed
with the recycled gas and enters the reactor with a composition of 79.52% H,. The gas stream leaving the
ammonia separator contains 80.01% H, and no ammonia. The product ammonia contains no dissolved gases.
Per 100 moles of fresh feed:

1. How many moles are recycled and purged?

2. What is the percent conversion of hydrogen per pass?

N2
:2 —> Reactor »| Separator | 5 NH;(Liquid)
r
N, Hy, Ar Figure Q.5
22 y » Purge (Gas)
Recycle

Q.6

(A) A solution has a specific gravity of 1.075 and contains 12.7 wt% sugar. If all the sugar is
assumed to be C12H2,041, determine

1. kg sugar/kg H,O 2. Ib solution/ft* solution 3. g sugar/L solution

(Conversion factors: 1lb = 454 g, 1 L = 1000 cm?, 1 ft* = 30.48 cm and density of H,O = 1 g/cm®)

(B) A gas consists of 20 mole% CH,, 30% C,Hg, and 50% C,H,. Ten kilograms of this gas is to be
compressed to a pressure of 200 bar at 90 °C. Using Kay’s rule, estimate the final volume of the gas. (Gas
constant = 0.08314 (m°.bar)/(kgmol.K), MW: CH, = 16.04, C,Hs = 30.07, C,H, = 28.05 and latm = 1.01325
bar)

Additional Data CH4 C2H5 C2H4
T. (K) 190.7 305.4 283.1
P. (atm) 45.8 48.2 50.5

== PI/RT

Compressibility factor,

00 05 10 15 20 25 30 35 40 45 50 55 60 65 7.0 75 80 85 980 95 100

Reduced pressure, P,
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0.1
A limestone analysis CaCOj3 92.89%, MgCO3 5.41% and insoluble 1.7%
a. How many pounds of calcium oxide can be made from 5 tons of this limestone?
b. How many pounds of CO; can be recovered per pound of limestone?
c. How many pounds of limestone are needed to make 1 ton of lime?
(Mol. weight: CaCO3 100.1, MgCO3 84.32, CaO 56.08, MgO 40.32, CO, 44 and 1 ton = 2000 Ib)

i—» CO, CaCO; —» CaO +CO,
Limestone MgCO; —» MgO + CO,
Heat
‘—> CaO
MgO Lime
Insoluble
Q.2

(A) Pure carbon is burned in oxygen. The flue gas analysis is: CO, 75 mol%, CO 14 mol% and O,
11 mol%. What was the percent excess oxygen used?

(B) A crystallizer contains 6420 Ib of aqueous solution of anhydrous sodium sulfate Na,SO,4
(concentration 29.6 wt %) at 104 °C. The solution is cooled to 20 °C to crystallize out the desired
Na,;S0,4.10 H20. The remaining solution (the mother liquor) is found to contain 16.1 % anhydrous
sodium sulfate. What is the weight of this mother liquor? (Mol. Wt. Na,SO, = 142 and H,0 = 18).

Q.3

Immobilized glucose isomers is used as a catalyst in producing fructose from glucose in a fixed bed
reactor (water is the solvent). For the system shown in Figure Q.3, what percent conversion of
glucose results on one pass through the reactor when the ratio of the exit stream to the recycle
stream in mass unit is equal to 8.33?

Recycle

Figure Q.3

Feed
4% Fructose| Fixed — Bed Reactor Product

»

40% Glucose
In Water

Q.4
(A) Figure Q.4 shows a simple combustion process, calculate the P and the four composition in P:
Xco2, XN2, X02 and XH20- (MO' Wt. Air =29 and CH, = 16)

CH, 100% P =7 kg mol
e Burner —————— o,
F=16kg N, =?
i =7
A =300k TAII’ Mol% 0, =*
’lo, 2 H,0 =2
N, 79

(B) The specific heat capacity of toluene is given by following equation:




Cp =20.869 + 5.293 * 10 T, where Cp is in Btu/ (Ib mol) (°F) and T is in °F. Express the equation
in cal/ (g mol) (K) with T in K. (1 Btu = 252 cal and 1 Ib = 454 g)

Q.5

(A) What is the minimum number of cubic meters of dry air at 20 °C and 100 kpa necessary to
evaporate 6 kg of ethyl alcohol if the total pressure remains constant at 100 kpa and the temperature
remains 20 °C? Assume that the air is blown through the alcohol to evaporate it in such a way that
the exit pressure of the air alcohol mixture is at 100 kpa. {P alcohol at 20 °C = 5.93 kpa, Mol. Wt.
ethyl alcohol = 46.07 and gas constant (R) = 8.314 (kpa) (m®)/ (kg mol) (K)}

(B) A cylinder 0.15 m® in volume containing 22.7 kg of propane CsHg (MW = 44) stands in the hot
sun. A pressure gauge shows that the pressure is 4790 kpa gauge. What is the temperature of the
propane in the cylinder? Use van der Waals equation. (a=9.24 * 10° atm(cm®/g mol)?, b=90.7
(cm®g mol), 1atm=101.3 kpa, R =82.06 cm® atm/ g mol K)

Q.6

20 ft* of nitrogen at 300 psig and 100 °F and 30 ft> of oxygen at 200 psig and 340 °F are injected
into a 15 ft* vessel. The vessel is then cooled to 70 °F. Find the partial pressure of each component
in the 15 ft* vessel. Assume that the ideal gas law applies. (R = 10.73 psia ft* / Ib mol °R)
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Q.1
The two reactions of interest for this example are
Clz(g) + CsHg (9) — CsHsClI (g) + HCI (9) 1)
Clz(g) + CsHe (9) —> C3HsCl2 (9) (2)

CsHe is propylene (propene) (MW = 42.08), C3HsCL1 is allyl chloride (3-chloropropene) (MW =
76.53), C3HsCl; is propylene chloride (1,2—dichloropropane) (MW = 112.99)
The species recovered after the reaction takes place for some time are listed in Table.

species C|2 CsHg Cs;HsC1 C3H5C|2 HCI

g mol 141 651 4.6 24.5 4.6
Based on the product distribution assuming that no allyl chlorides were present in the feed, calculate
the following:

How much Cl, and C3Hg were fed to the reactor in g mol?

What was the limiting reactant?

What was the excess reactant?

What was the fraction conversion of C3Hg to C3HsC1?

What was the selectivity of C3HsC1 relative to C3HgCl,?

What was the yield of C3HsC1 expressed in g of C3HsC1 to the g of C3Hg fed to the reactor?
What was the extent of reaction of the first and second reactions?

@roaoo0 o

Q.2
(A) Cyclohexane (CgHi2) can be made by the reaction of benzene (Bz) (CsHs) with hydrogen

according to the following reaction:

CeHg + 3H, ——» CgH1o
For the process shown in Figure Q.2, determine the product stream and the ratio of the recycle
stream to the fresh feed stream if the overall conversion of benzene is 95%, and the single-pass
conversion is 20%. Assume that 20% excess hydrogen is used in the fresh feed, and that the
composition of the recycle stream is 22.74 mol % benzene and 77.26 mol % hydrogen.

Mixer
F fresh feed ng, /| Reactor J| Separator ﬂj:ct P
20% excess Ho Ny, \4) Nes Figure Q.2
N2
R Recycle NesHiz
22.74% Bz
77.26% H,

(B) Answer the following questions:
1. Distinguish between a steady-state and an unsteady-state process.
2. What is the difference between a semi-batch process and an open process?
3. Explain what dimensional consistency means in an equation.
4. What are g. and specific volume?
0.3
(A) An equimolar liquid mixture of benzene (B) and toluene (T) is in equilibrium with its vapor at
30°C. What are the system pressure and the composition of the vapor? (Using Raoult’s law)

Antoine equation constants A B C
Benzene 15.9008 278851 T52.36 F;ref:“rf gmrm HKg)
Toluene 16.0137 3096.52 -53.67 emperature (K)

(B) A U-tube manometer filled with mercury is connected between two points in a pipeline. If the
manometer reading is 26 mm of Hg, calculate the pressure difference in kPa between the points
when (a) water is flowing through the pipeline, and (b) also when air at atmospheric pressure and
20°C with a density of 1.20 kg/m?® is flowing in the pipeline. (density of H,O = 1000 kg/m?, density
of Hg = 13550 kg/m®, g = 9.81 m/s?, 1 m = 1000 mm)

5




Q.4

(A) 40 gal/min of a hydrocarbon fuel having a specific gravity of 0.91 flows into a tank truck with a
load limit of 40,000 Ib of fuel. How long will it take to fill the tank in the truck? (density of H,O =
1000 kg/m®, 1 kg = 2.2 Ib, 1 m* = 264.2 gal)
(B) 20 kg of C3Hg (MW: 44.09) is burned with 400 kg of air (MW: 29) to produce 44 kg of CO, and
12 kg of CO. What was the percent excess air?
Q.5
A triple effect evaporator is designed to reduce water from an incoming brine (NaCl + H,O) stream.
If the evaporator unit is to produce 14,670 Ib/hr of NaCl, determine:

a. The feed rate of brine in Ib/hr.

b. The water removed from the brine in each evaporator.
The data are shown in the accompanying figure.

mass fr
,0 1.00
Brine
F Ib/hr
mass fr.
NaCl 0.25
H,O 0.75
P3 =14670 Ib/hr

mass fr. mass fr. mass fr.
NaCl 0.33 NaCl 0.5 NaCl 0.97
H,O 0.67 H,O 05 H,O 0.03

Q.6

A gas analyzes 60% methane (MW: 16) and 40% ethylene (MW: 28) by volume. It is desired to
store 12.3 kg of this gas mixture in a cylinder having a capacity of 5.14 x 10 m® at a maximum
temperature of 45°C. Calculate the pressure inside the cylinder by (a) assuming that the mixture
obeys the ideal gas laws; (b) using the compressibility factor determined by the pseudo critical point
method. [R = 8.314 (kPa) (m®)/(kg mol)(K), 1 atm = 101.3 kPa]

Additional Data methane ethylene
T. (K) 190.7 283.1
P. (atm) 45.8 50.5
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Q.1
A solution of HNOg3 in water has a S.G. of 1.10 at 25°C. The concentration of the HNO3; (MW:

63.02) is 15 g/L of solution. What is the 1. Mole fraction of HNOs in the solution? 2. ppm of HNO3
in the solution? (MW H,O: 18.016, 1 L = 1000 cm®, pr20 = 1 g/lcm®)
Q.2

A medium — grade bituminous coal analyzes as follows:

Component | S | N | O | Ash | Water
wit% 2 1|6 | 11 3
The residuum is C and H in the mole ratio H/C=9. Calculate the mass fraction composition of the

coal with the ash and the moisture omitted (MW: C=12 and H=1.008).

Q.3

Answer the following questions:

Explain why the so-called dimensionless group has no net dimensions. (give example)

How many ppb are there in 1 ppm?

What is the equation to convert gauge pressure to absolute pressure?

What is the difference between a semi-batch process and a closed process?

Methane burns with O, to produce a gaseous product that contains CH,4, O,, CO,, CO, H,0,
and H,. How many independent element balances can you write for this system?

akrownE

Q.4

Two well-known gas phase reactions take place in the dehydration of ethane:
C,Hg ———» CoHs + Hsy
C,Hg + H) ———» 2CH,4

Given the product distribution measured in the gas phase reaction of C,Hg as follows: CoHg 27%,

CoHs 33%, H;13%, and CH;27%

What species was the limiting reactant?

What species was the excess reactant?

What was the conversion of CoHg to CH4?

What was the selectivity of C,H, relative to CH,?

What was the extent of reaction of CoHg?

®o0 o

Q.5
Figure below shows the process and the known data. Calculate the compositions of every flow
stream, and the fraction of the sugar in the cane that is recovered.

M Sugar,
1000 Ib/hr

Crystallizer |— L
F Cane y Water
16% Sugar
25%Water
59% Pulp K 40% Sugar
1 E | - H | -
Mill »| Screen »| Evaporator [ 5
13% Sugar 15% Sugar Water
14% Pulp l
D Bagasse Solids” G
80% Pulp 95% Pulp




0.6

A catalytic dehydrogenation process shown in Figure, produces 1, 3 butadiene (C4Hg) from pure
normal butane (C4H10). The product stream contains 75 mol/hr of H, and 13 mol/hr of C4H;0 as well
as C4He. The recycle stream is 30% (mol) C4H1 and 70% (mol) C4Hs, and the flow is 24 mol/hr.
(a) What are the feed rate, F, and the product flow rate of C4Hg leaving the process?
(b) What is the single-pass conversion of butane in the process?

Pure ny, =75moles/hr
»| C,Hjg — C,Hs + 2H, »| Separator |
C,H,, Ne,n,, =13moles/hr
F=?moles/hr Recycle 24mol/hr Neyw, =?
X¢,n, =0-3
Xc,n, =0.7
Q.7

Calculate the temperature of 2 g mol of a gas using van der Waals' equation with a = 1.35 * 10
(m®)(atm)(g mol™), b = 0.0322 * 10 (m®)(g mol™) if the pressure is 100 kpa and the volume is
0.0515 m®. (1 atm = 101.3 kpa)

Q.8
Liquid mixture of 4% (liquid A) in (liquid B), what is the composition of the first vapor formed if
the total pressure is 1 atm and bubble point temperature is 393.3 K?

Antoine equation constants A B C Pressure is in mm Hg
Liquid A 15.8737 2697.55 - 48.784 TisinK
Liquid B 15.9798 3127.6 - 63.633
Q.9

Calculate (a) the pressure at the dew point for the following mixture at 100 °F and (b) the liquid
composition.

. K values at psia of
Component Mole fraction 190 200 510
CoHs 0.218 3.22 3.07 2.92
CsHs 0.665 1.005 0.973 0.92
i-C4H1po 0.1073 0.45 0.43 0.41
n- C4Hio 0.0097 0.315 0.305 0.295
Total 1

Dr. Ahmed Faiq Al-Alawy
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Q.1

Antimony is obtained by heating pulverized stibnite (Sb,S3) with scrap iron and drawing off the

molten antimony from the bottom of the reaction vessel Sb,S;+3Fe —— 2 Sh + 3 FeS

Suppose that 600 g of Sb,S; (MW: 339.7) and 250 g of Fe (MW: 55.85) turnings are heated
together to give 200 g of Sb (MW: 121.8) metal. Determine:

The limiting reactant

The percentage of excess reactant

The degree of completion (fraction)

The percent conversion of Sb,S3

The yield (kg Sh/kg Sh,S3)

o0 o

0.2

A two-stage separations unit is shown in Figure. Given that the input stream FI is 1000 Ib/hr,
calculate the value of F2 and the composition of F2. Assume that the compositions in the figure are
mass fractions.

P14 0.01 Toluene P2 4 0.95 Toluene
T 0.99 Benzene I0.0S Benzene
F1 Unit Unit
0.4 Toluene 1 > 2
0.4 Benzene
0.2 Xylene
F2 P?l 0.1 Toluene
0.9 Xylene

0.3

Methanol is synthesized from carbon monoxide and hydrogen in a catalytic reactor. The fresh feed
to the process contains 32 mole% CO, 64 % H;, and 4 % N,. This stream is mixed with a recycle
stream in a ratio 5 mol recycle/1 mol fresh feed to produce the feed to the reactor, which contains
13 mole% N,. For a basis of 100 mol fresh feed/h, calculate the production rate of methanol
(mol/h), the molar flow rate and composition of the purge gas, and the overall and single-pass
conversions.

Fresh Feed n n, CH;0OH
> L Reactor »| Condenser | —
13% N,
Recycle \ N3 I\FI’UFQG
he © co
CO H,
Q4 H

In the production of a drug having a molecular weight of 192, the exit stream from the reactor flows
at a rate of 10.5 L/min. The drug concentration is 41.2% (in water), and the specific gravity of the
solution is 1.024. Calculate the concentration of the drug (in kg/L) in the exit stream, and the flow
rate of the drug in kg mol/min. (1 L = 10° cm®, density of H,O = 1 g/ cm®)

0.5

A U-tube manometer is used to determine the pressure drop across an orifice meter. The liquid
flowing in the pipe line is a sulfuric acid solution having a specific gravity (60°/60°) of 1.250. The
manometer liquid is mercury, with a specific gravity (60°/60°) of 13.56. The manometer reading is
5.35 inches, and all parts of the system are at a temperature of 60°F. What is the pressure drop
across the orifice meter in psi. (1 ft = 12 in, density of H,O = 62.4 Ib/ft?, g = 32.2 ft/s?)

9




Q.6
Moist hydrogen containing 4 mole percent water is burnt completely in a furnace with 32% excess
air. Calculate the Orsat analysis of the resulting flue gas.

F (mol) Furnace P (mol)
H, 7'} H.0
H,O Air mol fr. N,

N, 0.79 | A (mol) O,

O, 0.21

Q.7
(2) What is the density of CH4 (MW: 16) at 70 °F and 2 atm? (R = 0.7302 ft* atm/Ib mol °R)

(b) What is the specific gravity of CH, at 70°F and 2 atm compared to air (MW: 29) at standard
conditions?
Q.8
Use either Raoult's law or Henry's law to solve the following problems.
1. A gas containing 1mole% ethane is in contact with water at 20° C and 20 atm. Estimate the
mole fraction of dissolved ethane.
2. An equimolar liquid mixture of benzene (B) and toluene (T) is in equilibrium with its vapor at
30° C. What are the system pressure and the composition of the vapor?
(Henry's law constant for ethane in water at 20°C as 2.63 x 10* atm/mole fraction)

Antoine equation constants A B C Pressure (mm H
Benzene 15.9008 2788.51 75236 pressure (mn (Kg))
Toluene 16.0137 3096.52 - 53.67 P
Q.9

Seven pounds of N, at 120°F are stored in a cylinder having a volume of 0.75 ft®. Calculate the
pressure in atmospheres in the cylinder

(a) assuming N, to be an ideal gas

(b) using the compressibility factor method
(R =0.7302 atm ft* / Ib mol °R, MW of N, = 28, P, = 33.5 atm and T, = 126.2 K)

r Pressure - volume factar, pvi = Z T,

5.0 T

\..
}_

TT T T
\Jlr‘[r__“Jls‘\

4.0

3.0

T[T r T[T T[T Ir Ty T OIr T TT
-

25

-~

TTJT
-
~

20

T
-
~

i
i

~
>
N
N

T T
-
-
+
-~
N
~

[+-]

\

Sy

\

\
Y
N
N
\\ NE
\
W
A
Lo
o
R\

1y
N
\

\

\

], e

1|\l||||||||i\||t|1|||jill

\

o

o5

N
w
=]
o
f
°
»
o
n
[s]
o
L]
o
o
o
w»
~
o
~
o

Dr. Ahmed Faiqg Al-Alawy
June /2010

10




University of Baghdad Final Examination Date: 1/9/2010
College of Engineering Second Attempt Time: 3 hr
Chem. Eng. Dept. Chem. Eng. Principles First Year

Mad e S5 S oY) Jlised) 0880 O Ao Ja Al dags e AaY) [Adadle
Q.1

30% of a compound A is converted to B on a single pass through the reactor, as illustrated in
Figure, calculate the value of R, the recycle, on the basis of 100 moles of fresh feed, F.

Fresh Feed F G Reactor H P Product
100% A Xa A—» B Xa 100% B

d

Recycle (R) 100% A

Q.2
All the concentrations shown in Figure of both gases and liquids are specified in weight percent.
Calculate A, F, W, B, and D in kg/hr. @
Air D (kg)
A (kg) Condenser Distillate
) Acetone 0.99
Water (100%) Air 0.995 Water 0.01
W (kg) Water 0.005
Absorber Distillation
Column Column
O M0 |
______pBottom
Acetone 0.04
Water 0.96
G =1400 kg/h
Entering Gas T Acetone 0.19
Air 0.95 Water 0.81
Acetone 0.03 F (kg)
Water 0.02
Q.3

Fiéure below is a schematic of a process for the production of flake NaOH, which is used in
households to clear plugged drains in the plumbing.

w
H,0O

I P
A G 95% NaOH Filter
10,000 Ib/hr 50 wi% Crystallizer | Cake

L Evaporator | ) ——
40 wt% NaOH 1 NaOH and Filter 5% (a 45 wt%
solution of NaOH)

]

R
Filtrate 45 wi% NaOH
The fresh feed to the process is 10,000 Ib/hr of a 40% aqueous NaOH solution. The fresh feed is
combined with the recycled filtrate from the crystallizer, and fed to the evaporator where water is
removed to produce a 50% NaOH solution, which in turn is fed to the crystallizer. The crystallizer
produces a filter cake that is 95% NaOH crystals and 5% solution that itself consists of 45% NaOH.
The filtrate contains 45% NaOH.
a. Determine the flow rate of water removed by the evaporator, and the recycle rate for this
process.
b. Assume that the same production rate of NaOH flakes occurs, but the filtrate is not recycled.
What would be the total feed rate of 40% NaOH have to be then? Assume that the product
solution from the evaporator still contains 50% NaOH.

11




Q.4

A liquefied mixture has the following composition: n-C4Hip 50% (MW=58), n-CsHi, 30%
(MW=72), and n-CgHi4 20% (MW=86). For this mixture, calculate: (a) mole fraction of each
component. (b) Average molecular weight of the mixture.

Q.5

Determine the extent of reaction for the following chemical reaction [A + 3B — 2C] given the
following analysis of feed [A 100 g, B 50 g and C 5 g] and product [C 90 g]. Also, determine the g
of A and B in the product. (MW: A 28; B 2; C 17)

Q.6
Pure carbon is burned in oxygen. The flue gas analysis is: CO; 75 mol1%, CO 14 mol% & O, 11
mol%. What was the percent excess oxygen used?

Q.7

A mixture of air and benzene contains 10 mole% benzene at 43°C and 105 kPa pressure. At what

temperature does the first liquid form? What is the liquid? (1 kPa = 7.502 mm Hg)

Antoine equation constants A B C Pressure is in mm Hg
Benzene 15.9008 | 2788.51 | -52.36 TisinK

Q.8

You measure that 0.00220 Ib mol of a certain gas occupies a volume of 0.95 ft® at 1 atm and 32°F.
If the equation of state for this gas is pV = nRT(1 + bp), where b is a constant, find the volume at 2
atm and 71°F. (hint: calculate R from Standard Conditions for the Ideal Gas)

Q.9
Calculate the number of degrees of freedom from the phase rule for the following materials at
equilibrium:

(a) Pure liquid benzene.

(b) A mixture of ice and water only.

(c) A mixture of liquid benzene, benzene vapor, and helium gas.

(d) A mixture of salt and water designed to achieve a specific vapor pressure.

(e) A vessel contains air: N, (g), O, (g), and Ar (g). Repeat for a vessel one — third filled with liquid

ethanol and two — thirds filled with N, plus ethanol vapor.

Dr. Ahmed Faiq Al-Alawy
September / 2010
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Q.1

Figure Q.1 shows a three — stage separation process. The ratio of Ps/Dj3 is 3, the ratio of P,/D; is 1, and
the ratio of A to B in stream P, is 4 to 1. Calculate the composition and percent (wt %) of each
component in stream E.

B 0.23 ‘A B 010 (no C)
C o027 C o073 .
1.00 1.00 Figure Q.1
F=100kg Py Py Py A 0.70
— - —— > '
0.50 A @ @ @ B 0.30
0.20B B 1.00
0.30C I
E

Q.2
Ethyl ether (C,Hs0C,Hs, MW= 74) is made by the dehydration of ethyl alcohol in the presence of

sulfuric acid at 140°C:

2C,H;OH — C,Hs0C,H; + H,0
Figure Q.2 is a simplified process diagram. If 87% conversion of the alcohol fed to the reactor occurs
per pass in the reactor, calculate: (a) kg mole per hour of fresh feed, and (b) kg mole per hour of recycle.
——Pure diethyl ether (1200 kg/hr)

93% H,504 l Figure Q.2

7% Ha0 1 Waste

Sulfuric acid
Ether Alcohol and water
Reactor separation separation

Dilute
H2504 solution
Fresh feed Recycle
95% alcohol 92% alcohol

5% water 8% water

Q.3
Figure Q.3 is a schematic of a process for the production of flake NaOH, which is used in households to
clear plugged drains in the plumbing (e.g., Drano).

w
H,0

[ ;

A 95% NaOH Filter
10,000 Ib/hr 50 wi% i Cake
»| Evaporator ———— Crysta[llzer >
40 wt% NaOH  } NaOH and Filter 5% (a 45 wi% Figure Q.3
solution of NaOH) !

R
Filtrate 45 wt% NaOH

a. Determine the flow rate of water removed by the evaporator, and the recycle rate for this process.

b. Assume that the same production rate of NaOH flakes occurs, but the filtrate is not recycled.
What would be the total feed rate of 40% NaOH have to be then? Assume that the product
solution from the evaporator still contains 50% NaOH.

13




Q.4

A well known reaction to generate hydrogen from steam is the so called water gas shift reaction:

CO + H,0 2= CO, + H,. If the gaseous feed to a reactor consists of 30 moles of CO per hour, 12
moles of CO, per hour, and 35 moles of steam per hour at 800 °C, and 18 moles of H, are produced per
hour, calculate (a) The limiting reactant. (b) The excess reactant. (c) The fraction conversion of steam to
H,. (d) The degree of completion of the reaction. (e) The kg of H, yielded per kg of steam fed. (f)The
moles of CO, produced by the reaction per mole of CO fed. (g) The extent of reaction. [MW of H, =
2.016, MW of H,0 = 18]

Q.5
(A) Moist hydrogen containing 4 mole percent water is burnt completely in a furnace with 32 % excess
air. Calculate the Orsat analysis of the resulting flue gas.

F (mL» Furnace —P(mfl)
HZ . Hzo
H,0 Air mol fr. N,

N, 0.79 A (mol) 0,

0, 0.21

(B) The contents of a gas cylinder are found to contain 20 percent CO,, 60 percent O, and 20 percent N,
at a pressure of 740 mm Hg and at 20 °C. What are the partial pressures of each component? If the
temperature is raised to 40 °C, will the partial pressures change? If so, what will they be?

Q.6

(A) A starting stock solution has a specific gravity of 1.075 and contains 12.7 wt% sugar. If all the sugar
is assumed to be C;,H,,011, determine (a) kg sugar/kg H-O. (b) Ib solution/ft® solution. (c) g sugar/L
solution. (Density of H,O = 1 g/cm®, 1 Ib =454 g, 1 L = 1000 cm®, 1 ft = 30.48 cm)

(B) A natural gas has the following composition: CH4 87%, C,Hg 12% and C3Hg 1%. (1) What is the
composition in weight percent? (2) What is the composition in volume percent? (3) What is the average
molecular weight? (4) How many m* will be occupied by 80 kg of the gas at 9 °C and 600 kPa? (5) What
is the density of the gas in kg/m® at SC? (6) What is the specific gravity of this gas at 9 °C and 600 kPa
referred to air at SC? [(CH4, MW=16), (C,Hs, MW=30), (C3Hg, MW=44), MW of air = 29, 1 atm =
101.3 kPa, and R = 8.314 kPa m®/kg mol K]

Q.7
(A) If 100 g of Na,SO4 (MW=142) is dissolved in 200 g of H,O (MW=18) and the solution is cooled

until 100 g of Na,S0O,4.10H,0 crystallizes out; find (a) the composition of the remaining solution (the
mother liquor) and (b) the grams of crystals recovered per 100 g of initial solution. (Note: Unsteady-
State process).

(B) Examine figure Q.7. Qil (density = 0.91 g/cm®) flows in pipe, and the flow rate is measured via a
mercury (density = 13.546 g/cm® manometer. If the difference in height of the two legs of the
manometer is 0.78 in., what is the corresponding pressure difference between points A and B in mm Hg?
At which point, A or B, is the pressure higher? g = 9.8 m/s?, 1 m = 100 cm, 1 in. = 2.54 cm, 1 kg = 1000
g, 1 atm = 760 mm Hg, 1 atm = 101.3 kPa, 1 kPa = 1000 pa)

Oil ——= -

A 8

Y
g bCL'."E! Inches

Dr. Ahmed Faiq Al-Alawy

6oop LUCIr June /2011
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Answer Five Questions only

Q.1
(1) a. How many ppm are there in 1 ppb? b. Is the density and specific gravity of mercury are the same?
Why? c. What is g.? What are the value and units of g. in the SI system?

(2) The following equation: k =1.2*10° exp (- 20000/1.987 T), the units of the quantity 20000 are
cal/mol, k is in (mol/cm®.s) and T is in Kelvin. What are the units of 1.2*10° and 1.9877

(3) A solution in water contains 1.704 kg of HNO3/kg H,0O, and the solution has a specific gravity of 1.382 at
20°C. What is the mass of HNO; in kg per cubic meter of solution at 20°C? pyz0 = 1000 kg/m®

0.2

A triple effect evaporator is designed to reduce water from an incoming brine (NaCl + H,O) stream. If
the evaporator unit is to produce 14,670 Ib/hr of NaCl, determine:

a. The feed rate of brine in Ib/hr.
b. The water removed from the brine in each evaporator.
The data are shown in the accompanying figure.

CV3 mass fr.
|l H.0 100

- mass fr. |I~
| H,0 1.00

Brine

F Ib/hr

mass fr.
NaCl 0.25
H.0 0.75

P3 =14670 Ib/hr

mass fr. mass fr. mass fr.
NaCl 0.33 NaCl 0.5 NaCl 0.97
H,O 0.67 H,O 05 H,O 0.03

Q.3

The product gas analyzed 6.4% COg, 0.1% O,, 39% CO, 51.8% H,, 0.6% CH,, and 2.1% N.. It enters
the combustion chamber at 90 °F and a pressure of 35 in. Hg, and is burned with 40% excess air (dry)
which is at 70 °F and the atmospheric pressure of 29.4 in. Hg; 10% of the CO remains unburned. How
many cubic feet of air are supplied per cubic foot of entering gas? How many cubic feet of product are
produced per cubic foot of entering gas if the exit gas is at 29.4 in. Hg and 400 °F? [R = 21.83 in. Hg
ft2/Ib mol °R]

90° F and 35.0 in. Hg 400° F ond 29.4 in. Hg
Gas 100 Ib mol Product
-1 Combustion -
Comp. % = mol P Ib mol
co, 6.4 Air 4 =21 (Ib mol) co, ?
gf) 0.1 0, 0.21 H0 ?
39.0 N, 0.79 co ?
Hz 51.8 e 0 ?
CH, 0.6 | 1.00 Ny 2
N, 2.1 40% xs
100.0 70° F ond 29.4 in. Hg

15



Q.4

Immobilized glucose isomers is used as a catalyst in producing fructose from glucose in a fixed-bed
reactor (water is the solvent). For the system shown in Figure, what percent conversion of glucose
results on one pass through the reactor when the ratio of the exit stream to the recycle stream in mass
units is equal to 8.33? The reaction is

Ci2H201p — CyoHpOqy

Glucose Fructose
Recycle
Feed Fixed - Bed Product
40% Glucose 4% Fructose Reactor

in Water

0.5

In a process for the manufacture of chlorine by direct oxidation of HCI with air over a catalyst to form
Cl, and H,O (only), the exit product is composed of HCI 4.4%, Cl, 19.8%, H,O 19.8%, O, 4%, and N,
52%. What was

a) The limiting reactant?
4HC1+0,—2C1,+2H,0
b) The percent excess reactent?

c) The degree of completion of the reaction? MW 354532 710 18
d) The extent of reaction?

0.6

Two tanks containing N at the following conditions sit next to each other

Tank A Tank B

Volume (m3) 1 5
Temperature (°C) 25 40
Pressure (kPa) 300 ?
Amount of gas (g mol) ? ?

After the two tanks are connected and reach equilibrium, the conditions in the combined tanks are 700
kPa and 35 °C. What was the pressure in Tank B? [R = 8.314 kPa m*/kg mol K, 1 kg = 1000 g]

Dr. Ahmed Faiqg Al-Alawy
September / 2011

c00D LUCIr

16



=)

20 University of Baghaad
:Z Chemical Engineering Department
dungigl] ﬂ gg . . .
diglell 27 Final Examination
. . 2011/2012 Class: First
Subject: Chem. Eng. Principles :
4 g. 1Ancip. Time. 3 hours

Examiner: Dr.Ahmed Faiq Al-Alawy Date: 19/06/2012

ATTEMPT FIVE QUESTIONS ONLY

Q.1 Benzene (CgHg) is converted to cyclohexane (CgHi2) by direct reaction with Hy. The fresh feed
to the process is 260 L/min of C¢Hg plus 950 L/min of H, at 100 °C and 150 kPa. The single pass
conversion of H; in the reactor is 48% while the overall conversion of H; in the process is 75%.
The recycle stream contains 90% H, and the remainder benzene (no cyclohexane). See Figure Q.1
a) Determine the molar flow rates of H,, C¢Hs, and CgHj2 in the exiting product.
b) Determine the volumetric flow rates of the components in the product stream if it exits at
100 kpa and 200 °C.
c) Determine the molar flow rate of the recycle stream and the volumetric flow rate if the
recycle stream is at 100 °C and 100 kPa. (Gas constant R = 8.314 (m®kPa)/(kgmol.K),

1 m®=1000 L)
Recycle gas stream, R
90% Hjp, 10% Cg Hg
4 Figure Q.1
Feed feed (gas)
at100°Cand 150kPa __ ¥ | pgoocior Separator P (gas) ge Hg
260 L/min of Cg Hg ep . h

950 L/min of H, 612

Q.2 Several streams are mixed as shown in Figure Q.2. Calculate the flows of each stream in
kg/min (A, B, C, D and E and the composition of C).

Yo

o 2.0 HCI
h 2.0 H,S0,
4.0 NaCl p .. 96.0 HO -
5.0 HCI - '
87.0 H0 C P E HCl 15
- ‘H,S0, 1.5
H,O 97.0
% B -
9.0 "Inert solid F =290 kg/min Figure Q.2
91.0 HO %
NaCl 1.38
HCI 2.55
H,80, 2.21
H,0 92.32
inernt Solid  1.55

Page 1 of 2
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0.3 (A) What is the mass of 1 m* of H, (MW = 2) at 5°C and 110 kPa? What is the specific gravity
of this H, compared to air (MW = 29) at 5°C and 110 kPa?

(B) A U-tube manometer is used to determine the pressure drop across an orifice meter. The liquid
flowing in the pipe line is a sulfuric acid solution having a specific gravity (60°/60°) of 1.250. The
manometer liquid is mercury, with a specific gravity (60°/60°) of 13.56. The manometer reading is
5.35 inches, and all parts of the system are at a temperature of 60°F. What is the pressure drop
across the orifice meter in psi? (1 ft = 12 in, density of H,O = 62.4 Ib/ft?, g = 32.2 ft/s?)

Q.4 Formaldehyde (CH,O) is produced industrially by the catalytic oxidation of methanol
(CH30H) according to the following reaction:

CH;OH + 1120, = CH,0 + H,0 o

Unfortunately, under the conditions used to produce formaldehyde at a profitable rate, a significant
portion of the formaldehyde reacts with oxygen to produce CO and H-0, that is,

CH,0 + 120, — CO + H,0 @)

Assume that methanol and twice the stoichiometric amount of air needed for complete conversion
of the CH3OH to the desired products (CH,O and H,0) are fed to the reactor. Also assume that
90% conversion of the methanol results, and that a 75% yield of formaldehyde occurs based on the
theoretical production of CH,O by Reaction 1. Determine the composition of the product gas
leaving the reactor.

Q.5 Sulfur dioxide may be converted to SOz, which has many uses including the production of
H,SO, and sulphonation of detergent. A gas stream having the composition shown in Figure Q.5 is
to passed through a two-stage converter. The fraction conversion of the SO, to SOz (on one pass
through) in the first stage is 0.75 and in the second stage 0.65. To boost the overall conversion to
0.95, some of the exit gas from stage 2 is recycled back to the inlet of stage 2. How much must be
recycled per 100 Kg moles of inlet gas (stream F)? Ignore the effect of temperature on the
conversion.

SO, 100% SO, ,
0, 9.0% o 1 > 2 > > SO, Figure Q.5
Np 81.0% > 0,
N
R (kg mol) )

Q.6 Acrylonitrile is produced in the reaction of propylene, ammonia, and oxygen:

C3Hg + NH3 + 1.50, —_— C3H3N + 3H,0
The feed contains 10 mole% propylene, 12% ammonia, and 78% air. A fractional conversion of
30% of the limiting reactant is achieved. Taking 100 gmol of feed as a basis, determine which
reactant is limiting, the percentage by which each of the other reactants is in excess, and the molar
amounts of all product gas constituents for a 30% conversion of the limiting reactant.

Page 2 of 2
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Q.1
Figure Q.1 shows a schematic for making fresh water from sea water by freezing.
a. Determine the flow rates of streams W and D if the feed is 1000 kg per hour?

b. Determine the flow rates of streams C, B and A per hour?

Compressor
pure water vapor, A il
1000 kg/hr | Melter Pure fresh
Chilled sea water —™| Flash freezer | Pureice | C chilled water, W
feed 3.45% NaCl '
lce + brine i
g | 4.8% NaCl "%/ f——————— Chilled brine,

D  6.9%NaCl

Q.2
As shown in Figure Q.2, the fresh feed of gas composed of 75.16% H;, 24.57% N, and 0.27% Ar

is mixed with the recycled gas and enters the reactor with a composition of 79.52% H,. The gas
stream leaving the ammonia separator contains 80.01% H, and no ammonia. The product ammonia
contains no dissolved gases. Per 100 moles of fresh feed:

1. How many moles are recycled and purged?

2. What is the percent conversion of hydrogen per pass?

3 Hg +N3 — ENH_q

N,
Ez Reactor | ] Separator | NH, (Liquid)
Ay
N, Hy, Ar
2 y » Purge (Gas)
Recycle

0.3

(A) 30% of a compound A is converted to B on a single pass through the reactor, as illustrated in
Figure Q.3, calculate the value of R, the recycle, on the basis of 100 moles of fresh feed, F.

Fresh Feed F G | Reactor Product
100% A X, A—» B 100% B
Recycle (R) 100% A
Page 1 of 2 Follow O
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(B) A mixture of the gases has the following composition by mass: O, 16%, CO 4%, CO, 17%,
and N, 63%. What is the molar composition? {MW(0,)=32, MW(C0O)=28, MW(CO,)=44, and
MW(N,)=28}, Basis: 100 g of the mixture.

Q.4

20 ft* of nitrogen at 300 psig and 100 °F and 30 ft* of oxygen at 200 psig and 340 °F are injected
into a 15 ft* vessel. The vessel is then cooled to 70 °F. Find the partial pressure of each component
in the 15 ft* vessel. Assume that the ideal gas law applies. (R = 10.73 psia ft* / Ib mol °R)

Q.5

A batch of 18.63% battery acid prepare as follows. A tank of old weak battery acid (H2SO.)
solution contains 12.43% H,SO, (the remainder is pure water). If 200 kg of 77.7% H,SO, is added
to the tank, and the final solution is to be 18.63% H,SO,4, how many kilograms of battery acid have
been made? Assume (1) An unsteady-state process (2) Steady-state process.

Added Solution 200 kg = 4

H,80, 77.7%
HO0  22.3%

System
'

HoS0, 12.43% —— H,S0, 18.63%
H,0 87.57% —— H,0  81.37%
Original Solution # kg Final Selution Pkg

Q.6
A well known reaction to generate hydrogen from steam is the so called water gas shift reaction:
CO +H,0 = CO, +H,.
If the gaseous feed to a reactor consists of 30 moles of CO per hour, 12 moles of CO, per hour, and
35 moles of steam per hour at 800 °C, and 18 moles of H, are produced per hour, calculate
(@) The limiting reactant.
(b) The excess reactant.
(c) The fraction conversion of steam to H,.
(d) The degree of completion of the reaction.
(e) The kg of H, yielded per kg of steam fed.
(f) The moles of CO, produced by the reaction per mole of CO fed.
(9) The extent of reaction.

Page 2 of 2
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ATTEMPT FIVE QUESTIONS ONLY

Q.1 In the process for the production of pure acetylene, C,H, (see Figure Q.1), pure methane (CHy),
and pure oxygen are combined in the burner, where the following reactions occur:

CHy + 20, —2H,0 + CO, CH, + 1%02 —2H,0 + CO 2CH, — C,H, + 3H,

a. Calculate the ratio of the moles of O, to moles of CH, fed to the burner.

b. On the basis of 100 Ib mol of gases leaving the condenser, calculate how many
pounds of water are removed by the condenser (MW H,0: 18).
What is the overall percentage yield of product (pure) C,H,, based on the carbon in
the natural gas entering the burner? In the absorber: 97% of the C,H, and essentially
all the CO, are removed with the solvent.

co, 92.5%
Fresh @nd CoHz 7.5%

Solvent
Condenser

~

A

Figure Q.1

CO, Stripper

H,0

T * Solvent Solvent

COZ and 02H2 and 02H2

Boiler

O,
CH,

Q.2 In a sulfuric acid plant, sulfur is burned in

the presence of excess oxygen to produce R (kg mol) 100% SO,

sulfur dioxide which in turn is further reacted

in the next step with oxygen in a converter to

produce sulfur trioxide. In the plant SO, along 1500°C, 1atm

with 10% excess air is fed into the converter

which operates at 1500°C and 1 atm. The per

pass conversion of SO, is 75% and overall P (kg mol)

conversion is 100%. If 10° m%hr of SO, at F (kg mol) ol mol

1100°C and 1 atm is fed to the converter, Separator S0 Xso, nso,
. Inol fr 0. Xo ng

calculate the: \ 50, 100 N XN: nNz

(a) Flow rate of the product stream P in m*/hr 6 (kg mol) T P

at 1500°C and 1 atm and its composition in .

mole percent; Fig. Q.2 A tkgmol) molfr

. 25°C 02
(b) Flow rate of the recycle stream R in m3/hr tam 019

at 1500°C and 1 atm. {1 atm=101.3 kPa, gas e
constant (R) = 8.314 kJ/kgmol.K}.




0.3 Methanol is synthesized from carbon monoxide and hydrogen in a catalytic reactor. The fresh
feed to the process contains 32 mole% CO, 64 % Hj, and 4 % N,. This stream is mixed with a
recycle stream in a ratio 5 mol recycle/1 mol fresh feed to produce the feed to the reactor, which
contains 13 mole% N,. For a basis of 100 mol fresh feed/h, calculate the production rate of
methanol (mol/h), the molar flow rate and composition of the purge gas, and the overall and single-
pass conversions.

Fresh Feed n, CH;OH
Reactor »| Condenser |

Recycle :n3N PL(I:rge y
Nz , co , Hz 2 2 112

Q.4 A natural gas has the following composition: CH4 (methane) 87% , C,Hg (ethane) 12%, CsHg
(propane) 1%. (a) What is the composition in weight percent? (b) What is the composition in
volume percent? (c) How many m* will be occupied by 80 kg of the gas at 9°C and 600 kPa? (d)
What is the density of the gas in kg/m® at SC? (e) What is the specific gravity of this gas at 9°C and
600 kPa referred to air at SC?{MW:CH, = 16, C,Hs = 30, C3Hg = 44, R= 8.314 kJ/kgmol.K }.

Q.5

(A) In a process for the manufacture of chlorine by direct oxidation of HCI with air over a catalyst
to form Cl, and H,O (only), the exit product is composed of HCI (4.4%), Cl, (19.8%), H,O
(19.8%), O, (4%), and N, (52%). What was (a) the limiting reactant? (b) the percent excess
reactant? (c) the degree of completion of the reaction? (d) the extent of reaction?.

(B) A U-tube differential mercury manometer is connected between two pipes. One pipe contains
carbon tetra chloride (sp.gr. 1.59) under a pressure of 103 kPa, and the other pipe contains oil

(sp.gr. 0.8) under a pressure of 172 kPa. Find the manometer reading h in meters. {pH.0 = 1000

kg/m®}

Figure Q.5 (B)

Q.6

(A) The density of a fluid is given by the empirical equation p = 70.5 exp(8.27 x 10" P) where p is
the density (Ibn/ft®) and P is pressure (Ib¢/in.?). (1) what are the units of 70.5 and 8.27 x 1072 (2)
Derive a formula for p (g/cm®) as a functionof P (N/m?). {1 Ib=454 g, 1 ft=30.48 cm, 1 N=0.2248
Ibf, 1 m=39.37 in.}

(B) Sulfur trioxide (SO3) can be absorbed in sulfuric acid solution to form more concentrated
sulfuric acid. If the gas to be absorbed contains 55% SO3, 41% N, 3% SO,, and 1% O,, how many
parts per million of O, are there in the gas? What is the composition of the gas on a N, free basis?
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Q.1 Figure Q.1 illustrates a steady-state process for the production of methanol. All of the
compositions are in mole fractions. The stream flows are in moles.

%

67.3 Hy

. £ o

Feed F<32.5 CO = Reactor SEpOrator  |pmmmmesmestb CHLOH CO+2H, — CH,OH
0.2 CHy 100% i

Recycle R Purge P

X Ha  Split Flgure 1
L o 20% CO

7 CH,

Note in Figure Q.1 that some CH, enters the process, but does not participate in the reaction. A
purge stream is used to maintain the CH,4 concentration in the exit from the separator at no more
than 3.2 mol%, and prevent hydrogen buildup as well. The once-through conversion of the CO in
the reactor is 18%.

Compute the moles of recycle, CH3OH, and purge per mole of feed, and also compute the purge gas

composition. M Sugar, 1000 Ib/hr

Q.2 Figure Q.2 shows the Crystallizer
process and the known data. F Cane Flgure @2

.. 16% Sugar
Calculate the compositions 2506 Water .
of every flow stream, and 59% Pulp K] 40% Sugar
the fraction of the sugar in

- Mill E p| Screen H » Evaporator | 3
the cane that is recovered 13% Sugar 15% Sugar Water
14% Pulp l

D Bagasse Solids’ G
80% Pulp 95% Pulp

Q.3 (A) Sea water is to be desalinized by reverse

osmosis using the scheme indicated in Figure Q.3 (A).

Use the data given in the figure to determine: (a) the Seawater 4.0% | Reverse [ Brine waste (B)
. 1000 Ib/hr > 0SMmosis

rate of waste brine removal (B); (b) the rate of 31%salt  salt cell 5.25% salt

desalinized water (called potable water) production

(P); (c) the fraction of the brine leaving the reverse Floure .2 (A)

osmosis cell (which acts in essence as a separator) that Desa"mze: Water

is recycled. 500 ppm salt

Brine Recycle

(B) A 400 ft® tank of compressed H; is at a pressure of 55 psig. It is connected to a smaller tank with a
valve and short line. The small tank has a volume of 50 ft and contains H, at 1 atmosphere absolute and
the same temperature. If the interconnecting valve is opened and no temperature change occurs, what is
the final pressure in the system? [The barometer reads 1 atm , 1 atm = 14.7 psia]
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0.4 A synthetic gas generated from coal has the following composition: CO, 7.2% ; CO 24.3% ; H,
14.1% ; CH4 3.5% ; N, 50.9%. (See Figure Q.4)
(a) Calculate the cubic feet of air necessary for complete combustion per cubic foot of synthetic gas
at the same conditions (Vair/Vreeq)-
(b) If 38% excess air were used for combustion, what volume of flue gas at 750 °F and 738 mm Hg
would be produced per cubic foot of synthetic gas at standard conditions (Vprod/Vreed). [R=554.55
mmHg. ft*/Ib mol. °R]
(c) Calculate the flue gas analysis for (a) and (b).

mol fr.

CcO; 0.072 F (Ib mol) ) . P (Ib mol)
Cco 0243 ——————P Combustion — 2 FI’IQMH’, R4

H.  0.141 Gas
CH, 0.035 Air T mol fr.
v )

N 0.509 A (Ib mol 0:0.21
N:0.79

Q.5 (A) Which of these three sets of containers represents respectively one mole of lead (Pb), one
mole of zinc (Zn) and one mole of carbon (C)? {Pb: MW = 207.21 & Sp Gr = 11.33, Zn: MW =
65.38 & Sp Gr=7.14, C: MW =12.01 & Sp Gr = 2.26, density of water = 1 g/cm’}

al ‘ Set3 Floure .5 (A)

b b c

(B) Thirty pounds (30 Ib) of coal (analysis 80% C and 20% H ignoring the ash) are burned with 600
Ib of air, yielding a gas having an Orsat analysis in which the ratio of CO, to CO is 3 to 2. What is
the percent excess air? {MW (C) =12, MW (H) =2, MW (air) = 29}

H,0

of

® hoo Flgure Q.5 (B)

e

®

mol fr.
0, 021

N, 079
1.00

600 Ib

Q.6 A limestone analysis CaCO3 92.89%, MgCO3 5.41% and insoluble 1.7%
a. How many pounds of calcium oxide can be made from 5 tons of this limestone?
b. How many pounds of CO, can be recovered per pound of limestone?
c. How many pounds of limestone are needed to make 1 ton of lime?
(Mol. weight: CaCO3 100.1, MgCO3 84.32, CaO 56.08, MgO 40.32, CO, 44 and 1 ton = 2000 Ib)

— CO; CaCO; —» CaO +CO,

Limestone MgCO3; —» MgO + CO;
—>

L Ca0
MgO Lime

Insoluble
24
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Q.1 Milk powder is produced in a spray w::;i; YO 8D
dryer which evaporates all of liquid  Milk = 30% (by weight) 15.000 m¥h y
(H,O, MW = 18). The operation is shown  Water = 70% (by weight) 85°C

in figure. Assuming inlet air contains no atm

water and R = 0.082 m>.atm/kgmol. K.
Caloulate: Inlet air —T \—. Dried milk powder

(i) Production rate of powdered milk. o
(ii) Molal flow rate of the inlet air.

Spray dryer

Q.2 The process shown in figure is the
dehydrogenation of propane (CsHg) to

propylene (CsHs) according to the reaction ¢ vt Ab“‘g’b‘"
CsHg —> C3Hg + H,. The conversion of > . Heac‘{ﬂr Distillation
propane to propylene based on the total propane c ':ef:ed Tower
feed into the reactor at F, is 40%. The product > °
flow rate Fs is 50 kg mol/h.

(a) Calculate the flow rates Fq, F,, F3, F4 and Fe.

(b) What is the percent conversion of propane in -
the reactor based on the fresh propane fed to the gg:f’ gat"s
process (F1). e

Q.3 All the concentrations shown in Figure of both gases and liquids are specified in weight percent.
Calculate A, F, W, B, and G in kg/h

Air D =349 kg/h
A (kg) Condenser Distillate
. _ Acetone 0.99
Water (100%) l

A Air 0.995 Water ?
W (kg)

Water ?

Absorber Distillation
Column Column

B (kg)

_;Bottom
Acetone ?

Water 0.96
G kg T

Entering Gas Acetone 0.19
Air 0.95 Water ?
Acetone ?

Water 0.02




Q.4 A producer gas with composition by volume is as follows: CO = 27.5%, CO;, = 5.3%, O, =
0.7% and N, = 66.5%. It is burnt with 20% excess air. If the combustion is 96% complete, calculate
the composition by mole of the flue gas.

Producer gas —» Furnace — Flue gas
CO=27.5%
COZ =5.3%
02 =0.7%

N, = 66.5%

TAir = 20% excess

Q.5 (A) Calculate P, R, Al, A2, and G in kg/h. A2

T 6% water
4% air Product, P

Feed 4000 kg/h Granulator G a Dryer ; 16.7% water
75% water 50% water 83.3% Solid

25% Solid 50% Solid T Al

3% water
97% air

Recycle, R

(B) A steel container has a volume of 200 m?. It is filled with nitrogen at 22°C and 1 atm pressure.
If the container valve is opened and the container heated to 200°C, calculate the fraction of the
nitrogen which leaves the container. {R = 0.082 m®.atm/kgmol. K}

Q.6 (A) Chlorine gas containing 2.4 percent O, is flowing through an earthenware pipe. The gas
flow rate is measured by introducing air into it at the rate of 115 m®min. Further down the line,
after mixing is complete, the gas is found to contain 10.85 percent O,. How many m?® of the initial
gas were flowing per minute through the pipe?

A (mol)
Air mol fr.

0O; 0.
N, 0.
1.

mol fr. mol
) . P 1 Cl x¢
Chlorine % Pipe e 0, ?](11108“ 111l wl
mol fir N-, \\7 - 11;
0.976 1.000 P
0.024
1.000

'

(B) Determine the extent of reaction for the following chemical reaction [A + 3B — 2C] given
the following analysis of feed [A = 100g, B = 50 g and C =5 g] and product [C = 90 g]. Also,
determine the g of A and B in the product. (MW: A 28; B 2; C 17)
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0.1 In the feedstock preparation section of a plant manufacturing natural gasoline, isopentane is
removed from butane free gasoline. Assume for purposes of simplification that the process and
components are as shown in Figure Q.1. What fraction of the butane free gasoline is passed through
the isopentane tower? The process is in the steady state and no reaction occurs.

Isopentane Side Stream
Ti-C5H12 100%

Isopentane

Debutanizer > Tower @

n-CsHy, 100% To Natural
100 kg | Butane Free - > —— Gasoline Plant @

. > n-C5H12 90%
Feed: n-CsHy, 80% i-CsHyp, 10%

i-CsHi, 20%

Figure Q.7

0.2 (A) Small animals such as mice can live (although not comfortably) at reduced air pressures
down to 20 kPa absolute. In a test, a mercury manometer attached to a tank, as shown in Figure
Q.2A, reads 64.5 cm Hg and the barometer reads 100 kPa. Will the mice survive?{1 atm = 101.3
kPa and 1 atm = 76 cm Hg}

Figure Q.2 (A)

64.5 cm Hg

——

(B) A medium — grade bituminous coal analyzes as follows:
Component | S | N | O | Ash | Water
wit% 2|16 11 3
The residuum is C and H in the mole ratio H/C=9. Calculate the mass fraction composition of the

coal with the ash and the moisture omitted (MW: C=12 and H=1.008).

0.3 Immobilized glucose isomers is used as a catalyst in producing fructose from glucose in a
fixed-bed reactor (water is the solvent). For the system shown in Figure Q.3, what percent
conversion of glucose results on one pass through the reactor when the ratio of the exit stream to
the recycle stream in mass units is equal to 8.33? The reaction is

Recycle

Ci2H201; — CpHp0
Glucose Fructose

Figure Q.3

Feed Fixed - Bed Product

40% Glucose 4% Fructose Reactor
in Water
27




©.4 The two reactions are:

Clz(g) + CsHe (9) —> CsHeCl (9) (2)
CsHs is propylene (propene) (MW = 42.08), CsHsC1 is allyl chloride (3-chloropropene) (MW =

76.53), C3HgCl; is propylene chloride (1,2—dichloropropane) (MW = 112.99)
The species recovered after the reaction takes place for some time are listed in Table.

SpeCiES C|2 CsHg C3;H5C1 C3H5C|2 HCI
g mol 141 651 4.6 24.5 4.6

Based on the product distribution assuming that no allyl chlorides were present in the feed,
calculate the following:
How much ClI, and C3Hg were fed to the reactor in g mol?

. What was the limiting reactant?

. What was the excess reactant?

. What was the fraction conversion of C3Hg to C3HsC1?

. What was the selectivity of C3HsC1 relative to C3HgCl,?

. What was the yield of C3HsC1 expressed in g of C3HsC1 to the g of C3Hg fed to the reactor?

. What was the extent of reaction of the first and second reactions?

Q.5 Figure Q.5 shows a three — stage separation process. The ratio of P3/Dj3 is 3, the ratio of P,/D,
is 1, and the ratio of A to B in stream P, is 4 to 1. Calculate the composition and percent (wt %) of
each component in stream E.

Dy A 0.50 D, A 0.17 Dy=10 kg

B 0.23 ‘A B 0.10 (no C)
C 027 C 0.73
1.00 1.00 Figure Q.5

F=100kg_ Py Pz Py A 0.7
0.50A @ - @ @ > B 03
0.20B > .
0.30C

E

Q.6 Two tanks containing N, at the following conditions sit next to each other

Tank A Tank B

Volume (m?) 1 5
Temperature (°C) 25 40
Pressure (kPa) 300 ?
Amount of gas (g mol) ? ?

After the two tanks are connected and reach equilibrium, the conditions in the combined tanks are
700 kPa and 35 °C. What was the pressure in Tank B? [R = 8.314 kPa m*/kg mol K]




