ENCH 445 -- Problem Set #2
Problem 1. The Antoine equation for the vapor pressure of component 7 as a function of the
temperature can be expressed as:
In(Pisa) = 4i — Bi/(T + Cy)

With the pressure given in millimeters of mercury (760 mm Hg = 1 atm) and the temperature
in Kelvins, the Antoine constants for n-hexane and n-octane are as follows:

n-hexane n-octane
Aj 15.8366 15.9426
Bi 2697.55 3120.29
C; -48.78 -63.63

Assuming that the vapor phase containing these components is an ideal gas and the liquid
phase is an ideal mixture, perform the following calculations:

a. Construct an y-x equilibrium diagram for these two components at 101 kPa (1 atm)
where x denotes the mole fraction of hexane in the liquid and y denotes the mole fraction of

hexane in the vapor.

b. Construct an y-x equilibrium diagram for a mixture of these two components at
100 °C.

¢. A liquid mixture of these two components containing 50 mole-% n-hexane is put
into an open container and heated to its bubble-point temperature. What is the composition
of the first bubble of vapor formed?

Problem 2. If a 40 mole-% ethanol, 60 mole-% water mixture at 60 °C and 1 atm is heated:

a. At what temperature does it first begin to boil? What is the composition of the
first bubble of vapor?

b. At what temperature would it stop boiling (assume no material is removed)? What
is the composition of the last droplet of liquid?

c. At 82 °C, what fraction of the original mixture is liquid?

d. When 80% has been vaporized, what is the temperature, and what are the liquid
and vapor compositions?

Use the data in Fig. 2-3 of the Wankat textbook to solve this problem.



Problem 3. A mixture of n-butane, n-pentane, and n-hexane is at 120°F and 20 psia. Liquid
and vapor are in equilibrium. If the liquid contains 0.10 mole fraction of n-butane, find the
composition of the liquid and vapor. Use the DePriester charts in the Wankat textbook (see
Figs. 2-11 and 2-12) to obtain any needed equilibrium data.

Problem 4. We wish to partly separate a mixture that is 45 mole-% benzene and 55 mole-%
toluene in a single stage flash unit. The feed rate to the unit is 700 moles/hr. Equilibrium
data for the benzene-toluene system can be approximated with a constant relative volatility of

2.5 where benzene is more volatile. The flash unit operates at 1 atm.

a. Plot a y-x diagram for this system, where y and x indicate the mole fraction of
benzene in the vapor and liquid, respectively.

b. If 60 % of the feed is vaporized, find the liquid and vapor compositions.

c. If we desire a vapor composition of 60 mole % benzene, what is the corresponding
liquid composition, and what are the liquid and vapor flow rates?

Do the following problems from Chapter 2 of the Wankat textbook (4t ed.):

Problem 5. Chapter 2: D8

Problem 6. Chapter 2: D18

Problem 7. Chapter 2: D19

Note that some or all of these final three problems may require a computer solution. If you

are using an older edition of the Wankat textbook, make sure you are working on the correct
problems (see attached problems taken from the 4" ed. of Wankat).
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rate to the first drum is 1000 kmol/h. We desire a liquid product from the first drum

that is 30.0 mol % methanol () = 0.30), The second drum operates at a fraction vapor-

ized of (V/F), = 0.25. The equilibrium data are in Table 2-7.

a. Sketch the process labeling the different streams.

b. Find the following for the first drum: vapor mole fraction y,, fraction vaporized
{VIF),, and vapor flow rate V.

¢. Find the following for the second drum: vapor mole fraction y,, liquid mole frac-
tion x,, and vapor flow rate V...

One form of the Antoine equation is log,(VP} = A —~ BT + C) where VP is in mm

Hg and T is in °C. For l-octanol, A = 6.8379, B = 1310.62, C = 136.05.

a. At 1.5 atm and 100°C, what is vapor pressure of 1-octanof in mm Hg?

b. Assuming Raouli’s law is valid, what is the K value of T-octanol at 1.5 atm and
100°C?

Your plant feeds 100 kmeol/h of a mixture that is 46.0 mol% ethanol and 54.0 mol

% water to a flash drum. Your boss thinks that results will be better with two flash

drums (same configuration as in Problem 2.D2.) with V, = 30.0 kmol/h and V, =30.0

kmol/h.

a. FindL,, L,, and x,.

b. Compare x, io the liquid mole fraction from a single flash drum with V/F = 0.60.

You want to flash a mixture with a drum pressure of 2.0 atm and a drum temperature

of 25°C. The feed is 2000.0 kmol/h. The feed is 5.0 mol% methane, 10.0 mol% pro-

pane, and the rest n-hexane. Find the fraction vaporized, vapor mole fractions, liquid

mole fractions, and vapor and liquid flow rates. Use DePriester charts. =~ -~

We wish to flash distil an ethanol-water mixture that is 30.0 wi% ethanol and has a

feed flow of 1000.0 kg/h. Feed is at 200°C. The flash drum operates at a pressure of 1.0

kg/om?® Find T, _, weight fraction of liquid and vapor products, and liquid and vapor

flow rates. ‘

Data:

Cop mon = 37.96 at 100°C, keal/(kmol°C)

Cpp w = 18.0, keal/(kmol°C)

CPV,’EtOH =14.66 +3.758 x 10-?T — 2.091 x 1075T% + 4.74 »x 107513

Coyyy = 7.88 +0.32 % 107T-0.04833 x 10-°T*

Both Cy,, values are in keal/(kmol°C), with T in °C.

Pron = 0.789 g/mL, Pw = 1.0 g/mL, MW, = 46.07, MW, = 18.016, Ay oy = 922

keal/mol at 351.7 K, and Ay, = 9.7171 keal/mol at 373.16 X.

Enthalpy composition diagram at p = 1 kg/om? is in Figure 2-4. Note: Be careful with

units.

We have a mixture that is 35.0 mol% n-butane with unknown amounts of propane

and n-hexane, We are able to operate a flash drum at 400 kPa and 70°C with x, = 0.7.

Find the mole fraction of n-hexane in the feed, 7., and the value of V/IE

An equilibrium mixture of ethylene and propylene is at 2500.0 kPa and 25°C. Find

the vapor and liquid mole fractions of ethylene. Note: This is not a gtiess-and-check

problem.

Find h, ., and D for a horizontal flash drum for Problem 2.D1c. Use b /1> = 4.

We flash distil a mixture that is 36% ethane (C2) and 64% n-butane (C4), The flash

drum operates as an equilibrium stage. We measure the outlet concentrations of

rum’
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ethane as ¥, = 0.088 and y,., = 0.546. Find Top Your Larm Parame 80 V/E, Note: This is

not trial and error.

- A flash drum is separating a mixture that is 12.0 mol% methane (C1), 48.0 mol%
n-butane (C4), and 40.0 mol% n-pentane (C5). Feed rate is 122.0 kmol/h. The feed is
partially tiquid and partially vapor at a pressure of 5.0 bar and temperature of 50.4°C,
The flash drum is at 3.0 bar and T = 36°C. Find V/I, the X values, and vapor and liquid
mole fractions.

We have a flash drum separating 500 kmol/h of a mixture of ethane, isobutane, and:

n-butane. The ratio of isobutane to n-butane is held constant at 0.8 (that is, z,.,/

Z .y = 0.8). The mole fractions of alf three components in the feed can change. The

flash drum operates at a pressure of 100 kPa and a temperature of 20°C. If the drum

is operating at V/F = 0.4, what must the mole fractions of all three components in the
feed be?

. A feed that is 50.0 mol% methane, 10.0 mol% n-butane, 15.0 mol% n-pentane, and
25.0 mol% n-hexane is flash distilled. F = 150.0 kmol/h, Drum pressure = 250.0 kPa,
drum temperature = 10°C. Use the DePriester charts. Find VIE %, v, V,and L.

. 'We are separating a mixture of acetone (MVC) from ethanol by flash distillation at
p =1 atm. Equilibrium data are listed in Problem 4.D7. Solve graphically.

a. 1000.0 kmol/day of a feed that is 70.0 mol% acetone is flash distilled. 1f 40% of
the feed is vaporized, find the flow rates and mole fractions of the vapor and liquid
products,

- Repeat part a for a feed rate of 5000.0 kmol/day,.
. Iffeed is 30.0 mol% acetone, what are the lowest possible liquid mole fraction and
the highest possible vapor mole fraction?

d. Ifwe want to obtain a liquid product that is 40.0 mol% acetone while flashing 60%
of the feed, what must the mols fraction of the feed be? A

¥ 10.0 kmol/h of a feed that is 10.0 mol% propane, 30.0 mol% n-butane, and 60.0 mol%
n-hexane is flash distilled at a drum pressure of 200.0 kPa. We (desire a Hquid that is

85.0 mol% n-hexane. Use DePriester charts. Find T gurm and V/E. Continue until your

answer is within 0,5°C of the correct answer. Note: This is a single trial and error, not

a simultaneous mass and energy balance convergence problem.

A fiash drum operating at 300.0) kPa is separating a mixture that is 40.0 mol% isobu-

tane, 25.0 mol% n-pentane, and 35.0 mol% n-hexane. We wish a 90% recovery of

n-hexane in the liquid. F = 1000.0 kmol/h. Find J X Vi VIE

. 200.0 kmol/h of a feed that is 10.0 mol% ethanol and 90.0 mol% water is separated in
a pair of flash drums. The vapor from drum 1 is partially condensed and fed to drum
2(F,=V,} I ¥, = 0.45 and V,/F, = 0.6, find VL, V, L, x, ¥, and x,. Both drums
are at 1.0 atm.

- We wish to flash distil a feed that is 55.0 mol% ethane and 45.0 mol% n-pentane. The
drumoperates p, = 700.0 kPa and Tgrum = 30°C. Feed flow rate is 100,000 kg/h.

a. Find V/E V, L, liquid mole fraction, and vapor mole fraction.

b. Find the dimensions in metric units required for a vertical flash drum. Assurme the
vapor is an ideal gas to calculate vapor densities. Use DePriester chart for VLE.
Be carefut of units. Arbitrarily pick b /D = 4, MW = 30,07, MW

1otal ethane

72.15. Liquid densities are Py = 0.54 g/ml (estimated),Pe = 0.63 g/ml.

pentane
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