CE 407 Notes
Flash distillation examples

The following problems pertain to binary mixtures of ethylbenzene (com-
ponent 1, light) and n-propylbenzene (component 2, heavy) at atmospheric
pressure. Assume validity of Raoult’s law. Use Antoine’s equation constants
from posted notes as needed.

1. Calculate the Twxy phase diagram for vapor-liquid equilibria of binary
mixtures of ethylbenzene and n-propylbenzene.

2. Using the Try phase diagram you generated for problem 1, construct the
xry equilibrium curve.

3. A feed mixture comprising 35 mole percent ethylbenzene and 65 mole
percent n-propylbenzene undergoes flash distillation with 40 percent vapor-
ization (ie., f = 0.40). What is the temperature of the flash, and what are
the compositions of the distillate and bottom product? Solve this problem
in the following three ways:

(b) by numerical computation according to the analytical (algebraic, non-
graphical) flash procedure; and

(c) using the zy equilibrium curve you generated for problem 2 according to
the graphical flash procedure.
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eneral

Pgat Antoine databank.m

(52 posted code.)

Problem 1

Pgat Antoine.m

function Psat = Psat_Antoinel i,

ksaturated vapor pressures from A

Rocomponents
ethylbenzene
%i = 2: n-propylbenzense

ii = 12;

Psat = Psat_Antoine databank( ii

£i{i) = Psat_BAntoine (i, Tbiil)

T
n

H
toine's eguation for pure substances

T );

Te0;



dpure—component boiling points

Tk = fsolwve (Bboil, [100,100]}

#Txy data

P = T80;

T = linspace(Ib(l) ,Thbi{2),21};

for k=1 : Z1
®ik] = 8= - Psat_RAntoine{2, Tik}}) ...

S (Psat_Amtoine{l,T(k)) - Psat Bntoine(Z, T(k)}));

vikl = xi{k] * Psat_Antcine(l,T{k}} / E;

¥plot T=y diagram

plot(x,T,"'-b",
v,T,'-r'}

xlim ([0 1])

vlim {[110 140])

xlabel("x, w')

vlabel ('T / degl")

title ("Ethylbenzene + n-propylbenzens at 1 atm:

Session
>» cale_Txy

Egquation solwved.

Txy diagram')}

fsolve completed because the wvector of function values is near Zerc
as measured by the default walue of the function tolerance, and
the problem appears regular as measured by the gradient.

<stopping criteria details>

Th =
136.1%34 15%.2151

==> plotc_T=xy
s
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Problem 2

Txy diagram'}

Ethylbenzene + n-propylbenzensa at 1 atm: Tyy dizgram
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Prablem 3(c)

%graphical solution of flash problem

fraporized = 0.4;

=f = 0.35;

=zh = 0_20;

vd = (- (1l - fvaporized) * xb + xf) / fvaporized;
plot{x, v, "-k',

o 11, 0 11, "-
[zf k], [=f yd], -
[0.2585], [D.432], "ro

=lim{ [0 1]}

ylim{ [0 1])

xlabel('=x")

Seagion

>> plot_flash
>

Ethylbenzens + n-propylbenzene at 1 atey graphical solution of flash
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Problem 3(h)

*define flash (feed composition and fraction vaporized)
=f {1} = 0.35;

xf {2} = 0.65;

frvaporized = 0.4;

function £ = flash{ T )
%LHS of nonlinear eguation for flash distillation of multicomponent mixture

kwritten in the form LHS = 0

kdefine flash (fraction wvaporized and feed composition)
define flash

®LHS
f=-1:
for i =1 - 2
K = Psat_BAntoine (i, T} / Tel;
£ =f + xf(i) / (Evaporized * (K - 1)} + 1l):
end
end

dtemperature of flash
T = fsolve (Bflash,100.0)

*product compositions from flash

define flash

for i=1: 2
K = Psat_Antoine(i,T) 7 Tel;
xb(i) = =f(i) / (fvaporized * (K - 1)} + 1l}:
ydii) xb(i) * K;

end

wd



Session

>» solwve_analytical_ flash

Eguation solwed.

fsolwve completed because the wector of function wvalues is near =zero
as measured by the default wvalue of the function tolerance, and

the problem appears regular as measured by the gradient.

<stopping criteria details>

150.9604
b =
0_2953 0.7048
:.'d_ =
0.43z21 0.567%
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