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S
Total material Component A
Moles in 0 0
Moles out dD y*dD
Moles accumulated dL d(Lx) = Ldx + xdL
In—out = accumulation 0—dD=dL 0 — y*dD = Ldx + xdL
*dIL = Ldx 4+ xdL
by alalag d

f;% B ln% - j.:y*df x






Nlustration 9.6 Suppose the liquid of Illustration 9.4 (50 mol % n-heptane (A), 50 mol %
n-octane (B)] were subjected to a differential distillation at atmospheric pressure, with 60 mol %
of the liquid distilled. Compute the composition of the composited distillate and the residue.

SOLUTION Basis: F = 100 mol. x; = 0.50, D = 60 mol, W = 40 mol. Eq, (9.42):

100 _ _ (050 dx
In 0 - 0.916 = Wy —x
The equilibrium data are given in Illustrations 9.1 and 9.4. From these, the followng are

calcuiated:

x 0.50 0.46 0.42 0.38 0.34 0.32
y* 0.689 0.648 0.608 0.567 0523 0.497
1 /(y* = x) 5.29 532 532 5.35 5.50 5.65

x as abscissa is plotted against | /(y* — x) as ordinate, and the area under the curve obtained
beginning at x, = 0.50. When the area equals 0.916, integration is stopped; this occurs at
xy = 033 mole fraction heptane in the residue. The composited distillate composition is
obtained through Eq. (9.43),

100(0.50) = 60y, . + 40(0.33)
¥p. sy = 0.614 mole fraction heptane
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Mol wt methanol = 32.04, mol wt water = 18.02

_ 5000(0.50) , 5000{0.50)

F=—=0 18.02

= 78.0 + 138.8 = 2168 kmol/h  2F = 0.360

- 95/32.04 _ 294
D™ 9573204 + 5/18.02 3217

= (915 mole fraction methanol

- 1/32.04 _ 00312
W= T/32.04 + 99/18.02 ~ 5.53

= (),00565 mole fraction methanol

—

2168=D + W I D = 844 kmol/h

216.8(0.360) = D(0.915) + W(0.00565)




To compute enthalpies of saturated liquids, consider the case of x = 0.3 mole fraction
methanol, M,, = 22.2. The bubble point = 78.3°C, heat capacity = 3852 J/kg - K, and the
heat of solution = 3055 kJ evolved /kmol methanol.

AHg = — 3055(0.3) = — 916.5 kJ /kmol solution, Therefore, Eq. (9.10):
H, = 3,852(78.3 — 19.69)22.2 — 916.5 = 4095 kJ /kmol

To compute the enthalpy of saturated vapors, consider the case of y = 0.665 mole fraction
methanol. The dew point is 78.3°C. At this temperature the latent heat of methanol is
1046.7 kJ /kg, that of water is 2314 kJ /kg. The heat capacity of methanol is 2583, of water 2323
J/kg - K. Eq. (9.11):

H; = 0.665[2.583(32.04)(78.3 — 19.69) + 1046.7(32.04)]

+ (1 — 0.665)(2.323(18.02)(78.3 — 19.69) + 2314(18.02)]
= 40 318 kJ /kmol

For the feed, AHs = — 902.5 kJ/kmol. Heat capacity of the feed 3852 J /kg - K

Hy = 3.852(58.3 — 19.69)(23.1) — 902.5 = 2533 kJ /kmol
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 Underwood eq.

Apk—tk <P < A_px =

Ai_hk <O < Ay_p =

etk < P> < Ai_pk
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