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Abstract—Multi-stage distillation column for the concentration of nitric acid was completely analyzed. Composi-
tion, hold up and enthalpy changes (CHE) are considered in the MESH equations and thus for binary systems, the
steady states can be expressed as the solutions of 3 (N+ 1) nonlinear algebraic equations for column of N stages and a
reboiler stage. Here, Solving the hold up and enthalpy balance equations analytically the liquid and vapor flow rates
are obtained as the functions of concentraion of each stage and the number of equations reduced to (N+ 1). For this
system, Newton-Raphson method and implicit function theorem are applied to obtain the steady state behavior
depending on the change of opeartion parameters such as feed stage, feed concentration, temperature, reflux flow rate
and reboiler heating rate, and consequently the optimal operating conditions are suggested.
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Fig. 2. Experimental & correlated vapor-liquid
equilibria for the HNO,-H,0 system.
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Table 1. Equilibrium correlation coefficients.

n Cl C2 C3 C4 C5 CG

6 .110046 0.432360 26.3391 -75.9125 77.6317 -27.6007
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Table 2. Modified Antoine eq’n coefficients.

n AX)  a, ay ap

AX) 11.775 -36.9208 -18.7258
2 A,X) -3888.5 2.42056 x 10* -4.10758 x 104
AyX)  230.0 -8.94863 x 102 -1.67341 x 103

Table 3. Enthalpy coefficients of HNO4-H,0 system.
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Fig. 3. Experimental & correlated total pressure

of nitric acid solutions.

component
property H,0 HNO,
Heat capacity b, by by by b, by
Liquid phase 18.0 0.0 0.0 7.56 0.0 0.0
Vapor phase 8.22 0.8 x 104 9.8802 x 103 12.75 0.0 7.12x 103
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NOMENCLATURE

A; : Antoine coefficients
a; : Correlation coefficients in Equation (17)
b, : enthalpy coefficients in Equation (18)
¢ : Number of components
C, : Equilibium correlation coefficients in Equation

(12)
E, : Murphree tray efficiency
F, : Feeding rate to the ith stage (mol/min)
G, : See Equation (10)
h : Molar enthalpy (cal/mol)
L; : Liquid flow rate leaving the ith stage (mol/min)
N : Number of stages
P . Pressure (atm)
p : Independent operation parameter
Q; : Heat input to the ith stage (Kcal/min)
R : Reflux flow rate (mole/min)
T : Temperature (°C)
V; : Vapor flow rate leaving the ith stage (mol/min)
x; : Mole fraction of nitric acid in liquid phase of the

ith stage
x. : Azeotropic mole fraction of nitric acid
y;  Mole fraction of nitric acid in vapor phase of the

ith stage
Superscripts

: Feed
: Liquid

Sl sl4d 257

R : Reflux

V : Vapor

Subscripts

B : Bottom

T : Top
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