Ponchon Savarit Method for Binary Distillation

Graphical Multistage Calculations:
Features:

» Stage to stage calculations

No need to make CMO assumption (.. any set of consistent units can be used)
Hxy diagrams must be available

VLE data must be available

Limited to binary systems
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VLE data + Hxy diagram —> graphical solution of material and energy balances

Working Equations:

Top Section:
Material balance:

yTl—l'VTl—l == xn.Ln + D.xD

Eliminate D: V,,_; =L, +D

Lp _ Xp—=Yn-1
Vn-1 XD—Xn

Enthalpy Balance:

! ! Q
VTL—l' hV,n—l == Ln. hL,TL + D. Q ) Q = hD + =<

This represents the mixing line on an Hxy diagram OR V,,_; — L,, = AD.

It also represents a family of straight lines passing through points V,,_4, L,, and a common
point AD. The coordinates of these points are obtained as follows:

Eliminate D from enthalpy balance:

Ln Q,_hV,n—l __ XD Yn-1

- [
Vn-1 Q' —hpn XD—Xn

This is a straight line equation passing through points:

V-1 (Yn-1 hV,n—l )
Ln (xn ’ hL,n )
AD (xp , Q)



Stream Ratios:

In__ A'%# Ln _ AD, V4 Vi1 — AD, Ln
Va1 AD Ly D Ln,V,_4 D Vn—l . L,

Location of AD point:

AD, V
L ’
Knowing the reflux ratio — = R = —— N
D Lp  Vip
Point AD can be located very easily (specially for reflux at bbpt)

Total Condenser:

We need R and hy, since hy,  is fixed on saturated vapour line.

Partial condenser:

Saturated vapour is withdrawn and point D is on saturated vapour line.



Bottom Section:

Material balance:

yme = Xm+1 Zm+1 — xg B
B= Lpi —Vp
Eliminate B
Zm+1 _ Ym — XB
Vm Xm+1 — XB
Enthalpy Balance:

th Vn = th+1 l_‘m+1 — hgB + Qp
th Vm = th+1 Zm+1 - BQB

%

Qg = hp B

Eliminate B from enthalpy balance: B = Emﬂ — Vm

th 17m = hl_,m+1 zm+1 - (zm+1 - Vm) Q};

— th — U Ym — XB

Vi hi,,, Q5 Xmt1— Xp

Lm+1
This represents another family of straight lines passing through points:
I7m (ym ’ th )

Zm+1 (xm+1 ’ hl_,mﬂ )

AW (xB ) Q")



Overall Balances:

Total: F=D+B
Component balance: ZrF=Dxp+Bxs
Enthalpy balance: Fhe+ Qe =Dhp+Bhg+Qc

Substitute for F and rearrange:

D_hF_Q” Zp — Xp

B_ Q’—hpsz—ZF

This is a straight line passing through points:

F (Z|: ) h|:)

AD X0, Q)
AW (Xs, Q)



Feed location and number of trays:

Feed location:

> In the process of solving material and energy balances, each tie line represents an equilibrium stage

» The optimum feed stage location is where an equilibrium tie line crosses the line ADFAW

» The change of difference point is made at this stage

Number of stages:
» Starting at the top of the column and using the AD difference point, the construction of operating
lines and equilibrium tie lines is continued until the feed stage

> A change of difference point is made at the feed stage.

» Construction of equilibrium stages is continued until a tie line crosses the vertical at xs
» The number of stages including the reboiler (partial) is equal to the number of tie lines.

Limiting conditions

Minimum Number of plates (Total Reflux)

{D =0 - Point AD at Oo} Operating lines are parallel and vertical
R= o — Point AW at — oo ~Poaing P

Minimum Reflux ratio:

This condition is obtained when AD and AW are located in such a way so that ADFAW and a tie
line coincide



