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SEPARATION SCIENCE AND TECHNOLOGY, 30(14), pp. 2933-2936, 1995 

TECHNICAL NOTE 

Phase Temperature Differences in Binary Distillation 

GALEN A. GRIMMA, JR. 
5323 LAWN ARBOR DRIVE 
HOUSTON, TEXAS 77066-1605 

ABSTRACT 

Assuming bubble point liquid and dew point vapor to coexist in a simple distilla- 
tion column, equations are given describing the maximum sectional phase temper- 
ature differences for binary systems which are assumed to be completely sepa- 
rated. 

If, in a packed distillation column, we assume that vapor is at  its dew 
point and liquid at its bubble point, we find that the temperature ( t v )  
of the vapor leaving a differential element of packing is higher than the 
temperature of the liquid ( t l )  leaving that same element. Plug flow is as- 
sumed. This phenomenon also occurs, to a lesser extent, for perfectly 
mixed trayed columns, particularly those with low Murphree efficiency 
( E M ) .  That is, the temperature of the vapor leaving a tray is greater than 
that of the liquid leaving the same tray. This phase temperature difference 
arises because the phases are not in equilibrium. For a binary system, the 
temperature difference is present at all reflux rates, is greatest at total 
reflux, and increases with increasing alpha value. For a perfect binary 
separation, the phase temperature difference is zero at the top and bottom 
of a column because we have pure components at  these points. The tem- 
perature difference is always zero for a theoretical equilibrium stage (TES) 
anywhere in the column. 

We see now that, while there is only a single temperature profile for a 
staged column, there are two temperature profiles for a packed or trayed 
column; one for the vapor phase and one for the liquid phase. We may 
estimate the magnitude of the maximum temperature difference for a 
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2934 GRIMMA 

packed column as well as for an actual trayed column if we assume a 
perfect binary separation. As a K-value generator, we choose 

In(K) = a + b't  (1) 

as a compromise between physical reality and mathematical convenience. 
The resulting equation for the stripping section is given in terms of the 
fraction of the difference between distillate (fd) and bottoms ( t b )  tempera- 
tures, which are here the boiling points of the light key (LK) and heavy 
key (HK) at system conditions. 

\-I 
fb - fd In a 

The EMV term allows estimation of ( t ,  - fl) for perfectly mixed actual 
trays. EMV is zero for packed columns and unity for TES columns (per- 
fectly mixed phases in equilibrium). For the latter case, the maximum 
temperature difference is found to be zero, as expected. For perfectly 
mixed actual trays, EMV is between zero and one. The LIV term permits 
calculation a t  partial reflux. At total reflux LIV is unity. The value of xLK 

at the maximum temperature difference gives an indication of the location 
of the maximum. For the stripping section 

XLK = [cxVIL - 1]/[2(~~ - I)] ( 3 )  
W n a x A  f S S  

Note that  EM^ does not appear in Eq. (3). 

the maximum value of (r, - t l ) :  
For the rectifying section in a perfect binary separation we obtain for 

fb - fd lna (4) 

The value of XHK at the point of maximum temperature difference is 
given by 
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PHASE TEMPERATURE DIFFERENCES FOR BINARY SYSTEMS 2935 

When K ,  are represented by Eq. ( I ) ,  the maximum values of the left- 
hand sides of Eqs. (2) and (4) occur at total reflux. These “maximum 
maximum” values are given by 

[ (1 - I n ] + -  

(6) 

At total reflux, the value of XLK associated with Eq. (6) is always 0.5 
and is independent of E M v .  

Values estimated by Eq. (6) vary from zero at  an alpha of unity to unity 
at an alpha of infinity. If the EML model is used for actual trays or packing, 
merely replace EMV in Eqs. (2), (4), and (6) with E M L .  

( t v  - t x : ;  - L 4a 1 - 
tb - fd  lnci 

EXAMPLE PROBLEM 

A binary with equimolal feed composition at its boiling point is being 
separated by a packed column into 99.9% pure top and bottom products. 
This approximates perfect binary separation. Assuming Eq. (1) to hold, 
we will determine the maximum phase temperature difference ( t ,  - t , )  
in A) the rectifying section and B) the stripping section if the reflux-to- 
feed molal ratio is 1.5 and the relative volatility ratio (alpha) is 2.0. Then, 
C) at total reflux, we will determine the maximum temperature difference 
for the system. We will choose the EM” model and assume constant molal 
overflow. 

A. 

B. 

C. 

For a packed column, EMv is zero. The top product rate is 0.5 mole 
per mole of feed. L/VRs is l .Y( l .5  + 0.5) = 0.75. From Eq. (4), ( tV - 
tl)max is 5.9% of the temperature difference between top and bottom 
products. The value of XHK at this maximum is 0.3333 by Eq. (5). 
LIVSS is (1.5 + 1.0)/2.0 = 1.25. From Eq. (2), ( t ,  - f l L x  is 7.9% 
of the temperature difference between top and bottom products. The 
value of XLK at this maximum is 0.3000 by Eq. (3). 
From Eq. (6), ( t ,  - t , ) ~ ~ ~  is 17.0% of the products temperature dif- 
ference. 

NOMENCLATURE 

a ,  6’ 
alpha, a 

generic constants in equilibrium constant equation 
volatility of light key relative to heavy key, assumed to be 
a constant value 
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2936 GRIMMA 

delta, A 
b 
d 
EML 
EMV 
HK 

K 
1 
L 
LIV 
LK 
RS 
ss 
t 

V 

I 

V 

X 

difference (temperature) 
in bottoms 
in distillate 
Murphree liquid efficiency 
Murphree vapor efficiency 
heavy key component (also used as a subscript) 
general component designator 
equilibrium constant of a component = y( i ) /x(  i) 
liquid phase designator 
liquid flow, molhime 
slope of the operating line (molar) 
light key component (also used as a subscript) 
denotes rectifying section 
denotes stripping section 
temperature 
vapor phase designator 
vapor flow, mol/time 
liquid phase mole fraction of a component 

ReceiL,ed by editor September 26. 1994 
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