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Abstract-Individual mass transfer coefficients are measured under conditions where the involved overall 
resistance to the process is due mainly to one of the phases. The difficulty in reaching such conditions in 
distillation and the analogy of this unit operation with absorption suggest the use of individual coefficient 
correlations obtained in absorption experiments to design distillation columns. In this work a semi- 
empirical equation relating coefficients with physical properties of the two phases of distillation was 
obtained. The comparison among values of the mass transfer coefficients obtained by this equation and 

by the one determined from absorption experiments shows an acceptable agreement. 

1. INTRODUCTION 

NOWADAYS, a progressive tendency is observed 
towards the substitution of tray columns by packed 
bed columns in most of the mass transfer operations 
such as absorption and distillation. There are two 

important reasons for this change. The first one is that 
the new packing type allows a good distribution and 
flow of phases with a high interfacial contact area 
and low energy consumption; the second one is the 
decrease in several costs (column, support, etc.) due 
to the design of new, light, resistive packings. 

To design this kind of column it is necessary to 
know the mass transfer resistance and the interfacial 
surface, with a complex geometry, between both 
phases. These phenomena may be described by the 
individual mass transfer coefficients (ko and kL) and 
by the specific interfacial surface, a, defined for the 
corresponding type, size packing. 

Generally, the experimental determination of k,, 
k, and u-values is easy in absorption compared with 
distillation, where the experimental conditions make 
it difficult to assume that mass transfer resistance is 
due just to one of the phases. 

For a binary system, according to Fick’s law, the 
molar flux of component i, N,, may be expressed as : 

N, = Y”‘---)‘I = 
x, -x,,, Y,< -Y, X;-_X,, 

1 1 1 1 (1) 

Assuming equilibrium at the interfacial surface, the 
overall coefficients are calculated as a function of the 
individual coefficients by means of 

1 I, 
_~~ = 1 t_ m = m_ 
KG,P k,,p h,ct k,c, 

(2) 

t Author to whom correspondence should be addressed. 

in a differential element, dA, with the following 
definitions for m’ and mn : 

m’=_, &Y, Y* -Yz, 

xi -To x,-xi (3) 
E 

Traditionally in mass transfer analysis of the dis- 
tillation processes, the assL7mption of equimolar 
transfer (Nt = z=, N, = 0) establishes one of the 
major differences with the absorption processes. 
Therefore, the use of absorption coefficient cor- 
relations to determine distillation coefficients implies 
the corresponding modifications of the equations. 

Different authors using wetted-wall columns [l-8] 
and Raschig ring bed columns [9, IO] in the dis- 
tillation process achieved results pointing out that 
most of the resistance was in the vapor phase. Other 
authors, however, using packed bed columns [4, 1 l- 
151 and wetted-wall columns [ 161 concluded that 
resistance in the liquid phase may reach appreciable 
values. Finally, another research group found that the 
overall resistance to mass transfer was a function of 
phase composition [ 171. 

From these results and with a view to the design of 
industrial columns for distillation operations, differ- 
ent workers suggested the use of individual mass 
transfer coefficients obtained in analogous packed bed 
columns from absorption experiments. 

The aim of the present work is to compare the use of 
correlations determined from absorption experiments 
to predict mass transfer coefficients for the distillation 
process. 

2. EXPERIMENTAL: APPARATUS AND 

PROCEDURE 

Figure 1 shows a schematic diagram of the exper- 
imental apparatus used. The contactor is basically 
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NOMENCLATURE 

specific interfacial surface of the packing 
[m’m-“1 
specific total dry surface of the packing 
[m’m ‘] 
total molar concentration [kmol m ‘1 
solute diffusivity through liquid phase 
[m’h ‘1 
efficiency packing number [ 1 /u&l 
gravitational acceleration [m s ‘1 
Galileo number [gpf/pfa$ 
individual mass transfer coefficient for 
the vapor phase [kmol h ’ m ’ bar ‘1 
individual mass transfer coefficient for 
liquid phase [m h- ‘1 
overall vapor phase mass transfer 
coellicient [kmol h ’ rn- ’ bar ‘J 
overall liquid phase mass transfer 
coefficient [m h ‘1 
molar flow of liquid phase [kmol hh’] 
specific wetting rate [m” s- ‘j 
height of the packing [ml 
wetness capacity number [u~/o, ] 
molar flux [kmol h ’ m ‘1 
total pressure [bar] 
Reynolds-number for vapor phase 

IvRPCl”SPOl 
Reynolds-number for liquid phase 

]LnJJ!J/4 I 
transversal surface [m’] 
Schmidt-number ]&pL)J 

Sherwood-number for vapor phase 
[k,; R T; V] 
Sherwood-number for liquid phase 

[k, :n, %I 
surface tension number [,&as/p, ~~1 

molar Row for vapor phase [kmol h-‘1 
relative speed [m s- ‘1 
molar fraction of i component in the 
liquid phase 
interfacial molar fraction of i component 
in the liquid phase 
molar fraction of the i component in the 
liquid phase in equilibrium with a I’, 
molar fraction 
molar fraction of i component in the 
vapor phase 
interfacial molar fraction of i component 
in the vapor phase 
molar fraction of the i component in the 
vapor phase in equilibrium with a x, 
molar fraction 
height of the column [ml. 

Greek symbols 

A,,, AZ, Wilson parameters 

PL liquid viscosity [kg m ’ s ‘1 

PL liquid density [kg m ‘1 

cc critical surface tension p m- ‘1 

@L liquid surface tension [N m- ‘]. 

-1 

constituted by a Pyrex glass column containing a 
string of graphite spheres and cylinders. The string was 
formed by 20 spheres of 18 mm diameter and 19 
alternated cylinders of 6 mm diameter and height. The 
column was provided with seven special probes to 
take liquid samples from the liquid film. Reflux from 
the condenser, collected in the upper part of the 
column, was uniformly distributed at the top of the 
string to maintain a uniform film formation at the 
entrance of the column. At the bottom of the column, 
the liquid coming from the string was transferred to 
the boiler. 

The boiler was heated by means of an electric resist- 
ance in order to maintain a constant boiling rate. 
Temperatures were measured in the boiler and at the 
entrance and the exit of the condenser. 

Liquid samples were analyzed using a Perkin-EImer 
SIGMA 3B gas chromatograph with a F.I.D. detector 
connected to an automatic integrator. PORAPACK 
Q SO/l00 mesh size was used as the packing material 
(adsorbent) for the G.C. column. 

2. I. Total refiux experiments 
Experiments were run at total reflux and under 

steady-state conditions, which considerably simplify 

the overall balances to give x = y and L = V at any 
point in the column, which, when combined with the 
operating advantages, makes total reflux experiments 
more practical and attractive. First, the boiler was 
charged with about 5 1 of mixture, the column top 
pressure was adjusted with an inert stream (nitrogen) 
in order to obtain a constant pressure of 760 mmHg 
for all the experiments, and the heater of the boiler 
was adjusted to give the appropriate boiling rate con- 
ditions. Then, the system was operated for approxi- 
mately 2 h to reach steady state conditions. Steady 
state was checked by successive measurements of the 
composition. After this period, samples were removed 
from the probes at several column heights. This pro- 
cedure provided composition data minimizing liquid 
loss from the column without disturbing the con- 
tinuity of the liquid film Bow inside the column. 

The sequence of data collection from different parts 
of the column was repeated twice consecutively, with 
about 15 min between reading or sampling at the same 
height of the column. 

The composition ranges covered in the experiments 
were approximately a 0.330.95 mole fraction of the 
light component (methanol) for the methanol-water 
binary mixture; a 0.14.6 mole fraction for the iso- 
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Table I. Coefficients for equation (6) proposed by Costa et 
ul. [21] 

Packing type C B D 

Pall rings 264.84 0.13 0.44 
Raschig rings 414.08 0.15 0.65 
Bundle rings 89.94 0.13 0.27 
Hy-pack rings 25.23 0.13 0.00 
Intalox saddles 43.76 0.13 0.13 
Berl saddles 29.50 0.13 0.00 

FIG. I. Schematic diagram of distillation column operat- 
ing under total reflux : (I) cylinders and spheres column ; 
(2) reflux and distribution section; (3) boiler; (4) electric 
heater; (5) condenser; (6) liquid flow measure; (T) tem- 

perature indicator; and (S) liquid sampling. 

propanol-water binary mixture and O.lLO.8 for the 
methanol-isopropanol binary mixture. The range of 
Reynolds-number was between 200 and 900 with 
Schmidt-numbers from 0.4 to 1 .O. Reproducibility of 

the data was checked by carrying out an experimental 
run twice. 

3. RESULTS AND DISCUSSION 

3.1. Temperature-composition relationship 
The state of the liquid phase is critical since it deter- 

mines whether the resistance to mass transfer is mainly 

in the vapor phase or not. For wetted-wall column 
distillation of the methanol-water binary system, 
Kayihan ef al. [8] found that the liquid phase was 
saturated, i.e. the measured liquid phase bulk tem- 
perature and bulk composition were found to lie on 
the bubble point curve. This suggested for their system 
that mass transfer resistance lay completely in the 
vapor phase. Other authors found the same exper- 

imental facts for other mixtures [I 81. Bearing in mind 
that the mechanism for heat and mass transfer in 
the liquid phase for all binary mixtures in distillation 
should be the same, it is reasonable to expect the liquid 

phase of most other systems to be saturated as well. 

So it will be assumed that there is saturation of the 
liquid phase for all the mixtures used. In order to 
estimate vapor phase thermodynamics properties it also 

is a good approximation to assume that the vapor 
phase was at its dew temperature. The mass transfer 
for the distillation process in a column like the one 
used in this work may be described only in terms of 
overall vapor phase mass transfer coefficients. 

3.2. Evaluation of mass transfer coeficients 
The experiments were carried out using the ‘differ- 

ential height’ technique described by Danckwerts et 
al. [19]. This technique, which was designed .for 
absorption experiments, operates with a constant 
boiler concentration and removes samples at different 
heights of the column. Assuming liquid phase satu- 

ration and equality of the heat and mass transfer 
areas, the vapor overall mass transfer coefficients may 
be obtained in a straightforward manner : the rate of 
mass transfer in a differential element of volume 
within the column is given by 

d [ W = &aMy, -A dz (4) 

where the transversal surface, S, was 5.2685 x 10m4 m2. 
Under total reflux conditions 

V = L = constant 

so 

KG =v 
sap &j (dyD) 

where a-values were calculated by means of the 

equation 

a 
~ = CReFErDTsO “MO’ ” 
as 

(6) 

proposed by Costa et al. [21] (C, D and B values are 
shown in Table 1). 

The pressure, p, was maintained at 760 mmHg and 
equilibrium data for the vapor phase (y,) were cal- 
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Wilson parameters 

Binary mixture A,, AZ, 

Methanol-water 0.4240 1.0140 

Isopropanol-water 0.089 1 0.6846 

MethanolKsopropanol 2.3660 0.2890 

Table 2. Wilson parameters for the three binary mixtures 
used in this work 

Refs. 

[231 
~241 
~251 
1261 
[271 

1281 
1291 
[301 

~291 
[311 

culated using the Wilson equation. The parameters of 
this equation are shown in Table 2. 

Figure 2 shows the composition data plotted as a 
function of column height for the three different 
binary mixtures used at constant vapor flow. 

Local values of KG were calculated at several 
column heights where (dy/dz) values were measured 
from the slope of the y-z curve. 

According to the heat and mass transfer analogy 

which was used for the vapor phase, Sh and SC are a 
function of Re. Based on this expression, Costa et ctl. 
[20, 211 obtained a correlation for the individual mass 
transfer coefficients with packed columns by means of 
gas absorption data. In this correlation k,, and k, were 
determined from experiments of previous work of the 
same authors. The equation [Zl] is given by 

kcRT 
~ = 0.195 Reo “3Sc-‘,2(p/pB)3. 

V 
(8) 

Considering the similarities and differences with the 
absorption process, a similar correlation was assumed 

for distillation experiments : 

and constants a, b and c were estimated by means of 
the non-linear regression method of Marquardt [22]. 
Reynolds-, Schmidt- and Sherwood-numbers were 
calculated from experimental data. 

Initial estimations of (I, b and c were taken from 
the gas absorption results. equation (8). The best-fit 
correlation was 

kFT = 0.0575 Re~0.2Sc~o 24. (10) 

A statistical study of this expression showed a mean 
deviation below 20%. 

However, distillation experiments are difficult to 
achieve and only under special conditions is it possible 
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FIG. 2. Mole fraction vs column height for : (a) methanol- 
water system (methanol) ; (b) isopropanol-water system (iso- 
propanol) ; and (c) methanol-isopropanol system (methanol). 
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FIG. 3. Comparison of experimental and theoretical values 
of Sherwood numbers : (A) equation (8) and (0) equation 

(10). 

to assume that most of the resistance to mass transfer 
lies in the vapor phase. All these problems do not 
appear when gas absorption experiments were carried 
out and it is easy to find correlations for mass transfer 

coefficients. Therefore, it should be interesting to use 
these correlations to obtain mass transfer coefficients 
for the distillation processes. 

A comparison among the experimental results 
obtained by means of equation (5) and the predicted 

values calculated from equation (8) (gas absorption) 
and equation (10) (distillation) is shown for the three 

binary systems in Fig. 3. The values obtained with 
both equations ((8) and (10)) are very close and repre- 
sent the experimental distillation data within + 20% 
error. Both expressions represent the distillation 
data with a reasonable accuracy. 

Finally by means of equations (2), (3), (7) and (8), 
it could be verified that 855100% of the overall resist- 

ance to mass transfer lay in the vapor phase for all 
the experiments carried out. 
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UTILISATION DES FORMULES DE L’ABSORPTION DE GAZ POUR LES 
COEFFICIENTS DE TRANSFERT DE MASSE DANS LES MECANISMES DE 

DISTILLATION 

R&urn&Des coefficients individucls de transfert de masse sont mesurks dans des conditions oti la rPsistance 
globale au processus est due principalement i I’une des phases. La difficult& d’obtention dc tclles Conditions 

en distillation et I’analogie de cettc op&ration unitaire avec l’absorption suggGrent l‘utilisation des formules 
des coefficients individuels obtenues dans lcs expCriences d’absorption pour Calculer les colonncs de 
distillation. La comparaison des valeurs des coefficients de transfcrt de masse obtenus avcc cette i-quation 

ct une d&termi&e li partir dcs cxpCriences d’absorption montre un accord acceptable. 

DIE ANWENDUNG VON GASABSORPTIONS-KORRELATIONEN FiiR 
STOFFiiBERGANGSKOEFFIZIENTEN BEIM DESTILLATIONSPROZESS 

ZusammenfassungpIndividuelle Stofltransport-Koeffzienten werden unter Bedingungcn gcmessen. bei 
denen der komplexe Gesamtwiderstand des Prozesses hauptsichlich einer dcr Phasen zugeordnet werden 
kann. Die Schwierigkeit, solche Bedingungen bei der Destillation zu erreichen und die Analogie dieses 
Prozesses zur Absorption legen die Verwendung van individuellen Korrelationen fiir die Koeffizienten 
(aufgrund von Absorptionsexperimenten) bei der Auslegung von Destillationssaulen nahe. In der vor- 
liegenden Arbeit wird eine halbempirische Gleichung ermittelt, welche die Koeffizienten mit den phy- 
sikalischen Eigenschaften der beiden Phasen bei der Destillation in Beziehung setzt. Ein Vergleich der 
Stoffiibergangskoeffizienten aufgrund dieser Gleichung und aufgrund von Absorptionsexperimenten zeigt 

eine annehmbare Ubereinstimmung. 

WCfIOJIb30BAH&IE COOTHOIIIEHkifi AJIR IIPOUECCA HOI-JIOLqEHHR I-A3A HPM 
OI-IPEAEJIEHMR K030@R4HEHTOB MACCOI’IPEHOCA B I-IPO~ECCAX 

AHCQHJIJI5iqHM 

AHHOTa4Hn-3KCnepUMeHT~bHO On~ZWUlIOTC% K03~~UUU‘ZHTbl MaCCOnepeHOCa B yC,JOBUSX, KOI-LIa 

CyMMapHOe COnpOTUBJIeHUe 06yCnOBJIeHO npeUMylueCTBeHH0 OnHOii U3 @as. C.“O,KHOCTb ~OCTU~WUII 
yKa3aHHblX yCnOBUii npU AUCuUnnnuUU U aHaJJOrRIl C IIpOneCcOM UO,-,,OIU‘2HUIl 06yCJIOBnUBamT UCUO,,b- 

30BaHUe IIpU pa3pa60TKe AUCUUJIJIRIIUOHHbIX KOJIOHH COOTHOIlIeHU~ AJISI UHAUBUnyaJIbHbIX KO3++,- 
UUeHTOB, nOJ,yWHHbIX B 3KCIEpUMeHTaX n0 nOrJIOLU‘?HUH). B HaCTOIlWeM UCCJEDOBaHUU BblBOLIUTCII 

nony3hmnpu~ecKoe ypartaeaue, CBX3bIBaJOWee K03$+ULIUeHTbI C @i3UWCKUMU XapaKTepUCTUKaMU 
o6eUx @as npa nUcuUnnnuUU. 3HaqeHun Ko3++UnUeHToB MacconepeHoca, nonyreHHbIe u3 3~0ro ypaaee- 
HUII, y~OB,ETBO,,UTWIbHO COrnaCymTCx C pe3yJIbTaTaMU, HdiineHHbIMU Ha OCHOBe 3KCU’ZpUMCHTOB “0 

nornotueHuw3. 


