
NOTATION 

C, = fraction of carbon on regenerated 
catalyst 

C, = fraction of carbon on spent cata- 
lyst 

0, = average particle diameter repre- 
senting specific surface of catalyst, 
P 

f = fraction of inlet oxygen uncon- 
verted in regenerator (N/No)  

F = rate of gas feed to regenerator, 
Ib./hr. 

G = gas mass velocity in regenerator, 
lb./(hr.)(sq. ft.) 

k, = coeficient of mass transfer, lb. 
mole/(hr.) (atm.) (lb.) 

k, = specific reaction velocity constant, 
Ib. mole/(hr.)(atm.) (lb.) 

m = exponent on G 
n = exponent on 0, 
N = oxygen concentration in gas, Ib. 

N o  = inlet oxygen concentration in gas, 

N T  = total moles gas/lb. feed to regen- 

p = partial pressure of oxygen in 

mole/lb. feed 

lb. mole/lb. feed 

erator 

bubbles, atm. 

pi = partial pressure of oxygen in inter- 

P = total pressure, atm. 
T = over-all rate of reaction of oxygen, 

Ib. mole/(hr.)(lb.) 
rd = rate of diffusion of oxygen from 

bubbles to catalyst, lb. mole/(hr.) 
Ub.1 

T, = rate of reaction of oxygemat sur- 
face of catalyst, lb. mole/(hr.)(Ib.) 

R = carbon burning rate, lb./(hr.)(100 
lb. catalyst) 

S = space velocity, moles/(hr.)(Ib.) 
T = catalyst temperature,OF. 
U = catalyst circulation rate, lb./hr. 
W = catalyst inventory, lb. 

stices of catalyst, atm. 

Greek b n e n  

a = a proportionality constant, slope of 

@ = a proportionality constant in  
Equation (8) 

Equation (10) 
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Performance of an Internally Baffled 
Multistage Extraction Column 

EDWARD G. SCHEIBEL 
Hoffmann l a  Roche, Inc., Nutley, New Jersey 

Internally agitated extraction columns generally require increasing heights for a 
theoretical stage for the larger column diameters. The present work describes a design 
developed to minimize this objection and presents the performance data on a system 
considered easy to extract and on systems considered di5cult to extract. H.E.T.S. values 
as low as 3 in. on the first system and 4 in. on the second type of system were obtained in 
an 11% in. I.D. glass column. The stage e5ciencies were correlated as a function of power 
input per unit volume of solvent throughput and the ratio of the flow rate of the dispersed 
phase to that of the continuous phases. The supplementary effect of packing was studied 
and found to be most beneficial in the system which has a low interfacial tension and is 
considered easy to extract. By the use of this particular arrangement of internal baffles, 
it is believed possible, in the larger diameter columns, to reduce the height to a ratio of 
H.E.T.S. to diameter below the value of obtained in the present column. 

The performance studies on mechanic- greater although not necessarily in a diameter for the 1- and 12-in. sizes. Early 
ally agitated liquid-liquid extraction direct proportionality. In the design of studies on the use of vertical baffles in 
columns generally indicate that the height extraction columns consisting of alternate the mixing sections of such a column indi- 
required for a theoretical stage increases mixing sections and packed calming sec- cated that although these baffles elim- 
as the diameter of the column becomes tions, i t  wm found that the optimum inated the rotational motion of the fluids 

packing height which gives the minimum and probably improved the mixing, they 
H.E.T.S. values was approximately pro- transformed this motion into vertical 

Weat Orange, Now Jersey. portional to the square root of the column motion and required an even greater Proaent addreas: York Procoes Equipment Corp., 
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amount of packed height to isolate the 
flow patterns of the individual mixing 
sections. It then became obvious that 
horizontal baffles were essential for the 
best performance of an internally agitated 
extractor. Oldshue and Rushton (4), 
using a flat-bladed turbine to promote the 
mixing, studied the performance of a 
column with annular horizontal baffles. 

Reman (5 and 6) presented perform- 
ance data on a similar column with a 
rotating disk used in place of the turbine 
for the agitating means. On an easy ex- 
traction system such as methyl isobutyl 
ketone-water-acetic acid, an 8-in.-diam. 
column gave a theoretical stage in as little 
as 5 in. of height. This was in substantial 
agreement with the performance of the 
Oldshue and Rushton column on the 
same system. On a difficult extraction 
system such as water-kerosene-butyla- 
mine, a 16-in.diam. extractor required 
more than 2 ft. for a theoretical stage. A 
$-in.-diam. column of the same design 
gave substantially the same stage height 
and on this basis Reman and Olney (6) 
postulated that there is no loss of effi- 
ciency in scaling up this type of column. 

In general, however, in internally agi- 
tated extractors the height required for 
a theoretical stage increases with diam- 
eter because of the tendency of the flow 
pattern in the mixing section to follow a 
geometrically similar shape when scale-up 
is made on the basis of dimensional 
similitude. The present work describes an 
arrangement of internal baffling in a 
mixing section whereby the relationships 
of dimensional similitude need not be 
followed in a scale-up design. Figure l a  
illustrates a normal vertical-flow pattern 
in a fully baffled tank. Figure l b  shows 
the geometric scale-up of this flow in a 
tank four times the diameter. In order 
to retain the same mixing height a t  the 
larger diameter, it will be necessary to 
direct the flow across the entire diameter 
by means of the stationary horizontal 
baffles shown in Figure lc. These baffles 
can be so spaced as to give any desired 
flow pattern across the diameter of the 
column without regard to dimensional 
similarity. Scale-up based on dimensional 
similitude and a constant linear velocity 
through the column will increase the 
residence time in the mixing section pro- 
portional to the scale-up factor. This will 
tend toward better mass transfer and will 
allow some decrease in the spacing of the 
baffles for the same efficiency. 

On the other hand, if the spacing is de- 
creased so that residence time in the 
mixing section is maintained constant, 
the corresponding linear velocities be- 
tween the baffles, which will maintain 
the same number of recycles of tpe 
liquid over the flow pattern in passing 
through the mixing section, will be in- 
creased in proportion to the scale factor. 
This will increase the contacting and 
resulting mass transfer between the 
phases but will also increase the difficulty 

of phase separation between the mixing 
stages. Obyiously a compromise is neces- 
sary and desirable. Increasing the height 
of the mixing section based on the square 
root of the scale-up factor represents a 
compromise halfway between the two 
previous extremes. In the present work 
only one column diameter was tested and 
so this conclusion could not be tested. 
However in the previous design with 
unbaffled mixing sections separated by 
packing, the data on the easy extraction 
system, acetic acid-methyl isobutyl ke- 
tone-water, gave a minimum observed 
H.E.T.S. of 2% in. in a 1-in. column (7) 
and 9.2 in. in a 12in.-diam. column (8). 
In the latter column no runs were made 
a t  the optimum packing height, which 
was intermediate between the two heights 
investigated, and it was estimated that 

II 

‘-f ,--- 

B 

Fig. 1. Schematic design of vertical flow 
components in agitated column. A, original 
pattern; B, dimensional-similitude scale-up 
by factor of 4; C, modified pattern for scale- 
up factor of 4 with original height. 

for the best design the H.E.T.S. would 
be reduced by about 10%. On a difficult 
extraction system such as o-xylene-water 
the 1-in. column gave a minimum ob- 
served H.E.T.S. of 4.2 in. (7) and the 
12-in. column gave a minimum value of 
15 in. (8). In the latter case one of the 
packing heights investigated was close 
to the optimum, and so the value repre- 
sents very nearly the lowest value obtain- 
able. From these data it is readily estab- 
lished that the H.E.T.S. on this type of 
column varies as the square root of the 
diameter, and this has been successfully 
extrapolated to the design of larger col- 
umns. In the new design described in this 
work it is expected that the control of the 
mixing height will give an even smaller 
variation of H.E.T.S. with diameter, and 

square root factor can be conservatively 
used until more data are available. 

When packing was used to separate the 
mixing stages without baffles, the normal 
flow pattern carried the fluids up into the 
packing, where all the rotational motion 
was removed before the fluids returned 
to the agitator. Thus there was no ac- 
cumulation of rotational energy, as in an 
unbaffled tank. In this new design with 
no appreciable flow expected through the 
packing, the rotational energy might 
accumulate excessively and interfere with 
the desired net flow through the column. 
To eliminate this possibility, vertical 
baffles can be installed around the column 
wall or between the two inner annular 
baffles a t  the discharge of the impeller. 
In the present study two layers of knitted- 
wire mesh were inserted between these 
inner annular plates and held in place 
against the vertical support rods by 
threading them on a circular ring of %-in. 
stainless steel rod. This served to promote 
the contacting of the two phases by 
pumping them through the fine openings 
in the mesh, and it also served to remove 
most of the rotational energy. Preliminary 
tests on a single stage a t  low agitator 
speeds indicated that a double thickness 
of mesh was adequate, but in the sub- 
sequent tests on the column one of the 
liquid systems required such large agi- 
tator speeds that this thickness of mesh 
removed only a fraction of rotational 
motion and more layers would be neces- 
sary to achieve a fully baffled appearance. 
In spite of the appearance, however, the 
measured power consumption of the 
agitator a t  these conditions was in perfect 
agreement with the correlation for a fully 
baffled tank. 

EQUIPMENT AND OPERATIONS 

Figure 2 shows the details of the column 
assembly. Three different arrangements 
were investigated. The first consisted of nine 
mixing sections 2 in. high with 2 in. of 
packing between the mixing sections and at  
the ends. In the second arrangement the 
packing bundles were removed and the mix- 
ing sections were separated by the void 
chambers. In the third arrangement b d e s  
and agitators were installed in all the inter- 
mediate void sections t o  give a total of 
seventeen mixers and the two end sections 
were left void to  ensure complete phase 
separation at the top and bottom of the 
column. 

The flow sheet for the tests was identical 
with that previously described for the study 
of the performance of a multistage semi- 
commercial extraction column (8). Much 
of the same equipment was used, including 
the original column shell, consisting of two 
12 in. O.D. glass cylinders 24 in. high. 

The solvent systems used in this work 
were methyl isobutyl ketone-water-acetic 
acid, o-xylene-water-acetic acid, and o- 
xylene-water-phenol. The first system is 
considered easy to extract and employs ap- 
proximately equal solvent ratios. The other 
systems are considered difficult to  extract, 
the second one requiring solvent ratios of 
about 20 to 1 and the third requiring about 
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equal solvent ratios for comparison with the 
first system. 

All solvents wcrc the commercially avail- 
able materials and were used as rcceived. In 
the test runs the large number of stages gave 
a close approach to equilibrium a t  one of the 
ends of thc column even though an effort 
was made to maintain the operating line 
parallel to the equilibrium curve. This way 
difficult to nchicve because of the curvature 
of the equilibrium curve. In all runs where 
the approach to thc equilibrium curve waa 
so close that an error of 1 or 2% would 
appreciably change the number of theoret 
ical stages, thc samples of two liquid strcams 
a t  this end of the column were mkcd and 
brought to equilibrium. This equilibrium 
was uscd in the graphical calculations, and 
it soon became evident that a slight differ- 
ence in equilibrium data was present over 
the previously used data. 

In the acetic acid systems, concentrations 
up to 20y0 in the watcr were used, corre- 
sponding to concentrations up to 20% in the 
methyl isobutyl kctone and 1.570 in 
o-xylene. Phenol solute concentrations 
ranged up to 0.25% in cach of the phases. 

The same operating techniquc used in the 
previous work (8) was employed in which 
the solute was transferred alternately from 
one solvent to the other so that crrors in the 
equilibrium data would produce a twofold 
discrepancy among the observed stage effi- 
ciencies. The agrecment between consecu- 
tive runs made a t  thc same conditions waa 
taken as a chcck of the equilibrium data, 
and toward the end of thc wries successive 
runs were made a t  different conditions to  
accelerate the investigation of the different 
variables. Direction of diffusion has been 
found to affect the performance of the mix- 
ing section and small differcnccs could be 
attributed to this effcct. Because of the large 
number of stagcs involved in this work a 
relatively small error in the equilibrium 
curve would produce a significant discrep- 
ancy in thc number of theoretical stages. 
Thus the present data could not be uscd to 
evaluate the small effect for the direction of 
diffusion, but rather thc close agreement 
verified the equilibrium data. 
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1 8' 1 
Construction details of experimental extraction column. 

Previous work describcd on this same unit 
indicated that changing the total holdup in 
the column two to three times \vm adequate 
for attaining steady state conditions (8), and 
in all these runs the holdup was turned over 
three to fivc times before the prochcts were 
collected. The collecting period was also 
sufficient to change the total holdup two to 
four times, and i n  the first few runs spot 
samples were tnkcn bcfore and after the 
collecting period and confirmed that steady 
state had been reachcd. Material balances 
checked generally within 57,, and in the 
methyl isobutyl ketone-watcr-acetic acid 
system the material-balance point on the 
ternary diagram determined from the acid 
concentrations of all four streams coincided 
with the point located according to the 
measured productstream quantities. 

Stage efficiencies were calculated by step- 
ping off the theoretical stagcs on a graph of 
the solute ratio in the light phase against the 
solute ratio in the heavy phase as previously 
described (8), because this method of p l o t  
ting gives a straight operating line when 
changes in the mutual solubility are small 
over the range of solute concentrations. 
The application of the method to the o-xy- 
lene-water system is obvious, and the rigor- 
ous method of Vnrteressian and Fenske (9) 
in the other solvent systcm gave a straight 
operating linc within the limits of accuracy 
of the scale of construction used. 

MEASUREMENT OF POWER INPUT 

The first runs on the column using 
methyl isobutyl ketone-water-acetic acid 
showed that  at low agitator speeds the 
stage efficiency was greater at the low 
throughput and at high agitator speeds 
the efficiency was greater at the high 
throughput. This indicated that  there was 
a n  optimum power input per unit volume 
of solvents flowing through the column, 
and for the second series of runs using the 
o-xylene-water-acetic acid system a 
torque indicator was constructed and 
installed on the agitator shaft as a n  
integral part of the drive pulley. 

The  power was transmitted through a 
coil spring to  the column shaft from the 
drive pulley fixed to  the outer housing, 
which rotated along a spiral path on small 
bearings. This rotation converted the  
rotational distortion of the spring into a 
vertical displacement, which w a s  meas- 
ured by a depth gauge resting on the top 
of the outer housing at  its center of 
rotation. The  torque indicator was cali- 
brated in position by measuring the 
vertical displacement produced by sus- 
pending different weights from a cord 
wrapped around the outer housing and 
passing downward over a pulley rotating 
in a plane tangent to the outer housing. 
After the initial s m d l  preloading of the 
spring was relieved, the calibration curve 
of torque against depth reading was 
linear. 

The  power input to  tlm agitator shaft 
mas calculated from the speed tind torque, 
and i t  was found to vary as the cube of 
the speed, as has been observed for fully 
baffled tanks at high Reynolds numbers. 

In  the columns without packing, both 
for the nine- and the seventeen-stage 
arrangements the observed power con- 
sumption per agitator was in exact agree- 
ment with that  calculated from the cor- 
relation of Mack (3) for fully baffled 
t a n k s  at turbulent flow. The packing 
bundles used in this work contained 
Teflon bushings at  the center, which had 
been bored in. greater than the shaft 
diameter, but  there was apparently some 
friction in these bushings because the 
observed power input per stage was 150/0 
greater when they were installed than 
was calculated from the previously men- 
tioned correlation. Thus for all the runs 
on the column, including those with the 
packing, the calculated power input per 
agitator was used for the correlation of 
the data. 

For the type of agitator used in t h k  

A.1.Ch.E. Journal March, 1956 



0 - 3 3 0  GPH TOTAL THROUGHPUT 

A-130 GPH TOTAL THROUGHPUT 

OPEN POINTS DIFFUSION FROM WATER TO KETONE 

SOLID POINTS DIFFUSION FROM KETONE TO WATER 

z z 
0 
0 

15 0 

z 

0 

0 
0 

0 ,, 
100 200 3 00 4 00 

AGITATOR SPEED RPM 

500 

Fig. 3. Effect of agitation speed at different throughputs on acetic acid-methyl isobutyl 
ketone-water system in nine-stage column. 

work, the general correlation for the 
power consumption gives 

D5pN3 P = 1.85- 
g 

and, with an average density in the mixing 
section based on about one-third holdup 
of dispersed phase, the following equa- 
tions were used to calculate the power 
consumed per stage: 

P = 0.0132N3 for water dispersed 
in o-xylene 

P = 0.0140Nt for o-xylene dispersed 
in water 

P = 0.0128N3 for water dispersed 
in MIBK 

P = 0.0136N3 for MIBK dispersed 
in water 

INTERPRETATION OF DATA* 

The first series of runs on the acetic 
acid-methyl isobutyl ketone-water sys- 
tem indicated a maximum efficiency with 
agitator speed a t  a given throughput. 
As shown in Figure 3, the maximum 
occurs a t  lower agitator speeds a t  the 
lower throughput. Excessive agitator 
speeds produce finer dispersions which do 
not coalesce in the calming section and 
also cause some overlapping of.the flow 
patterns in successive mixing section. 

*Performanre data have been filed as document 
4784 with the .\nierirnn r)ocunientation Institute. 
Photoduplication Jorvicc, Library of Cungms, 
Washingron 25,  D. C., and may be obtained for 51.23 
for photoprints or 35-mm. microfilm. 

Both effects contribute to lowering of the 
stage efficiency. At speeds below 230 
rev./min. the appearance of the column 
did not indicate good efficiency and so 
no runs were made. However, the transfer 
of material between the phases in this 
system is so easy that fairly good per- 
formances have been obtained on un- 
agitated columns either packed or void. 
It is therefore not the best system with 
which to study the performance of an 
agitated column. The additive effects 
provide abnormally high efficiencies of 
more than one theoretical stage per actual 
stage. In this case the high efficiencies 
are very sensitive to the operating and 
equilibrium data. Also the curves were 
drawn between the points determined for 
the different directions of diffusion 
although, as acknowledged previously, 
the performance curves probably differ. 

Systems with hydrocarbon and water 
as solvents are generally classified as 
difficult extraction systems because they 
exhibit very poor efficiencies in the 
unagitated columns. The o-xylene-water 
system gave the same general shape of 
curves in the agitated column, but the 
maxima occurred at  lower values because 
of the lack of extraction in the packed 
separating section. Also the absolute 
value of the function in this system was 
much different when the acetic acid and 
the phenol were used as solutes. This was 
attributed to the difference in the solvent 
ratio in the column, and it was observed 
that considerably more power was re- 
quired to give the best efficiency with the 
acetic acid solute when the small amount 
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of water had to be uniformly dispersed in 
the o-xylene phase. It was assumed that 
the power necessary to produce a satis- 
factory dispersion of one volume of 
solvent in ten volumes of another was 
ten times as great as when five and one 
half volumes of one solvent was dispersed 
in an equal volume of the other solvent. 

The additional extraction obtained by 
the countercurrent flow through the 
packing masked the effect in the mixing 
section in the first arrangement. In the 
second and third arrangements, in which 
the packing was omitted, the stage 
efficiencies of the nine- and seventeen- 
stage columns are shown in Figure 4 
plotted against the function [P/ (Lc  +Ln)] 
LD/Lc. No consistent difference can be 
noted between the efficiency of the nine- 
and seventeen-stage columns, and it was 
concluded that the void intermediate 
calming section could be eliminated to 
save half the height of the column 
without affecting the individual stage 
efficiency. This will then double the 
number of theoretical stages per foot of 
height. 

The data show appreciable scattering; 
however, all the points significantly below 
the curve were obtained at  the highest 
power input of the given series of runs 
and represent a close approach to flooding 
conditions. Flooding is not adequately 
covered in this correlation. The amount 
of power that can be put into a particular 
system without producing an emulsion 
or a flooding condition is a function of 
fluid properties. However, the maximum 
power input also differs, depending upon 
which phase is dispersed. For example, 
the series of points for the phenol-o-xy- 
lene-water system a t  the opposite ends 
of the curve represent the same solvent 
and solute system; the points at  the left 
correspond to a dispersion of the light 
phase, and a t  the right the points cor- 
respond to a dispersion of the heavy 
phase. These data could obviously not 
be correlated on the basis of static fluid 
properties. Qualitatively it is recognized 
that in a mixing section the tendency of 
the mass of liquid to rotate will force the 
lighter liquid to the middle. When the 
problem is one of dispersing the light 
phase, this effect facilitates the mixing, 
and when it is desired to disperse the 
heavy phase, this effect opposes the 
mixing. This had been noted in a previous 
work (2) .  Nevertheless, it does not seem 
reasonable to attribute the three-hun- 
dredfold increase in the permissible 
power input in the latter situation to this 
rotational effect alone, and differences in 
the dynamic interfacial conditions for 
the two types of dispersion may also 
contribute to the discrepancy. At any 
rate, it appears to be much more difficult 
to disperse water in the o-xylene than in 
the inverse arrangement and the physical 
reasons for 'this are not fully understood. 

The data on the column with packing 
between the mixing sections (shown in 

Page 77 Vol. 2, No. 1. 



Figure 5) are consistently above the  
curve for the column without packing. 
Also in this case thc’different throughputs 
and propcrties of the system a l k c t  
the deviation. The c u r w  for a total 
throughput of 330 gal./hr. on the methyl 
isobutyl ketone-water-acetic acid system 
is much higher than the curve for 130 
gal./hr. on the same system and also 
much higher than tlie curve for 270 
gal./hr. of total throughput on the 
o-xylene-n.:iter-ncetic :wid system. The 
usefulness of the picking in providing 
addition:il transfer of material is thus an 
inverse function of the interfacial tension, 
or, more specifically, i t  is probably a 
function of the IVebcr number. 

It is significant that  the maximum 
efficiencies in all caws are obtained in 
the region of values of I00 to 150 It)./ 
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sq. ft. for the function [ P / &  f LD)l 
Lu/L,. It was also noted tha t  greater 
power inputs per unit volume of solvents 
were possible with the packing than 
without, bu t  this was not the most 
economics1 method of operation. 

CONCLUSIONS 

A ne-iv type of l)af?ling arr:ingenient has 
been devised for a n  intern:tlly agitated 
extracbion column wliich provides uni- 
form mixing of the phases in :I smaller 
height than previously possible, and this 
will allow the design of large-cliameter 
columns without requiring a proportional 
increase in height. 

A correlation of the efficiency of the 
mixing section is proposed based on the 
power input per unit volume of fluids 
flowing and the ratio of the dispersed to  

C-XYLENE-WATER-PHENOL KEY 
0-MIBK-WATER-ACETIC ACID 
Off-XY LENE- WATER-ACETIC ACID 
OPEN POINT-HEAVY PHASE D I S P E R S E D  
SOLID POINT-LIGHT PHASE DISPERSED 
HORIZONTAL LINE THROUGH POINTS- 

9 STAGE COLUMN - O T H E R S - I 7  

I STAGE COLUMN 
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(&)&) LBs./FT? 

Fig. 4. Correlation of mixing efficiency with power throughput and solvent ratios. 
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( *Je) L W r  r! 
Fig. 5. Effect of packing on stage efficiency for different throughputs and different 

extraction systems. 
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continuous phase. Packing between t h e  
stages was found to  increase the over-all 
efficiency and t o  decrease soniemhat the 
solvent-flow capacity of the column. The  
rnininium 1I.E.T.S. in a n  11 %-in. I.D. 
colunin was 5 in. \vhen no packing was 
used Ictween the stages. When packing 
was used, tlie niinimiim H.E.T.S. was 
6 in. on the o-xylene-water system :ind 
3 in. on the  methyl isobutyl ketone-wster 
system :it the higher throughput. Thus 
i t  apjienrs t,liat in x difficult extraction 
systeni wliere the iiiterfaci:il tension is 
high insufficient bcnefit is tlcrived from 
the p:wking to  justify its we. On the 
other han(1, in a syst.em which h:is :L low 
interf:icial tension and is easy to  extract, 
the  greater :imouiit of mass transfer 
obtainetl in the packing gives it an 
economic advantage over the use of 
additiorinl mixing sect,ions. 

13y use of t,his haftling arr:ingemerit in 
larger diameter columns, it shoultl be 
possil)lc to tlecre:ise the ratio of I-I.E.T.S. 
to column diameter considelably below 
the value of one quarter reported in t h e  
present work. 

Patent, xpplication has h: tm filed on the 
extractii~ri-c:olunins describecl, and an es- 
rlusiw license to  fabricate and furnish 
them has been granted to  the York 
Proc:ess Equipment Corpor. t’ ton. 
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NOTATION 

D = outside diameter of the agitator, ft. 
g = gnivitational constant, 32.2 ft./scc.* 
I, = solvent flow rates. cu. ft.;sec. 
.V = :laitator speed, rcv./sec. 
I’ = power input, ft.-lb.,isw. 
p = fluid density, lb./cu. ft. 

Subscripts 

D = dispersed ph:ise 
C = continuous phase 

LITERATURE CITED 

1. Flgnn, A. W., antl R. K. T r e g h l ,  A .  I .  
Ch. E. Jo?trnal, 1 ,  324 (1955). 

2. Kwr ,  A.  I;., and I<;. G. Schc.it)el, ChenL. 
E‘ny. I’rogr. Symposium Stries So.  10, 
50, 7 3  (1954). 

3. Alack, I). E., Chem. Eny., 58, So.  3, 109 
(Marc*h, 195 I ) .  

4. Oltlshue, .J. Y., ant€ ,J. €€. Rustiton, Che7n. 
Eng. I’rogr., 48, 297 (1932). 

5. Renum, C. I-I., U. S. I’:it(!iit ‘2,601,674 
(,JuII(! 24, 2952). 

Progr., 51, 141 (1955). 

681 (194s). 

42, 1048 (1‘350). 

Ind. Eng. Chern., 28, 9’28 (1936). 

ti. __ md It. 13. olllcy, Chem. Eng. 

7. Schtzibel, E. C., Chem. h’ng. I’roqr., 44, 

8. arid A.  1;. Karr, Ind .  h’ncg. Chenz., 

9. Varteressian, I<. .\., and $1. It. Fenslicb, 

March, 1956 




