
New Jersey Institute of Technology New Jersey Institute of Technology 

Digital Commons @ NJIT Digital Commons @ NJIT 

Theses Electronic Theses and Dissertations 

6-30-1956 

Effect of concentration on the mass transfer coefficient in the Effect of concentration on the mass transfer coefficient in the 

liquid film liquid film 

Marvin Baker Schaffer 
New Jersey Institute of Technology 

Philip Major Pomerantz 
New Jersey Institute of Technology 

Follow this and additional works at: https://digitalcommons.njit.edu/theses 

 Part of the Chemical Engineering Commons 

Recommended Citation Recommended Citation 
Schaffer, Marvin Baker and Pomerantz, Philip Major, "Effect of concentration on the mass transfer 
coefficient in the liquid film" (1956). Theses. 2431. 
https://digitalcommons.njit.edu/theses/2431 

This Thesis is brought to you for free and open access by the Electronic Theses and Dissertations at Digital 
Commons @ NJIT. It has been accepted for inclusion in Theses by an authorized administrator of Digital Commons 
@ NJIT. For more information, please contact digitalcommons@njit.edu. 

https://digitalcommons.njit.edu/
https://digitalcommons.njit.edu/theses
https://digitalcommons.njit.edu/etd
https://digitalcommons.njit.edu/theses?utm_source=digitalcommons.njit.edu%2Ftheses%2F2431&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/240?utm_source=digitalcommons.njit.edu%2Ftheses%2F2431&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.njit.edu/theses/2431?utm_source=digitalcommons.njit.edu%2Ftheses%2F2431&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@njit.edu


 
Copyright Warning & Restrictions 

 
 

The copyright law of the United States (Title 17, United 
States Code) governs the making of photocopies or other 

reproductions of copyrighted material. 
 

Under certain conditions specified in the law, libraries and 
archives are authorized to furnish a photocopy or other 

reproduction. One of these specified conditions is that the 
photocopy or reproduction is not to be “used for any 

purpose other than private study, scholarship, or research.” 
If a, user makes a request for, or later uses, a photocopy or 
reproduction for purposes in excess of “fair use” that user 

may be liable for copyright infringement, 
 

This institution reserves the right to refuse to accept a 
copying order if, in its judgment, fulfillment of the order 

would involve violation of copyright law. 
 

Please Note:  The author retains the copyright while the 
New Jersey Institute of Technology reserves the right to 

distribute this thesis or dissertation 
 
 

Printing note: If you do not wish to print this page, then select  
“Pages from: first page # to: last page #”  on the print dialog screen 

 



 

 

 
 

 
 
 
 
 
 
 
 
 
The Van Houten library has removed some of the 
personal information and all signatures from the 
approval page and biographical sketches of theses 
and dissertations in order to protect the identity of 
NJIT graduates and faculty.  
 



THE EFFECT OF LIQUID CONCENTRATION ON THE MASS 

TRANSFER COEFICIENT IN THE LIQUID FILM 

BY 

MARVIN B. SCHAFFER 
AND 

PHILIP M. POMERANTZ 

A THESIS 
SUBMITTED TO THE FACULTY OF 

THE DEPARTMENT OF CHEMICAL ENGINEERING 
OF 

NEWARK COLLEGE OF ENGINEERING 

IN PARTIAL FULFILLMENT OF THE 
REQUIREMENTS FOR THE DEGREE 

OF 

MASTER OF SCIENCE 
IN CHEMICAL ENGINEERING 

NEWARK, NEW JERSEY 

1956 



ABSTRACT  

The effect of liquid concentration on the resistance 

to mass transfer across the liquid film is studied for an 

acetone-methyl isobutyl ketone-air system in a packed tower. 

The liquid film resistance is computed by measuring the 

overall resistance for various concentrations and subtract-

ing the gas film resistance. The gas film resistance is 

determined at the same liquid and gas rates by measurements 

on the pure components. 

In the theory developed to handle the calculations, 

it is assumed that the interface temperatures are the wet-

bulb temperatures based on a dynamic equilibrium. This 

supposition is supported experimentally at a liquid rate 

of 1200 lbs/hr.-ft2 and a gas rate of 313 lbs/hr-ft2 within 

experimental error. Humidity charts for air-acetone, 

air-MIK, and air-n butanol, at one atmosphere pressure, are 

included for reference. 

Finally, the liquid film resistances ars correlated 

by the equations below. The first is based on the liquid 

diffusivity data of Wilke28 and the second on that of 

Scheibel19• 
(1) 1/kLa=0.376-0.0000102(C1L)fMm(µ/ρDL) 

(2) 1/kLa=0.376-0.0000152(C1L)fMm(µ/ρDL) 
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PREFACE 

This thesis is based on original experimental data 

compiled to investigate the effect of liquid concentration 

on the mass transfer coefficient across the liquid film. 

The uata are obtained for an acetone-methyl isobutyl 

Ketone-air system in a packed tower. The problem was proposed 

and supported by Jr. E. 4. Scheibel for the purpose of 

investigating his contention that such correlations should 

be based on the assumption of a dynamic equilibrium at the 

interface. Sincere appreciation is expressed by the authors 

for the guidance so generously rendered. Acknowledgement 

is also made to Professor 4. C. Keeffe for his assistance 

in procuring and assembling the equipment. 
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THE EFFECT OF LIQUID CONCENTRATION ON THE MASS TRANSFER 

COEFFICIENT IN THE LIQUID FILM  

INTRODUCTION 

One of the more fundamental unit operations in the 

chemical industries is that of mass transfer between fluid 

phases. A masa transfer operation can be defined as the 

migration of the molecules of a particular component from 

one homogeneous phase to another phase. Common examples 

of this type of system are partially immiscible liquid 

pairs and liquid-gas combinations. Numerous types of 

Apparatus have been devised to effect the phenomena such 

as distillation, extraction, absorption, and desorption 

columns as ordinarily encountered in industry. A device 

common to most is some sort of mechanism to bring the 

phases into intimate contact. This usually takes one of 

two forms: discrete plates or stages (with or without 

mechanical mixing) or continuous packing. 

A mathematical, idealized model, first proposed by 

Whitman 27 and known as "the two-film theory" has been 

devised to handle the design of such units. The theory 

postulates that there exist, adjacent to the interface of 

the phases, films which in effect provide the major resis-

tance to the transfer of molecules. In the case of liquid-

gas systems, a film would exist in the gas phase and a film 



would exist in the liquid phase, each providing its own 

resistance to transfer. At the interface itself, zero 

resistance is assumea. The rate of mass transfer is then 

the product of a driving force (concentration or pressure 

potential) and a conductance (reciprocal of the film 

resistance) the latter being known as a mass transfer 

coefficient. Since all such idealized models assume a 

condition of "steady state" (no net build-up or decrease 

of material or energy at any point in the system), the 

mathematics can be applied to either or both of the con-

ductances in combination. When the latter technique is 

used, the conductance is known as an "overall coefficient"; 

when either of the two film driving forces are considered 

individually, the conductances so defined are known as 

"gas-film and liquid film coefficients", respectively. 

In the present work, only liquid-gas combinations In 

packed columns will be considered. Hence, no further 

reference will be made to liquid-liquid systems or to 

plate columns. 

Numerous investigators have attempted generalized 

correlations of the individual coefficients. The most 

successful of these has been the Chilton-Colburn 

modification2 of the Reynolds analogy between neat transfer and 

fluid friction. These workers provided the basis for a 

relation between heat transfer and diffusion in gas films 



that has found. general utility in predicting kG, the gas—

film coefficient. Numerous other workers have studied 

the effect of flow conditions and the physical properties 

of the phases on the respective coefficients. It is the 

primary purpose of this thesis to stud►  the effect of one 

of these variables, liquid concentration, on the liquid 

film coefficient. A secondary purpose is to critically 

examine the methods that have previously been used to 

compute a mass transfer coefficient (overall or individual 

film) from data. The fundamental approach used in the 

atuuy is analogous to that commonly used in water-air 

systems where a dynamic equilibrium rather than a static 

equilibrium is assumed at the interface. 



THEORY AND PREVIOUS WORK 

By virtue of the two film assumption discussed in the 

introduction, and by analogy to heat transfer and electrical 

energy transfer rate equations (where potential is propor-

tional to rate times resistance), the basic rate equations 

for mass transfer can be written as follows: 

(1) NA = KG (pG - pe) = KL (C0  - CL)= kG(pG PI)=kL(01-CL) 

For a wide class of systems where the quantity (pia - ped 

remains proportional to (Ce  CL) as pressure ana concen-

tration are varied, it en be statei that Henry's law 

applies; i.e.; 

(2) U 

Eliminating Ci, CL and pi from (1): 

(3a) AG(PG - Po) 0  ku (pu. - pi) ..f*kL, (pi - po) 
(3b) Pi = Po .,L  (p - Po) 

kJ, 

(3c) kG(pG - pe) (1 - ±-g ) = KG (PG- 1)0) 
kL) 

(3d) . 4. 2, „3/., -74  
I-la kL Ai.G4 ke Irt kLa 

similarly, it can be shown that: 

(4) A = -74- 
4La itLa) kua 



Thus, it is evident that the overall resistances are 

the sums of the individual resistances consistent with the 

two-film theory; the constant;{, merely effects a change 

in units. This is again analogous to series resistances in 

electrical energy and heat transfer problems. 

The theoretical justification of (1), for turbulent 

flow, encounters the same difficulties as the analogous 

situation for heat transfer and fluid friction; the eddy 

motion under these conditions renders the flow so complex, 

that the equations of motion have yet to be written in 

rigorous fashion. A quasi-theoretical justification can 

be derived by assuming that the liquid head in the system 

lost due to friction, divided by the momentum of the stream, 

is equal to the ratio of the actual material transferred 

between phases to the material which would be transferred 

were the stream to come to equilibrium with the other phase. 

This is similar to the Reynolds analogy16 between heat 

transfer and fluid friction which is well substantiated by 

data14. The assumption can be expressed analytically by; 

(5) -~~Z aP 
 

_ 
MA& 

CQ - 

Combining (5) with a material balance: 

,:\(6) N _ OG  - 

a-cv X 



and the Fanning equation for turbulent frictions 

(7)  

yields 

(8) NA If 
va 

For iaeal gases where: 

(9) C = 
RT 

there results: 

(10) .1114.ap. n = r2e.tA 
oci 21T 2pM 

Squation (10) can be expected to apply under the same 

conditions as does the corresponding equation for heat 

transfer, i.e., for gas flow, under conditions where the 

friction factor represents the true skin friction and not 

a combination of Skin friction and turbulent 1088e321. 

Colbura modified the basic Aeynolds assumption by 

treating the transfer through the laminar layer only as a 

process of true diffusion. This followed from work done by 

Prandt115 for the analogous heat flow situation. The 

reaultine relation is: 

(11) kG = 4.54 a wp apra 
whore: 



(12) Ob = 1-5.9 Tr 't 5.9 f)  
D) 

For most gases, the variation in 0D  with u is small, 

and since f is approximately proportional to u-/"2 (for 

turbulent flow), the net result is: 

(13) k4 iKu°•8 

Later empirical work by 0olburn8 and by Chilton and 

Colburn2 provided the basis for predicting kG from values 

of h (tue heat transfer coefficient) obtained in wetted 

wall columns. The relation which has found general utility 

is: 

(14) (WV 2/3 =ifs JD= larT 2/3  
cpwR AA- 

(14a) kci, =  A 2/3 and since Cp )4 /kti#3/ 0.74
, 

 
Cef H 

for all gases. 

(14b) kG = (2,1.1) 2/3 
cppeacuAzJ) 

(140) = c,‘  (1,5144)  () 2/3 with kl a kG Pr Mm  

It is noted that a simple heat balance on a wet-bulb 

psychrometer assumes the form: 

(15) ha( 'G - T4,3) s kla (likB - fiG))1/4idi 

Thus, by combination with (14c): 

(16) cflitng.#4X4er cp4141 2/3  
(0.74) 



Predictions of P- by means of (16) is generally 

within engineering accuracy for a large number of air-

liquid combinations22. 

The preceding nas summarized the state of knowledge 

on kG, the gas film coefficient. The liquid film coefficient, 

k,has also been studied extensively. Sherwood and Holloway23 

proposed a generalized empirical correlation of the form: 

(17) * s ec( ) 1-n 0 )1-s 

with the constant, 3, being approximately 0.5 and •C and 

being dependent on the packing used. For the systems 

studied (desorption of oxygen from water for various 

packings),IN was found to vary between 0.16 and 0.46 

making: 

(18) kija -K 4) 0.5 L 0.54-0.84 

Scheibel and Cthmer18, working with several ketone-

water systems, however, report the following: 

(19) kLa = KAIL0
.8  

Equation (19) was found to fit the data on the ketone- 

water systems studied as well es the oxygen-water system 

of Sherwood and Holloway and others. 

In general, most workers have ignored the effect of 

liquid concentration on kLa primarily due to the fact that 



virtually all of the experiments have been performed in 

dilute solutions. Scheibe118 noticed an effect of liquid 

concentration on kLa and sugi,ested that it was dues to the 

effect of concentration on liquid diffusivity. However, 

lacking reliable liquid diffusivity data, no substantia-

tion was offered for the dilute solutions used (up to 

2 mole %). Hobson and Thodosl° used a log mean inert 

composition across the liquid film to correlate their 

data, but, again, very dilute solutions were used. 

In a pioneering paper, 3tutzman et.at.25 undertook 

the study of the effect of liquid concentration on kLa 

for butanol-hexanol-air systems in a packed tower. Their 

technique was to first measure a quantity which they called 

kGa for the pure butanol-air system. Then, without disturb-

ing the column in any way, (same liquid and air rate), they 

varied the concentration of the liquid and measured Koa. 

Use of Equation (4) then permitted calculation of kLa which 

was consequently correlated with liquid concentration. 

'heir final equation assumed the form: 

(20) 1 = (CL1) Af m ()4 ) 
kJ%  

This can be rewritten (dimensionally) as: 

(20a) L. 4 (1-x)f )4,4L 
kLa 



In computing the quantity which was called kGa,  Stutsman 

used the following relation: 

(21) kela  
Min 4-12i2-1711 

P12-1)2 P2 

This can be derived as follows: 

From (1): 

(22a) NA aaV = ke (PG-Pi) di! 

From a material balance: 

(22b) G 5 dif = NA adV = kGa (pG-pi)dV 

Ms  

Assuming that the liquid temperature varies linearly 

with the amount evaporated; 

(22o) dt 04 dH 

and that over small ranges of teuiperature: 

(22d) dtv.4 dp 

there results: 

(22e) dlice-cip 

However, by definition: 

(22f) H = 4t. 6olvent = p ,., Ma  
At. Inert P p 

(226) -pap-}(e-94dirs-1=-: 2 
, 

(2-P) 

or relatively nonvolatile liquids, p can be neglected 

in comparison to P and hence: 



Combining with (22b) and integrating: 

and since solvent free air was run into the bottom of the 

column (p1=0): 

which upon rearranging yields (21). 

In order to evaluate (21), it is evident that informa-

tion on the temperature (and hence the partial pressure) 

at the interface is necessary. Stutzman assumed that, since 

a pure component was evaporating, the partial pressure at 

the interface was the same as the equilibrium pressure in 

the main liquid stream. This is tantamount to assuming 

that there is no resistance to diffusion or heat transfer 

across the liquid film when evaporating a pure solvent, 

or, stated differently, that the liquid film is non-

existant and that: 

(23) KGa = kGa 



There is considerable theoretical evidence that the 

above assumption is not compatible with the facts. First 

there is the knowledge that the process of evaporation of 

a pure component can be expressed in terms of high energy 

molecules diffusing through low energy molecules and finally 

evaporating; this clearly is consistent with the two film 

theory if resistance to self diffusion is considered. Second, 

there is the analogy between heat transfer and mass transfer. 

It is hypothesized that if there is a heat transfer across 

the liquid film, (as evidenced by the fact that the liquid 

has changed in temperature) there should be an equivalent 

mass transfer. The only conditions under which there is 

zero heat transfer across the liquid film is when the column 

is operated as an adiabatic humidifier. Under these con-

ditions, the liquid leaving the column is fed to the top 

of the column at the wet-bulb temperature of the gas and 

does not change in temperature in passing through the column. 

Many wetted-wall columns, operating in this manner, have 

been described in the literature. If the liquid entering 

the top of the column is at a higher temperature than the 

wet-bulb temperature, and if the column is long enough, 

then the liquid leaving the column will still be at the 

wet-bulb temperature. however, since the liquid in this 

case has given up heat for evaporation, there must be a 

temperature gradient across a liquid-film at the top of 



the column even though a pure liquid is used. Stated 

differently, the interface temperature at the top of the 

column must be lower than the main liquid stream tempera-

ture; however, this interface temperature cannot be lower 

than the wet-bulb temperature. In shorter columns, the 

liquid leaving the column would tend toward the wet-bulb 

temperature, but never reach it. The interface temperature 

at the bottom of the column would then be somewhere between 

the main liquid stream temperature and the wet-bulb 

temperature of the gas at the bottom of the column. 

From the above discussion, it is clear that the trans-

fer coefficients measured by Stutzman were "over-all 

coefficients" since the driving forces used were between 

liquid and gas main-body streams. Mathematically, this 

is stated by: 

In the present work, the basic technique uses by 

Stutzman is repeated for acetone-air and methyl isobutyl 

ketone (MIK)-air systems. However, in computing kGa, 

an attempt is made to be more realistic about the inter-

face temperatures (and partial pressures). The interface 

temperatures are assumed to be the wet-bulb temperatures 



and the partial pressures at the interface to be those 

existing this temperature. 

Although it is realized that the above assumption is 

not entirely rigorous, it is believed to give a better 

estimate of the true conductances than if the interface 

temperatures were taken to be those of the main body 

liquid. It is, in fact, shown experimentally that for 

one particular set of flow rates, the wet-bulb assumption 

is justified within the accuracy of the experiment. 

In order to facilitate the calculations of the present 

work, a different form of Equation (21) was used: 

with the pi's being computed from the wet-bulb assumption. 

All other parameters were obtained experimentally. 

ifat bulb temperatures were interpolated from humidity 

charts which were constructed for acetone-air; MIK-air 

and butanol-air by means of equation (16). The technique 

for this is given in the sample calculations. Having 

computed kGa by means of (25), KGa was next computed (from 

the same data) by a modified version of (24): 



Liquid film coefficients, kLa were next computed, for 

the pure component,by means of (3d). The value of 

(Henry's Constant) was computed for the mean liquid film 

conditions by: 

having established the liquid and gas film coefficients 

for the pure components, further data were taken, at a 

fixed liquid and gas rate, to determine the effect of 

liquid composition on kLa. Since kGa is essentially a 

function of the state of motion of the gas relative to 

the liquid (gas rate, liquid rate, and packing) and of the 

properties of the gas film to a lesser extent (viscosity, 

density, and diffusivity), the gas film coefficient would 

not be expected to change with liquid composition pro-

viding these conditions were not changed. Since the 

liquid and gas rates were not changed, the state of motion 

was kept constant; some error was introduced because the 

properties of the gas film changed due to the presence 

of the second component. However, this effect was expected 

to be small. 

Finally, KGa for the various liquid concentrations, 

was computed by (26) making the assumption of an ideal 

mixture in order to compute pe. Hence: 

(28) Pe = P* a x  Pc) 



The liquid film coefficients were again computed from 

(3d) using a mean liquid film condition to obtain P° and vm. 

The wet-bulb temperatures for the mixtures were obtained 

by assuming a linear variation with liquid mole fraction; 

a further discussion of this is given in the section on 

interpretation of uata. Liquid film coefficients were 

then correlated by the method proposed by Stutzman25 

(equation 20). 

It should be noted that the technique described above 

permits calculation of kLa for the pure component by two 

different methods. (The first is direct measurement on 

the pure component ana the second is extrapolation of the 

kLa - concentration plot to the pure component intercept.) 

A comparison of these supposedly identical values gives 

an indication of the reliability of the assumption made for 

the interface condition. Hence, for any given set of 

data, it is possible to calculate kLa by several assumed 

interface temperatures (e.g., one for wet-bulb, one for 

main-body and onto half way between). If the deviation 

obtained for each of the several points are plotted against 

the assumed interface temperature, the point at which they 

minimize should indicate the correct assumption. This, 

then, was the technique used in checking the wet-bulb 

assumption used throughout this work. As pointed out 

previously, at the liquid and gas rate at which the runs 

were made, this deviation was zero (within the limits of 



accuracy of the experiment) for a wet-bulb interface. 



SCOPE OF WORK-DESCRlPTION OF EQUIPMENT 

Measurement of overall mass transfer coefficients 

requires that inlet and outlet liquid compositions and 

temperatures; inlet and outlet gas compositions and tempera-

tures; and liquid and gas rates be known. All temperatures 

were measured directly by thermometers in the fluid streams. 

The liquid inlet composition was measured by analysis with 

a refractometer; the gas inlet composition was zero. 4 

mounting the tower on a scale and insuring that all liquid 

leaving the column was added again at the top, the amount 

of liquid in the system was maintained constant except for 

that lost by evaporation. Keeping the scale reading 

constant by the measured addition of fresh liquid from a 

burette, the amount of evaporation and, hence, the exit 

gas composition was known. Liquid and gas rates were 

measured by rotameters. All other streams being known, 

the exit liquid composition could be calculated from a 

material balance. 

If the liquid consists of a mixture of two different 

compounds the above procedure requires that the ratio of 

components in the exit gas be the same as that in the liquid 

added to the system. (This will only be true for one 

particular circulating liquid composition, the steady state 

composition.) If one component is present in greater 



proportion in the liquid added to the system than in the 

vapor, then the circulating  liquid composition will change. 

As the composition of the circulating liquid changes, the 

composition of the exit gas changes. Thus, the criterion 

for steady state is the constancy of the circulating 

liquid composition with time; wnen this is attained, the 

exit gas composition can be computed. 

Figure 1 is a diagram of the apparatus used. In 

summary, the apparatus consisted of the following pieces 

of equipment: 

1. A packed tower mounted on 

2. Scale Balance and fed by an 

3. Air Supply which passed into the bottom of the 

tower. 

4. The air supply was pre-treated by passing it 

through a Drying Column 

5. and an Air Heat Exchanger. It was measured by an 

6. Air Rotameter and 

7. Manometer installea just prior to the column. 

8. Air stream temperatures were measured by 

Thermometers, installed before and after the column. 

9. The Liquid Supply was stored in a separatory funnel 

ana fed into a 

10. Curette installed just prior to the 

11. Liquid Circulating  Pump. The stream next passed 

into a 

12. Liquid Rotameter and a 



13. Liquid drying Column before passing through a 

14. Liquid Heat Exchanger and into the top of the 

column. 

15. Liquid stream temperatures were again measured 

by Thermometers. Liquid from the bottom of the 

column passed through 

16. flexible Tubing merging with the feed stream 

from the burette. 

17. A Sample Valve for the circulating liquid was 

installed just prior to the stream entrance into 

the top of the tower in order to permit 

18. composition analysis by Refractometer. 

For ease of discussion, the system will be broken 

down into three sections: 

A. Tower and Scale 

B. Air System 

C. Liquid System 

A. Tower and Scale - The tower was a 4-inch 1D glass 

column, 18-inches long, and packed to a aepth of 4.75-inches 

with 9/16 inch diameter glass marbles. Where were 77 ft2 

of packing area per ft3 of packing volume, the fractional 

void space was 48%. The packing was supported by a wire 

screen resting on a cruciform foundation suspended 6-inches 

above the bottom of the column. 



The lower section of the column served as a liquid 

reservoir for the suction side of the pump. A stainless 

steel flange was bolted to the bottom of the column with 

the seal being maintained by gasket. A liquid down-comer 

and a gas entrance line were inserted into this flange. 

The gas line extended up to the bottom of the packing and 

was fitted with a protective cap; this served to prevent 

liquid from draining into the gas line and to distribute 

the air over the entire packed surface. 

Fitted over the top of the tower, but in no way 

connected to it, was a 6-inch length of 5-inch standard 

pipe. the liquid line was inserted into the side of this 

pipe and terminated in a spray head which extendea down 

into the column. The spray head consisted of a *-inch 

steel cap which had numerous 1/8-inch holes drilled in it. 
 

Pitted over the top of the 5-inch  pipe was a cast iron 

reducing cap which contained the gas exit line. Also 

inserted into the side of this cap was a thermometer 

which measured the gas exit temperature. 

Three legs were welded to the bottom flange of the 

column to support the column on the scale balance. rho 

balance was an Eimer and Amend platform type with a 6-pound 

range. the scale was graduated in 2 gram divisions and 

covered a 500 gram range; absolute readings could be 

obtained to the nearest 1/2 gram but deflections from a 



fixed point could be noted with even greater accuracy. 

8. Air System  - The air supply was delivered at 80 

psis from a Worthington 2-stage reciprocating compressor. 

It was then reduced to from 10-25 psig by a Leslie diaphragm 

pressure reducing valve. Operating in this manner minimized 

pulsations in the air flow. 

The air stream then passed into a silica Gel drying 

tower designed to reduce the humidity of the entering air 

to a maximum of 0.00084 pounds of water per pound of air. 

This figure was calculated to be the maximum water content 

permissible so as not to cause a change of more than 0.3°0 

in the acetone liquid temperature under minimum flow con-

ditions (the temperature change to be caused by desorption 

of the water into the acetone). The drying column was 

designed in accordance with the procedure outlined in 

Perry3. The unit consisted of a 6-foot length of 3-inch 

standard iron pipe packed to a depth of 5.1 feet with 6-8 

mesh Tel-Tale Silica Gel. This is sufficient material to 

permit 6 hours of continuous operation under the conditions 

specified. A color change of the drying agent from deep 

blue to pale pink specifies the necessity for regeneration 

which is accomplished by heating the material for 24 hours 

in an oven at 300-350°F. Concentrically fitted around the 

outside of the drying column was a four foot length of 8-inch 



standard pipe; cold water was circulated through this to 

prevent the Silica Gel from overheating during operation. 

Three inch steel plugs were fitted into the top and bottom 

of the drying column to facilitate quick removal of the 

Silica Gel for regeneration. 

The air stream was next directed into a shell and tube 

heat exchanger which permitted heating to a maximum of 550C. 

The air flow was controlled by a needle valve located 

downstream from the heat exchanger. The stream was then 

directed through the air rotameter and into the bottom of 

the column. The rotameter was a Fischer and Porter, Tube 

Jo. CA-25-B, Dwg. G17170-0, Serial J2-3236, capable of 

30 60FM but reading in arbitrary units. Figure 2 is a 

calibration curve for the meter. The final connection 

from the rotameter to the column was made by flexible 

rubber tubing. A U-Tube Manometer, containing C014, was 

installed just prior to the column to measure air pressure. 

Air temperature was measured by thermometer also installed 

at this point. 

C. Liquid System - Flow energy for the liquid system 

was supplied by an Eastern Industries centrifugal pump 

(.odel D-11) powered by an 1/8 AP explosion-proof motor 

(3450 RPM). The capacity of the pump was 60 gal/hr at 

5 ft H2O head. The liquid flow stream was directed through 



a needle valve into a solvent rotameter fitted with special 

acetone gaskets. The rotameter read directly in percentages 

of the maximum reading which was 0.94 gpm for a liquid 

S.G. of 0.79. The rotameter was a Fischer-Porter, Tube 

B4-27-10/70G, aerial W12-4142/2. 

The liquid stream passed from the top of the rotameter 

into the top of a liquid drying column. This consisted Of a 

2-foot length of standard 2-inch pipe which was packed with 

Molecular Sieve-5A (A product of the Linde Air Products 

Company). klthough the exact performance of this unit was 

not checked, it was claimed by the drying agent manufact-

urer to be capable of removal of the last traces of moisture 

from the liquid. Following this, the liquid passed through 

an 8-foot length of 3/8-inch coiled copper tubing placed 

in a 5-gal. can. This served as a constant temperature 

bath for the liquid stream since either of or cold water, 

as desired, could be circulated through the can. The 

stream was then directed into the spray head located over 

the column. Just prior to entrance to the column, the 

liquid inlet temperature was measured by thermometer. 

In addition, a sample valve was here installed to permit 

measurement of the liquid circulating composition. 

Analysis of the circulating liquid composition was 

accomplished with a Spencer, No. 491 Refractometer. This 



instrument does not read the refractive index directly 

but measures an angle that is related to refractive index. 

The device was pre-calibrated (Fig.3) for the acetone-MIIK 

systems used; the difference in refractive index for the 

pure compounds was 22.8°. The instrument was capable of 

readings reproducible to 10 degree when properly controlled 

for temperature variation. 

A one liter separatory funnel served as a liquid 

reservoir. It was located at a sufficient height above 

the system so that liquid could drain by gravity either 

into the burette or into a connection in the bottom of 

the coil located in the constant temperature bath. (The 

latter connection was installed to permit complete purging 

of air from the system when filling - a purging valve was 

located at the top of the drying column to accomplish this.) 

Liquid from the bottom of the packed column passed 

through a plasticized .el-F flexible connection to a 

point where its temperature could be measured. Following 

this, it merged with the feed stream from the burette and 

passed to the suction side of the pump. 

The entire apparatus (except air suppy, air drying 

and air heating units) was located in a laboratory hood 

as a safety precaution. Al thermometers had a range of 

-2 to 100°C and could be read to 0.05°C. he thermometers 

were checked against each other over the range of temvra- 



tures involved in the work and were found to agree within 

0.1°C. ale specifications of the solvents used in the 

work are listed in Table I, 



OPERATING TECHNIQUE 

The liquid system was first filled so as to expel all 

air through the purging valve. Liquid circulation was 

then established at the desired rate and temperature; 

weights were added to or removed from the scale to set 

the pointer at an arbitrarily chosen reading. The liquid 

was allowed  to circulate for at least 15 minutes, and if 

no change in weight was observed, the system was assumed 

to have no leaks and to be operating satisfactorily. The 

air valve was then opened, and the air rate was adjusted 

to the desired rats and temperature. Liquid was then fed 

in through the burette so as to maintain the scale reading 

constant. 

The rate of evaporation was determined as follows: 

a. The burette was filled from the overhead 

liquid reservoir. This was accomplished 

while the liquid was feeding into the system 

at the fixed rate described above. Upon 

filling the burette, the valve from the 

reservoir was closed and the level of liquid 

in the burette was allowed to fall. 

b. When the level in the burette passed a fixed 

point, a atop-watch was started, and the 

reading of the scale balance was noted. 



c. The burette stop-cock was then opened wide 

and a measured volume of liquid was dumped 

into the system. 

d. when the scale balance returned to its original 

point, the stopwatch was stopped, and a record 

of the rate of evaporation was available. 

e. Liquid and gas temperatures were then recorded 

and the run repeated and averaged. 

The above procedure was utilized to determine the 

evaporation rates of pure acetone, pure MIK and the liquid 

mixtures. 

The steady state liquid compositions were determined 

prior to the runs by removing samples at fifteen minute 

intervals for analysis in the refractometer. If there was 

no change in concentration, the exit gas composition (on 

an air-free basis) was the same as the particular feed 

composition being used for the run. If the composition 

changed, an adjustment in composition in the proper direction 

was made and the system kept running until steady state was 

attained. 



OBSERVED DATA  

Runs with pure acetone were made at four liquid rates 

(400,800,1200, and 1600 lbs/hr-ft2) and over a gas rats 

range of 113-555 lb/hr-ft2. These data, along with pertinent 

calculations, are tabulated in tables II - V. Runs with 

pure MIK were made at three liquid rates (800, 1200 and 

1600 lbs/hr-ft2) and over a gas rate range of 202-646  

lbs/hr-ft2; these data are tabulated in tables VI - VIII. 

Runs with acetone-MIK mixtures were made at a liquid rate 

of 1200 lbs/hr-ft2 and a gas rate of 313 lb/hr-ft2; the 

liquid feed compositions were 40, 60, 80, 90, 92.5 and 

95% acetone by volume. These data, along with pertinent 

calculations, are given in table IX. Additional runs were 

made with pure acetone at elevated gas inlet temperatures 

and decreased liquid inlet temperatures; the gas tempera-

tures covered the range of 25.3 - 55.40C and the liquid 

temperatures covered the range of 14.1 - 20.7°C. All the 

latter runs were made at a liquid rate of 1200 lb/hr-ft2 

and a gas rate of 313 lb/hr-ft2; the data are listed in 

table X. 



CALCULATIONS  

The calculated values of kGa and Kola for the pure 

components are shown in Figures 4 - 5. These mass transfer 

coefficients are plotted against Go  at constant L on a 

log - log scale. The values of kola were calculated 

assuming the interface temperature to be the wet-bulb 

temperature. Hence, they are pseudo values. They may 

not necessarily represent gas film coefficients based on 

actual conuitions but rather maximum obtainable values. 

If the kGa represents an actual gas film coefficient 

the liquid film coefficient could be calculated from 

equation 3d. These values of kLa are shown in Figure 6 
as a function of mot % M.I.K. in the liquid film. Also 

included are the so-called liquid film coefficients kLa 

calculated by the method of Stutzmann and kfa calculated 

by assuming the interface temperature half-way between 

the wet-bulb temperature and the main bony liquid tempera-

ture. Figure 7 shows the variation of resistance to masa 

transfer through the liquid film with the correlating 

 function (CL)f Ma  (4 ). This is done only for the resis-  
tances computed by the wet-bulb assumption which is shown 

to be the correlation in Figure 8. 

A summary of the effect of elevated gas and decreased 

liquid temperatures is given in figure 9. This graph shows 



kGa computed on the basis of a wet-bulb interface tempera-

ture plotted against the log-moan temperature difference 

across the liquid film. Extrapolation of this curve to 

zero mean temperature difference indicates the value of 

KGa for the pure liquid as used by Stutzman in his 

correlation. 

The method of calculation is divided into four►  basic 

parts: 

A. Calculation of Humidity Charts 

B. Calculation of Maas Transfer Coefficients for 

Pure Components 

C. Calculation of Maas Transfer Coefficients for 

Acetone-MIK Mixtures 

D. Correlation of Liquid Film Coefficients as a 

Function of Concentration 

A. Calculation of Humidity Charts - Construction 

of a humidity chart is accomplished by means of Equation (16): 

The technique is illustrated by the following sample 

calculation for acetone-air: 

a. Choose a set of conditions; i.e. HeC, Te 360C. 

b. As a first trial, assume Tne 
c. From a vapor pressure chart for acetone, p4e44mm Hg. 



Figure 10 is an Othmer plot for acetone, n-butanol 

and The data for acetone and n-butanol were obtained 

from Perry5; the data for were obtained from a Shell 

Chemical Co. publication20. It was found that the vapor 

pressure data in Perry for MIK are substantially in error 

at the lower temperatures. 

4. H413 m = 44  igi__) = 0.124 lb/lb. 
"*P6B Macetone 760-44 58.1) 

so V1,13 .7. 138 Cal/gm 

(Figure 11 is a Watson plot of (q) vs. T and was 

used for acetone, MIK, and n-butanol. The acetone data 

shown were obtained from Perry4. The MIK and butanol 

critical data were extrapolated from boiling point data20 

by methods outlined in Hougen and Watson12.) 

f. Cp,  and Al are determined for pure air neglecting 

the small amount of acetone in the gas film. The values6 

are found to be C = 0.238 cal/g OC anaM = 0.0407 lb/ft-hr. 

is computed from the perfect gas law using a mean 

molecular weight for the gas film (29.85#/mole) and found 

to be 0.0789 lb/ft3. 

g. The diffusivity, D, is computed from the Gilliland 

equation9: D= A0 nrn41/ T3A  k 13 /  1/3)2 
. From the 

molecular structures, Vair  = 29.9 and Vacetone 2 74.0. 

This yields the dimensional equation: u a 7.07 x 10"5T1'5(ft2/hr) 



and for a mean film temperature of 267.5°K, D=0.343. 

b. Substituting In (16) and solving for 1.4?:  yields 

T Av-7.6°C. ibis checks the assumed value and 

thus for a Td of 36.000 and fitiao the wet-bulb 

temperature, Tfroa-7.6°C and H4cle 0.124 iv/it. 

;election of other combinations of r and ho 

yields a family of wet-bulb lines. Figures 12-14 

are humidity charts constructed for acetone, MIK 

and butanol by this methods 

B. Calculation of Mass Transfer Coefficients for Pure  

Components - The sample calculation is based on 

tile data from stun 51 (,. a II). The basic 

equations used for the caIculations are: 

(25) Ito* x 
(Pi-Pci) "a 

(26) 44a x Sui 
(PelOdi,r: 

( .161. 

oda 

a. The pounds of acetone evaporated parr hour per 

square foot of superficial column area, is 

first computed. 

a Evaporation Rate (ml/sec) x 3600 Ap x .0000353 ft, x 

.79 z 62.4 3  z 
0.093 ft2  

E s 66.7 x al/sec = 66.7(0.859) = 57.4 lb/hr*ft2. 



b. H2 : H a L.  a 411 a 0.183 lb Acetone  
L. lb Air 

o. p2 a = _d. (since Mi=  29 and 14.58)=0.0838 Atm. 
2,1H 

mi 

d. Since T2 a 8.9°C and He 0.183, T2..4.13 = 0.9GC(FromFig.12) 

C. From Fig. 10, p2 Fa 0.0932 Atm. 

f. In a similar fashion, ple A.Pla 0.0473 Atm. 

ig* (P3B-P4)LAI = (P2,,8-P2) - (P1ie-P1) = 

Ln(P2forP2) 
(Pi

w
B-Pi) 

(7
-0.0838)-(0.0473-(1) - 0.0235 Atm. 

Ln 2Aptaegala) 
0.0 3-0 ) 

h. ke = fisi) 
.4t 

 106.2 zp,m01  
Hr-Ft,  

1. Since tea 18.80C and t1 5.7°C, p4=0.223 and 

pl
e 
 = 0.120 Atm. (From Fig. 10) 

J. (Pe-pG)0( a ( 2 - .08 8) 0 1 -0) -4 0.130 At. 
Ln 22 - 

0.120-0 

k. x42 s 1.3121 (AALIO 19.2 1122A14 (:356)-(58) (0.130) Hr-Pt -At 

Assuming the interface temperature half-way between the wet- 

bulb and the main body liquid temperature, then 

I. tai T2.1 t2 a 9.9 18.8 - 9.8°C 

Similarly th a ,1 5.7 - -2.70c 



m. From Figure 10, p2i= 0.1470 atm. and pit: 0.0755atm. 

n. (Pi " PG) I. M (P21-P2) - (P11-p1) 

Ln (ph-p2) 
•••••••••••••••• 

Pli-P1 

(Q.147-0 0838)-(0.0755-9) 0.0694 atm. 
Ln(0.147-0.0838i 
(0.0755-0 

o. kaa a (p.3) (.o. m) 36.0 1b.kol 
(0.396)(5d)0.0694) Hr-Ft -At. 

p. The average liquid film temperature corresponding 

to k5a is obtained by averaging tl,  t2,  tii and t21 

giving a value of 7.9°C. 

14-ay. is obtained from Fig. 10 and equals 0.134 Atm. 

Since the molal volume, vm, for acetone equals 1.174 :t3., 
mol 

and?r‘m_l_ , Henry's constant is found to be 6.36 'bowls  

p ‘i  vm ft)-Atm. 

q. Substituting in (3d) and solving for kfa, the inter- 

facial area times the mass transfer coefficient 

for self-diffusion based on this assumption, 

gives a value of 6.48 EILsoetong  
ft7..hr. 

r. Similarly, taking the interface temperature equal 

to the wet-bulb temperature, tr-ay = 3.6°C. Pplav 2 

0.108 atm., and kLa = 2.95 ft3/ft3-hr 

0. Calculation of Mass Transfer Coefficients  for Acetone- 

MIK Mixttures - 

The data on which the calculation is based are those 

of Run 142 (Table Ix). The basic equation for JiGa is: 



(24) xos G 1 Ln  Psi,  
11pt)L1 P.2-P=1  11 142'132 

P2 
a. The weight % of acAone in the feed : kgeGr.4q, x VCL,‘ 

$p.Cyr.Mix. 
= x 40.0 = 39.7% F 64,98 

b. 14,3 pounds of acetone evaporated per hour 

per ft2 is: 

E = 66,7 x ml/sec x Vol.; = (66.7)(0.324)(0.4) 

8.65 lb Aclitone (this is the same as the feed 
hr-ft 

rate.) 

c. P2 2 

G -t 
-§$3- 4t 100.2 

t.t15  
2(313) / 8.65 71  (0.58)(0.60)0.65) = 0.138 Atm. 

0.397 

d. No2 = P = x092. Since t2 = 20.7°C. P2°  .0.246 Atm. 

x2 is determined from the sample taken of 

the entering liquid. Hence, Vol. ;2s 0.075; 

Mole %2 tool. %2  
z2 2 x2 • 

'0.406 Vol.k2 / 0.594 

0705 =  0.122 
0. 

assuming an ideal mixture, pp =(0.122)(0.246)= 

0.0298 At. 

e. Wt. % Acetone in liquid at bottom of column 

is: 01 = %1 E7here 4%2 : 0.58x2 =0,0745 

I,,-E/' W F 1-0.42x2 



Hence: Q.01
12
45 
00 - 
11200) 65 . (8.65)  = 0.0685 

$.  
0.397 

f. xl sth LI 0.112 
0.42 t%1 , 0.58 

E. p1A = xiplo. dine, t1 s 17.6°• PI a 0.2105 

and 11 0.0236 .t. 

h. jubstitution in (24), with ao  a 313, 29, 

t 0.3/6 and ' 1 11„;.a 19.3 1ILLa 
dr-et,-at. 

1. The value off...av  aepends upon the tempera- 

ture across tne liquia film. .he interface 

tealperaturl at tne top cf the colukn is 

obtained as follows: 

H2  (acetone) = L » 1,2§.5 4, 0.0277. noe 
313 

T2 e 18.6°G (acetone) sr -10.0°C. 

Similarly, H2(1.K) (1-A.4 ?)_7S, = 
4th 40  

94603, (0.65) : 0.042 
0.397 513 

Hence, T2."ii = 15.6°0, he combined 

wet-bulb temper: tune for the mixture is 

obtained by assumin6 a linear variation of 

T. with liquid mole fraction. deace, for 

an x2  u 0.122, t2e. 5-2 12.5°C. 

j. similarly, ti 12.4°C and t f-av 2  
t

3 / t2 
  / t t 21 7. 15.8°0. 

4 



k. per." = 0.194 Atm. (from Fig. 9) 

1. Making use of the relations Ni (EI:Osor  
kag (P*-P) " 

it 13 further calculated that p*f.av  :0.0186 Atm. 

a' ain" xf.-av=  P* 
 . , it is also seen that 

P f-av 

164'av  
* - 0.0958 
0..* 

n, Finally, since vas  = 1.93 ZI2 
mol 

f t I: 2.67 mal 
P f vat 117-Atm. 

p. = 8.84,I. 
2. 7 

.3 iir;) 

(106.1 ie the Ito& from Fig. 4 at these flow 

rates.) 

q. It can also be shown by assuming the inter-

face temperature is half-way between the 

wet-bulb and themain body liquid temperature 

and following the steps of Section C (a through 

p) that 

tray ‘' 17.5°C 
p fl =  0.209 Atm. 
401a7 a = 0.529 (based on kzcolt 36.5) 
P*f.ay 0.0236 atm. 
xf.a, 0.113 
•m-t' av # 1.92 ft3/mol 
1-4tf * 2.51 mol/ft3-atm. 
kali& 11  1305 



r. Calculation of k* La by Stutzman's method is 

accomplished by the following steps: 

Pc'f-av•  P°1 P°2 - Qa105 1 0.2455  
2 2 

0.228 Atm. 

X a 124,1 : 0.985 (based on X01: kG& for G- iris  19.6 

pure component = 19.6) 

By following a procedure similar to that just 

illustrated, xis 0.1173, vm  = 1.91 ft3/mol 

and* 2.29 mol/ft3- atm. 

1 624 k" 
eL a29 t , 

CT775 TIS5 

D. Calculation of Correlating Function For Liquid 

Film Coefficients 

Correlation of the kLa's computed for the liquid mix- 

tures was accomplished by equation (20): 

(C11,4 Mu 
ke Q -Li• This was done based on 

the wet-bulb temperatures with the results being shown in 

Table XI. 

It has been established theoretically17 ana experi-

mentally' that the product (104) is linear with mole 

fraction for ideal mixtures at constant temperature. 

Since this quantity (in the form of F .1
4

T ) has been 
11  



expressed graphically by Wikle27 for dilute solutions and 

generalized by us, of the parameter % a 0.9, a convenient 

method was available for expressing DL as a function of 

mole fraction. Thus, since VA-acetone m 74 and VA-MIK = 

140.6, F = 2.45 x 107 and 3.65 x 107 rc- 000)  for acetone 
Cad- Cp 

and MIK, respectively. (A second empirical correlation of 

Wilke's data has been proposed by Scheibel19. This takes 

the form F = 1.22 x 107 1/1/3 Use of this 
1 ,1(3%,B)2/3-1 
(V) 

equation yields values of 1.23 x 107 and 2.70 x 107 for 

acetone and MIK, respectively.) 

a. Using the data from Runs 142-144 (Table XI) 

tf.av  2: tla / t2t11  It ti / t2  m  15.8°C 

b. DIM * 

DLA ae ' rtf  7 r 118 x 10'7 21641 
. x 10 see, 

ildtKIK = Arri07 = 79.2 x 10-7 0e2..-CA sec. 

(1.  (l-4f) = 1 ' xre* Mact 
xfac Ka° / (l-xfact) MmIli 

r. l- 0t0ng4,4 
. . i / (1-0.0958) (L00.2)= 

0.9'.43 
Wiiiture 



xrSe is obtained from Table 1X 

d. )4  then equals 0.604 op. This is based on 

a linear variation of) vs. with the values 
for the pure components being obtained from 

the literature26. Thus)4 -acetone 0.335 

and j4  0,AIL S  0.62 op at 15.8°C. 

40. D /A equals 82.9 x 10*7. This is obtained 

from a linear variation of Dili vs. x1 

(between the limits of 118 x and 79.2 x 10-7 

for this temperature). 

1. Ka  (molecular weight of liquid in the film) 

is obtained from the linear variation with 

xr. For this ease straw  a 0.0958 and M096.3. 

g. Q  (lb/ft3) is obtained from a linear variation 

with lit. For this case 'Rot 50.45 lb/ft3. 

h. )4/R = 444)2 (0.624) a  545 
x ;Jo (50.45)(82.9 x 10'7 

0.624 is a conversion constant to change op to 

lb/ft-hr and ce2 to ft2. The Schmidt number 

is then rendered dimensionless. 

i. (014.,)f is the mols ),14/ft3 mixture. 

This is obtained froe().-xfue) 
(v ) af.ay. 

vat." 2 1.93 (from Table LX) 

therefore (u1 ) f 41' l:20,5a) .41:©.474 
t 

j. (G1,) ,ca 04/Q (0.470)(96.3)(545)2 24,700 



(Note that (CIde Ks o (14mx)r gl 

"NA  X 111  
glo mutur* owlita vbisturo 

its Sy a ataliar prOoodurit. but malt% the equation 

of dohelbell, to pomnat a (41.4 xis ()4 /6): 

3.7 040 • 



INTERPRETATION OF DATA -  DISCUSSION 

Examination of figures 4-5 reveals that the usual 

methods of correlating the conductances for mass transfer 

can be applied to this system. Both KGa and kGa when 

plotted on a log-log scale vs. 40  at constant Lo  form 

straight lines with slopes varying from 0.6 to 1.0. This 

was true for all runs (below the flooding point) except 

for the 400 1b/br-tt2 run with acetone. Apparently, at 

this low liquid. rate, the peaking was not completely 

wetted and the resulting slopes were closer to 0.5. The 

dashed curves shown on the plots are flooding velocities 

calculated from the data of Lobo13. This correlation was 

found to agree completely with the present data. All 

acetone runs were below the flooding point and the 

following runs with U4 were observed to be above the 

flooding point, as indicated on Fig. 5: 

Runs ,  Liquid Rate (lb/hr-ft2) as =tat,. (lb/hr-ft2) 

139-141 800 646 

133-135 800 591 

109-111 1200 556 

All points shown are the averages of from two to six 

runs at the specified conditions,. :his technique serves 

to reduce the scattering of data. The average correlation 



coefficients obtained ny the method of least square11, was 

8 1.060  to.115)2 1.00 72% Of the slops of the lines 

is explained by the data. 28% can be attributed to ex- 

perimental error and unknown sources and remain unexplained. 

is discussed in the section values of 

kJ  i compressed i, *1-* ,maximum since it was measured that 

the interface temperatures were wet-bulb temperatures. it 

is shown below that this assumption is valid within 

pseittnfl error for at least one set of conditions; i.e., 

at a liquid rate of 1200 lb/hr-ft2 and a gas rate of 313 

lb/br-ft2 for acetone. Theoretically, for all other runs 

the teue kGa could be anywhere between tje indicated kGa  

and the lower values of Kga. It is .:)eo4eLks, however, that 

the kGa  plotted are good engineering estimations or the 

true values. 

Figure 6 is a plat of liquid film resistance (1A  VI) 

plotted vs. mole % i',14 t* tile liquid film" The 

calculation was made by *stab et three methods: 

a.Assuming the interface temperature is a wet-bulb temperature 

b. Assuming the interface temperature is the 

liquid temperature (this le the method of 

251 Stutzman 25) 

e. Assuming the Interface temperatures is midway 

between the wet-bulb and the main ;o4 liquid 



temperature. 

Examination of the curves reveals two interesting effects. 

First, the shape of all the curves indicates that acetone 

has more difficulty diffusing through itself than through 

is ii. This is the case since the liquid film resistance to 

acetone is greater for pure acetone than for pure MIK. 

Although this result might be intuitively unappealing, 

it is not without some empirical justification. 

Wilke28, in studying liquid diffusivities for a large 

number of materials In dilute solution, proposed 

generalised correlation of the forms 

(29) a f(VA) (Y*. is the molecular volume of the 
1) )4 

solute). 

The function was expressed graphically in terms of 

a parameter φ which was recommended at 0.9 for general use. 

However, Scheibel19.  recorrelated the data published 

by Wilke and expressed his results by the empirical equations 

It was found that 00) Provided a better fit to the 

data than the 4 M 0.9 recommendation of Wilke for general 

use. it is noted, however, that (30) also provides the 



explanation for the shape of the curves on Figure 6. The 

molecular volume of MI4, being greater than that tor acetone, 

yields larger diffusivities when acetone diffuses through 

it than when it diffuses through itself. Thus, in general, 

the diffusivity increases with the molecular volume of the 

solvent, (See also Sherwood and Pigford24.) 

The second observation of importance about Fig. 6 

concerns the intercepts corresponding to 100% acetone. It 

these intercepts are compared to the resistances obtained 

from the pure component data, some indication of the re-

liability of the assumption mace in computing the data is 

obtained. Thus: 
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--resencjevecki.we 
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co-,.e . T vect-rcei6 

..k. I. 0 0. OcNo1 0.0°101 0 

ki... "t
—
t* 
— TX 0.152 p .a%3   o . 061 o .-1 ‘5"..  

"t La .%. o.35$ o.316 0.034 o .9,6.. 

This table is also shown graphically in Fig. 8. It is 

thus evident that at this particular gas rate and liquid 

rate, (313 and 1200 lb/hr-ft2, respectively) the wet-bulb 

assumption gives agreement well within experimental error. 

Although, it is noted that there is no guarantee that the 



same is true for other liquid rates and. gas rates, the wet« 

bulb method appears to of for promise of predicting liquid 

tile coefficients within engineering accuracy tor all rates. 

Figure 7 contains plots of 1/kGa (computed by the 

vet-bulb assumption) vs. the correlating variable suggested 

by Stutzman t • (.114,)t 14,0  0'47). Two Curves are shown, 
(1 

the higher one being computed using Wilke's diffusivity 

curves. and the lower one is equation (30). It is evi-

dent that all the points (except one) fall close to a 

single straight lino. thus, supporting too correlation. 

The single point that deviates is that generated by Runs 

174.176 for 95% Acetone (by volume) feed. The most prob-

able reason tor the deviation is that it was exceedingly 

difficult to bring the system to equilibrium in this range 

of feed concentrations small, momentary fluctuations in 

feed rate (possibly duo to the method of obtaining the 

evaporation rates) tended to unbalance the system and 

hence the data in tole range are viewed with suspicion. 

it is also possible that the method of computing wet-bulb 

temperatures for the mixtures contributed to the error. 

It is recalled that this method consisted of weighting 

the wet-bulb temperatures computed for the pure components 

by the solo fraction in the liquid at that point. The 

choice of liquid sole fraction (rather than gas sole fraction) 



was dictated by the fact that it gave &claviers consistant 

with the heat balance la the system. Also,  at several 

liquid compositions, choice of the gas mole fraction to 

weight the wet-bulb temperatures would have resulted in 

impossible situations (higher gas partial pressures than 

intertace partial pressures). It is noted that another 

possible weighting factor for wet-bulb temperature is 

sole traction In the gas file. If this is the case, an 

explanation for the apparently satisfactory results 

obtained by assuming proportionality to main body liquid 

mole fraction is given by the diagram below. It is 

probable that main body liquid sole fraction and gas file 

mole fraction (on an air free basis) are approximately 

the same. 



Thus. fres rig. 7, the following equations ars 

recommended to describe the effect of liquid concentration 

on kGa for the present system at the rates specified: 

(31) 1/k1,a * 0.3764.0.0000102(C)rits  04 / (used 

with Alice's26 Diffusivity Data) 

(31a) 1/k Lam 0.376-0.0000152(4) t Ms  ()A01/4 j4 (U*04 

with Scheibel's 19 Diffusivity Data) 

The attempt to Investigate the effect of increased 

gas-decreased liquid inlet temperatures 1$ summarized in 

el Figure 9. This plots kGa (computed on the wet-bulb assump- 

tion) vs. the mean temperature difference across the liquid 

film. As discussed in the theory, when this temperature 

difference is hero, then kaa s kual this is shown by the 

dashed extrapolation (the intercept being 19.6 computed 

tree *sin body liquid temperatures). The extent or error 

to in assuming  it .a :.k0,t at other AN is is evident for the 

present system. Note that the case is true tor the cal

culations performed. by Stutzman25, although to a leaser 

extent slnce involatile n-butanol and n-hexanol 

were UMW. 

Attempts to analyse the data presented by Stutzman 

by the present methods were generally unsuccessful. This 

was due. in large measure, to the fact that gas outlet 



temperatures were not reported. Attempts to calculate these, 

by end large, resulted in impossible heat balances (outlet 

gas temperatures higher than inlet gas or inlet liquid 

temperatures). These discrepancies could be due to simple 

inaccuracy of measurement, but they also might possibly be 

traced to the use of "wet" air. In the present experiments, 

mere the air was dried passing it through a silica gel 

column, the neat balance agreements were excellent The 

only useful information remaining from the attempts to 

correlate Stutzman's data is the humidity chart constructed 

for n-butanol. This is presented as Fig. 14 due to the 

scarcity of these plots in the 'Literature. 



CONCLUSIONS - RECCOMMENDATIONS 

A. The effect of liquid concentration on the resis- 

tance to sass transfer across the liquid film wae found to 

follow the correlating variables proposed by Stutzman25 

For the *pacific oyster at hand, and at a liquid rate of 

1200 lb/hr-ft2 and a gas rate of 313 lb/hr-ft2, the 

effset oan be described by: 

(31) 1/kLa a 0.37&04,0000142 (qh,  Ka (P/q 0 when 

diffusivity data of Wilke28 are used, and 

(31s) Owe = 0.376-0.0000152 (4): Mx  (P/0 4 when 

diffusivity data of Scheibel19 are used. 

8. the transfer of acetone through a liquid film 

of methyl isobutyl ketone is accomplished with less 

apparent difficulty than the transfer of acetone through 

a liquid film of acetone. This was established 

experimentally and supported by the empirical equation of 

Scheibel19. 

G. The temperature at the interface between liquid 

and gas films should be somewhere between the wet-bulb 

and main body liquid temperatures. For the system at hand, 

and at a liquid rate of 1200 lb/hr-ft2 and a as rate of 

313 Ib/hr-ft2, this temperature was found to he equal to 

the wet-bulb temperature (within the accuracy of the coo 

periment). This would serve as a sore fundamental basis 



for the design of absorption equipment than the use of main. 

body liquid temperature* to approximate the interface. 

The following recommendations are proposed for future 

work in this fields 

A. A study should be undertaken to determine the 

relationship between liquid and/or gas concentration and 

the wet-bulb temperature of a gas poising over a liquid 

mixture. It has been estimated throughout the calculations 

herein that this temperature might be arrived at by 

computing the wet-bulb temperatures tor each of the pure components 

and the assumption of a linear relationship of with 

the main body liquid sole fraction. his technique apparently 

was Justified by the heat balances in the system. Any 

carefully planned experiment, however, could easily con- 

firm or establish some other relationship. 

a. it is recommended that further studies be made of 

the acetone-MIK systems to determine how the interfacial 

temperature varies with liquid rate, gas rate, height, 

size and type of packing. The technique to to used for 

this study should follow that illustrated in Figure 8. 
Specifically, mass transfer coefficients should be 

determined far both pure acetone and mixtures of this with 

all at constant liquid and gas rates. kta should be eon- 



puted by each of three methods for the mixtures (wet-bulb, 

intermediate, and main body liquid assumption for interface 

temperatures) and extrapolated to 100% acetone composition. 

These intercepts should then be plotted along with the 

k1.4 a's determined free the pure acetone run (again by each 

of the throe methods) and the point where the curves 

intersect should be taken as the true interface condition. 

The experiment will require carefully determined HGa's at 

low MIK feed compositions. 

A similar study should to initiated for non-ideal 

mixtures and an attempt made to correlate using activity 

coefficients* 



SUMMARY 

A study of the effect of liquid concentration on the 

resistance to mass transfer across the liquid file was 

undertaken for the acetone-MIK-air system in a-packed 

tower. The technique used was to first calculate the 

gas film resistance from data taken on the pure components, 

and then, without changing the flow conditions in the 

column, to determine the overall coefficients for mixtures. 

The liquid film resistance is subsequently calculated by 

subtracting gas file resistance from overall resistance. 

The experimental data taken can be correlated by the 

equations* 

= 0.376-0.0000102 (Gt)f N(1M/ tD) using diffu-
La 

sivity data of Wilke28 

.1..= 0.376-0.0000152 (C )f Ma  ( NtD) using diffu=
kLa 

sivity data of Scheibel l9. 

The techniques for calculating gas film coefficients 

from data are critically examined. While theoretically, 

the interface temperature should be somewhere between the 

wet-bulb temperature and the main body liquid temperature, 

it was found experimentally that for the set of flow con=

ditions thoroughly investigated in this work the correct 



Interface temperature is very close to the wet-bulb 

temperature. Humidity charts for acetone-air, methyl 

isobutyl acetone-air, and n-butanoIs-air,  all at one 

atmosphere pressure. were calculated and constructed. 
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NOMENCLATURE  

a = Interfacial contact area per unit volume, 112 
Ft, 

Op a Specific Heat, cal/VC 

Ce w concentration of solute in liquid in equilibrium 

with pa.,  

CG = Partial molal uensity of the diffusing component in 

tae fluid stream ;.bthols 
Ft, 

Ci a Concentration at phase boundary, lbfr msole4  
Ft,  

Ci * Concentration, Vg10144  

DG g Molecular Diffusivity in gas, at 
Hr. 

DL a: Molecular Diffusivity in liquid Ca2/sec. 

E » Evaporation rate, lbs/hr-ft2 

f .1 Friction factor in Fanning equation 

g a Acceleration due to gravity, Ft/sec2 

Gow Gas rate, lbs/hr..ft2 

H e  Humidity, ibS solut,  
lbs. gas 

-4,1: Henry's Law constant, moles/ft3-Ata 
X0 e Gas film coefficient for wet-bulb method, lb.molos/hr-ft2-At.; 

. Kas over-all mass transfer coefficient, 

lb.molew/Hr-Ft2-Atm. 



Kt * tvork.sli ass* transfer coefficient, 

kL * 4.1quid .filet ocetrrialont for wat..bulb 

lh,00les/hr-ft2.•-ts. 

40 ;Aqu15.1 ;:*t e,, 114/hr-ft2 

• * !:olseular weignt, 

a Aste of as** tronsfsr, lo.mols/r..ft2 

p5 * pressure of Jiffusin6 ,as Is sato strirsat ta, 

pea * ?ants' pressor* of solute gss in squilibrius with 

410 =A t.#. 

p1 * Partial pressure of diffusing 4us ut obese boun-Ary, 

P X Zot6.1 protium?* 

q • oonstant in ,stson lstsnt heat correlation 

p s i4,ftdititt, et. 
A s ..44ts constant, s..ft3/1bp-oso2*0it 

• * kvileotionsl &P IM +0 /.1,2 

T 2 4414 temporetures 

t n -Iquid tinipereturas 

u • Arorabe valoetty, ft/Semt 

✓ a ,tolosl volume, &Anal 

V X AOIOCUIAr roluts 

O a Aasht tests of flow, 112**s*14/**0. 

w s ,416ht (smitten 

• : Mel treettos 

A • Lengths  ft. 

s tt 4eight of putting, 



41P;Ii/04 .4011>4401 

(iPs Parametar in ,4111to's C,orroiation23 

oensity. iwk/rt3 

)(A: Viscosity. .k.:p 

X 4-tatorit twat of vaporituAtIon 

1 *,`,oche of coiwas) 

2 * :op of column 

antorfttco 

,..14fAcgtoli.p  

* 

3 **orimet 

* nog 

fa Milo 

• 0  tom 

a. • 1.14u14 

.44111  iwois 4,4a* iglus 

* s Mian Valuo 

(4 • Pur* c,0100110Dat 

.ot- ulo 

o rure s;omposmat 



z .Aks*N1 on IMeattee slavgy :)etwv*n wet»Lult) an4 Aluld 

tempsmtures• 

* a Aulli.;rium liquid. 



Fig. 1 Drawing of Apparatus 



Fig. 2 Calibration Curve for Air Rotameter 



Fig. 3 Calibrarion Curve for Refractometer 



Fig. 4 Plot of kGa and KGa vs. Go for Pure Acetone 



Fig. 5 Plot of kGa and KGa vs. Go for Pure M.I.K. 



Fig. 6 1/kLa vs. Mol Fraction of M.I.K. 



Fig. 7 1/kLa vs. Z (For Wet Bulb Condition) 



Fig. 8 Determination of Interface Temperature 



Fig. 9 The Effect of Temperature on kGa 



Fig. 10 Vapor Pressure of Acetone, MIK and n. Butanol vs.Vapor Pressure of Water on Othmar Plot 



Fig. 11 Watson's Correlation of Latent Heat of Vaporization 



Fig. 12 Humidity Chart for Acetone 



Fig. 13 Humidity Chart for MIK 



Fig. 14 Humidity Chart for n. Butanol 



TABLE 

SPECIFICATIONS OF SOLVENTS USED 

Methyl Isobutyl  Ketone (Pract. P5617 209531) 

Manufacturer: Matheson, Coleman & Bell 

Purity: 99% by weight. 

Specific Gravity 20°/20°C: 0.800 - 0.804 

Color: Maximum 15 platinum cobalt (Hazen) standard. 

Water: Miscible w/o turbidity w/19 volumes 60° Be gasoline 

4 20°  C. 

Acidity: Less than 0.01% HAc  

Distillation Range: 114.0 - 117.0°C. 

Acetone  (two lots) (1) (2) 

Manufacturer: Matheson, Coleman & Bell Merck 

Grade: ACS Reagent ACS Reagent 

Specific Gravity 25°/25°C: 0.788 0.788 

Water: -- 0.40% 

Acidity: 0.003% 0.002% 

Distillation Range: 0.5°C 95% within °.5°C 

55.5 - 57.0°C 



TABLE II 

EVAPORATION OF PURE ACETONE; L =  800 Lb/Hr-Ft2 

3 March 1956 

Run 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 .39 

Go(Lbs/Hr-Ft2) 202 202 318 318 318 555 555 555 555 454 454 388 388 126 126 126 126 

Evaporation Rate (Ml./Sec) 0.407 0.395 0.612 0.504 0.567 0.829 0.772 0.847 0.888 0.729 0.699 0.660 0.632 0.298 0.300 0.316 0.323 

ii 
H2=H(Lbs Acetone/Lb.Air) 0.134 0.130 0.129 0.106 0.119 0.0995 0.0927 0.102 0.107 0.107 0.103 0.113 0.109 0.158 0.159 0.167 0.171 

 
P2 (Atm.) 0.0630 0.0613 0.0604 0.0503 0.0563 0.0475 0.0443 0.0484 0.0507 0.0508 0.0488 0.0537 0.0515 0.0732 0.0737 0.0772 ;0.0789 

T2(Gas Out - °C) 15.3 .15.2 13.2 13.1 12.8 9.6 9.2 9.1 9.1 9.7 9.6 10.2 10.4 12.8 13.2 14.0 14.7 

T2-WB (°C) -1.1 -1.4 -2.0 -4.0 -2.8 _5,3 -6.0 -5.3 -4.8 -4.6 -5.0 -4.0 -4.4 0.1 0.3 0.8 1.1 

t2(Liquid In - °C) 17.3 17.3 18.6 18.5 18.3 17.9 17.7 17.2 17.0 18.0 17.7 17.8 17.9 17.8 17.9 18.7 19.4 

P2-WB (Atm.) 0.0828 0.0815 0.0791 0.0717 0.0760 0.0663 0.0638 0.0663 0.0678 0.0684 0.0673 0.0712 0.0696 0.0885 0.0893 0.0927 0.0949 

T1 (Gas In -.°C) 24.2 24.2 24.2 24.2 24.2 24.4 24.4 24.5 24.6 24.8 24.9 25.0 25.0 24.8 24.8 24.7 24.7 

T1-WB. (°C) -10.9 -10.9 -10.9 -10.9 -10.9 -10.9 -10.9 -10.8 -10.7 -10.6 -10.6 -10.4 -10.4 -10.5 -10.5 -10.7 -10.7 

t1 (Liquid Out - °c) 8.6 8.5 7.0 6.9 7.0 2.5 2.3 2.1 2.1 4.3 4.6 5.3 5.4 10.3 10.4 11.3 11.9 

P1-WB. (Atm.)  0.0477 0.0477 0.0477 0.0477 0.0477 0.0479 0.0479 0.0480 0.0482 0.0485 0.0486 0.0487 0.0487 0.0485 0.0485 0.0483 0.0483 

kGa (Lb.Moles/Hr-Ft3-Atm.) 37.2 35.7 57.7 44.9 52.2 77.3 77.1 80.3 86.2 69.4 65.2 62.8 59.4 30.1 30.1 31.9  32.1 

Av. kGa. 36.5 51.6 78.7  67.3 61.1 31.1 

• p2e (Atm.) 0.2065 0.2065 0.2200 0.2190 0.2170 0.2125 0.2100 0.2060 0.2040 0.2.35 0.2100 0.2110 0.2120 0.2110 0.2120 0.2210 0.2285 

 Ple (Atm.) 0.1365 0.1355 0.1255 0.1245 0.1255 0.1000 0.0990 0.0975 0.0975 0.1093 0.1110 0.1150 0.1155 0.1478 0.1483 0.1550 0.1600 

KGa (Lb-Moles/Hr-Ft3 -Atm.) 8.5 8.3 12.6 10.2 11.6 18.7 17.4 19.7 21.1 15.9 15.3 14.3 13.5 6.1 6.1 6.1 6.1 

Av. KGa 8.4 11.5 19.2 15.6 13.9 6.1 



TABLE III 

EVAPORATION OF PURE ACETONE; L=1200 Lb/Hr-Ft2 

17 March 1956 

Run 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 

Go  368 368 368 368 494 494 494 494 494 429 429 313 313 313 222 222 222 182 182 182 124 124 124 124 

Evaporation Ante 0.817 0.843 0.938 0.907 l.24 1.14 l.22 1.20 1.25 l.12 1.12 0.859 0.848 0.895 0.726 0.711 0.712 0.624 0.594 0.588 0.480 0.503 0.477 0.477 

112' ∆H 0.148 0.153 0.170 0.164 0.167 0.154 0.165 0.162 0.169 0.173 0.174 0.183 0.181 0.191 0.218 0.214 0.214 0.230 0.219 0.217 0.259 0.271 0.257 0.257 

P2 0.0689 0.0709 0.0784 0.0760 0.0772 0.0706 0.0761 0.0752 0.0778 0.0798 0.0802 0.0838 0.0829 0.0870 0.0983 0.0966 0.0967 0.103 0.0986 0.0978 0.115 0.119 0.114 0.114 

T2 10.2 9.9 10.0 10.0 8.5 7.3 6.9 6.6 6.7 8.0 8.0 8.9 9.3 9.3 10.6 10.8 10.8 12.3 12.4 12.4 13.9 14.2 14.3 14.4 

T2 VB -1.0 -1.1 0.2 0.0 -0.1 -l.3 -0.5 -0.8 -0.3 0.3 0.3 0.9 0.8 l.4 3.4 3.2 3.2 4.5 3.8 3-5 6.3 7.0 6.3 6.3 

t2 18.5 18.4 18.2 19.2 18.6 18.8 18.5 18.l 17.8 19.4 19.1 18.8 18.9 18.8 18.6 18.7 18.8 19.0 19.l 19.l 19.2 19.4 19.4 19.4 

132,411 0.0832 0.0826 0.0889 0.0879 0.0872 0.0818 ..0851 0.0838 0.0859 0.0890 0.0893 0.0932 0.0930 0.0965 0.1065 0.1049 0.1054' 0.1122 0.1082 0.1072 0.1229 0.1270 0.1229 0.1229 

T1 23.2 23.2 23.2 23.2 23.2 23.4 23.5 23.6 23.6 23.8 23.8 23.8 23.8 23.8 23.7 23.7 23.7 23.5 23.4 23.4 23.3 23.3 23.3 23.3 

TiWB -11.3 -11.3 -11.3 -11.3 -11.3 -11.2 -11.2 -11.0 -11.0 -11.0 -11.0 -11.0 -11.0 -11.0 -11.0 -11.0 -11.0 -11.0 -11.0 -11.0 -11.3 -11.3 -11.3 -11.3 

ti 6.3 5.8 5.4 6.l 1.6 2.6 l.4 1.2 1.1 3.4 3.3 5.7 6.0 6.l 7.9 8.0 8.1 10.1 10.1 10.2 11.7 11.8 12.0 12.0 

Pl WB 0.0466 0.0466 0.0464 0.0464 0.0465 0.0467 ).0470 0.0472 0.0472 0.0473 0.0473 0.0473 0.0473 0.0473 0.0472 0.0472 0.0472 0.0471 0.0471 0.0471 0.0466 0.0466 0.0466 0.0466 

kaa 87.0 96.8 113.0 103.7 151.3 135.1 154.2 156.l 163.7 138.5 147 106.2 102 110.2 94.5 92.0 90.7 70.8 73.2 72.9 62.8 67.7 60.5 60.5 

Av. 100.1 151.7 143.2 106.1 92.4 72.3 62.9 

P2e 0.2200 0.2180 0.2155 0.2265 0.2220 0.2230 0.2205 0.2160 0.2130 0.2310 0.2265 0.2230 0.2250 0.2230 0.2220 0.220 0.2230 0.2270 0.2275 0.2265 0.2280 0.2740 0.2320 0.2320 

Ple 0.1210 0.1185 0.1155 0.1200 0.0960 0.1020 0.0955 0.0945 0.0940 0.1065 0.1060 0.1200 0.1220 0.1225 0.1340 0.1345 0.1350 0.1485 0.1490 0.1495 0.1600 0.1610 0.1620 0.1620 

KG%  17.4 18.4 21.6 19.5 28.9 26.l 30.0 29.9 31.9 25.4 25.9 19.2 18.7 20.0 16.0 15.3 15.3 13.1 12.3 12.l 10.3 10.7 10.0 10.0 

Av. 19.2 29.4 25.6 19.6 15.6 12.5 10.2 



TABLE III (Cont'd) 

Run 51 52 53 

Calculation of kLa by -let-bulb Assumption 

tf-Av(°C) 3.6 3.7 3.8 

P
o
f-Av (AT.) 0.1075 0.1080 0.1085 

0)cf-fiv 7.92 7.88 7.85 

kLa 2.95 2.03 3.00 

AV. . 2.96 

Calculation of Ir ca and kic;p pt tr-?:,(tT T,t1B) 

t21 9.8 9.8 10.1 

P2i 0.1470 0.1470 0.1490 

tli -2.7 -2.5 -2.5 

Pli 0.0755 0.0765 0.1490 

kxa G 36.0 35.2 37.5 

AV. 36.2 

Tf ay. 7.0 8.1 8.1 

Fof qv' 0.134 0.136 0.136 

f qv. 6.36 6.27 6.27 

kxLa 6.48 6.36 6.84 

Av. 6.56 



TABLE IV 

EVAPORATION OF PURE ACETONE; L=400 Lb/Hr-Ft2 

7 April 1956 

Run 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 

Go 212 212 212 212 212 212 212 126 126 126 126 126 126 388 388 388 280 280 280 504 504 504 

Evaporation Rate .409 .414 .408 .416 .403 .416 .395 .295 .299 .301 .293 .295 .294 .549 .555 .547 .466 .453 .454 .606 .617 .587 

H2=∆H .129 .130 .128 .131 .126 .131 .124 .155 .158 .159 .155 .156 .156 .0944 .0955 .0940 .111 .108 .108 .0802 .0816 .0777 

P2 0.0605 0.0612 0.0604 0.0616 0.0593 0.0616 0.0586 0.0721 .0734 .0738 .0721 .0726 .0724 .0451 .0456 .0449 .0528 .0512 .0513 .0386 .0392 .0374 

T2 11.5 11.6 10.9 10.6 10.4 10.2 10.2 11.9 12.l 12.1 12.3 12.4 12.3 7.9 7.9 7.8 8.7 8.8 8.8 6.8 6.8 6.7 

T2-WB -2.4 -2.4 -2.7 -2.5 -2.9 -2.5 -3.1 -.3 0 .1 -.2 -.1 -l. -6.2 -6.1 -6.2 -4.3 -4.8 -4.7 -7.8 -7.7 -8.1 

t2 20.0 20.1 20.l 20.0 19.9 19.8 19.8 19.4 19.4 19.3 19.3 19.3 19.4 22.0 22.2 22.2 22.2 22.2 22.2 21.8 21.8 21.7 

P2WB 0.0771 0.0774 0.0762 0.0768 0.0755 0.0767 0.0747 0.0859 e0.0877 0.0882 0.0868 0.0871 0.0869 0.0632 0.0635 0.0631 0.0699 0.0682 .0683 .0577 .0580 .0565 

T1 24.0 24.l 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.1 24.0 24.0 24.1 24.l 24.1 24.1 24.5 24.7 24.7 

T1-WB -10.8 -10.8 -10.8 -10.8 -10.8 -10.8 -10.8 -10.8 -10.8 -10.8 -10.8 -10.8 -10.8 -10.8 -10.8 -10.8 -10.8 -10.8 -10.8 -10.8 -10.7 -10.7 

ti 4.2 4.0 3.8 3.7 3.5 3.3 3.2 4.7 4.9 5.1 5.l 5.2 5.2 0.3 0.4 0.4 1.0 1.2 l.2 -0.6 -.8 -.7 

PlWB 0.0474 0.0476 0.0476 0.0476 0.0476 0.0476 0.0476 0.0476 0.0476 0.0476 3.0476 0.0476 0.0476 0.0476 0.0476 0.0476 0.0477 0.0477 .0477 .0478 .0479 .0479 

Ito 40.6 41.3 42.4 43.9 40.0 42.7 39.7 31.2 31.4 :1;1..5 30.5 30.8 30.7 50.8 53.1 52.0 45.4 44.2 44.3 56.5 57.8 54.7 

Av. 41.5 31.1 52.0 44.6 56.3 

P2e .238 .237 .237 .236 .234 .233 .233 .230 .229 .229 .229 .229 .229 .259 .262 .263 .263 .262 .262 .257 .257 .256 

Ple .111 .107 .107 .106 .105 .104 .103 .112 .113 .114 .114 .114 .114 .0900 .0900 .0900 .0923 .0932 .0937 .0854 .0847 .0850 

KGa 8.37 8.69 8.56 8.84 8.53 9.02 8.52 6.42 6.56 ' 6.60 6.38 6.42 6.39 11.2 11.2 11.0 9.46 9.13 9.10 12.5 12.7 12.l 

Av. 8.65 6.46 11.2 9.23 12.5 



TABLE V 

EVAPORATION OF ACETONE; L=1600 Lb/Hr-Ft2 

7 April 1956 

Run 86 87 88 89 90 91  92 93 94 95 96 97 98 99 

Go  268 268 268 113 113 113 113 184 184 184 184 363 363 363 

Evaporation Rate 1.16 1.14 1.17 0.649 0.652 3.655 0.617 0.924 1.10 1.05 0.963 1.53 1.29 1.45 

i.i:daii 0.290 3.283 0.2)0 0.592 C.390 0.385 0.363 0.337 0.401 0.382 0.351, 0.281 0.237 .267 

P2 0.127 0.124 0.127 0.160 0.163 0.161 0.154 0.144 0.167 0.160 0.149 0.123 0.106 0.118 

T2, 14.1 14.3 14.3 20.0 21.8 21.8 21.9 17.6 18.1 18.0 17.3 13.4 . 12.9 13.3 

T2WB 8.0 7.6 8.0 12.6 13.1 . 12.9 . 12.1 10.6 13.1 12:4 11.1 7.4 5.1 6.6 

t2 20.2 20.7 20.8 21.9 21.7 21.3' 20.9 25.0 24.0 22.8 21.4 20.8 20.9 22.5 

P2WB 0.1328 0.1308 0.1331 0.1676 0.1720 0.1702 0.1643 0.1515 0.1722 0.1662 0.1556 0.1292 0.1148 0.1250 

T1 24.3 24.3 24.3 ' 24.3 24.4 24.4 24.4 ' 24.4 24.5 24.5 .24.5 24.6 24.6 24.7 

T1WB -10.7 -10.7' -10.7 -10.7 -10.7 -10.7 -10.7 -10.7 -10.7 -10.7 -10.7 -10.7 -10.7 -10.7 

t1 7.9 7.9 7.9 14.2 14.4 14.l 15.9 11..7 11.8 11.5 10.8 5.3 5.2 5.7 

P1WB 0.0479 0.0479 0.0479 0.0479 0.0479 0.0479 0.0479 0.0479 0.0479 0.0479 0.0479 0.0479 0.0479 0.0479 

ko. 352 339 349 194 197 194 183 278 341 321 293 474 384 435 

Av. . . 347 192 308 431 

P)s, 0.241 0.246 0.249 0.261 0.258 0.255 0.250 0.300 0.289 0.274 ' 0.256 0.248 0.251 0.268 

Ple 0.134 0.134 0.134 0.179 0.181 0.179 0.177 0.161 0.162 0.159 0.155 0.118 0.117 0.120 

Aua 27.2 25.7 26.4 13.9 14.4 .14.4 13.5 17.0 22.7 22.5 21.5 37.4 28.7 31.2 

Av. 26.4 14.1 20.9 32.4 



TABLE VI 

EVAPORATION OF PURE METHYL ISOBUTYL KETONE; L=1200 Lb/Hr-Ft2 

20 April 1956 

Run 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 

%(Lb/Hr-Ft2) 297 297 297 388 388 388 484 484 484 556 556 556 202 202 202 

Evaporation Rate (Ml/Sec) 0.230 • 0.217 0.212 0.253 0.261 0.248 0.367 0.339 0.375 0.400 0.438 0.428 0.125 0.142. 0.134 

ri2=t6H(Lb.i.,a/Lb.Air) . 0.0525 0.0497 0.0484 , 0.0444. 0.0458 0.0435 0.0516 0.0476 0.0527 0.0489 0.0536  0.0524 0.0421 0.0476 0.0450 

P2(At.) 0.0150 0.0142 0.0138 . 0.0127 0.0131 3.0125 0.0148 0.0136 0.0150 0.0140 0.0153 0.0149 0.0121 . 0.0136 0.0129 

T2(Gas Cut- °C) 19.9 20.1 20.1 19.5 19.4 19.5 19.9 19.5 19.4 18.8 18.9 .  18.6 19.0 19.3 19.5 

T2-WB (°C) 17.8 17.6 17.5 16.6 16.7 16.5 17.7 17.1 17.5 16.7 17.4 16.9 16.1 16.8. 16.6 

t2 (Liquid In-°C) 21.4 21..4 21.4 21.6 21.7 21.7 21.3 21.1 21.0 20.7 20.5 20.4 20.6 21.1 21.3 

P2WB(At.) 0.0184 0.0182 0.0181 0.0173 0.0174 0.0172 0.0183 0.0177 0.0182 0.0174 0.0180 0.0176 0.0168 0.0175 0.0173 

T1(Gas In-°C) 22.9 22.9 22.8 22.l 22.1 22.1 23.3 23.5 23.7 24.1 24.2 24.4 24.3 24.3 24.3 

Ti-wB(°C) 13.9 13.9 13.8 13.5 13.4 13.4 14.2 14.2 14.4 14.6 14.6 14.9 14.8 14.8 14.8 

ti(Liquid Out-°C) 19.1 19.l 19.2 19.1 19.1 19.1 18.7 18.5 18.4 17.4 17.3 17.0 19.4 19.8 20.0 

pi WB (At.) 0.0149 0.0149 0.0148 0.0146 0.0145 0.0145 0.0151 0.0152 0.0153 0.0155 0.0155 0.0157 0.0157 0.0157 ' 0.0157 

kcp (Lb.MolAir-Ft2 At) 50.4 45.1 42.9 58.2 53.7 49.0 79.3 68.9 84.3 86.2 103.6 101.2 21.5 29.1 28.l 

ko Av. 46.1 53.6 77.5 97.0 26.2 

T,),3(At.) 0.0224 0.0224 0.0224 0.0227 0.0228 0.0228 0.0223 0.0221 0.0220 0.0217 0.0215 0.0214 0.0216 0.0221 0.0224 

Pole (At.) 0.0199 0.0200 0.0201 0.0200 0.0200 0.0200 0.0196 0.0194 0.0192 0.0183 0.0382 0.0179 0.0202 0.0207 0.0209 

zap. (Lb.Mol/Hr-Ft3-At.) 31.1 28.2 27.1 30.3 31.8 29.4 50.6 44.2 53.6 56.4 67.0 65.9 15.2 17.8 . ' 16.0 

liGa Av. 28.8 30.5 49.5 63.1 16.3 



TABLE VII 

EVAPORATION LF PURE METHYL L=1600 Lc/Hr-Ft2 

20 April 1956 

Run 115 116 117 118 119 120 121 122 123 124 125 126 

Go  202 202 202 388 385 38F 297 297 297 484 484 484 

Evaporation Rate 0.171 0.185 0.180 0.303 0.288 0.284 0.238 0.239 0.247 0.407 0.427 0.391 

H2=AH 0.0574 0.0621 0.0607 0.0531 0.0505 0.0497 0.0581 0.0583 0.0602 0.0572 0.0600 0.0550 

P2 0.0164 0.0177 0.0173 0.0152 0.0144 0.014? 0.0166 0.0166 0.0172 0.0163 0.0171 0.0157 

T2 20.6 20.9 21.0 20.6 20.6 20.5  20.6 20.7 20.7 20.7 20.6 20.5 

T2-w3 18.6 19.3 19.1 18.l 17.9 17.8 18.7 18.8 19.0 18.6 18.9 17.4 

t2 21.7 21.8 21.9 21.9 21.8 21.8 21.7 21.7 21.7 21.6 21.4 21.4 

P ? ei3 0.0192 0.0199 0.0197 0.0187 0.0185 0.0184 0.0193 0.0193 0.0195 0.0192 0.0195 0.0180 

rl 24.1 24.5 24.5 25.0 25.0 25.l 25.1 25.1 25.2 25.5 25.6 25.7 

Tl_ top 14.9 14.) 14.9 15.2 15.2 15.3 15.4 15.4 15.4 15.6 15.7 15.7 

tl 20.l 20.5 20.7 20.0 19.9 19.9 20.0 20.1 20.2 19.l 19.0 18.9 

PLWB 0.0157 0.0158 0.0158 0.0160 0.0160 0.0161 0.0162 ' 0.0162 0.0162 0.0164 0.0165 0.0165 

kGa 39.0 39.3 43.4 63.1 56.8 55.2 58.l 58.2 65.l 90.0 100.8 93.5 

%v. 40.6 58.4 59.8 94.8 

P2e  0.0228 0.0229 0.0230 0.0230 0.0229 0.0228 0.0228 0.0228 0.0228 0.0226 0.0224 0.0224 

Ple  0.0214 0.0215 0.0216 0.0209 0.0208 0.0208 0.0209 0.0211 0.0211 0.019) 0.0198 0.0198 

hot 23.7 27.7 25.9 39.2 36.1 35.2 36.1 36.l 38.5 59.4 66.4 55.8 

%v. 25.8 36.8 36.9 60.5 



TABLE VIII 

EVAPORATION OF PURE METHYL. I3CBUTYL KETONE; L=800 Lb/Hr-Ft2 

20 April 1956 

Run 127 128 129 130 151 132 133 134 135 136 137 138 139 140 141 

Go 484 484 484 388 368 386 591 591 591 222 222 222 646 646 646 

Evaporation Rate 0.209 0.207 0.223 0.164 0.149 0.159 0.309 0.281 0.289 0.0947 0.0987 0.0893 0.434 0.420 0.410 

∆ 0.0294 0.0291 0.0313 0.0288 0.0261 0.0278 0.0355 0.0323 0.0332 0.0290 0.0302 0.0273 0.0457 0.0442 0.0431 

P2 0.00846 0.00838 0.00900 0.00828 0.00751 0.00801 0.0102  0.00928 0.00959 0.00835 0.00868 0.00786 0.0131 0.0127 0.0124 

T2 19.7 20.0 20.2 20.6 20.7 20.4 20.7 20.6 20.5 21.0 21.1 21.3 19.6 19.7 19.7 

T2- WB 15.2 15.4 15.8 15.8 15.5 15.4 16.4 16.l 16.2 16.0 16.0 15.9 16.8 16.8 16.7 

to 22.l 22.4 22.6 22.9 22.9 23.1 23.4 23.4 23.3 23.4 23.5 23.7 24.0 24.0 24.0 

P2 .- 0.0160 0.0162 0.0165 0.0165 0.0165 (.0162 0.0171 0.0168 0.0169 0.0167 0.0167 0.0166 0.0175 0.0174 0.0173 

1'1 2b.0 26.0 26.0 26.0 26.0 26.0 26.l 26.2 26.2 25.8 25.7 25.7 26.l 26.1 26.2 

Trap 15.9 15.9 15.9 15.9 15.9 15.9 16.o 16.l 16.l 15.8 15.7 15.7 15.9 16.0 16.l 

tl 19.7 19.9 20.0 20.7 20.9 21.0 20.0 20.1 20.0 21.6 21.7 22.0 19.2 13.1 19.l 

Pl“= 0.0166 0.0166 0.0166 0.0166 0.0166 0.0166 0.0168 0.0168 0.0168 0.0166 0.0165 0.0165 0.0167 0.0168 0.0168 

kG9' 31.4 30.6 33.4 23.6 20.9 22.9 47.7 41.8 43.5 13.6 14.4 12.6 81.0 75.8 72.7 

^-/. 31.8 22.5 44.3 13.5 76.5 

P2e 0.0233 0.0236 0.0238 0.0242 0.0242 0.0244 0.0248 0.0248 0.0247 0.0248 0.0250 0.0252 C.0255 0.0256 0.0255 

Pie  0.0206 0.0208 0.0209 0.0217 0.0219 0.0220 0.0209 0.0211 0.0209 0.0227 0.0228 0.03) 0.0201 0.0199 0.0000 

AG1  20.6 20.0 21.8 15.2 13.4 14.4 30.3 26.6 27.9 8.42 8.78 7.69 47.6 44.7 43.2 

,v. 20.8 14.3 28.3 8.30 45.2 



TABLE IX 

EVAPORATION CF ACETONE - MIK MIXTURES ; L:1200 Lb/Hr-Ft2; G0=313 Lb/Hr-Ft2 

Runs 142-155, 21 April 1956; Runs 174-179, 5 May 1956 

Run 142 143 144 145 146 147 148 149 150 151 152 153 154 155 174 175 176 177 178 179 

Vol. % Acetone Feed 40 40 40 60 60 60 80 80 80 90 90 90 90 90 95 95 95 92.5 92.5 92.5 

evaporation Rate (Ml./3ec.) 0.324 0.300 0.298 0.343 0.318 0.304 0.414 0.441 0.427 0.459 0.435 0.445 0.457 0.447 0.739 0.716 0.696 0.664 0.649 0.663 

p2
- Acetone (Atm.) 0.01384 0.01286 0.01278 0.02190 0.0203 0.0193 0.03485 0.0369 0.0358 0.0432 0.0411 0.0419 0.0430 0.0421 0.0713 0.0692 0.0676 0.0629 0.0616 0.0627 

T2 (Air Out °C) 18.6 18.6 18.7 17.8 17.8 17.8 16.1 16.l 16.1 14.8 14.7 14.7 14.6 14.6 10.9 10.9 10.7 13.2 13.1 13.0 

T1 (Air In - °C) 25.2 25.2 25.2 25.4 25.4 25.5 25.7 25.7 25.7 25.5 25.5 25.5 25.5 25.5 27.2 27.1 27.0 25.5 25.5 25.5 

Vol. % Acetone g 2 (Liquid) 0.075 0.075 0.075 0.127 0.127 0.127 0.260 0.260 0.260 0.420 0.420 0.420 0.420 0.420 0.860 0.860 0.860 0.705 0.705 0.705 

x2 (Mo1. Fraction) 0.1216 0.1216 0.1216 0.196 0.196 0.196 0.375 0.375 0.375 0.552 0.552 0.552 0.552 0.552 0.912  0.912 0.912 0.8C4 0.804 0.804 

t2 (Liquid In °C) 20.7 20.7 20.8 20.4 20.3 20.3 20.1 20.l 20.2 19.1 19.l 19.l 19.1 19.2 19.2 19.2 19.l 20.1 19.9 19.8 

p2 (4tm.) 0.2455 0.2460 0.2470 0.2430 0.2400 0.2400 0.2380 0.2390 0.2390 0.2265 0.2265 0.2265 0.2265 0.2280 0.2290 0.2280 0.2265 0.2390 0.2360 0.2350 

p; (Atm) 0.0298 0.0299 0.0300 0.0476 0.0470 0.0470 0.0892 0.0896 0.0896 0.1250 0.1250 0.1250 0.1250 0.1258 0.2078 0.2078 0.2065 o.1685 0.1662 0.1657 

xl ('o1 Fraction) 0.1118 0.1127 0.1129 0.1853 0.1967 0.-, gr,  '.3600 3.5)5 0.3595 C.5402 0.5420 0.5400 0.5400 0.5400 0.911 0.909 0.909 0.798 0.798 0.798 

t1 (Liquid Cut °C) 17.6 17.8 17.8 16.6 l ....6 16.5 1'1.6 l'L.7 114.7 11.8 12.0 12.l 12.2 12.2 8.5 8.8 8.7 9.9 9.7 9.7 

pT. (Atm) . 0.2105 0.2110 0.212 0.201 0.")01 0.04 0.183 0.183 0.1835 0.161 0.163 0.163 0.164 0.1645 0.138 0.1400 0.1395 0.1480 0.1470 0.1460 

pl (Atm) 0.02355 0.02380 0.02390 0.0372 0.03755 0.03810 0.08410 0.08400 0.0843 0.0869 0.0891 0.0991 (1 *()8R6 0.0888 0.1257 0.1273 0.1268 0.1182 0.1173 0.1165 

KGa (Mol/Hr-Ft3-Atm) 19.3 17.4 17.1 19.2 15.5 16.3 14.0 15.0 14.3 13.9 12.9 13.8 13.9 13.6 14.6 14.0 13.8 15.4 15.3 15.7 

Av. • • 



TABLE IX (Cont'd.) 

RECOMPUTATION ASSUMING INTERFACE IS AT WET-BULB TEMPERATURE (kGa=106.l) 

Run 142 143 144 145 146 147 148 149 150 151 152 153 154 155 174 175 176 177 178 179 

T2. (°C) 12.5 12.2 12.2 9.6 9.4 9.1 4.7 5.0 4.8 1.2 0.9 l.l 1.2 1.1 -0.3 -0.56 -0.77 -0.9 -1.1 -0.9 

T (°C) 1-WB 
12.4 12.4 12.4 10.8 10.8 10.7 3.6 3.7 3.7 l.6 l.6 1.7 l.6 1.6  -7.8 -7.8 -7.8 -5.3 -5.3 -5.3 

tf-ay. (°c) 15.8 15.8 15.8 14.4 14.3 14.2 10.8 . 10.9 10.9 8.4 8.4 8.5 8.5 8.5 4.90 4.91 4.81 6.0 5.8 5.8 

Pf-ay.(Atm) 
0.194 0.194 0.194 0.181 0.181 0.180 0.154 0.155 0.155 0.137 0.137 0.138 0.138 0.138 0.115 0.115 0.1145 0.122 0.121 0.121 

0.182 KGa 0.154 0.164 0.161 0.181 0.146 0.132 0.141 0.135 0.131 . 0.122 0.130 0.131 0.128 0.1376 0.1319 0.1300 0.145 0.144 0.148 
kGa 

• 

14-ay.(Atm) 0.0188 0.0183 0.0183 0.0295 5.0286 0.0287 '00566 0.0574 0.0571 0.0694 0.0678 0.0694 0.0697 0.0697 0.1041 0.1039 0.1035 0.0956 0.0943 0.0944 

xf_av(Mol Fraction) 0.0958 0.0943 0.0943 0.163.  0.158; 0.159 0.367 0.371 0.368 3.506 0.495 0.502 0.505 0.505 0.905 0.904 0.903 0.784 0.780 0.781 

vm-f Av. (Ft /Mol) l.93 1.93 1.93 l.87 1.6:1 1.87 1.70 l.70 1.70 1.59 1.59 1.59 1.59 1.59 1.25 1.25 l.25 
- 

1.36 l.36 l.36 

f ay.(Mol/Ft3- Atm) 2.67 2.67 2.67 2.95 2.95 2.97 3.82 • 3.80 3.80 4.59 4.59 4.56 4.56 4.5( 1  6.95 6.95 6.99 6.02 6.07 6.07 

kLa (Ft3 Acetone/Ft3 rir)  8.84 7.80 7.63 7.93 6.14 6.47 4.22 4.59 4.34 3.49 3.20 3.48.  3.51 3.4- 2.44 2.32 2.29 3.05 2.95 3.09 

Av 8.09 6.85 4.37 3.42 • 2.34 3.03 

A 



TABLE IX (Cont'd.) 

CALCULATION OF kLa BY ASSUMING INTERFACE HALF WAY BETWEEN LIQUID AND WET-BULB 

Run 142 143 144 145 146 147 148 149 150 151 152 153 154 155 174 175 176 177 178 179 

tli ( °C) 15.0 15.l 15.l 13.7 13.7 L3.6 9.1 9.2 9.2 6.7 6.8 6.9 6.9 6.9 , 0.5 0.7 0.6 2.3 2.2 2.2 

t21 ( °C) 16.6 16.5 16.5 15.0 14.9 14.7 12.4 12.6 12.5 10.2 10.0 10.1 a0.2 10.2 8.5 8.4 8.2 9.6 9.4 9.4 

tf-ay.(°C) 17.5 17.5 17.6 16.4 16.4 16.3 14.l 34.2 14.5 12.0 12.0 12.1 12.l 12.1 9.2 9.3 9.2 10.5 10.3 10.3 

13?-ay.(Atm) 0.209 0.209 0.210 0.197 0.197 3.196 0.178 0.179 0.180 0.160 o.160 0.162 0.162 0.162 0.140 0.140 0.140 0.149 0.147 0.147 

• KGa=(Pi-P) av 
ZdN-(170E-7P) • 

0.529 0.477 0.469 0.526 0.425 - 3.42 7 
_ ... . 

3.534 
. _ 

0.1- 
. 

n..392 
.. 

0.381 0.354 0.378 0.381 0.373 0.384 0.370 0.359 0.422 0.419 0.431 

pf-ay.(Atm) 0.02355 3.02380 0.02390 0.0372 0.03755 3.0381 0.pc341 3.0840 0.0843 0.0869 0.0881 0.0881 0.0886, 0.0808 0.1242 0.1259 0.1255 0.1182 0.1173 0.1165 

xf_ay.(Mol Fraction) 0.113 0.114 0.114 0.189 0.191 • 0.194 0.473 0.469 0.468 0.543 0.551 0.544 0.547 0.549 0.889 . 0.894 0.898 0.793 0.798 0.793 

vm_f p v(Ft34.01) 1.915 1.910 l.910 1.85 1.845 l.841 l.612 l.616 l.616 1.555 1.547 l.552 l.550 1.549 l.264 1.260 l.258 1.345 l.340 1.345 

clviX-ay. (k01/Ft3-Atm) 2.51 2.51 2.49 2.75 2.75 2.77 3.49 3.46 3.44 4.02 4.04 3.98 3.99 3.99 5.65 5.63 5.68 4.99 5.08 5.06 

kta (Ft3 Acetone/Ft3-Hr) 13.6 13.3 12.9 14.7 9.8 10.6 6.52 7.37 6.85 5.60 4.94 5.57 5.64 5.43 4.07 3.72 3.60 5.35 5.19 5.60 

Av. 13.3 11.7 6.91 5.44 3.80 5.38 



TABLE IX (Cont'd.) 

RECOMPUTATION BY METHOD OF STUTZMAN (KGa=kGa FOR PURE CCMPCNENT=19.6)- 

Run 142 143 144 145 146 147 148 149 150 151 152 153 154 155 174 175 176 177 178 179 

P:v.(Atm) 0.2280 0.2285 0.2295 0.2220 0.2205 0.2220 0.2105 0.2110 0.2113 0.1938 0.1948 0.1948 0.1953 0.1963 0.1835 0.1840 0.1830 0.1935 0.1915 0.1905 

, KGa 
kGa 

0.985 0.887 0.872 0.979 0.791 0.831 0.714 0.766 0.729 0.709 0.658 0.704 0.709 0.694 0.719 0.688 0.668 0.786 0.781 0.801 

xf_ay.(Mol Fraction) 0.1173 0.1124 0.1208 0.1886 0.1775 0.17170 0.5645 0.373 0.367 0.483 0.471 0.482 0.483 0.481 0.707 0.828 0.819 0.679 0.676 0.683 

Vm-f ay.(Ft3Ao1) • 1.91 1.91 1.915 l.85 l.855 1.855 1.70 1.69 l.70 l.61 1.62 l.61 l.61 1.61 1.42 l.32 l.33 l.44 l.44 l.44 

F*4f_ay.(Mol/Ft3-Atp) , 2.29 2.29 2.28 2.43 2.44 2.43 2.79 2.80 2.79 3.21 3.17 3.19 3.18 3.17 3.83 4.12 4.11 3.59 3.63 3.65 

kEa 62x4 67.2 58.6 375 30.4 39.6 17.5 21.4 19.0 14.9 11.9 14.7 15.0 14.0 13.l 10.5 9.6 20.0 19.1 21.5 

AV. 250 148 19.3 14.l 11.1 20.2 



TABLE X 

EVAPORATION OF PURE ACETONE ELEVATED TEMPERATURE; 
L=1200 Lb/Hr-Ft; Go=313 Lb/Hr-Ft2 2 

5 May 1956 

Run 156 157 158 159 160 161 162 163 164 165 166 167 168 

Evaporation Rate (Ml/Sec) 0.672 0.716 0.752 0.790 0.848 0.832 0.768 0.783 0.791 0.748 0.709 0.691 0.639 

H2.AH 0.143 0.153 0.160 0.168 0.181 0.177 0.164 0.167 0.169 0.160 0.151 0.147 0.136 

P2 0.0668 0.0709 0.0742 0.0776 0.0828 0.0816 0.0756 0.0770 0.0777 0.0739 0.0703 0.0636 0.0638 

T2 11.9 11.8 11.6 12.6 12.0 11.8 11.3 11.3 11.3 11.6 11.7 11.9.  10.4 

T2-wB -1.l -0.5 0 0.7 1.2 l.l 0.2 0.3 0.4 0 -0.6 -0.8 -2.1 

P2-WB 0.0826 0.0846 0.0881 0.0919 0.0955 0.0947 0.0889 0.0899 0.0905 0.0579 0.0848 0.0838 0.0788 

T1 25.3 25.4 25.5 34.7 33.8 33.4 44.2 44.7 45.0 52.7 52.7 52.7 53.9 

Tl-.E -10.6 -10.5 -10.4 -7.8 -8.1 -8.3 -5.4 -5.2 -5.l -3.5 -3.5 -3.5 -3.3 

Pl-  wi32APl 0.0483 0.0484 0.0485 0.0575 0.0559 0.0558 0.0660 0.0666 0.0668 0.0735 0.0735 0.0735 0.0741 

'N p( 0.0292 0.0276 0.0278 0.0311 0.0292 0.0295 0.0336 0.0328 0.0328 0.0360 0.0364 0.0371 0.0371 

ktia  66.8 75.5 78.6 73.8 84.3 82.0 66.4 69.4 70.1 60.5 56.7 54.l 50.0 

Av. kGa 73.6 80.3 68.6 57.1 

t2 20.1 19.9 19.9 20.7 20.5 20.3 19.3 19.3 19.3 18.9 18.9 18.8 15.2 

t1 7.8 7.8 7.8 8.7 8.l 7.7 8.2 8.1 3.1 8.8 8.9 9.1 6.8 

At( Lgv--it ) 19.2 19.4 19.0 18.3 17.7 17.6 16.4 16.1 16.0 15.6 15.9 16.1 13.7 

Av. lit 19.2 17.9 16.2 15.9 



TABLE XI 

CORRELATION OF kLa USING DIFFUSIVITY DATA OF WILKE CORRELATION OF kLa USING DIFFUSIVITY DATA OF SCHEIBEL 

Runs 142-144 145-147 148-150 151-155 174-176 177-179 142-144 145-147 148-150 151-155 174-176 177-179 

tf-av. (°K) 289.0 287.5 284.1 281.7 280.0 279.1 289.0 287.5 284.1 281.7 280.0 279.1 

Dip(Acetone) xl07 (cm2-cp./sec) 118 117.2 116 115.0 113.2 114 236 235 232 230 228.5 228 

Dilh(M.I.A.) xl07(cm2-cp/sec) 79.2 78.8 77.9 77.2 76.0 76.5 107.2 106.7 105.4 104.3 103.9 103.5 

)4 Acetone (cp.) 0.335 0.342 0.357 0.363 0.380 0.375 

A M.I..(cp.) 0.62 0.63 0.665 0.675 0.72 :J.705 

(l-xf-ac) (M o1 Fraction) 0.9042 0.840 0.631 0.497 0.096 0.218 

(l-Wf-au) (At. Fraction) 0.943 0.900 0.747 0.630 0.155 0.325 

If (cp.) 0.604 0.601 0.587 0.560 0.433 0.481 

DL /4 xl07 (cm2-cp/sec) 82.9 84.8 91.9 96.l 109.6 105.8 119.7 127.2. 152.2 167.6 216.6 200.9 

Mm  (Lbs/mol) 96.3 93.7 84.7 .  79.0 62.03 67.2 

(Lbs/Ft3) 50.45 50.4 50.23 50.1 49.5 49.68 

Pki'L 545 528 465 407 215 275 377 352 280 234 108.7 144.6 

(C1)f (tools 1),I.1.4. t3) 0.470 0.450 0.372 0.313 0.0768 0.1602 • 

(Cl)f. Mm (P i
t
Di..) 24,700 22,300 14,650 10,080 1,024 2,985 17,080 14,880 8,840 5,790 518 1,570 

1/kLa 0.1235 0.146 0.2285 0.2923 0.427 0.330 0.1235 0.146 0.2285 0.2923 0.427 0.330 
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