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ABSTRACT

The effect of lidﬁid concentration on the reslatance
toc mass transfer across the liquid film is studied for an
acetons-methyl isobutyl ketone-air system 1n a packed tower.
The liquid film resistance is computeu by measuring the
overall reaistance for various concentrations and subtract-
ing the gas film resistance, The gas film resistance ls
determined at the same liguid and gas rates by measurements

on the pure components,

In the theory developed to handle the calculations,
it i3 assumed that the interface temperatures are the wete
bulb temperatures based on a dynamic esquilibrium. This
supposition is supported experimentally at & liquid rate
of 1200 1ba/hr.~rta and a gas rate of 313 1bs/hr-ft2 within
experimental srror. Humidity charts for alir-acetons, air-
MIK, and sir-n butanol, at one atmosphere pressure, are

included for reference,

Pinally, the liquid film resistances are correlated

by the equations below, The first 1s based on the liquid

diffusivity data of ailkeag and the second on that of

Schoiballg'

(1) 1/k 8%0.376-0.0000102(C},) gt (M/0 0, )
- 1
{(2) 1/1:&&-0. 376-0.0000152( CL) I‘Mm(ﬂ/( 2,)
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CEFFICIEN .| Tl

INTROLUCTION

Une of the more fundamental unit operations in the

chenical industries is that of mass transfer between fluid
‘phasss, 4 mass transfer operaticn can be definsd as the

migration of the molecules of a particular component from
one homogeneous phase Lo another phase. Common examples
of this type of system are partially immiscible liquid
pairs and liquid-gas combinations. Kumercus types of
apparatus have been devised to effect the phenomena such
ag Jdigtillation, extiracticn, absorption, and desorption
columne a8 ordiarily encountersd in indusiry. A device
comzon tc most is some sort of mechsnism to bring the
phases into ifdtimate contact. This ususally takes one of
two forms: discrete plates or stages (with or without

mechanleal mixing) or continucus packing.

4 mathematlical, ldealized model, first proposedi by
shitman 27 and known as "the two-film theory" has been

devised to handle the design of such units, The theory
postulates that there exiat, 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 liquld-

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



would exist in ths liquid phase, each providing its own
resistance to transfer. 4t the interface itself, zero
resistance is asgumea., ‘The rate of mass transfer 1s then
the proauct 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 "steaay state” (no net build-up or decrezse
of material or energy at any point in the system), the
mathematlices can be applied to elther or both of the con-
ductances in coabination, when the latter tschnnique is
ussed, tne conductance is xnown as sn "overzll coefficient";
winen either of the two film driving forces are conaidsred
inclvidualliy, the conductances sc Jdefinec are RKnown as
"gas-film and 1liquld film coefficients”, respectively.

In the present work, only liquid-gss combinations in

packed columns will be considered. Hence, no further
reference will be made to liquia-liquid systems or to

plate columns.

Humerous invesatigators have attemptea generalizsu
correlations of ithe individual coefilidBnts. The most
gsuccessful of ithess has been the Chilton-Celtura modifie
cation? of the Reynoclds analogy between neat transfer and
flula friction. These workers provided the basis for &

relation between heat transfer and diffusion in gus Tfilus



that has founa general utlility in predicting kG, the gas-
film coefficient. Numercus cother workers have studied
the effect of flow conditions and the physlical properties
of the phases on the respective coefTicienis. It is the
primary purpcse of this theslis to study the effect of one
of these variavles, llguld concentration, on the liguid
fiim coefficlient. A secondary purpose is to critically
exsunine the methods that have previocusly bsen used to
compute & mass transfer coefficient (overall or individual
film) from data. The funasmental approach used in the
study is analiogous to that comuonly used in watere-air
systeme where a dynamic equilibrium rather than & atatle

2auilibrium iz assuned at ine interface.



IHECRY Anb PREVICUS AORE

By virtue of the two film assumption discussed 1n the
introduction, and by analogy to heat trunsfer and electrical
ensrgy transfer rate equations {where potential is propore
tional to rate times resistance), the baalc rate eguatiocns
for wmass transfer can be written as follows:

(1) N, = Kg (pg - pe) = K, (Cq - CL)= Kg(pg = Py)=kL(Cy=Cy)

¥or a wice class of systems where the quantliy (pg - pe)
remains proportionsl to (Cg - CL) a8 pressurse and concens
tration are varied, it can be statec that Henry's law
applies; l.e,;

(2) ¢ 3'3;&?

Eliminating €4, Gy and py from (1):

(3a) K4(pg -~ pe) = kg (pg = Py) aDKky (py ~ py)

(3b) pyg = P +* Kglpg - Pg)
R kg

(3¢) kglpg - Pe) (1 - Kg ) = Ky (pg- pg)
X k)

(3a) L =1 - 1 =1 4
8g “%G X kL %%ﬁ " kga qéﬁmg
3imilarly, it can be shown toat: :

(4) 1 En

£r2 -khaﬁ kga



Thus, 1t 18 evident that the overall reslstances are
the sums of the inaividual resistances consistent wlth the
two-film theory; the conatant,x{, merely effects a change
in units, This 1s again analogous to seriss resistances in

electrical energy and heat transfer problems.

The theoretical jJjustification of (1), for turbulent
fiow, encounters the same difficulties as ithe analogous
situation for hest transfer and fluid friction; the eddy
motion uncer these conditions renders the flow so complex,
that the equations of wmotion have yet to be written in
rigorous fashion. A quasi-theoretical Jjustification can
te Jdsrived by assuming that the liquid head in the system
lost due to friction, divided by the momsntum of the stresnm,
is equal to the ratio of the actual material transferred
between phases Lo the matsrial which would be transferrsd
were tne stream to come to equilibrium with the other phase.
This 1s aimilar to the Reynolds ansloayl® between heat
transfer and Tluid friction which is well subatantlated by
datal®. The assumption can be expressed analytically by:

(5} “r<*3 P _ AQ,

MM i

Comeining (5) with a material balance:

(6) N = WaC
C a~w <X



and the Fanning equatlon for turbulent friction:
(7) aP = §Q 2 AN
\ N 2
3S<

yielus
(8) W, =
v.a. _.Ci

For iceal gases wherse!

(9) ¢c= _E_

I3
o

there resulits:

{10) g%”ﬁ{ ® k; = %§¥ = gg%;

Equation (10) can be expectad to apply under the same
comilitions as does the aﬂrraaﬁsgﬁing equation for heat
tranafer, 1.e., for gas flow, under conditions where the

friction factoriropraacnts the true skin friction and not

& combination of skin friection and turbulent losses?l,

Golburn? modified the basic Reynolds assumption by
treating the transfer through the laminar layer only as a
process of true diffusion. This followad from work cone by
Prandtll5 for the analogous heat flow situation. The
resulting relation isl

(11) k; = £
G > ¢D

where:



(12) #, = 1-5.917 #5359\t (Mg
Qo)

For most gases, the variation in ¢; with u 1s small,
and since £ is avproximately proportional to “~0.2 (for
turbulent flow), tne net result is:

(13) kg K-8

Later empirlical work by Colburn® and by Chilton and
Golburn® provided the basls for predicting kg from values
of h {the heat transfer coefficient) obtained in wetted
wall columns. The relation which has found general utllity

ia:

(14) Jg = “5§7f§ §Eﬁ-§£§ 2/3 = 4f = J5% kgp {’éﬁ 2/3

A

-

(14a) k. = _ b (g2 p) 2/3 and since C ﬂ/k = 0.74
¢ Topesp ﬁmg k; ; p TR :

for all gases.

(14b) kg = Tm%g 2/3
P

(14e) By = G é)az%%g 2/3 with ¥} = kg Py Mg

It 18 noted that a simple heat balance on & wet-bulb
psychrometer assumea the form:

(15) ha(Tg - T,5) = k' (H,g - Hg) X ;5

Thus, by combination with (14c):

G6) (sl cofsliyy o3



Predictions of T,p by means of (16) is generally

within engineering accuracy for a large number of aip-

ligquid combinations22,

The preceulng nas summurized the state of knowleuge
on ka,the gas film coefficlient. the liguid film coefficient,
k;.has also been stuuled extensively. Sherwood and Holloway?d
propossd a generalized empirical correlation of the form:

(17) %_a_ - «% ) 1-n %31"3

with the constant, 3, being approximately 0.5 and « and N\
being dependent on the packing used. For the systems
stuuled (des orption of oxygen from water for various
packings ), was found Lo vary betwsen C.1l6 and 0.46

making:

(18) k“a = K u 0‘5 L 0054*{.').8&

3cheibtel and Cthmarla, working with several ketone-

waler systems, however, report the follewlng:

(19) kja = KDo 0.8

Equation (19) was found to fit the datz on the ketone-
water systems stucled as well 28 the oxyszen-witer system

of Sherwood and Holloway and others,

In general, most workers have igncrec the effect of

1iguid concentration on k;a primarily due to the fact that



virtualliy all of the experimsnts have besn performea in
ailute solutions. sScheibslld noticed an effect of liguid
concentration on k;ja and sug.ested that it was due to the
effect of concentration on liquid diffusivity. However,
lacking reliable liquid diffusivity cata, no substantia-
tion was offered for the dilute solutions used (up to

2 mole #). Hobson and Thodost® used a log mean inert
compoaition scroes the liguld film to correlate thelr

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

in a ploneering paper, 3tutzman et.at.25 undertook
the study of the effect of liquid concentration on k;a
for butancl-hexanol-air systems in a packed tower. Their
technigue was to first measure a quantity which they called
kge for the purs butanol-alr system. Then, without dlsturb-
ing the column in any way, {same liquid and air rate}, they
varled the concentration of the liquid and measured Kga.
Use of Equation (4) then permitted calculation of k;a which
was consequently correlated with liquid concentration.
Ihsir fipal eguation assumeu the form:

= K (¢t DA
(20) _&_;J;_: (Cp), i (q“'ﬁf.')

This cen be rewritten (dimensionally) asa:

(208) 1 = % (1-x)p M/,
kLa
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In computing the quantity which was called kga, 3Jtutsman
used the followlng relation:

(21) kga = g3 [ 1 ‘l La  py

P1 'Pj_l e

n‘

This can be derived as follows:
Prom (1):

(22a) N, aaV = kg8 (pg-py) av
From a material balance:

(22p) Guﬁ aH = Ky advV = kza (p{}-pi)dv

Mg
Assuming that the liquid temperature wvarias linesarly
with the amount evaporated:
(22e¢) dtel dH
and that over small ranges of leuwperature:
(22d) dt =< dp
there results:
(22e) aHet up
Howevar, by aefinitiont

(22f) H = it Solvent = _ B M
4t. Inert P-p E%
Iy

S o

For relatively nonvolatile liqulas, p can be neglected

in comparizon to P and hence:
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(22n) 4H 3 ;%g [&]
My

Combining with (22b) ana integratinu:

(221) kga = Go3 (.up. = U3  [Pp-p;)
BBV )P1Pe WPV (Tpyopg) 1y

= S8 p2-D3,
WM PV (m—lﬁg) - (p1;-p)
Ln (pla‘pg

and alnce solvent~free air was run into Lhe bottom of the

column (py=0):

(223 k8 = @.3 P2 P4,=Po
M;§§ (pia’Pa‘Pil) Ln ~E§z~—

which upon rearranging ylelds (21).

In order to svaluate (21), it is evident tnat 1nfcrm§-
tion on the temperature (and hence the partial preassure)
at the interface 18 necessgary. 3Stutzman assumed that, since
& pure component was evaporating, the partial pressure at
the Interface was the same as the egulillibrium pressure in
the main 1iguild streazm. This is tantamount to assuming
that there is no resistance to diffusion or heat transfer
across the 1igquid film when evaporating a pure solvent,
or, stated differently, that the liquid film is non-
exlstant and that:
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There is considerable theoretical evidence thal ihe
above assuaption 18 not counpa ible with the facts. First
there iz the knowledge that ithe process of evaporation of
a pure coumponent can be expressed in terms of high energy
molacules diffusing through low energy molecules and finally
evaporating; this clearly 18 consistent with the two film
Ltheory if resistance to selfl diffusion is considered. Jecona,
there 18 the analogy between heat transfer and mass transfer,
It i1s hypotlhesized that if there is & heat transfer across
the ligquid film, (as evidenced by the fact that the ligquid

has changed in temperature) there should bes an equivalent
mass transfer, The only conditions under which there is
zero heat transfer across the ligquid film 18 when the column
ia opsrated as an adiabatic humidifier. Under these con-
ditions, the liquid leaving the column is fed tu the top

of the column at the wet-buldb temperature of the gas and
does not change in tempsraturs in passsing through the column.
Many wetted-wall columns, operating in this manner, have
been descrived in the literature. If the 1iquid entering
the top of the colusn is at a higher temperature than the
wat«bulb teaperature, and if the column is long enough,

then the liquid leaving the column will still be at the
wet-bulb Lewperature., However, since the liqulid in thils
caas has given up heat for evaporation, there must be a

tempsrature gradient across a liguld-film at the top of
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the column even though & pure liquiu is usea, Stated
differently, the interface temperature at the top of the
column must be lowsr than the main liguid stream temperaw
ture; however, this interfsce temperature cannot be lower
than the wet-bulb temperature. In shorter columns, the
iiquid 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 betwesn
the main liquid stream temperature and the wet-bulb tempera-

ture of the gas at the botitom of the column.

From the atove aiscussion, 1t 1ls clear that the trana-
fer coefficlents measured by Stutzman were "over-all
coefricienia” since the ariving forces used wers between
liguid and gas main-body sireams. Mathematically, this

is stated by:

(24) Kga = Go8 Ln p
§2?¥ 1=~ ?¢ Fe

in the present work, the basic technijue usec by
dtutzman 1s repeated for acetons~air and methyl isobutyl
ketone (uIK)=-air systems. However, in computing k.a,
an attempt is made to be more realistlic about the inter-
face temperatures {(and partial pressures). The interface

temperatures are assumed to be the wet-bulb temparaiures
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and the pertial pressures at the interface t¢o be those

saxisting al this temperature.

Although 1t i3 realized that tue above assumption is
not entirely rigorousz, it is belleved to glve a better
egtimate of the itrue conductances than if the interface
temperatures were taken to be those of the main body
liquid. It ls, in fact, shown experimentally that for
one particular set of flow rail=zs, the wet~bulb assumption

is Justified within the accuracy of the experiment.

In order to facliltate the calculations of the present

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

A
e

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

All other paramesters were obtained experimentaliy,

#®t bulb temperaturss were interpolated from humialty
charts which were constructed for acetonsw-air; hklK-alr
and butanol-air by means of equation (16). The technique
for this is given in tbe sample calculations. Having
computed k;& by means of (25), Lza was next computed (from

the same data) by 2 wmodifiled veraion of (24):

26) K. = @ A
(26) % W, TPe-pilus
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kigquid film coefficients, kLa were next computed, for
the pure componenit,by meana of (3a)., The value ot‘”TQ
(Henry's Constant) was computed for the mean liquid film

concditions by:
{27) = 3
>k -

Having estabplished the liquid and gas film coefficients
for the pure components, further data were taken, at a
fixed liquid and ges rate, to determine the effect of
liquid compositlon on kja. Since kga 1s easentially a
function of the state of motlion of the gas relative to
tne iiquid (gas rate, liguid rate, and packing) and of the
properties of the ges film to a lesser extent (viscosilty,
Genaity, and oiffusivity), the gas film coefficient would
not be expected to change with liquid composition pro-
viding these condltions were not changed. Since the
liquid and gas rates were not changed, the state of motlon
iwas kept constant} some error was introduced bescause the

properties of the gas film changed due to the presence
of the m:cond componant. ﬁowgver, this effect was expected

t¢ be small,

Finally, Kga for the various liquld concentratlons,
was computed by (26) making the assumption of an ideal

mixture 1ln order to compute pge Hence:

(28) pe-p‘“ = x P®
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The liquia film coefficienta wers agaln computed from
(3d) using a mean liquid film condition to obtain PP and vg.
The wel-bulb temperatures for the mixtures were obtainsd
by assuming & linear variation with 1iquid mole fraction;
a furthsr discussion of this is z£iv9n in the secticn on
interpretation of uata. uLlquld film coefficlents wore
then correlated by the method proposec by Stutzman@d
{equation 20).

It should be noted that the technique described above
permita calculation of kia for the pure component by two
different methoas, {(The first is dirsct measurement on
the pure component ana the second is extrapolation of the
k;a - concentration plot to the pure component intercept.)

A comparison of these supposedly ldentical valuea gilves

an indication of the reliébility of the assumptlion made for
the interface condition. Hence, for any glven set of

data, 1t is possible to calculate k;a by several sssumed
interface temperaturss (e.g., one for wet~bulb, onse for
main-body and one balf way between). If the deviation
obtained for each of the several polnis are plotted agalinst
the assumew interface temperature, the point at which they
minimize should indicate the correct assumption., This,
then, was ihe technique used in checking the wet-bulb
assumption used throughout this work. A4As pointed out
previocusly, at the liquid and gas rate at which the pruns

#dere made, this ceviation was zero (withnin ths limits of



aceurscy of the experiment) for a wet-tulb interface.

17
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SCOPE OF WORK= JE3CRIPTION CF ELUIPMENT

sl

Measurement of overall mase tranafer coefrlclents
requires that inlet and outlet 1igquid compositions and
temperatures; inlet and outlet gas compositlons and tempers-
tures; and liquld and ges rates be known. All Lemperatures
were measured directly by thermomeiters in the fluld stirs=anms,.
The 1iquid inlet composltlion was measured by analysis with
a refractoneter; the zas inlset composition was zeroc. Uy
mount ing the towser on a scale and insuring that all liquid
lesving the coluan was added agaln at the top, the amount
of 1iguid in the systesm was malntalned constant except for
that lost by evaporation. Keeping the scale reading
constant by the measured addition of fresh liquid from a
burette, the amocunt of evaporation and, hence, the exit
a8 composition was known. Liguid and gas retes were
measured by rotameters, All other streams being known,
the exit ligulid composition could be calculsited from a

material balance,

if the liguid conalists of 8 mixture of two differsnt
compounis the above procedure requires that the ratic of
componen.8 in the exlt gas be Lthe samne as tnat in tne ligquid
adced to the system, (This will only be rue for one
particular circulating liquid composition, the steauy state

sdmposition.) If one component 1s present in greater



19

proportion in the liquid awded to the system than in the
vapor, then the circulatin, liquid compesitlion will change.
A8 the composition of the circulating llguid changes, the
composition of the exlit gas changes. Thus, the criteriocon
for steudy state is the constancy of the circulating
liguld composition with time; wnen this is attained, the

exit gag composalition can be computed.

Figure 1 is a diagrsm of the apparatus used. In
sumpary, the spparatus consisted of the following pleces

of equlipment:

l. A packed tower mounted on
2, pecale Balance and Tea by an

3. alr Supply which passex into the bottom of the
towar.

4, ‘he air asupply was pre-treated by passing it
torough a Jrylng column
5. anu an Alr Heat Zxchanger. It was measured by an

6. Alr Rotametsr and
T. Hanometer installed jJjuat prior to the column.

8. Alir stream temperatures were measurea by [hermo-
geters installed before and after the colunn,
9. The piguld Supply was storsd in a separatory funnel
ana fed into a
i0. gZurette inetalled Jjust prior to the

11. iiquid Circulating Pump. The stream next passea

into &

12. Liguid Rotameter and a




13. Liguld Jrying Column before passing through a

14. Liguid Heat ZExchanger and into the top of the
column.

15. Liquid stresam tempsraturss were agaln msasured
by lhsrmometers. Liquid from the bottom of the
solumn passed through

16, Flexible Tubing merging with the feed stresanm

from the burstte,
17. A gample Valve for the circulating liquid was
installed juat prior to the stresm entrance into

the top of the tower in order to permit

18. composition analysisz by Refractometer.

For sase of discussion, the system will be broken

down into three ssgoetions!

A, Tower and Scale
B. Alr dystem
C. Llquld Systen

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

eolumn, 1B-inchea long, and packed to a aepth of 4.75-inches
with 9/16 inch diameter glass marbles. .here were 77 ri2
of packing area per £t3 of packing volume; the fractional
vold space was 48%. The packing was supported by a wire
scr2sn resting om & cruciform foundation suspended 6-inches

above Lhe bottom of the column.
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The lower ssction of the columnn serveqg as & liguid
reservoir for the suction sides of the pump. S stainless

steel flange was bolted to the bottom of the column with
the seal belng maintsined by gasket. A liquid downecomer

and & gas entrance line were inserted into this flange.
The gas line extended up to the bottom of the packing and
was fitted with & protective cap; this served to prevent
liquid from c<raining into the gas line and to distribute

the alr over the entire packed surface.

Fitted over the top of the towsr, but in no way
connected to it, was a 6-inch length of 5-inch standard
pipe. the liguid line was inserted into the slde of this
pipe and terminated in a spray head which extended down
into the column. The spray head consisted of & #-inch
steel cap which had numerous 1/8~inch holes drilled in it.
Fitted over the taé of the 5~inehlpipa wag a cast iron
reducing cap which contained thé 858 e%it line. Also
inserted into the side of thls cap wag & thermometer

which measured the gas exit tempsr&turé.‘

Three legs were welded to the bottom flange of the
column to support the column on the scale balance. The
balance was an Eimer and Amend platform type with a 6-pound
rance. The scale was graduated in 2 gram divisions and
covered a 500 gram range; absolute readings could be

obtained to the nearest & gram but deflecticns from a
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fixed point could be noted with sven grsater accuracy.

B. Alr System ~ The alr supply was delivered at 80
psig from a Worthington 2-stage reciprocating compressor.
It was tnen reduced to from 10-25 psig by & Leslle diaphragm
preasure reducing valve., COperating in this manner minimized

pulsaticns in the air flow,.

The alr stream then passed lnto a Siliea Gel drying
tower dealgned to reduce the hunldity of the entering sir
to a maximum of 0.00084 pounds of water per pound of air.
This figure was calculated to be the maximum water content
permissible 80 as not to cause a change of wmore than 0.39¢
in the acetone liquild temperature under minimum flow con-
ditions (the temperature chunge to be causel by desorption
of the water into the acetone). The drying column was
ceslgned in accordance with the procedure ocutlined in
Perry>, <he unit consistea of & 6-foot length of 3-inch
standard iron pipe packed to & depth of 5.1 fest with 6-8
mesh Tel~Iale 31lica Gel. This 1s sufflcient material to
permit 6 nours of contlnuous operstion under the conditions
specified. A color change of the drylng agent from deep
blue to pale pink specifies the necesslity for regeneration
which 18 accomplishsd by heating the material for 24 hours
in an oven at 300-350°F. Concentrically fitted around the

outside of the drying column was & four feoot length of 8-inch
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gtandard pipe; cold water was circulated through this to
prevent the 3ilica Gel from overheating during opsration,.
Three inch steel plugs were fitted into the top ami Lottom
of the drying column to facillitate quick rszoval of the

3illca Gal for regeneration,

I'ne air stresm wss nexti directed intc a shell and tube

heat sxchanger which permitted heating to a maximum of 55°¢C,

The air flow was controlled by a needle valve located
cownstream from the heat exchanger. fThe sircam was then
directed through the alr rotameter and into the bottom of
the column. 7The rotamster was a Flscher and Porter, Tube
NO. GA~25-8, Lwg. Gl7170-0, Serial J2-3236, capable of
30 SUFM but reading in erbitrary units. Flgure 2 is a
calibvration curve for the meter. The final comnnection
from the rotameter to the column was made by flexicle
rubber tubing. A U-Tube Manoweter, containing CCly,, was
instelled just pricr to the column to measure alr pressure,.
Alr temperature was measured by thermometer alsc installed

at this point.

Co Liguld SBystem -~ Flow energy for the liguid system
was suppliza by an Zastern Industries centrifumgsal pusp
{ odel D-11) powered by an 1/8 HP explosion~-proof motor
(3450 RPM)e. The capacity of the pump was 60 gal/hr at
5 ft Hg& head. The liquid flow stresm was directed through
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a needle valve into & solvent rotamster fitted with special
acetone gasxkets. The rotameter read alirectly in percentages
of tne maximum reacuing which # 8 0.94 gpm for a liguid

3.0, Of O.79. The rotameter was a flscher-Porter, Tube

B4-27-10/70&, Serial wl2-4142/2,

‘fhe ligquid stream passed from the top ¢©f the rotameter
intc the top of & liguid drying column. This consisted of a
2~foot length of standard 2~inch vipe which was packed with
Molecular 3ieve~54 (A procuct of the Linde Alr Products
Company). Although the exact performance of thls unit was
not checked, 1t was clalmed by the drying sgent manufact-
urer to bes capable of remocval of the last traces of molsture
from the liquld. Pollowing this, the ligquid passed through
an 8-foot length of 3/8-inch coiled copper tubing placeu
in 8 5~gal, can, This served as a constant temperature
sath for ihe ligquid stream slince sither Lot or cold water,
as desired, could be circulated through the c¢an. ihe
stream was then directsed into the spray head located ever
the column. Just prior to entrance to the column, the
iiguld inlet temnpsrature was measured by thermometsr,
In sdaition, & sasple valve was here installed to permit

pgasurenent of the liguid circulating cowmposition,

Analysis of the circulating llquld composition was

accomplishaed with a Spencer, No. 431 Refructometer. This
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instrument does not read the refractive index directly

but measurss an angle that 1s related te refractive index,
The device wag pre-calibrated (Pig.3) for the acetone-hik
systems used; the difference in refractive inuex for the
pure compounus was 22,8°, The instrument was canable of
readings repraaucible'UDT% degres wien properly controlied

for temperature varistion,

A one liter separatory funnel servsd as a2 liquid
resarvoir., It was located at a sufficient hel_ht arove
the system so that ligquid could draln by gravity sither
into the burette or intc a connection in the bottom of
the coil lceated in the constant tempsraturses bath., {The
latbter connzction was installed to psrmit complete purging
of air from the system when fllling - a purging valve wase

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

wiquia from the bottom of the packed column passed
through a plasticized Kel-F flexible connsction to a
point where ltas teuperature could be measured, Following
this, it merged with the feed stream from the bureite and

pacged to the suction side of nha pump.

The entire apparatus (except alr su>ply, air drying
and air heating units) was loceted in a2 labvoratory hood
&s a safely precaution. 4ll therasomsi=rs had a range of
-2 to 100°C and could ke read to 0.05°%¢, he thermometers

wera chocked Aagainst each other over the range of teip:rae
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tures involvea in the work and ware found to agree wlthin

0.1°¢. .ne specifications of the solvents used in the

work are listed in foiole 1.
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OPERATING THECHNIQUR

The llquid system was first fillea so as to expel all
alr tnrough the purging vealve. Liguld circulation was
then satasblished at the uesired rate and temperatursg
waights were addea to or removed from the scale to set
the pointer at an arbtitrarily chosen reading. The liquid
wag allowe. to circulate for at least 15 mlinutes, and if
no chang® in weight was observed, the system was assumed
to have no leaks and to be eperating satisfactorily. The
air valve was then opened, and the air rate was adjusted
to the Jdesirea rate and tempsrature., Liguid was then fed
in through the burette 80 as 1o maintaln the scale resding

constant.

The rete of evaporation was determined as follows:

&. ‘The burette was filled from the overhead
liquid ressrvolr. This was accomplished
while the liquid was feeding intoc the system
at the fixed rate described above. Upon
filling the burette, the valve from the
reservoir was closed and the level of l1iquid
in the burette was allowad to fall,

be when the level in the burette passed a fixed
polnt, a stop-watch was started, and the

reading of the scale bvalance was noted.
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¢, The burstite stop-cock wag then opened wilde
and & measured volume of liquid was dumped
into the system.

de. when the scale balunce returned to its original
point, the stopwatch was stopped, and a record
of the rate of evaporatlion was avallable.

e, Liquld and ges temperatures were then recorded

and the run repsated ana averaged.

The above procedure was utilized to determine ths
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 wss
ne change in conecentration, the exit gas composition (on
an sir-free basis) was the same 28 the particular feed
sonposition being used for the run. If the composltion
changed, an adjustment in composition in the proper direction
was made and the system kept running until steady state was

attained,
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OBUERVED JUATA

Runs with pure acetone were made at four liquid rates
(400,800,1200, and 1600 1lbs/hr-ft?) and over a gas rate
range of 113-5585 lb/hr~ft2. These data, along with pertinent
calculations, are tabulated in tables II - V. Runs with

pure $IK were made at three liguid rates (800, 1200 and
1600 lbs/hr-rt2) and over a gas rate rangs of 202-646
lba/hr-fta; thesgs data are tabulated in tables VI - VIII.
Runs with acetone-lMIK mixtures were made at a liquid rate
of 1200 les/hr-ft2 and a gas rate of 313 1b/hr-ft?; the
liquia feed compositions were 40, 60, 80, 90, 92.5 and
9%5% acetone by volume. These data, alon; 'with pertinent
celculations, are given in table IX, Aduitional runs were
made with pure acetone at elevated gas inlet temperatures
and decreased liguld inlet Lemperztures; the gas tempers-
turea covered the range of 25.3 - 55.,4°C and the liguid
temperatures coverad the range of 14.1 - 20.7°C. All the
istter runs were made at & liquid rate of 1200 lb/hr-ft2
and a mas rate of 313 1b/hr-ft2; the data are listed in
table X.



ALCULATIONS

The calculasted values of k.a and K.a for the pure
components are shown in Figures 4 - 5, rIhese mass transfer
coefficients are plottea auasinst ﬁﬁ at constant L on a
log - leog scale. The values of ks were calculated
zssuning the interface tempersture to bs the wet-bulb
temperature. Hence, they are pseudoc values. They may
not necessarily repressent gas fllm cosfficlents based on
actual conuitions but rather maximum ob.zinabls vzlues,
if the Kga repregents an actual ges film coefficient
the liquid film ceefficisnt could be calculated from
equation 3d. These values of k;a are shown in Figure 6
s a function of mol % M.I.XK, in the liquid film. Also
ineluded are the so-called liquid film coefficlents k¥a
calculated by the method of Stutzman23 and kfa calculated
by assuming the interface temperaturs half-way hetween
tne wel-bulb tempersture and the maln boay lijquid tempera-
ture. Flgure T shows the variation of rssistance to nass
transfer through the liquld fllm with the correlating

function (G%)r Mg (); Jo This is done only for the resis-

(o)
tancea computed by the wel~bulb sssumption which is shown

to be the correlation in Figure 8.

A sumpary of the effect of elevated gss and decreaged

liquld temperatures 1s given in Figure 9. [his graph shows
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kga computed on the basis of a wet-bulb interface tempera=

ture ploited against the log-mean temperature difference

acrcss the liquid filam. ZExtrapolation of this curve to
zero mean Lempearature difference indicatess the value of
KGa for the pure liquid as used by 3tutzman in hia

correlation,

The method of calculation is divided into four basic
parts:

A. Caloulation of Humidity Charts

Be Calculation of ¥ass Transfer Coefficients for

Pure Components

<
.

Calculation of Masas Iranasfer Joefficients for
Acetone-¥lK Mixtures
. Coprrelation of Liquid Film Coefficients as s

Function of Concentration

A. GCaloulstion of Humidity Charts - Construction

of & humidity chart ie accomplished by means of Equstion (16):

(16) (H,p~Hg) N ws z Cp s_}", qlﬁ% 2/3

‘ Ta - Tv’{ﬁ)

The technique is illiustrated by the following sample
calculation for acetone-air:

a. Choose a set of condltions; 1.e, H;%0, Tg= 36°C,

b. 48 a first trial, assume T = -T7.6°C.

Ce From a vapor pressure chart for acetone, pg8344mm Hg.
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Figure 10 18 an (thmer plot for acetone, n-butanol
and sla. 'The data for acetone and n-butanol were obtained
from farrysg the data for xIs wers obtalned from a Shell
Chemical Uo. publicationao. It was found that the vapor
messure data in Perry for ila are subatantially in error
at the lowsr temperstures,

4. Hip = Pup ﬁa;g = 44 (2 ) = 0.124 1p/1t.
“PuaE  Mgcetone 70=54 ( )

Se X B = 138 G&l/%

(Figura 11 is a »atson plot of 2§(q} V8. Tr and was
T
ussd for acetone, rin, anu nB-butancl. The acetone data
shown were obtained from Farry&. The MIEK and butanol

critical data were extrapolated from bolling point data20

by methods outlinea in Hougen and natscnla.)

£, cp’ and }4 are determined for pure air neglecting
the small amount of acetone in the gas film. The valuegs
are found to be Cj = 0.238 cal/g - 9C ana M = 0.0407 1b/ft-hr.
<( is computea from the perfect gas law using a mean
moleculgr; weight for the gas film (29.85%/mole) and found
to be 0.0789 1lb/ft2.

&« [he aiffusivity, D, is compuied from the Gilliland

equation?: o= QtSQ&%7§EéEv,, £ . From the
ptvs —1/3)2 | h. ﬁg

melecular structures, V,,. = 29.9 and Vacetone = T4.0.
this yislus the dimensional equation: u s 7.07 x lG‘STl's(fta/hr)
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and for & mean fils temparsturs of 287.5%, u=0,343,

b. Jubstituting in (16) and sclving for T . ylelds

T, .w=T.6%, ibls cnecks tne assumsd valus and
thus for & ¥, of 36.09 and L %0 the wet-bulk

teaperature, ?Ag*-?.ﬁ°c snd H e 0.124 lo/iv,

1. Jelectlon of other goablnations of ij; ana Hg
yields & Ta.lly of wetebulb lines. #igures 12«14
are nuRlaity charts constructied for acetone, .la

and Lutancl by this zethod.

goapogpenta « The sasples calculation 13 bwmsead on

the Jdats frow Aun 51 (. .2 1Il)s .he tasic

syustions used for ihe calceulutions 1irss

(25) ka = S0, Ay
T g Bfpa)

(26) 4.2 = %ﬁz (ﬁ;ﬁ

Pe=Py) ¢

CBd}ﬂxgx z Ezéfg%;iigégh

Se ihe pounus of acetone svaporatsd Doy hour par
agausre foot cof superficlal coclumn arss, 3, 1s
firat computed,.

i ® fvaporation Hate {(ml/sec) x 3600 ﬁgﬁ x 0000353 £t3 x

79 x 62.4 ) =
PIY X Bee ﬁj 3.%93 12

5 & 66,7 x 21/800 = 66.T(0:B859) = 57.4 ib/hr-ft2,
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b = H= = 4 = 0,183 1lb Acetone
"2 § " 3 M

1b 4ir
C,e Py = gg = §§§ (since M4z 29 and Mgw58)=0.0838 itm.
17 guﬂ
My Wy

d. 3ince Ty = 8.9°C and Hy= 0.183, To_,3 = 0.9%(FromFig.12)
e, Ffrom Fig. 10, yaﬁgz 0.0932 Atm.

f. In a simllar fashion, plrﬁf A P1s= 0.0473 Atm.

8 (p,g-Pg)iy = (Pg -P2) - (P1,5-P1) =

Lol P2 ,p-P2)
(leB‘Pl:f
{ -0.08 )~éa.04?5—g) = 0.0235 Atm.
4 1 “"Oo )
«04T3~0 )
b. kﬁ‘a = 8 - 106.2 Mo
.396)(58) (.0235) Hp=Fto=At

i. BSince toe 18.89C and ty= 5,7°¢, p39z6.223 and
P}‘Q = Q.120 Atm, (Fr@m Figg 10)

Jo (Pa=Pa) w = (0.223-0.08 0.120-0) = 0.130 At.
- ST TGP

0. 120"‘0

k. Bk = ( 8 ) - 19.2 1b.
@ = HHe) (B3 s

Assuming the interface temperature half-way bstween iLhe wet-

bulb and the main body liguid temperaturs, then

1o t2y = Tg%mf t2 =z Q.9 é 18.8 =~ 9.8%

Similarly ty, = ~;;;g_§“§gz = «2.7%



Be

.

()

35

From Flgure 10, P2, = 0.1470 atm. and pliz 0.0755atm.

(pi - ﬁthﬁ = (ng—pg) - (?11~Pl) =

Ln { -
?93 pg)
Ple~P1
{0.147-0,0838)={0.0755~0) = 0.0694% atm.
Ln "0 * g
(0.0755-0

kﬁa - ( O ) = 3509 1 M
i0-393)(5%§50.069#) Hr-?t%-ﬁt.

The aversage liquld film texpersiure corresponding
to kffa is obtained by averaging ty tp, tli and t2,
giving & value of 7.9°C.

F?«av. 1s obtained from Fig. 10 and equals 0.134 itm.

Since the molal volume, vy, for acetone equals 1.1T4 £1J

mol

andiﬂ%,ﬂ%w , Henry's constant 18 found to be 6.36 lbimogg
P ym

Q.

r.

Ce

fio=itme
Substituting in (3d) and solving for k¥a, the inter-
faclal area times the mase transfer coefliclent
for self-diffusion based on thls assumption,

gives a value of 6,48 £t acetone
rt “hz'.

Similarly, taking the interface temperature egual

to the weit~bulb temperature, tf-av a 5.6°0, ﬁfgav =
0.108 atm., and k& = 2,95 £t3/ft3-nr

Calculation of Mags Transfer Coefiiclents for Acetone-

MIK Mixtures -

The date on which the calculaticn 1eg based are those

of Run 142 (Table 1X). The basic equation for Kga is:
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(24) Kga = Gg i in _Pe;
Hipﬁ 1 - pgg‘po! pta'pE
P2

&, The weight # of ac:tone in the feed = Sp.Gr.ic. x VCLZ
Sp.Gr.Mix,
w%F = g,zgg X 40.0 = 39,73
0.7

e <{hi® pounda of acstone evaporated per hour
per rt2 1a:
E =z 66,7 x nl/sec x Vol.% = (66.7)(0.324)(0.4) =

8,65 1b Aegtagg (this 48 the same as the feed
hr-ft

rate,)

G &é:( ’
So 7/ g * WML,

8.65
2(313) £ 8.65 # (0.58)(3.602)(&.65) - 0.138 Ata.
. 397

Coe ‘pg =

d. Pe, = P§ =z xp°p. Bince ty = 20.79C, pp° =0.246 Atam,
X is deternined from the sample taken of
the entering lijuid. Hence, Vol.%as 0.075;

Mole %8 - le.%
6.406 VQ}.;%E )l 0059%

Q70 = 0.122
DO . L 4

= Xom

assuring an ideal mixture, p¥ =(0.122)(0.246)=
0.0298 at.

e. Wt. %

is: h'%l = %%.L - E where ﬁﬁe = 0.58}:2 .-,0-9745
L«E;H%F l~O.42$g

Acetone in liquid st bottom of column
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iy = Qnﬁlwﬁﬁin»?%iggﬁimgég} = 0.0685

0.397

we iy = 0.112

T.AZ Jt%, £ 0.58

p¥ o= x3p;9. dines ty = 17,69, y% = 0.2105
and p§ = 0.0236 at.

Jubstitution in (24), witn aa a 313, ¥, = 29,

% 5 0.396 and P = 1 ylelis: = 19, 3 ;2%
Eﬁ}."* *&t -

11}

X1

the value of yXp_,, depenas upon the tempsra-
ture acroas tne liquica filim, .he interfuce
texperatursy at tae top of the coluunm isa

cbtained as followsi

h@ (&(“Btﬁnﬁ) = ‘ﬁﬂ_ - w = C.0277. 3Since
e - 303
fﬂ ] lgtég(’;; Ta‘ﬁa (&ﬁﬁt@ﬁ@} - "}\-Gnebco

Bimilarly, Hp{oIK) ® (lestiy) B
¥ y ﬁa-

ﬁaégﬁ (8,65 0082
Qe 397 §13)

Hence, Tg..y (#Id) = 15.6%C, The combined
wat-bulb temperature for the mizture is

obtalned by assuming & llnear vuristion of
¥, with 1ilquld mole fraction. aence, for

Hailarly, t = 12,4%C anu tg .o =

4
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Ko POp.ay = 0.194 Atm. (from Fig. 9)

1. Making use of the rslation: Kga = (pg-p)

av,
ka (p*-p) "7

it is further calculated that Pe .. 20,0186 Atm.

B. 3ince Xp o= p* s 1t i3 also seen that

L

p feay

n. Fioally, since v, = 1.93 £32
mol
0. Y& r= = 2,67 mol

P kb‘ = T,13ﬂ¥§%“ - = 8.84 E&gzﬂg.
2.67 - fégﬁb #tl-nr,

{106.1 is the k;a from Fig. 4 at these flow
rates.)

g. It can alao be shown by assusing the inter-
face temperature is half-way beiwsen the

wet-buldb and themaln body liguid temperature
and following the steps of 3ection C (a through

p) that

t = 17.5%

Pgav - 0.209 stme

Ega/kga = 0,529 (vased on k*ga & 36.5)
P Ly = 003236 atim.

xr‘”av - inl}

Yo av = 1.92 £t3/mel
X £ = 2,51 mol/ftI-atm.
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r. Calculation of k¥ & by Stutzman's method ie
sccomplished by the following steps:

FQ!"&Y. pal % pag - nglgﬁ é 932455 -
2

2
0.228 itm.
Ko = 12‘% = 0.985 (vased on K.8 = k,a for

pure component = 19.6)

By following & procedure similar to that just

illustrated, xg= 0.1173, vy = 1.91 £t3/mol
and){f = 2,29 mol/ft3« atm,
k*2 2 1 = 624

Fllm gggfficiegﬁg
Gorrelation of the kLa’s computed for the liquid mix-

tures was accemplished by equation (20):

g f Corm ()
kg8 L)t *a Q Y1)+ Thls was done based on
the wel-bulb temperatures with the results being shown in

Table XI.

It has been established thearetleallyl7 and experi-
ment&llyl that the product (D M) is linear with mole

fraction for ideal mixturss &t constant temperaturs.,

Since this quantlity (4in the form of F - ;y) has been
1Y)
U



expreased graphlcally by wilkeaa for dilute solutions and
gsneralized by use of the parameter ¢ s 0.9, & convenient
method was avallable for expressing U; as & function eof

mole fraction. Thus, since V,-acelone o 74 and V -MIK =

140.6, F = 2.45 x 107 and 3.65 x 107 %ﬁg&:wgggg for acetone
Ca*- Cp

and ~IK, respectively. (4 secend empirical correletion of
silke's data has been proposed by Scheibelld, This takes

the form F = 1.22 x 10T[ v, /3 Use of this
)2/3

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)

breav * Ylyp £ tayy £ty £ty = 15.8%

b, DLM = %
Q t 3 2 - "7 2-
LM ae = ZT0 o7 = 18 x0T AR
B huix = 3%%%'%‘19? z 79,2 x 10°T m%;.gn*.

Qe (1"“:) oo 1 - X a2t ¥
*ac Tao £ (lexpg o) Hyry

- - 0.0 )
1= §:8838tE8] 4 (1-0.0958) (100.2)
0.943

%%%fééﬁture
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Xpua i3 obtained frow Table IXx

de

o,

£,

e

h.

1.

de

M then equals 0.604 sp. 1his is based on

& linear variation of M vs. np With the values
for ihs pure componsnis beling obixined from

the iltersture®®, ihus M -scetone = 0.335
and M ~slK g 0.62 ep an 15.89C,

D M equels 82,9 x 10-T. 7his 18 obtsined
from & linssr variation of O M vs. xp
(cetwsen the ilimits of 118 x 1077 anu 79.2 x 10=7
for this temparature;.

Hp (wolscular welght of liquiu in the film)

is obimined from the linear wvarlation with

Xge For this emse Xp. . = 0.0958 and ¥g296.3.
Q (lh/rt3} is obtained from & linesr varistion
with #g. For this case = 50.45 1bn/ft’.

2

PR ot (R80T o =
0.524 18 2 conversion constant Lo change ¢p Lo
1b/ft-hr and cw? to rt%, ‘he .chaldt number

is then rendereou Jluenslionlesa,

(ct),

shis 1s obtsined frea{l-xeac)

‘ vﬁf -d Ve )
Vg gy = 1093 (from Talle IX)

therefore (ﬂlk) z \i- = 0,470 ; s 3K
Wy = (0305500 Rl

(61) My M/Q0.) = (0.470)(96.3)(545)s 24,700

is the mole »14/ft7 mixturs.



{liote that f*ﬁlh}f My = (1ex)e { £)

BL Ly £ W b x ; %

£¢ By & silmiiar pressdurs, but uaing the sguation
,, iy . y . X :
of Sohelibeld? o prediet 5., (¢ wlp ¥g (M fe"}&}”
17,080,
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ixazination of Figures 4-% reveals that the usual
aegthous of corrslating the consuctances for mass transfer
gan be appilleuc to this systsm. =oth Kge, and kj a when
plotted on a log«log seaie ve. gy &t conaltent L, form
strsignt lines with slope varying from 0.6 to 1.,0. This
was trus for all runs (below the flocding point) except
for the 400 1b/hr-ft2 pun with acetone. Apparently, at
this low liguld rete, the packing wes not cozpletaly
watted and the resaulting slopes wers cloassr 1o 0.5. The
daghel curves shown on the piots are flooilag velocitles
onlouinted frem the dats of Loveld, This correlation was
found to aaree oompletely with the present data, All
acebtone runs were below the flooding point and the
following runs with ¥i. were observed to he atove Lhs

flocding point, a8 indicuted on Fig. 5¢

Rgue Agquid Jaee \lbo/hre: g Hale |
139141 800 646
133-135 800 591
109-111 1200 556

All peinta shown are the aversges of from Lwoe to slx
rons 2t the specifiad conditlions. his technnigue serves

to reduce the scattering of data, The average cerrelation



goaffioinnt obiainsn Dy Lhe sethsd of ievast &ﬁuﬂ?%&iig 4%
8541 194, ta.ﬁ?ja ¥ 100 ¢ F2% of wns slep: of the linss
g axpiaives Dy toe date.e BT gan Lo atlieibulsd Lo Ae

porigental arror JAnd VOKKo#n s0urces and resaln unuaxple ined.

58 wlecusuea dn ltha zeotiocn on theory, (oo viaiues of
& 8 sompputad &re eaxiaum velves sises 1t wag agsaumed thet
the $nisrfroe Leos8reiurss wWOrs watetulb tespepsiuras. it
13 suowh DRLlow thed this sapusstion ds wulild withln sxe
parieenial apror for at Leadt onéd aet of oenaltlonsy f.84,
st & Llauld rass of 1200 Ab/hreft? and & gha rate of 333
in/oreri® fop sceatone. nepretionily, for all ovnsr runs
Lo LPus BB eouis Te tnswhers belwesn the lndleatsd ke
and Lhe Lower vealuss of By e £t 1@ apolallis, howsver, tind
the kﬁn'a slotbed &re cood sogloesrlig setisaticus of the

LU URIVSG.

Flgere 6 is & piet of uhe Llguld Flis resletasce {(i/X &)
plotisg ve, scls # kii in the 3iguld £lis.  ‘ne calouliastion

wa® adida 1y ssab ¢f Thren methuast

he asuming the inlerlsge teupspeture $8 & wel-bull
Lenpealurs

e ¥suming ihe laterface tespepsturs 18 Lhe saln
beag Lisuld teupapsture {(LBis ia tie msthoa of
Saui§m3m3$3

Be SHsusing ine interfass tenpspsiuras 18 sluwsy

Latensn Loo folebuil g the neln ey diqudl



tsmparature,

Examlnation of the cwurves revesly two Anteresting offecta.
First, the snaps of all the curves iniicates that scaione
has gore difficulty diffusing through itself then through
#fis 7This 18 tbe cuse since the liquid film resistance to
acetone is grester for pure acetone than for pure Ik,
Although this result wmight be intultively unappsaling,

1%t 18 0ot without some eapiricsl justification.

wiikmﬁa, in studying llould diffusivities for & large
nunver of meterisls in dilute solution, propossd a

generalized correlation of the form:
{(29) .17‘:: £(v,) (v, is the molscular volume of the
by
aolute),

The funciion waes expresssd graphioally in teras of

a parzmeter & which wes recomsended &t 0.9 for general uss,

However, iahtib¢119, rescorrslated the dsta published
by +ilke and expressed his results by the eampirical egustions
(30) oy s & I | 1 £ (3vg)2/3
M Va

(V)
vﬁl/ﬁ

It was found thet {(30) provided a better fit to the
dats than the Q) = 0.9 rescamendation of wilke for general

use, it 18 noted, hnowever, that (30) alsc provides the



explanation for the shape of the curves on Figure 6. The - :
molecular volume of MIK, being greater than that for acetone,
ylelde larger diffuaivities when acetone dJdiffuses through

it than when it diffuses through i1teslf, Thus, in general,
the diffuaivity inoreases with the moleculsar volume of the

solvent. (3es al 8o Sherwood snd Pigr@rziz‘“‘.)

The second obaervetion of importance about Fig. 6
concerns the intercepts gorrssponding to 100% acetone., If
these intercepis are compared to the resistances obitalined
from the pure component data, some indication of the re-
liability of the assumption made in computing the dats 1a
obtained., Thus:

T wievLa Vuve . '\ *\-o“ -t
Towmperdue ST s lenag e ey SOTRSR
1eoMe Acdhwne
"(\, ) 0. 0%\ o .0% 0\ o
*ﬁ&%i‘- o.\52 ©.o\3 Q. Obl o.\S
twr ©.338 ©.376 ©.03% ©.%%e

This table 18 also shown graphically im Fig. 8. 1t i»
thus evident that at this particular gas rate and llguid
rate, {313 and 1200 1b/hr-f12, respectively) the wet-bulb
assumptlon glvea aoreement well within sxperimental errer.

Although, 1t 1s noted that thers is no guarantee that the
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sams 18 trus forother 1l1l7uld rateg and yas reates; Lhe wete
builk asthod appours (0 offer prosiss of predioting 1lijuld

£ilm voefficisnts within enpluenpring nocusscy for 811 pPate .

Figure 7 contelns plots of 1/k;a (computed by vhe
wat=Dulb sasumption) ve. tun correlating verisxtle suggssted

by Stutzasn £ w {ng)f My (M). itwo curves ars shown,
i)

-

the bigher une telng compuled using wilike's J1ffuasivity
surves, snd the lowsr ons 18 equation (30). It is evi-
dont thet &1l the polints {exeept one) fall clowe Lo @
single stralght 1ine, ithus, supporting toe correlsilion.
the single pelat tiast deviates a3 that generited by Juns
1T4«176 for 95% scetons (Ly volume) Pecsd. he wORL pProbe
sble reason for tos deviation 1s that 14 was excesdlogly
diffiovit to Lring the system Lo squiliieriue in this range
of feed coscenipaiilonsg ssell, moxentary fluctustions in
feeu rale {(possivly due to tine wethod of ebtalning the
pyaporsation rales) ileaded to unbtslepce the aystss and
nOnes the Gata In thls rmoge w8 viewed wilh suaplcion.
it 18 also posaible thet the nethod of cvemputlog weal-bulb
tenparatucss for Lie sizwures sontreibuied Lo the spror,.

iv is prooulied ket thias seolhod conslaled of walighting
the =etebuld tampsraturss somputed for ithea pure COmPONLRLS

by the sole fraciion in ihe ligula et thet point,. The

chotee of liguid snele fraction {(rather then pas wole fraction)



was diotated by the fact tout 14 gavs anavers coasistant
with toe heat belance in the syatem. Alad, at several
iigquld compositlons, oholce of the gns nols fraetlion to
wolghi the wet-hulb tesperaturcs would have rasultec in
lspossicvie situaticons {hisher wes partial pressurss Loan
interfece partial preseurea). It is noleu ihat anotbsr
possitle welghting factor for wet-~bull lemperature is
mole fraction in ithe gas filam. II thie is lue cuse, an
sxplanation for the apparently satisfuctory results
obtained by assuming proportienaiity to main body liguld
mole frection is glven by the dispram bLelow., It is
provable that main body liquid mole frscotion and gas film
mole fraction {on an air frees isals) are approximately

the I0DG.

Filw \ lwl'!r‘:m‘,l’,
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thus, frow Pig. Ty the following equations ars
reoomaonuied 1o aeserlibe the offe .t of 1igqulid goneentrotion

en k& for ihe preasnt sysiem abt the rotes apecified:

(31) 1/is = 0.376-0,0000102(c)gity (/0 ) (ussa
with «1lze'a™¥ Lirrusiviiy uata)

(318) 1/ige 0,376~0,0000152(01)p wy (J/0 4) (used
with seheloel’s 39 uirfusiviiy Jaia)

The attespt Lo invesilgnle Lne effect of increased
ghpedeorenged 11quid inletl tesperatures 18 susmmarized in
Floure 9. Ible plots ks {cosputed on the wetebullb sssumpe
tion]) ve., the xesn te:persture aifference across tie liguld
Tilm. &8 slecussed In tae Lhaory, when this tesparsiure
aifreronce fe asro, Lhen K;a ® Kaf tbis I8 shown by ihe
daghes exirspolation {(the intercept belny 17.% coaputsa
from main hoday :iuulc teapsratures). The extant of srpoy
in assuming g8 = kga st other A t's ig evident for the
pregent syates. Hote Lhatl tne same 1 trus for the otle
suistions performsd by Stutazan®?, although t0 a leaser

extany, since laveiatile Llqullis, n-butsncel apd n-hexenocl
ware nesde

AtLeapis Lo snaiyse the duts presented by JiLuliman
‘¥ the present meihcds were gensrslly unsucosssful, Ihie

woB Ju®, 1o large sessure, Lo the Fugt Loab «88 cutied



temperatures were not reporieds ‘ltempra Lo calcoulats these,
Lty snd large, resultel in tapoesible best malacces {outlel
Zag tespersiures nlghsr tiosn inlet o8 or inlet Liuid
teaueraturis). These dlnorspancies could be due to siuple
inscuupacy o7 dedsuresant, byt t.sy also slght poaslibly be
seaoed 10 the use of "wel” sir. In the pressat experiments,
wnsre the alr a8 Srled Uy passing L5 throush & silice gel
solumn, the hont oxlagoe agressents ware excellent, .he
enly uesful infopsction resasining from “he atiessnty 10
sorrelnte stutaman's duts 1s the humldity chert conatyucted
for netutansl., This in presented zs 1. 1% uune 1o the

soareity of these plots in the iitLeralurs,
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s ‘the affest of ligquld concentrsiion on the raglse
tancs 1o weaes transfer soross she ligula il wss foumd to

follow the cerrelating variables propossc by Jtutzman®d,
For the specific syetem at hend, and at & llguic rate of
1200 1o/nr-£t2 and & 2o rute of 313 1n/pr-fiR, the
effa0t can be JdescPlibes Ly:
(31) 1/kep ® 0.376-0,0000102 (cl)g by (/'/Q4) wnen
difrusivity dsta of 111ke®8 apge ausd, and
(31a) 1/k.8 & 0.376-0,0000052 (stlg uy (M/p ) wnen
417fusivity inta of soheitell? nre ussd.

Be e trzpsfer of sosione through & iiguld fiim
of vathyl fsovutyl ketons ie avcowplished with less
spparent Giffioultiy than the Lpenafer of sostone through
& liquld film of acetons, ihis #ae estubllished exparl.
sentslly andi supporied by the saplrlosl sauation of
éwzaim&w .

e The tesmperature 2i the interfscs Detwesn lljuild
and gas films should be somewhere Lelween the wate-buld
anu #%in body ligula tespersturza. for the system st nand,
snd nb & iiguid rats of 1200 1n/nr-riR wnd a gas rate of
313 ib/hr-24%, this tesmparsture was found to bs equal to
the watebtuld temperaturs {withln iLhe szourecy of the exw

perimant). This would serve az & murs fumdamental tesie



for the dealign of abscrption ejquipasnt Lhan the use of saine

body ligquid temperuturss (0 approxismsie the iantsrface,

ine following recomzen.ailons sre propousi for future

work in tiais risldi

As A Study shoula be unierisken to delarsine iLhe
relationsbip betwean iiguld sus/or gas consen.raticn and
the wobebulo temperaiure of a gss peasing over & liguid
mixture, It bas bLaon estisstec toproughout the csieulstions
hereln thatl this tesperature zight e srrlives atl Ly corpubs
ing Ltas wate-bulsu Leaperaitursas for eash of the pure coaponeats
apd the cssumprion of & ilgeer relatlicassip of T . with
the msin toay 1iquid sole frsction. his tecanlque appurently
wag Justified by tihe heat bulanoas in the aystem, - ny
esrefuily planned sxperiment, however, sould esaliy dsone

fire or estsblish sose clher reizticaship.

He  i% 19 resomcenies that fursher 2tuclies be zalie of
the soalone--~I5i ayates Lo latsrming Low the interfagis]l
temparature variss with 13quild rate, aas Paie, nelyit,
plze so. type of puciiing. The tsohnigus te be used for
this stuly snould follew that 1llustpated ip #igure 8,
Jpeoifiealiy, seas trsosfer coslfliclenis should be .leter-
gined for beth purs seetone snd sizturss of this with il

81l 2t eonstant 13quid and as rates. K a should e come
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puted oy each of three methods for the sisturss {(wet-bulb,
intermediate, and wain body liguic sasumpilon for interface
tesperstures) snd extrapolated to 1007 acetons composition,
‘hese inteprcepts should then be plotte. alcny with the

ik, n's Jetermined from the pure acetone run (agsin by sach
of the three metho.is} ané the point whers the surves
intersect should be iaken se the true interface condition.
The experiment will regquire carefully deterainse Kga's at

low X fead compositions,

Ge o almilar study should te inlitlated for none-idesl
mixturss and an attempl made Lo correlate using activity

soeaflllclants,.



AUKMARY

A study of the effect of liquid concentrstion on the
resistance to mass transfer across the liquid film was
undertaken for the acetone-Mil-alr asystem in & packed
tower. The technique used was to first calculate the
gas Tilm resistance from data taken on the pure components,
and then, without ehanging the flow conditiens in the
column, to determine the oversll coefficients for mixtures.
The liguid film resistance is subsequently calculated by
subtracting gas film resistance from overall realstance.
The experimentel datm taken can be corrslated by the
equationst

1 = 0.376-0.0000102 (c})g Hgl/'/ D) using a1rfu-
kLa

sivity data of ¥11ke28
L = 0.376-0.0000152 (CL), My ()4/(9) using diffu-
k&&
sivity data of Scheibel 19,

The techniguess for calculating gas film coefficlents
from datae are eritically examined. ¥Whille theoretically,
the interface temperzture should be somewhere betwesen the
‘wet-bulb temperature and the main body iigquid temperature,
it was found experimentally that for the set of flow cone
ditions thoroughly inveatigated in this work the correct
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interface feampsraturs is very close to the wet-buld
teaperature. Humidiiy charts for acetons-sir, sethyl
isobulyl zatone-slir, &od p-butanclesir, all &l one

almoRphars pregaurs, ware asloulsted snd consiructeds
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HOMENCLATURE
interfacial contact area per upli veolums, [t 2
Fi-

Specific Heat, cal/G,0C
eoncentration of solute in liguid in egquilibrium

with Py ilbemols
Pt

Partial molal Genslity of the diffusing component in

tue fluld stream 1b.uols
Ft

Concentratlion at phase boundary, ;b,%olg
Ft

Concentration, l&&%ﬂ;ﬁ
Ft

¥olecular Diffusivity in gas, ﬁ&%
Hr

”

Molecular Diffusivity in 1liguid (y2/sec,

ivaporation rate, lbs/hr-ftd
Friction factor in Panning equation

g ® Acceleration due to gravity, #t/sec?
Go» Gam rate, ibs/hr-ftd

Ha=

>k

Humidity, los gelute
lba. gas

Henry's Law constant, moles/ft -itm

K = Gas £ilm coefficlient for wet-bulb methcd, lb.moles/hr-rt2-it,

, ¥z ® Over-all mass transfer cogfficient,

1b.moles/Hr-it2=Atm,



Lyereali aise irapafer coefliclent,

1,201 28/Brertfe in

sdauld flim soefficisnt for woatebuld methou,
irstolog/mrertle tn,

~i791d Ratsy lve/ar-rt?

Holecular welight.

date of @ass tronefer, lu.soleos/hrertl

carsial prossure of wiffusing gss i =sin siress, tm.

Pe¥ 2 fartisl presasurs of solule gee in equilibriun with

% = @% £ L - B #N

K ¥ %

]

4 H # B ¥ » ¥ H B 8

dge iime

Partini preassurs of Jiffusling gus st phaass DoOuniary,
Atile

foLal pressure

agonstant in atsen latent heat correlation
fndludy Fta

o4 conmbant, -iueftd/ib-sei-%
Awpociional spres « #4°

uae Leaperuturos

SAuid Lamperaturss

wers.e velosliy, rt/aec.

Helsl volume, £i3/zol

solscular voluse

selght rate of flow, lb.-nols/sec.

swight Teraction

Wol fraetion

iangth, £t.

Holgbt of paeking.



©. reremetar in =iike's Corrsianion®d
Q- oensity, ius/fid

M- Viscosity, g
N\ wotent hest of vaporisation

1 ® Lottow of coluan
2% vop of nolusn

1 2 interface

:Ii“’;rza ﬁ ga ﬂ&- ‘

~ ® Sulute

B Ssolvest

F ®» Faod

£ » #Flls

i B ouas

o B oLiguld

w43 Log soan Jalue
% ¥ udoan valus

LR Sups Lomponont

408 @te ULD

9 « Pure Jeomponenit
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x = bastd on interfece aldvwsy Letwesen wetlebuld and ilquid

LogrersLurds.

* 8 sguilicriue dAgudd.



THERMOMETER LIQUID RESERVOIR

PR

e e e~ e . ——

—————_ - PURGING o
VALVE
¥\ MANOMETER
AIR
DRYING LIQuID
coLumy N
AIR ROTAMETER ROTAMETER
oM CONTROL VALVE :
VAP
IR \ons CONTROL /
COMPRESSOR HEAT EXCHANGER VALVE @ wauip Y
-’{O—Q‘(—‘ DRYING THERMONETER
COLUMN P,
PRESSURE CONTROL THERMOME TER P
VALVE VALVE
————— s 4
PACKED ®
m COLUMN
- DT
SCALE 7
I —
\ b
! ‘ ’ 1
i |
P
D Xy
‘ BURETTE T
| mmoucten' -l 3
'umu 6 g CONSTANT
, ® g . TEMPERATURE
? 0
‘ i pune APPARATUS BATH

S
,>

>,

2

*

R

-t



B ) (NP S S s D S S P PINEET S b B L EET TP DI R I I

T

A , _ R R — -
SN IS S R /ﬁ ‘‘‘‘‘‘ . U TR . ) h . * oy “ . S SR SPN SO S

rd

i S
S SN S

1

i

1]

pe

'

1

+

i

t

S SRR
i

—

o e
SO SE

|

!
S

{

-

i
B

|

!

i

T
3

|
‘

b e e

EOR-UENEED U
v

- ————— 4

- C
i w lnal,vl-.l
aLNNIW / .B%u 218N9 Q¥VANVLS

}
T
+
H
i
e -
1
-

32

28
o
8



viy.3

T s . M T T . T Ty M
T ~ ] T ] : ] T . : . .
' 4 : : ! ! ; i ' - : -
1 - a t N S t o1 . B .
T i : ! T : + . : -
m i N : N : : ! o i
H . N & + . . . + .
i : : ! . : B A .
H 3 o]
' - . . . . M .
! ! ' 1 o ;
v ! : ) . h : ; . . , \ |
[N S SN SNN SEU . e e IR S e e S e B Sl o . .
. : . ; H ! :
4 X . . . . ' H :
s \ ! T . . ;
- | : H N . : , i
! ¢ . i ! X : ! | : i o
. . . ‘ N v f B H i 1
i : , 1 | ;
. ; . I ! . ; t
. . , h i . t : ot
' Vo i ! . ! i ; i .
: i 9 T T - o .
[ ¢ ¢ D™ S 1 ! ’ ' { : R
. 4 > i H X . i I H ' i [ .
. R 1 Y N ! ! . i ; \ .- : ! N
L . ; ' ! : ! : i. s : |
. B ' - i : i i ! 1 Y
i i ' . H i H N !
; | i i H - L. i ] ;
+ : ‘ : - 1 ? : !
- ———— e -
H . ' i ¢ _ N
i i . : o H M : ; z :
- ! . ; ! ' i
. ) H K . . i
T 1 ! : : ; '
. i | i
i .. .
i | ; :
Ty y N }
- -t . -
- Ty - - .
t + - 1 -

PIPISUNY S € - - } .t
PO G [PPSR 94
P e S A R . -

ANOL309V L1N3D ¥H3d INNT0A

(DEGREES)

REFRACTOMETER READING



V\& A

MASS TRANSFER COEFFICIENTS FOR ACETONE

00 - , - - - - ‘ T S e
Kga (LB ,unmj | ul-.__, -
e i R - e ‘ '
N . i H
} . : ERE B - e
L I ‘
- - : g
S Pl
T e et o
oo P
Lo i N
| P o
- i e l p

o - 1 gt ! St :
; . : { i X
4 -3 cege - i
i i H ; |
- b i - i
. ‘ : 1
- e 4 : i

ooy H
x:‘.-j'

A;___u.as;-:uo‘
B R R P L=4oou.usmn-#)
,_.....Lm.onnms ym.omnss RSNV VRSOV A NI o SRR 1 Y- W OO 0 A

" (YR ln: D

| : N :
CALCULATED FROM DATA OF LOB¢ . 1 1200 - E BEE
o o ille 1e0p Mt

| .
. — . . a . —— ! 4 B
’ oo 2 a “ s n 7 B a0 < 2 a ~ 6 7 8 @ |oo 2 K] a [ R A I

6o (LBS./ HR-FT°)




E$atH Co

OR ko

K a

o MASS TRANSFER COEFFICIENTS FOR METHYL ISOBUTYL KETONE

KG° (LB MOLES/HR—FTs-A

— — —FLOODING VELOCITIES

CALCULATED FROM DATA OF LOBO

00

F\3.5

=

-

|

™) k@ (LB MOLES/HR=FT-ATM) |
CLEGEND

.0 Lz2BOO(LBS/HR~-FT) |

o f200 M e W

: S |

; ' I N I 1

Skt REEE N Y

il - : — : el i

2
G, (LBS./HR=FT)



’V\S.G

FLIOU

G

oN | .
EFF‘CIEI\‘T
5 < AT

MR—-AT" |
+ }' +
|
i

E\Sns

-

THE EFFECT

-+

L=1200 LBS/

I

MASS TRA

9

1
—+

] | T T |
RS N f .xlill = '.-I.hli Txl ‘x + - -— ]
3 J.r ! R S S
z 35 ] |
ot "3 LRlI- ,Y — —— g rolv‘m’].r‘ ——be e d e e - — [ - - Alw
L - -G .
M o ;,/S u , o
s u : B A '
m e g :
W :
g, 8
‘e m
S = !
o

s e

-~

i

S

37 IN0LIIV

i

Q2

[UIURSISII SRS

+ . R = - -

X | ; ! ' , | 5
. . _ P
! ! ' i Ju

' ) ] i ! R ﬂ _

! . ) | ; i : ‘ } -t

m | ” , " u i |

e R A |

: ! ! ! i

: . i ! ! % : -

{ i ;ﬁ m M |

IN LIQUID FILM

MOL FRACTION M.I.K.



R

0.4 e

tm;m-iL Al

................

...............

..................

..............

D FIL

...........

i
......

.............

............

.........

.................

(o]
W

T2 ACETONE/FT° PACKING —HR)

o)
N M

I/KLo(F

0.

i

i

|

|

______

1O

S {
yAR (CL)' Mm (Q

2.0

M _)xi10?
o




F\a. ]

H ' i v
H : : : ;
SR e e O e o S . —_ SR GO U . -
! : t : :
i ’ i
+ B “
. v i
:
SEESSE SUSUPENE SIS SV S e . : .
v ¥ . . _
N . N N i 1
. !
R S c.- - .- - - - - — o M 3
i : : . : |
. :

D S

DU G

|
i T ]
|
1
1
4 . :
- —— ~et - PN Er - . pooo - em— - . PO . - e SeETEEER
i . : : ;
SN U S S . N T N G UV S o

R —




.. THE EFFECT OF TEMPERATURE POTENTIAL. ACROSS . LIQUID FILM

.| . ON MASS TRANSFER COEFFICIENTS [IN GAS FILM; . | .
; s | ? L z i ; : PSR :
.l .| . . . L=1200 LBY/HR-FT G=3I3 LBS/HR-FT & . | . .
: s e | P ; ; s g | | : : , : 4
o o I (R S R I O R R R
A O T I O O D IR R
! ; ! { ; | | { i ! f !
130 T T T N N R
B R ) ’ N
i é ! | i | !
— | /

(o]
o

.MOLES/HR- FT>=ATM.)
;
i
1
!
|
|
|
|
\
|
i

T T T ? T v v Y > T ) T T T
. . . . ' i N . i H : ' ! i ‘

. : . N . R : ) . ! H s . . 1 . . '

- B e R : : - : b o : : . R B e PP S e B R

: . : . : : : . ; . . ' ' N ! : . : i ' H

. : . : . . . ' ‘ . 1 ‘ . \ H

X . ' i N : ‘ . I . ! ! .

T v s T v v . v T

m . i ) 1l ‘ o R .
) : : : ; : | ; : : ;
— SihEbe R - — - [t i anand St i et . -_ -3 : R aatt Saaetb o
i : { ; ! ! ; : !
o . - . v ) . , 4 . N
o - - . ¢ Il . 4 Il r Il 1 11 i
: : : H ; : : :
= : , : ! : i ! 1 By : : : ;
IS TS SRS O S U SHES U SN -
: : : : : : : :
: : : : ] i ! | ! ! ' , H |
! : i . ' ' H !
‘ : ‘ 5 i . ‘ i ’ ; i b
ISR SRS : : : : : :
: : : i ! 1 i ¥
2 : : ; ! : i !
i . N 1 .
SUUREIN IO : ! : i :
. : H H 1
30— : = | |
R : P RBE
. ; ! )
e = :
.
.
\'

b

AT, (°clLIQUD FiLMm

A




100

(0

VAPOR PRESSURE (ATM.)

0.4

2.04,

'VAPOR PRESSURES OF ACETONE, M.IK. AND nBUTANOL

o Vs
. VAPOR PRESSURES OF WATER AT THE SAME REDUCED TEMP.

CRITICAL
POINTS

VAPOR

q g o BOILING POINTS

1 -v, & ; " ,; ‘o N ] N ¢ . S ‘oo

PRESSURE OF WATER (ATM.)

o1°bigy



‘_\j-ll

1.0

» 14 +

: w _

4 * H —_—
ERAE EEEET SR~ S R s SREREIEEEE ERETETEEEE TRPEEEETEY SRRPTTRESS FEESE SRS SRt EERET EEEEEETRES EETTTIEEES EUEEEREEES & B M

| w w

: i |

0 1
.......................................... .

]

.. TEMRERA(TURE

|
4

'REDUCED

vs

|
T
. H

;
) H .
FRPSRUUSENS S Uy R vy RS

0.8

ELATION |

CORR
OF |

T

WATSQON'S

|

i
|

4
o
:
: _
” . _
; ; |
. 1
H {
| H
| :
_ _
' H H
s TR
1 + Il
H 1 b
; ; :
H T v
| _ ;
S SRR SRR
H i i
! 1
;
!
!

—_——

i
t
!
i

1
#
|
|
i

i
e P T, RN USRS SUPIUIIEMPOY SRR SO
t 1

T

!
|
|
i
.

N B
RS S P OVl S TR S PR R

|

0.6

AT | OF VAPORIZATION |

-
-
i
T

10

R S A

b8k |

t

587.9°

560 aoxar-——w— —--‘..Al.-.'- S SR

B
|
|

. |LATIENT| . HE

O OBSERVED| VALUES
___|_FOR._ACETONE |.

% ACETONE

- T BUTANOL

0.4

T s T/ T



KEUFFEL & ESSER CO.

10 ta the 14 inch, Sth lines aceented

389-11L

MAGE IN V. $. A

10

160

it TT T v IR T =
i HiEH : IR
P i1 | FEREREEI N TEEE EA S
| s i i Tl B st ER
1SS RESES RIS i ., N
% it bl i ¥

i
i

afecin ] — -

P
+

[SROE MEBie
T

A §
X

e i

eSS
el

i

penes
Su9aq RREN
Ipded hes

ppunY bne: paven

93 pul W foe

140

PEDEE SPEDy

PETRY pRwEY A

+

-+
i_.

-y

0

AN (VPO E

I
}B

—dda

batnt

=

- tr + HIAq. + 1
HHHH SN ! il
1 SR NEEY T ,

! i F i$5

120

1}
. - T Ty [ . v
L i il dil jisti ihih b i i
+ [RE ae e T p
i T L T : Ty
1 ] it i P Hit HpH T

o o

1
" b _
i 1 5Ys irit %4 w.ﬁ ael ] : ¥ ]
il S R T i R il
1 Hoe 1 ;s% 1 ] Sre M 3888 RRESS
e S i i } ! HEHE 9
I BIEHER L HHHI ] =
[5%e -4 |34 . paal ISRl 4444 1 ) p B SRNES PRgy’
T IR et ] s A i T FHH D ‘m
: 11397, (88 fgss T At ] cagities
it AT Hit gt s JBE8EE 5> c=E Y JRETI AT =S Bspages:
il st dees iH seifisasl Jesa m AT B cetfanct bessstests
RS K 7 l% E2s! MAH ,” Hu‘ ﬁ >335 MA H14 1111 ¥ 11t 1
Hil HibH A THR R BT 9
\\.@ It SIBEEEE EEES: T112 BRES: SSEEIs L tHL H¥es i e
! : . 11 o . 5 . - 1147 RO Ba8aeS 1
E a5 i el sl el A T Si88sl 1= eafits
o 358! R4 BS5E] . IBS “ﬁvnmf 5] JREES ERS! SaNENs R§5sC 4 JEEE2RER
: 1145 bt i1 h Setliananans T 34413
& .wr,. L post jrcegfinages phr A AT R
SRS B ad P - -4 44+ v+ Ea e e BGi [y Bpaw — 4444 44
ERl o R 4 BRuS 44 H TG 3 PE BN 88
Bl ,i £8 f mm& pubad g gegdiasggstas Radas m syfbodd Sedns sans
e 1+ ¢ 4 1 144 r -1y +§ 1+t .L\ +14 ‘\
SEuE RRSES DBe + 11 AT.ﬁ UX - “ 1 s . hod >
; SHIH A R R EHS o
o a9 BOSE go : pe - e r pe Ty poe
£ jass) BRaRegsss, adn 1 HI AT HH B An1ﬂ1f HEnle
p T jaggstaitssdng aess b0Rad pabes hinghnse S22 colie Rie
F I 30 oS Rectt ERCHR st HERR) 0N o (R RERRY HEHHASS! REQRIGASE cafTRRSRIRESERFCE.
2 ; g 5384 ISigRnas saluge 111 Lt pundfeniasaeat sugenshiBatdses
OB RSl \«\N» + 1 +114 11ty 1ttt it t +4
[$4a1 SaEw! S04 hnns 1T 1+ L 1 uq fansshed” s Sfnsdbn ]
Hi b seagpide 13T m@ e ERRa: ST w. 5 1L - ssdsnsespuasys of
B ] r 1+ +34-1 -~ 111t 444 +-4-44 44444 4444
; Saug s hahb 1o 1 aSps oui LA TR Y s o
a8 faged ﬁw@ §ashi 5o 1 fasedneas] sesad bnest B it Se8idcaslfnsnghozaf posstsnas m
! SEEl ﬂm H I Lm,. %5 Hilert] tessisete
I 1t Sind Saiug pane 8ye ! it T H
1 g S BSEE] fos Ve T o 3
H rrlial R gt giil s giacisi 4
ESESAEare] lasey Eabad 9t ee S IREs) [SCUsbEseh S g1bacas LasesLantqneastnasadprogefans
e Hw.wv* s e e
i wJ Luv» HuL " LIA 53 ban g4 41 ﬁ u;.
++ I ne. +4 4434 snget 4 I P! . POE B
pass! Zo §58s u\ﬂ i h AT R IR .n/v.
; } ol ey ge 4§ 44 ++4 +4
1% el e R HE T
caks Ltﬁi Sasd puand HET ....n_u ROEE PONI FUESE Su
I fenad T ﬁw BRE S0P oS4 Bhne B gass
PR siag reog fou o ‘X«ﬂ T M 1 T 3
trrtiren Fea8g pas] IS puaes 8
pesghbe BagRaepsPogslle gukag
s R e haan ey
Ie0NE pa e Ax‘htni S e o
gt 4 4 a4 +-
v 228 ppenean paOassany B -
3 J\%H $8a {1+ + UFM.X‘ j2eas
-y 1 '
e e e
1 tret i
T 14t $obery 46&\& BEBEE INNBS SN
by $8550 $8184 9~ .ol $E8RE BASE) S9SN VI
IBaan Segs: 333 It
jS SOBEE *oa - T
Saasass: + v +
TR 112 B! %
N ++ 4 4419
IR _
et e : |8 s88
..... ety
8¢ SEB ¢ Sanad Boat T T
1 3 5sassasa +
: w« M NﬂH > 1
4 + + t v
1 58 Bun¢ =t nes: T
st e e R e
o
(o]

m Miy a7

/ AINAL1ANY Creqn

TEMPERATURE (°C)



I : ! ' ' > . 4 1 : i ¥
. : ' . : .
; ; | : ; H ; i | :
' { i . i ' ‘ i i .
ce- B R B R Gt S - v e IO I DENURS . PP SR P TR S - U P e
1 . v ' ' i !
H . H y |
1 ' ! .
i
!

30

SYSTE
\

\

:\
N

X

TONE
i
i
:
i
|
/|
\
N
25

AL IN

i . N
AN e e

e

-3

t

i

‘

‘

\ L

\
%
20

Hl

&

15

TYL
AT
AT
;
1
:
({:"'
“> “‘K :

{SpRU
|
i
) S—
|
!
!

" HUM1
]
S T
!
\.
\\ ‘
10

..........

floﬂ
\

.................

SATUR

Sl
N

: :
: :
: : '
: : : . :
: . i H :
; \ : !
B 1 - U SUUTE NS DENNY: " ST U SEEE S
i : 4 ‘ e :
+ i 3 i . . .

0.
<010}



F\i. \q

96

84

80

TEMPERATURE (°F)

76

\i T ~
\

\

\

\

\

72

b
F
ANOL
. -AT
i
-
|
/]
1

U

I
: \\_‘
i
|

68

64

R =in!
i
RN
SATUR

: : : : : : : . : )

/ﬁ ! : i : : : 1 : : : {
- : N B o Pl S Sl SRRl S il EREE RS EREERRE St s

; : : : : : : : :

H
1

Q Q
‘81/ TONYLNEA'Y ‘S8

oo24 | | |
020
0.018__
ol
o
<
®0i4

0022
0008
0006/
0004
0002

92

88

60



TABLE I

SPECIFICATICN3 OF 3CLVENTS USED

Methyl Isobutyl Ketone (Pract. P5617 209531)

Manufacturer: Matheson, Coleman & Bell

Purity: 93% by Qeignt.

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° Bé’gasoline
& 20° c,

Acidity: Less than 0.01% HA,

Distillation Range: 114.0 - 117.0°C.

Acetone (two lots) (1) (2)
Manufacturer: Matheson, Coleman & Bell Merck
Grade: AC3S Reagent C5 Reagent
Specific Gravity 25°/25°C: 0,788 0.788
wNater: - 0.40%
Acidity: 0.003% 0.002%
Distillation Range: 0.5°C 95% wiﬁnin °.5%

5505 - 57.00C



TaBid 11
EVAPCRATICN OF PURE ACSTCHE; L = 800 Lb/Hr-Ft2
3 March 1356

Run 23 24 25 6 2 28 29 30 51 32 33 34 35 36 57 38 -39
Go(Lbs/Hr-t?) 202 202 318 =318 58 555 555 555 555 454 454 3g8 388 126 126 126 126
Evaporation Rate (Ml./Sec) 0.407 0.395 (.612 0.504 J.567 0.829 0.772 0.847 0.888 0.729 0.699 0.660 0.632 0.298 04300 0.316 | 0.323
Héeh(Lbs Acetone/Lb.Air) 0.134 0.130 (5,129 0.106 0.119 0.0995 ¢©.0927 0.102 0,107 ©9.107 0.103 0,113 0.109 0.158 0.159 0.167 ; 0.171
P2 (Atm.) 0.0630 0.0613 . 0604 0.0503 0.0563 0.0475 O0.0443 0,0484 0,0507 0.0508 0.0488 0,0537 0.0515 0.0732 0.0737 0.0772 §0.0789
To(Gas Cut - °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
To-wB (©C) -1.1 -l.4 2,0 -4,0 22.8 5.3 -6.0 5.3 =48 =46 -5.0 .40  -4.4 0.1 0.3 0.8 | 1.1
to(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
Po-yp (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
Ty (Gas In - ©C) 24,2 24.2 24,2 24,2 24.2 24,4 o4, 4 24,5 24,6 24.8 24.9 25,0 25,0 24.8 24.8 24.7 24,7
T1-wg. (°C) ©210.9 =10.9 <109 -10.9  -10.9 -10.9  -10.9 -10.8 = -10.7 -10.6 =-10.6 =104 _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-wp (Atm.) . O.047T 0.0477  0.04T7 0.0477 0.,0477 0.0479 0.0479 ©.0480 0.0482 0.0485 0.0486 0.0487 0,0487 0.0485 0.0485 0.0483 Eo.oasa
kga (Lb.Moles/Hr-Ftd-Atm.)  37.2 35.7  57.7 44,9 52,2 77,3 T7.1 80.3 . 86.2  69.4  65.2 62,8  59.4  30.1  30.1  31.9 32.1
Av. kga o . 36,5 51.6 . 78.7 | | 67.3 6l.1 - 31.1

. Poe (Atm.) 0.2065 0.2065 0,2200 0.2190 0,2170 0,2125 0.2100 0.2060 0,2040 6.2.35 0.2100 0,2110 0.2120 0.2110 0.2120 0.2210 §0.2285

- P1e (Atm.) _ , 0.1365 0.1355 0.1255 0.1245 0.1255 00,1000 0.0990 0.,0975 0.0975 0.1093 0.1110 0.1150 0.1155 0.1478 0.1483 0.1550 io.1600
Kge (Lb-moles/Hr-ft3 -ftm.) 8.5 8.3 12.6 10.2  11.6 18.7  17.4 19.7 21.1 159 15,3 143 13.5 61 6.1 61 i 6.1

Av. Kga | 8.4 11.5 19.2 | 15.6 13.9 6.1

\



TABLE III
EVAPCRATION GF PURT ACELONE; L=1200 Lb/ar-Ft2

17 March 1956

Run 5 A 42 43 84 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60
Go 368 368 368 368 494 434 494 494 494 429 429 313 313 %13 222 222 222 182 182 182 124
Zvaporation Rate 0.817 0.843 0.938 0,907 1.24 1.14 l.22 1.20 1.25 1.12 1.12  0.859 0.848 0.895 0.726 0.711 0.712 0.624 0.594 0.588  0.480
Hy"AH 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
Py 0.0689 0.0709 0.0784 0.0760 0.0772 0.0706 2.0761 0.0752 0.0778 0.0798 0.0802 0.0838 0.0829 0.0870 0.0383 0.0966 0.0967 0.103 0.0986 0.0978  0.115
To | 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
T2 wg -1.0 -1.1 0.2 0.0 -0.1 -1.3 ' =0.5 -0.8 -0.3 0.3 0.3 0.9 0.8 1.4 3.4 3.2 3.2 4.5 3.8 3.5 6.3
ts 18.5 18.4 . 18.2 19.2 18.6 18.8 18.5 18.1 17.8 19.4 19.1 18.8 18.9 18.8 18.6 18.7 18.8 19.0 19.1  19.1 19.2
P o4B 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
T, 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
Ty wB -11.3 -11.3 -11.3 =-11.3 11,3  211.2 -1i.2 -11.0 -11.0 -11.0  -11.0 -11.0 -11.0 -11.0 ~-11.0 =11.0 -11.0 =11.0 -11i.0 =-11.0 -11.3
ty €.3 5.8 5.4 6.1 1.6 2.6 1.4 1.2 1.1 3.4 3.3 5.7 6.0 6.1 7.9 8.0 8.1 10.1 10.1 10.2 11.7
P1 wB ' 0.0466 0,0466 0.,0464 0.0464 0.,0465 0.0467 2.0470 0.0472 0.0472 0.0473 O0.0473 0.0473 0.0473 0.0473 0.0472 0.0472 0.0472 0.0471 0.0471 0.0471 0.0466
kga 87.0 96.8 113.0  103.7 151.3 133.1  154.2  156.1 163.7 138.5 147 106.2 102 110.2 9%.5  92.0 90.7  70.8 73.2 72.9 62.8
Av, _ 100.1 151.7 f - 143.2 106.1 92.4 ‘ 72.3 62.9
Poe 0.2200 0.2180 0.2155 0.2265 0.2220 0.2230 13.2205 0.2160 0.2130 0.2310 0.2265 0.2230 0.2250 0.2230 0.2220 0.2230 0.2230 0.2270 0.2275 0.2265 0.2280
Ple 0.1210 0.1185 0.1155 0.1200 0.0360 O.io2o 0.0955  0.0945 0.0940 0.1065 0.1060 0.1200 0.1220 0.1225 0.1340 0.1345  0.1350 0.1485 0.1430 0.1495 0.1600
Kpa o 17.4 18.4 21.6 19.5 28.9 26.1 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 12.1 10.3

Av. o 19.2 29.4 | 25.6 19.6 15.6 - 12.5 10.2

61

124
0.503
0.271
0.119
14,2
7.0
19.4
0.12790
23.3
-11.3
11.8
0.0466
67.7

0.23%10
0.1610
10.7

62

124
0.477
0.257
0.1}4
14.3
6.3
19.4
0.1229
23.3
-11.3
12.0
0.0466
60.5

0.2320

0.1620

10.0

63

124
0.477
0.257
0.114
14.4
6.3
19.4
0.1229
23.3
-11.3
12.0
0.0466
60.5

0.2320
0.1620
10.0



TiaBLE IIT (Cont'd)

run 51 52 53

Cal~ul~tion of X¥;a by tet-bulb rgsumption

tr-Av(°C) . 3.8 3.7 3.8
P p-Av (AT.) | 0.1075 0.1080 0.1085

NE5Y 7.92 7.88  7.85
kpa | 2,95 2,93 3,00
AV - ' 2.96

Calculation of kéa and kfr ot ti-%(tL Ty

toy 9.8 S 10.1
poi 0.1470 0.1470 9.1490
tyy -2,7 -2,5 -2.5
Py 0.0755 0.0765 0.1490
kga 36.0  35.2 37,5
Av. 36.2
T, V. 7.9 8.1 8.1
F°% ev. _ 0.134 0.136 0.136

Nt av. | 6.36  6.27  6.27
kXa 6.48 6.36  6.84

Av. | ,  6.56



TABLE IV
EVAPURATICN CF PURE ACETCNE; L=400 Lb/;*ir'-}:"‘t,2

7 April 1956

Run | 64 65 66 67 68 69 70 71 72 73 4 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 3é8 388 388 280 280 280 504 504 504
' Zvaporation late <409 J414 408  .416 . 403 416 .395 .295  .299 2301 .293 .295 «294 549 .555 . 547 466 453 <454 606 617 .587
Ho=AH .129 .130 .128 <131 126 131 . 124 155 .158 <159 155 .156 (156 L0944 .0955 ;0940 .111 . .108 = .108 .0802 .0816 .O777
Pp 0.0605 0.0612 0.0604 0.0616 0,0593 0.0616 0.0586 0.0721 .0734 .O738 .0721 .0726 .O724 .O451  .0456  .0449  .0528 .0512  .0513 .0386 .0392  .0374
5 11.5  11.6  10.9  10.6  10.4  10.2  10.2  11.9 12.1  12.1  12.3  12.4 123 7.9 7.9 7.8 8.7 8.8 8.8 6.8 6.8 6.7
To-wB -2.4 -2.4 -2.7 | -2.5 -2.9 =2.5 -3.1 -3 0 .1 -.2 -.1 -1. -6.2 -6.1 -6.2 -4.3 -4.8 -4.7 -7.8 -7.7 -8.1
t2 20.0 20.1 20.1 20.0 19.9 19.8 19.8 19.4  19.4 19.3 19.3 19.3 13.4  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 ©0.0877 0.0882 0.0868 0.087L 0.0869 0.0632 0.0635 0.0631 0.0699 0.0682 .0683  .0577  .0580  .0565
I1 24.0 24,1 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 24,1 24,1 24.1 24.5 24.7  24.7
Ty -#B -10.8 -10.8 -10.8 -10.8 -10.8 -10.8 -10.8 -10.8 -10.8 -9,8 -10.8 -10.8 -10,8 ~-10.8 -10.8 -10.8 -10.8 -10.8 -10.8 ~10.8 -10.7 -10.7
ty 4,2 4.0 3.8 3.7 3.5 3.3 3.2 4.7 4.9 5.1 5.1 5.2 5.2 0.3 0.4 O.4 1.0 1.2 1.2 -0.6 -.8 -.7
PiwB 0.0474 0.0476 0.0476 0.0476 0.0476 0.0476 0.0476 0.0476 0.,0476 0.0476 0.0476 0.0476 0.0476 0.0476 0.0476 0.0476 O0.0477 O0.0477 L0477 0478  .0479 . 0479
kga 40,6 41.3 42,4 43.9 40.0 4.7 39.7 31.2  31.4 51.5 30.5 30.8 30,7 50.8 53.1 52.0 45.4 442 44,3 56.5 . 57.8 54.7
AV, 41.5 | ' 31.1 52.0 44,6 56.3
Pog .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 .14 .0900  .0900 .0900  .0923  .0932  .0337 .0854  .0B4T  .0850
K2 8.37 8.69 8.56 8.84 8.53 9.02 8.52 6.42  6.56 ' 6.60 6.38 6.42 6439 11.2 11.2 11.0  9.46 9.13 . 3.10 12,5 12.7 12.1

Av. 8.65 6.46 11.2 9,23 ‘ , 12.5



gun
Go
Zvaporation ats

H?=ISﬁ

86

268
1.16
C.230
0.127
14,1
8.0
20.2
0.1328
24,3
-10.7
T.9
0.0479
352
347
0.241
0.134
27.2
26.4

87

268
1.14
C.287
0.124
14.3
7.6
20.7
0.1308
24.3

"10.7.

Te3
0.0479
339

0.246
0.134
25.7

88

268
1.17
0.250
0.127
14,3
8.0
20.8
0.1531
24,3
-10.7
7.9
0.0479
349

U.249
0.134
26.4

83

113
0.649
0.332
0.160
20.0
12,6
21.9
0.1676
24.3
-10.7
14,2
0.0479
194

0.261
0.173
13.9
14,1

ZVABLRA?IQN CF PURT ALCEICNE; L=1600 ub/ﬁr-itg

90

15d

1

N

(o))

i

0.65
C. 390
0.163

21.8
13.1
21.7
0.1720
24,4
-10.7
14.4
0.0479
197

0.258
0.181
14,4

91
113
9.€35
0.385
0.161
21.8

12.9
21,3

0.1702
24,4
-10.7
14.1
0.0479
194

0.255
Oo 179

T.2.2 7

7 Anril 1356
92
113
2.617
0.363
0.154
1.9
12.1
20.9
0.1643
24,4
=10.7
13,9
0.0479
183

0.250
0.177
13.5

94

184
1.10
0.401
0.167
18.1
13.1
24,0
0.1722
24,5
-10.7
11.8
0.0479
341

0.289
0.1€2
22.7

0.274

0.159
22,5

96 97
184 363
0.963 1.53

0.351, 0.281
0.149  0.123
17.3  13.4
1.1 7.4
21.4  20.8
0.1556 0.1292
24,5 24,6
-10.7 -10.7
10.8 5.3
0.0479 0.0479
293 474
431

0.256 0.248
0.155 0.118
21.5  37.4

. 32,4

98
363

1.29

0.237
0.106
12.9
Sel
20.9
0.1148
24,6
-10.7
5.2
0.0479
384

0.251
0.117
28.7

99

363
1.45
e 267
0.118
15.3
6.6
22.5
0.1250
24,7
-10.7
5.7
0.0479
435

0.268
0.120
31,2



TABLT VI
- EVAPCRATICN OF PURE METHYL IS0BUTYL AETCNEy L=1200 .L‘;)/HI“--i*"‘(.2
20 April 1956

Run | 100 101 102 103 lo4 105 106 107 108 109 110 111 112 113 114
Go ( Lb/Hr-Ft2) 297 297 297 388 388 388 484 484 484 556 556 556 202 202 202
Evaporatlion Rate (Ml/3ec) 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
Hoz & H(Lb.KIK/Lb.alr)  « 00,0525 0.0497 0.0484 . 0.0444. 0,0458 - 0.0435 0.0516 0.0476 0.0527 0.0489 0,0536 Q.0524 0.0421  0.,0476 0.0450
P (At.) 0.0150 0.0142 0.0138 . 0.0127 0.0131  0.0125 0.0148 0.0136 0.0150 0.0140 0,0153 0.0149 0.0121 . 0.0136 0.0129
T2 (Gas Cut- oc)" | 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
To>-wg (°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
t, (Liquid In-°C) 21.4 014 21.4 51.6 21.7 21.7 21.3 21.1 21.0 20.7 20.5 20.4 20.6 21.1 21.3
PowB (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
"1, (Gas In-°C) 22.9 22.9  22.8 22.1 22.1 22.1 23.3 23.5 23.7 24.1 24,2 24,4 24,3 4,3 24.3
T, - wg (°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
ty (Liquid Gut-°C) 19.1 19.1 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
Py 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
kg2 (Lb.Mol/Hr-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" 28.1
kgi Av. 46.1 53.6 T7.5 97.0 | 26.2 |
Pag(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
Pl (At.) 0.0199 0,0200 0.0201 0.0200 0.0200 $.0200 0.0196 0.0194 0.0192 0.0183 0.0182 0.0179 0.0202 0.0207 0.0209
Kga (Lb.Mol/Hr-ft-at.) 31.1 08,2 27.1 30.3 2.8 29.4 50.6 44,2 53,6 56,4 67.0 65.9 15,2 17.8 -~ 16,0

Kga Av. 28.8 30.5 49.5 63.1 16.3



TABLE V I I
TIAPCKATION CF PUXE MEDAYL ISC-UUYL g<2iuhe; L=1600 Ls/Hr-th

20 4April 13956

Run 115 116 117 118 119 120 121 122 123 124 125 126
Go 202 202 202 388 | 388 38€ 247 297 297 484 484 484
Ivaporation xate 0,171 0.185  0.180 0.30% 0.288 0.284 0.238 0.239 0.247 0.407  0.427 0.391
HozlH 0.0574 0.0621 0.0607 0.0531 0.0505 0.0497 0.0531 0.0583 0.0602 0.0572 0.0600 0.0550
P> 0.0164  0.0177 0.0173 0.0152 0.0l44  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
To-yg 18.6 19.3 19.1 18.1 17.9 17.8 © 18.7  18.8 19.0 18.6 18.9 17.4
to | 21.7 21.8 21.9 21.9 21.8 21.8 21,7 21.7 21.7 21.6 . 2l.4 21.4
P2y ¢.0192  0.0199 0.0197 0.,0187 0.0185 0,0184 0.0193 0,0193 0.0195 0.0192 0.0195 0.0180
n 24,1 24.5 24,5 25.0 25.0 25.1 25.1 25.1 25.2 25.5 25.6 25.7
Ty 4B 14.9 14,9 14,9 15.2 15,2 15.3 15.4 15.4 15.4 15.6 15.7 15.7
t1 20.1 20.5 20.7 20.0 19.9 19.9 20.0 20.1 P0.2 19.1 13.0 18.9
PLaB 0.0157 0.0158 0.,0158 0.0160 0.0160 0.0161 0.0162 ° 0.0162 0.0162 0.0164 0.0165 0.0165
kg2 59.0 39.3 43,4 63.1 56,8 55.2 58.1 58.2 63.1 90.0  100.8 93,5
AV 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
Pile 0.0214 0.0215 0.0216 0.0209 0.0208  0.0208 0.0209  0.0211 = 0.0211 0.0199 0.0198  0.0198
Kaqt 23.7 27.7 25.9 39,2 36.1 35,2 36.1 36.1 38.5 59.4 66.4 55.8

AV, 25.8 36.8 i 3609 60'5



gun 127
Go 484

fvaporaticn sate 0.209

Ho=4H 0.0234
Po 0.00846
T2 19.7
To-wB | 15.2
tn 22.1
Po.g 0.0160
Iy l26.0
T1-wn 15.9
ty 19.7
Py,= 0.0166
kg2 31.4
AV 31.8
P2e 0.0233
Ple 0.0206
K3 20.6
" AVe 20.8

128
484
0.207
0.0291
0.00838
20,0
15.4
20,4
0.0162
26.0
15.9
19.9
0.0166
30.6

0.0236
0.0208

20.0

129
484
0.223
0.0313
0.00900

20.2

15.8 -

22.6
0.0165
"26.0
15.9
20.0
0.016¢€

33.4

0.0238
0.0209

21.8

130
383
0.164
0.0288
0.00828
20.6
15.8
22,9
0.0165
26.0
15.9
20.7
0.0166
23.6
22,5
0.,0242
0.0217
15.2
14,3

0.149
0.0261
0.00751
20.7
i5.5
22.9
0.0163%2
26.0
15.9
20.9
0.0166

20.9

0.0242
0.0°19
13.4

TaBLE VIII

BVAPCR:TICN CF PUXE METHYL ISCBUTYL KSTONZ; L=800 Lb/dr-it?

132 133

388 591
0.159 0.309
0.0278 0.0355
10.00801  0.0102

20.4 20.7
15.4 1¢.4
23.1 23.4

£,0162 0.0171

26.0 26.1
15.9 16.0
21.0  20.0

0.0166 0,C168
22.9 47,7
44,3

0.0244  0,0248
0.0220  0,0209
14,4 30.3
28.3

134
591
0.281
0.0323
0.00928
20.6
16,1
23.4
0.0168
26,2
16.1
20.1
0.0168
41,8

0.0248
0.0211
26,6

20 April 1956

135
591
0.289
0,0332
0.00959
20.5
16,2
23.3
C.0169
26,2
16.1
20.0
0.0168

43.5

0.0247
0.0209

27.9

136
222
0.,0947
0.0290
0.00835
21.0
16.0
23,4
0.0167
25.8
15.8
21.6
0.0166
13.6
13,5

8.42

8.30

137
222
0.0987
0.0302

138
222
0.0893
0.0273

0.00868 0.,00786

21.1
16,0
2345
0.,0167
25.7
15.7
21.7
0.0165

14,4

0.0250
0,0228

8.78

213
15.9
23.7

C.01€6
25.7
15.7
22;0

0.0165

12.6

0.0252
0.023)

7.69

139
646
0.434

C.0457
0.0131
19.6
16.8
24,0
0.0175
26.1
15.9
19.2
0.0167
81.0
76.5
C.0255
0.0201
47,6
45.2

140
646
0.420
C.0442
0.01°7
19.7
16.8
24,0
0.0174
26.1
16.0
iJ.1
0.0168
75.8

0.0256
0.0199
44,7

141
646
0.410
0.0431
0.0124
19.7
16.7
24,0
0.0173
26.2
16.1
19.1
0.0168
72.7

0.0255
C.0200

43,0



TABLE IX
TVAPCRATICK CF ACETCKNE - NIK MIXTURES ; Lz1200 Lo/Hr-Ft2; Go=313 Lb/Hr-Ft®
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 Fesd *0 %0 40 %0 60 60 80 80 80 90 90 90 90 90 95 95 95  92.5  92.5  92.5
‘Evaporation Rate (Ml./Sec.) 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 o 4u7  0.739  0.716  0.696  0.664  0.643  0.663
Pp- Aootene [im-) 0.01384 0.01286 0.01278 0.02190  0.0203 0.0193 0.03485 - 0.0369 0.0358 0.0432 0.0411 0.0419 0.04%0 50421 0.0713 0.0692 0.0676 0.0629 0.0616 0.0627
T, (atr out °C) - 18.6 18.6 18.7 17.8 17.8 17.8 16.1 16.1 16.1 14.8 14.7 14.7 14.6 14,6 10.9  10.9 10.7 13.2 13.1 13.0
Ty (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 5.5  27.2  27.1 27.0  25.5  25.5  25.5
Vol. % Acetons & 2 (Ltauta) 0.075 ~ 0.075  0.075  0.127  5.127  0.127  0.260  0.260  0.260  0.420  0.420  0.420  0.420 ¢ 450  0.860  0.860  0.860 ~ 0.705  0.705  0.705
e (ol. Fraction) 0.126  0.1216 0.1216  0.196  0.196  0.196 0,375  0.375  0.375  0.552  0.552  0.552  0.552 .55  o0.912  0.912  0.912  0.804  0.804  0.804
tp (iiouid 1n %) 20.7 20.7 20.8 20.4 20.3 20.3 20.1 20.1 20.2 19.1 19.1 19.1 19.1 19.2 19.2 19.2 19.1 20.1 19.9 19.8
| p, (Atm.) 0.2455 0.2460 0.2470 0.2430  o,2400 0.2400 0.2380 0.2390 0.2390 0.2265 0.2265 0.2265 0.2265 4 5580  0,2290 0.2280 0.2265 0.2390 0.2360  0.2350
pg (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 C.1250 4 1558 (,2078 0.2078 0.2065 0.1685 0.1662  0.1657
xy (iol Fraction) 0.1118  0.1127 0.1129  0.1853  (,1867 0.184%  0.3600 0.35.5 0.3595 C.5400 0.5400  N.5400  0.5400 4 mugp 0,911 0.909  0.909  0.798  0.798  0.798
t1 (Lioutd cut %c) 7.6 17.8 7.8 16.6  1c.5 16,5 %6 17 a7 118 120 121 122 15 g5 8.8 8.7 9.9 9.7 9.7
py (Atm) : 0.2105 0.2110  0.212  0.201 0,201  0.204  0.183  0.183 0.1835  0.161  0.163  02.163  0.164 5 1645 0,138 0.1400 0.1395 0.1480 0.1470  0.1460
Pp (o) 0.02355 0.02380 0.02390  0.0372 0.03755 0.03810 0.0R410 0.08400 0.084% 0.0869 0.08%1 0.0%31  0.08%¢ o 0888 0.1257 0.1273 0.1268 0.1182 0.1173 0.1165
Kga (Mol/Hr-Ft2-Atm) 19.3 17.4 17.1 19.2 15.5 16.3 14.0 15.0 143 13.9  12.9 13.8 13.9 .y g e 58 e s 57

Av.



TARLE IY. (Cont'd.)

awCONPUTATION ASSUMING INTERFACE IS AT WET-EULB TEXPERATURE (kGa=lO6.1_)

Run - 142 143 144 145 146 147 148 149 150 151 152 153 154 155 174 175 176 177 178 179
Ta_yp( °C) 12.5 12.2 12.2 9.6 9.4 9.1 4.7 5.0 4.8 1.2 0.9 1.1 1.2 1.1 -0.3  -@.56  ~0.77 ~0.9 -1.1 -0.9
Ty_4p (°C) 12.4 12,4 12.4 0.8 10.8 10.7 3.6 3.7 3.7 1.6 1.6 1.7 1.6 1.6  -7.8 -7.8 -7.8  -5.3  -5.3  -5.3
teoay, (9C) 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
Dp gy, (Ato) c.194  0.194  0.194  0.181  0.131 .98  0,15&  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
Kg8 0.182  0.164  0.161  0.181  0.146 4 354 o132 0,141 0.135  0.131 . 0.122  0.130  0.131  0.128  0.1376 0.1319 0.130C  0.145  0.144  0.148
Kga : . S S . . e e ST e :
P}-av, (Atm) 0.0188 0.0183 0.0183 0.0295 J.0286 0.0287 0.0566 0.0574 0.0571 0.0694 0.0678 0.0634 0.0697 0.0697 0.1041 0.1039 0.1035 0.0956 0.0943  0.0944
xg-av{¥ol Fraction) 0.0958 0.0943  0.0943 (263 0.158, 0.159  0.367  0.37L  0.368  0.506  0.495  0.502  0.505  0.505  0.905  0.90%  0.903  0.784  0.780 0.781
Va-f av.(Ft /Mol) 1.93 1.93 1.93 1.87 L£e87 1.87 1.70 1.70 1.70 1.59 1.59 1.59 1.59 1.59 1.25 1.25 1.25 1.36  1.36 1.36
Mf av.(#o1/Ft>- Atm) 2.67 2,67 2.67 2.95 2.955’ 2.97 3,82 - 3,80 3.80 4,59 4.59 4,56 4,56 4,56 " 6.95 6.95 6.99 6.02 6.07 .6.07
kja (Ft2 icetons/FtJ nr) g g, 7.80 7.63 7.93 6.14  6.47 4,22 4,59 4,34 3,49 3.20 © 3.48 3.51 3,400 244 2.32 2.29 3,05 2.95 3.09

Av 8.09 6.85 | 4,37 3,42 . 2.3 3.03

{
1

i
!
s



Run 142 143
t1, (°c) 15,0 15.1
tay (°C) 16.6 16.5
teay,(°C) 17.5 17.5
pR-av.(Atm) 0.209 0,209
Kga=(py-P) ., 0.529  0.477
ra - (p*=p) °
P _.y, (Atm) 0.02355 0.02380
Xf_qy, (Mol Fraction) 0.113 0.114
Vot av{Ft3/Mol) 1.915 1.910
qv£r_av.(mol/Ft3—Atm) 2.51 2.51
kfa (Ft2 Acetone/Fti-Hr)  13.6 13.3

Av. ' 13.3

144
15.1
16.5
17.6
0.210
0.469

0.02390
0.114

1.910
2.49
12.9

145 .

13.7
15.0
16.4
0.197
0.526

0.0372
0.189
1.85
2.75
14,7

11.7

146
13.7
14.9
16.4

0.197
- 0.425

0.03755
0.191

1.845

2.75
9.8

147
13.6
14,7
16.3

5.196

'
) ‘:\' . A",’; 7

-

0.194

1.841

2.77
10.6

Q.OBBl

148
9.1
12.4
14.1
0.178

D4 554

0. 473

1.612
3.49
6.52
6.91

149

9.2

12.6

14,2
0.179

0 R
et
.

- 0.0340

0.469
1.616
3.46
T.37

TABLE IX (Cont'd.)

150
9.2
12.5
14.5
0.180

151 152 153
6.7 6.8 6.9
10.2 10.0 10.1
12.0 12.0 12.1
0.160  0.160  0.162
0.381  0.354  0.378
0.0869  0.0881 0.0881
0.543‘ 0.551 0.544
1.555  1.547  1.552
4,02 4,04 3.98
5.60 4,94 5.57
5. 44

154
6;9
10.2
12.1
0.162

0.381

0.0886 |

0.547
1.550
3.99
5.64

. JALCULATION CF kﬁa BY A33UMING INTEZR#ACE HALF WAY SETWEIN LICUID AND WET-BULE

174
0.5
8.5
J.2
0.140

0.384

0.1242
0.883
1.264

5.65
4.07
3.80

175
0.7
8.4
9.3
0.140
0.370

176
0.6
8.2
9.2
0.140
0.359

0.1255
0.898
1.258

5.68
3.60

177
2¢3
9.6
10.5
0.149
0.422

0.1182
0.733
1.345

4.99
5.35
5.38

178
2.2
2.4
10.3
C.147
0.419

0.1173
0.738
1.340

5.08
5.19

179
2.2

9.4
10.3
0.147
0.431

0.1165

. 0.793

1.345
5.06
5.60



Run
o .
pav.(Atm)

’ KG&
kGa

142

143
0.2280 0.2285
0.985 0.887

Xf-ay, (Mol Fractlion) 0,1173 0.1124

Vm-f av. (FtB/I\AOI)
€*<f_av.(Mcl/Ft3-Atm)
kfa

Av,

1.91
2.29
62,4

250

1.91
2.29
67.2

144
0.2295
0.872

0.1108
1.915
2.28
58.6

145
0.2220

0.979

0.1886
1.85
2.43

375
148

146
0.2205
0.791

0.1775
1.855
2,44
30.4

147 148
0.222C 0.2105
0.831 0.714
.
0,51%50.5645
1.855 1.70
2,43 2.79

39.6 17.5
19-3 :

TABLE IX (Cont'd.)

RITCCMPUTATICN BY MITHCLD CF 3TUTZMAN (Kgaskga

149
0.2110
0.766

0.373
1.69
2,80
21.4

150
0.2113
0.729

0.367
1.70
2.79
19.0

151
0.1938
0.709

0.483
1.61
3.21
14.9
14,1

152
0.1948
0.658

0.471
1.62
3.17
11.9

153
0.1948
00704

0.482
l.61
3.19
14.7

FCR PURE CCNPCNENT=19.6)

‘ 154

0.1953
0.709

0.483
1.61
3.18
15.0

155
0.1963
0.694

0.481
1.61
3.17
14.0

174
0.1835
0.719

0.707
1.42
3.83
13.1
11.1

175
0.1840
0.688

'0.828v

1.32
4,12
10.5

176
0.1830
0.668

0.819
1.33
4.11
9.6

177
0.13935

0.786

0.679
1.44
3.59
20.0
20.2

178

0.1915

0.781

0.876
1.44
3.63
19.1

179
0.1905
0.801

0.683
1.44
3.65
21.5



TABLE X

CVAPCALTIUN COF PURT ACECCNS AT TLEVATZD GA3 TEMPERATURES;
L=1200 Lt/Hr-Ft<; Go=313 Lb/Hr-Ft

5 May 1956

Run 156 157 158 159 160 1€1 162 163 164 165 1€6 167 168
Evaporation rRate (Ml./3=c) 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
HQ'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
Pg 0.0668 0.0709 0.0742 0.0776 0.6828 0.0816 0.0756 0.0770 0.0777 0.0739 0.0703 0.0636 0.0638
T, 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
To-wp -1.1 ~0.5 0 0.7 1.2 1.1 0.2 0.3 0.4 0 -0.6 -0.8 -2.1
Po-wn 0.0826 0.0846 0.0881 0.0919 0.0955 0.0347 0.0889 0.0399 0.0305 0.0579 0.0848 0.0838 0.0788
T 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
T1~-wn -10.6  -10.5 -10.4 -7.8 -8.1 -8.3 -5.4 -5.2 -5.1 -3.5 -3.5 -3.5 -3.3
Pi1-w5lp) 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
D‘p(LM~Gf) 0.0292 C.0276 0.0278 0.0311 0.0292 0.0295 0.0336 0.0328 0.0328 0.0360 0.0364 0.0371 0.0371
iga ' 66.8 75.5 78.6 73.8 84,3 82.0 66.4 69.4 70.1 60.5 56.7 54,1 50.0
AV. kga | 73.6 8043  68.6 57.1

to 20.1 19.9 19.9 | 20.7 20.5 20.3 19.3 19.3 13.3 18.9 18.9 18.8 15.2
t 7.8 7.8 7.8 8.7 8.1 7.7 8.2 8.1 3.1 8.8 8.9 9.1 6.8
At(Ly-LS) 13.2 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. At 19.2 17.9 16.2 15.9



CORRZLATICON GF k,a USING DIFFUSIVILY DATA CF AILRZ

L

Runs 142-144
te-av. (9K) 289.0
DUk(Acetone) x107 (cm@-cp./sec) 1.8
DA(M. I n.) x107(cm2-cp/sec) T9.2
M Acetons (cp.) 0.335
,/4 Mel.on.(cp.) - 0.62
(l—xf-ac) (¥01 Fraction) - 0.9042
(1-wp-ag) (at. Fraction) 0.943
M (cp.) 0.604
DUH xlO7 (cme—cp/sec) 82,9
My (Lbs/ikol) 96.3
@ (Lbs/Ft?) 50445
/“(/?UL 545
(cl)p (Mols m.1.k./Ft3) 0.470
(cLie ¥y (M gop) 24,700
1/k;a 0.1235

TABLE XI

145-147

287.5
117.2
78.8
0.342
0.63
0.840
0.900
0.601
84.8
93.7
50.4
528
0.450
22,300

0.146

148-150
284.1
116
77.9
0.357
0.665
0.631
O.T4T

0.587

91.9

84.7

50.23
465
0.372
14,650
0.2285

151-155
281.7
115.0

T7.2
0.363
0.€75
0.497
0.630

0.560

96.1

79.0

50.1

407
0e313

10,080

0.2923

174-176
280.0
113.2

76.0

0.380
0.72

0.096

0.155°

0.433

109.6

62,03

49,5
215

0.0768
1,024
0.427

177-179
279.1
114
76.5
0.375
5,705
0.218
0.325%
0.481
165.8
67.2
49,68
275
0.1602
2,985
0.330

CURRELATION O k. a U3InG VISUSIVITY UATA OF SCHEIEEL

L

142144 145-147 148-150
289.0  287.5  284.1
236 235 232
107.2 106.7 105.4
119.7  127.2 . 152.2
377 352 280
17,080 14,880 8,840
0.1235 0.146 0.2285

151-155
281.7
230
104.3

167.6

234

5,790
0.2923

174-176
280.0
228.5
103.9

216.6

108.7

518
0.427

177-179
279.1
228
103.5

200.9

144,6

1,570
0.330
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