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The recnanism of sclute transfer from liaul

was studied. Fossible rmechanisms in eacnh ¢f three st

o A -~ \ . -~
(drop-formation, drop-fall, and drovn-coalescence) wer

considered., Thecoretical equations were develonred to express

the amount of extroction during drop-Tormation and drop-

A metnod for testing experimental data to determine the

=y

avpllcability of esch of the rossible mechanisms Tor drop-

3

Caaa el Yo 3 nm oA mAaATmaA
“ . "\-\.;\-'v-uv’ -——— e s ol

and from = mixture of carbon tetrachilorid

lo

maan asasatdAa
a25¢ Qv

Iy
fe

Ie! RSy

e
£

t
9]
M

¢

Q
m
¢]
by
Vo
(¢3

= 3 3 o £+ Ve ional
the mechanism wizas analyzed on the basis of the conventlonal

5

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

11,

all the resistence



Tiie difference in behavior of

oA avmatimt 0
LI i eza e O

wes found to te Hronrort

Ve s

T p 3 > | - ~ -1 - 4 Ve -l ~ <3 - P
just vefore entering tils stage and to Tne drop dlzmet

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

@]
3
4
]
r+
ovl
e
i
(8]
3
}=e
T
M
|



% TRODUCTIO

%“kwww*u*wm

24
’hy

In recent years solvent extraction has coue inte
wldespreed use in the chemical industry. As a result,
liguld-1ligquid extractlon has been the subject of msny in-
vestigstions in the litersature. However, most of these
investigations have been concerned primarily witnh the overall
performance ci extraction eaulpment rather than the funca-
mental theory ol solute transfer. As & result, the performence
and cesign of continuous tyres of extracticon equipment is a
rather uncertain and controversial subject.

m..-

{ne spray iy s ong oI Tits simpler

=
e

CWcEil

ct

of

w

E
continaous extrectors in which thie mecnanism of solute

transier might e inves

ct

igaeted. However, in commercisal
spray tcwers, the varistion in drop sizs, the cosliescelnce

of drops znd the eifect of the moving continuous rhase

(1:

comrplicate the study of the fundamentsl mechanlism ¢of sclute
transfer. HDence, for the purpose of this investigation

spray tower operztion has been further simplified to the case

=
O
e
0
}—l-
™
[0
Q:
H
o]
w3
0
e}
0
w
[é¢
'—-"
3
4}
ct
ol
]
O
j
as
o

of extraction from single unil

FI - + 2
& 8sTLilongry conuvinuous phase.
Iin an gsetnngl genrev tower or for the extraction
40 an gotugl sprgy tower r I10or Tneg SXuractlion

from individual drops, the mechanism of scolute transfier will
differ in the various stages of thke 1life of the drop. Frirst
tne cGrop must be Tormed in the column, mist Tthen pass through

the continuocus phase znd finally must be destroyed as 1t 1is

ccllected at the opposite end of the colurn. 3Since the
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mechanics of tkhese three stsjes are sc different, the in-
dividuel stazges must be studied separatsly before a correct
analysis of spray tower opersticn can bDe macde.

(12)

Licht end Conway recognlized these three stages

in the 1ife of & dror in a sprzy tower snd designed en

tel extraction column with which an attempt was

first stage of extraction from single drops All of the
vrevicus lnvestigators have determined tvhe smount of
extroaction curing drep formeoticu by maxing a plot of the

logarithm fraction unextracted, or an equivalent varieble,
versus column neignt. For this plow, Conway z obteined
datz from g column in wihich the extrsction during the last
or coalescence staze hacd bteen eliminasted. The other
investigators obtained dola from a column in which this
Staze was either rpartially eliminated or not eliminated

-

Tt aile.

)

Since the plot usually gave g relatively straizht
line, this line was exXtrapolated back tc zero column height.
s ordinate intercept was consicered toc e the fractlion
of the solute unexXxtracted cduring drop formation. The amount

o extraction obtained in thls wey varied from ten to fifty

n

percent solute extracted. A surprisidgly large amount of
extraction occurred during drop formation(6,12,16,18)
However, Conway observed that the amount of

extraction occurring in a column three inches high weas
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relstively indecendent of dreop formatlon time. It is
difficult to see how the sppsrent amount of extracticn
during drop formstion could be so large without being a

function of drop formation time.

s

s &n auvpsrent

e

In view of tre aticve resulis, there

e

3

1

s
s

or s thorough investigation of sclulie transfer during

O
O
[

nee
drop formation., This would prove or disprove the validity

of the extrapolation procedure for obtelning the amount of

ction curing formuiicn szad

. LN

R S T - s
Prarlfaviliz GOC LGSO

T

SDUus 8

c.»

®
i
o

ct

£
ig]
(43

Previous investigetors have also assumed that the
two-film theory avplies to the drop meving through the
continuous phase. This assunption should alsc be subjected

toc investication.

9
SD

In view of tne acvcve discussion, the objsctives
of the present investigavion sare:

1. Check tne method used by Conway for separaiing
the three stazes of extraction and attenmpt to
verify or explein sounie apverently contradictory
results ortained, particularly the effect of

drop formation time.

e
L]
[

2. liake a comprehens stucy of the possible
mechanisms of solute transfer in each stage
angd attempt to interpret these mechanisms

megthematically

%. Develop metnods for testing the experimental
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data teo identiry the various mechsanisms.
4. Obtain experimentaldata with which to check the

methematlcal solutions and tests obteined above.
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PREVIOUS IMNVESTIGATIONS
R e

A preliminery literature search revealed that

O

very little work of a fundamental nafture has been done

-t

12 ¢creops. There have becn ssaversl

)

extractio sin;

“ron

(1,2,5,

jovt

\O

investigations concerned witn the performance of
spray towers. In genersl, the results are reported in

terms of an overall exitraction coefficlent defined by

- L{Cz - G4
AACy,
where K = overall extraction coefficient (ft./hr.)

L = dispersed o»nase feed rate (cu.ft./nr.)

'd

C,,0; = solute concentraticns of dreps at exit

and inlet to column (Fncles/cu.ft,)

& Gy = log mean driving force based on Cp and Co
and tne equilitriuwn concentretions cf
sclute in dispersed phase ccrresgonding to
the observed ccncentrations in the continuous
rhase (jnoles/cu.ft.).

my

This type ol dates 1s generally avplicable only
under the specific conditions of the experiment andé cannoct
be extraspolated far from the ccncditions of the experiment.

Sherwood, Evans and Longcor(lb) studied extraction

from sinjle drops as well as in a packed column. These

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



investi_ators extracted acetic acid frcm Denzene and from
methyl isobutyl ketone with water. Cverall extraction
coefricients, based on the tovel extraction 1la the coluun,

-
op diegmeter. They found

o
L

ér

i-f

were determined as a function

]

tne coerflcient increases with drop size for bothi sSystems.
Also, Tfor Lne same drop size the coefficient for the ketone
was srester tnan ror the benzene. They extrapolsted ¢ prlot

ol the logaritiwn fraction unextracted versus column height

)

e
7]
=%

= - PR S - . .
8 of ¢ixls extrspclestion

cr
{0

.-
e

©
ct

they concluded that 43-45% of the solute is extracted during

drop formablorne

4]
[¢]
(2]
(o7

Farmer(é) studied the extraction of scetic
from a series of crganic solvents using water as the
extrecting and continuous medium. Single dreops were used
in thls investization. Xost of the data wes obtsined for
one Groo size. The amcuni ol exirsction during drop formsa-
tion was obtained by extrspolating & semi-log plot of
recizgrocsal fraction unexitracted versus fall time Tc zero
fell time., ‘I'ne interface at the terminal end of the
column was mainfained in s six millimeter connecting tubs

T +5 R ; H e Tt e T oerren =T S
Dy continuous withdrawali cf the collwcited Clgrersad rresg,

Hence stage three was partially but not wholly eliminsted,

units may be used,
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O 44 2 8
T = 9.3 (‘71——‘} (Ev__f_.c_
Ya f’a LT,
whers XK = overall extresctlon coefficlent tased on

stages two snd thrss as descrilted sbovs.
d = drop diameter (assumed spnsrical).

moleculer dirfusivigy.

@)
i

M = viscoslty
P

s

sity

L.Te = interfacial sension
v = velocity
subscripst d = disperssd thass
c = contimions nnasa
5y 1 i

turoulent region of fell {Reynold's numters= e > 300-350).
/a
The rssulting transfer coefficient must te aultiplied Dy a
3 o + 9 1 + 3 T3 &
correction factor ( ) when suripping scetic acld from s

extrscivion 1s approximztely equal to the rate at wnich siagle
molecules diffuse acrcess the laminar boundary film of the
disversed organic liguid.

Farmer showed thst in the systesms inveztizated

the resistance to solute transfer in the continuous phass
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jo ]

is negligible compared to the resistance in the dispersed

vhase. He 2l30 obtalned the apparent extraction during

4

drop formation by the extrapolaticn procedure.

" (18 . .
West et.al.‘lb) also studied extraction from single

drops. They pcestulsted the existence of trunsiaznl films
arcund tae drops. The essential difrerence beitwsen this
theory and the utwo-filwm theory is that the time of contact

vetwaen the material in turovulent @motlion in the bulk of the

drop and tns trandient [[illim passing zround ithe droep is so
short that tne film 1s egsentially inrinive in extent. This

spray column. e stdied the exuvraction of acetic acid

from water (dispersed phase) using metayl isocbutyl Xetone,

isopropyl etner, and ethyl ascetate as continucus phases.,

The primary contrivution of Conway's work was the develop-
m2nt of the technigue for separating the three stages of

extrzction. Tnis tecnnique 1s gl30 bassed on the exiranola-
tion %o zero column neight to debtermine the amount of

on guring drop formation.

r..u

exstract
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THEORY
R
As previously mentioned, bthere are at least
three distinct stages in the life of a drop in a spray

tower,

Staze I - Trop formation, or the creation of the
drop in the continuous phase.
Staze II - Drop passage througn the continuous rhass.
Sta-e ITIT - Coalescence of the drop at the Interface
at the terminal end of the colunn.
The possitle mechanisms ¢f sclute transfer in cach of Theso
three stases will be considered. For the sake ol brevity

detalls of thne derivations are omittsed but in eneral may

Stage 1
The conditions under which solute trznsfer is
occurring during drop fovmation appear o ce rsther obvious.

The surrounding continuous phase is stagnant

excent for a small amount of viscous displacenment due to the
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expansion of the drop. Hence thers is no film in the con-
tinuous rhase surrounding the drop. Actually, a "filwm" of
infinite extent surrounds the drog. .

To analyze tials nechanism mathematically one
nictures a bulk of material of relatlvely constant and
uniform concentration in contact witia an extracting medlium
of infinlte extent. Thae rate of extraction of soluts 1is
controlled vy the rate of diffusion of solute into this
infinite medium.

/0

For ccnvsnience, the unsteady state diffusion
equeticon Iin rectangular cecrdinates 1Is uscd, i.=.
ac() - N 5200 ()
3t =~ ~¢ 3 .2 iy
where c¢, = polnt ceoncentration of soluts in continuous
pnase
t = time of convact
Y, = moleculsr diffusivity of solute in continuous
rhase
X = linear distance from the surface of contact
to a point in the continuous phase.
To solve this problem exectly, the diffusion eguatlion in
spnerical coordinates shouid ove used but in this csse the
outer radius of the sphere is considered at infinity, a

condition wnich mgkes it
equation.
wno studied

teen simplifi

impossible to obtain a definite

following the novtion used

Hence,

zas absorption from bubbles, the
ed to one of a2 plgne of contact

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



having an area eqgulivalent to that of & sphere.
The disparsed phase i1s assumed uniformly mixed and

of relatively constant composition, Cdo' This latter assump-

¢t

ion neglects the decrease in the concentration of the drop
due to soluve Transrser during drop formation =2nd hence wil
only be valid 1f the total extraction is rs
AT the interrace between the dispersed and continuous vhase

assunied to ve maintained.

4]

ecuilibrium 1

Taking the initisl concenuretion of the surround-

ing medium as zero, tne rfollowing boundary condltions can
D2 sitated:
l. at ¢ =90, C, =20
-
- a;_ — — ~ N l a1
Z e L X = U, Ve = B bdo

]

where H 1s the distributlon coefficient (essuwmned coastant)
for the solute tetween the two phases.

The solution is found (4) tos be

2
C 2 2 /D.t -
Ce = 292 (1 - ﬁ==i//[\ ¢ e du) (2)

zl

jos
[ N

g the fact that (%—), the volumetric feed

ey

e

le]
O

on
rate, is experimenvally neld constant, the volume of the drop

(assumed a spnere) after any time (&) is
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F —gTTI'B (4)

wherse VF is the volumetric fsed rutse.

o2
v
.
ct
]
<
T
ct
il
B

il

b=y

Combining evuation (4) with thne formuls for the areaz of a

sphere and slimlnating thne rsdius, tne following expression
for the arsa 88 a function oi time 1s obtained.
/5 275 , \2/5

> '\vF H

-
N
(65
Ny

integreting the fcllowing coxXprossicon over the total vims of
drop formotion (te).
Cip
W=\ N 4t ()
~
v
Substituting ecuations (3) and (5) into eguaticn (£}, instsg
ing and simplifyin the finzal result is
Fraction Soluts v
Y
- - = — VD~Tr
Extracted = &p = 2.90 Viets (7)
Hd
witere d is the fingl drop dlametser assuming the crop te te a

sphere. Any consistent set of units may Le euiployed.
Lguation (7) cen be used to pradict the amount of extrscition
occurring during drop formation provided a satisfactory

value of d and D, can be obitalined.

th

The derivetion of equation (7) nas assumed t

starts fron zero volume. Tnis may or may

not be ths case depending on thie design of the tip. In this

o

present investigstion, the tips used started each drop &%

a8 near zero volume as possible. IHowever, if the tips are

by
ct
[
)]
n
o
[
)
{o
(¢}
(&
[

designed to permit appreclable wetting o

See Addendum page 169.
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the tip of the noszle, each drop will not start at zero
volume. Actually, as the drop leaves the tip, part ol the

ligquid will remein on this wetted surface to fora the

Thus depending on the design of the tip, extraction at the
tip may be increased beyond that expected during the

forasavion OF tiae drup itsel

b}
b)

% - 3 K P + 3 $ o L2
wany .decnanisgms Oor oomprnestlon oI maechanisms ¢

(!

U

sclute transfer may cve postulated for Stage II. Eefore

tne surrcunding medium will be msde. The dlscussion thnat
fellows will directly & pply only to extraction froa drops

undsr the concdlitlons of the present investigastion, i.e.,

After the general ccnsiderstions, the orotlen

of solute transfer in terms of mathematical concepts which

[
=
Ho
s
‘Jo
[
oY)
[
he
=y
ci
[¢]
H
ct
S
@

can be exnerimentally v separate mecnan-
isms nave bDeen analyzed, an etiempt will be made to develop
a zensralized solution by using an appropriate resistance.

Some of the postulabted mechanisws of solute transfer
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will undoubtedly be impossible to interpret in rigorous
mathematical terms. Therefore, 1dealized or fictitious

conditions wlll necessarily be assumed.

Survey of ilechanlsms

At the end of Stage I the interior of the drop 1s

»)

oubtedly in motion, heince this condition prevails at the

=
a1
[N

&

(o3

e¢ginning; of Stage II. As the drop passes through the con-
tinuous phase, the interior of the drop may assune cne of
severai concditions.

1. Tne interior of the drop may remaln in relatively tur-

bulent motion and hence ke of uniform but decreasing

ge a gradusl transition from turbulent motion to =
streamliine tyce of motion. This condition mey give riss

to solute transfer within the drop.

2. Tne initial turvulent state of the drop may change over
to g well cdefined streamline vortex type cof moticn.
Thet is, the drag of tne continuous phaese on the surface
of the drop may cause the material in the outer portion
of the drop to be carried up to the top of the drop.
This material will then circulate down through the
center of the drop and then back up the outer layers of
The Grop, thus causing a sireamline vortiex type of

motion., The Transfer of solute will occur by pure

n

diffusion between the adjacent streamlines as well as
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)
.

N

S
i

'.Jo

=
L

by transport within the streamlines. This condition
]

within the droop was postulated by Kronlsg and Briank'

The interior oif the drop may tecome siagnant and

clute will only bve transferred by pure diffusion

Tne actual conditions in the drop may e somewhsre 1In
betwsen these three conditions.

There are also several possible conditions prevail-

K SO Iy a3 nuscus “hra o crr At AT v A RvAaoa
ESER) ~ AN NSl VL LA A :Jaaa.)u \J\ALLU\AL‘\A&LJC -~ A — v:l.
If the drop is falling in the viscous range of Reynold's

aroundé the surface cf the drop. The veloclty of the
continuous phase will go from zero in the bulk ol the
phase to some maximum velocity z% the surface of the

niploying the concept of films, there will be

o

(o))
g
o}
o]
M

en indefinite viscous film esround the drop. Theoretical-
ly this film mignht be considsred Intinite in extent.

Thne rate of tTransfer of solute tarough the continuocus

film.

If thne drop is falliag in the turbulent range (largs

line type of flow over the advancing half of the surface

e

of ©“he drcp. However, these streamlines willl breask into
turbulent eddies Lehind the drop. This turbulent motion

in tne rear of the drop wi

,._J
-
o}
rs
o]
O
®
o)
o
“
3
’_l
<
@
=
J]
<
ot
(o]
0
ct
[
®
o
2]
]

line motion adjacent to the rear surface of the drop.

O
c

LA.
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3+« The actual conditlons may be lntermedi:te between these
two conditions.
The conditlions in tiie continuous phace, as des-~

crived, can be deduced by snalogy to conditicons encountered

. - ‘ S 3 i l.,
in heat transfer studiss. chdams( 3) prescnts actual
plctures of tne fiow of Jases and liguids at variocus velocltles

normal to cylinders. Analagous conditlons would e expected

in the rlow of one licuid past a drop of another liquid

- vary Xz n e ok ol -~ -~ h ey P o~
A v ] LUl vl R (TR R VA V] [of 3] VYO Ta

s

of a rigid body falling through a liculd and one liqguid
drop fallling througn anoiner coatinuous lilculd. A considera-
tion of Thne hycdrecdynamics cf falling drops elucidates tials

Important difference.

The hydrodynamics of solid spheres falling (or

ct
Y
|

rising) throush =2 liguid medium have been thoroughly invest

3
o]
]

gated and the theory well established. However, the ayd

O
ct
a3
o

3

dynamics of iigquid drops falling (or rising) through an

izmmiscible liguild have received 1little more than gualitative
treatment, particularly in the case whsre extractlion 1is

occurring Irom or to ths moving drop. The present invesitiga-

1S

tion is not concerned with a theoretical situdy of the

o)
e
(o))
H

odynamics of falling drops. iHowever, the subject will
be considered to an extent necessary to study its efiect on

the mechanism of solute transfer.,

=

Investigations (3,6,20) of falling (or rising)

o
(3]
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liguid drops througn anovher lmmiscible licuild have led to
the following observations.
1, The drop reaches 1ts constant terminagl veloclty within

a very short distance from the tip (zbtout cone inchl.

Ze ne larger tihe drop the grester 1s the departure of 1ts
snape from thst ¢of 2 sphere,

0. For g drop as large as C.5 cul. 1n diamster, tne error

its arez as a sphere cof ecuivalent volwume

7. For Crops lerger then & critical cdrop size, the velccity
may decrease with increesed drop size.
In view of tne foregoing observations, it is

arperent how the behavior of these liquld drops msy alter the

sclute transfer which might otherwise be expected

ing motion of the drop may tend to incresse the eddy current
within the drop thus minimizing the effective resistance of

ne flow

'_J
| aad

& film on the surfsce of the drop. Where streanm

over the edvencing half of the drop may te expecited, these

oscillations may set up eddy currents in the continuous phase

]
ot
Y
»
o
&)
Q
]
%]
@
Q

surrounding thie drop. LI fictitious film may

exist entirely around the drop.
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The Two rilm Theory

In studylng the cver-all effect of wass transier

tiirouch two rhases, the so czlled "two-film theory" is

m

customarily used. Tiils theory postulstes gn interface

fluid wiichh are caliled the filws and wiilch constituie tn

main resistance to mass transfer. The effect of these two

films 1s assunied to bLe such theat sll tne material bteing

transferred has Lo pass throush these films in series
without accumuleting in either film.

This thecry nas keen spplisd with some success
to the study of mass transfier in Jaseocus-liguid contscting

squirmente. BY analeogy, The thecry has come into use in

ligquid-ligquid extraction systems. Some of the implicati
of trpis thneory as sa»prlied to liguic-liguid extracticn me
scrie ccnsiceration. nen & gas 1is passed over e body of

relatively staticnary lliguild,the bulk of the

&

be in turbulent motion. However, the veloclty oY the Za

e a transition from zero velccity at the surface to =z

ed con each side by relatively ncon-turbulent layers of

5]

S

n the licuid will Te zero. There wi

74

ses wilill usually

11

viscous or sitreamline type cf flow very close to the surfeace

e}
3
m
t
o
L)
3
-3
[}
o
O
=
()]

to turbulent flow in the bulk of the gas

]
e
jt
E."j

in the velocity gracient from ihe viscous
mass will bLe rather sharp.
Totally viscous flow is seldom encountered 1n

industrlial licuid-gas contacting systems. However, with
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is moving in visceus flow cver

the concepts of fluid flow,

at the 1interfsce tc a maxXinum in the bulk of the
Instead of undergeoling a snarp break from viscous
Flow, the velcoclty gradient is paravolic in shsps
vue concert ¢l a fiim is wesningless.

The two-Tilwm theory alsc sssumes that e
is ailteined at the interface relween thne two rhas
1y, true ecuilibriuvm coannet be maintainsed &t an i
for & »rocess involving net mass transfer to or

& surfsce,then according

the velocity increases from zero

fluid.

to turbulent
aiid hence
guiliorium
es. Obvious-
nvsriace

be very slizht. In spite c¢f the theoretical shortcomings
O0I tne twoe-Iilm theory, 1ts past usage recquires that it te
ccnsidured as a possible mechanis:a o1 solutve transier.,

The bull of the interior of the drop is assumed to
be 1In turvulent motion and of uniform but continuously
decreasing concentrstion. This turoulent mobtion chan.es to

viscous or streamline notion at thie surfsace ol the drop
zZiving rise to 2 filme 4 fiim is also assumed to surround

ne drop in the continuous phase. If the drep is felling

in the ranre of xeynold's numbers corresponding to viscous
fell,bhen the film is entirely hypothetiﬂﬂl,whereas if the
drop is feliling in the ran;e of Reynold's numiers correspond-

ing to turbulent flow,tniere will at lesst be eddy motion in
the continuous phase Tralliibg the drop and in 11 prouability
the oscilledion o the drop will cause eddy motion arcund the
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20

entire drop. This candltien will
eround the entire drop.

The resistance of this externel {ilm may bte

This mey be due te the fzct that since the drop is fsalling

[¢]

through the fresh centinuous phn&ase, the actusl time of
contact of the drop with the continuous these st any one
point 1s so short that a conceniration graedient cannot
uild un.

Assumins that the rete of extraction i1s contrelled

j4s]

T solute transier across the twe rilms in

caneous retes of transfer across sesch

—_ - 5 e -— ) L&) 2 S
N = <3 .-(‘udb - Cd"._) = Xa :-.\vci - '\;Cb}. \&z}

0

where N instantaneous rate of solute transfer (Fmoles/hr.)

I

el
¥ ——

k

I

individual filwm coefficient (&

~ b4

)

A = interfacial ares (ftz)

t

=
<

= concentration (#uoles/ft”)

dispersed phase

10)]
(':_,
n
(¢}
L
s

e
ct
4]
o} (@]
it

¢ = conbtinuous phass

b = bulk of the perticular rvhase

mguilibrium 1s assumed to be attained at the interfece between

C4; = H Oy (9)
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where H 1s the distritution coerificient, general;ya function
of concentracion.
wnen sllowalle, as considered leter, a single

over-gsll coefficient; in »lsce of the two film coeoefficients
kg and kg, may ce euployed. These over-all coef
3y Tiie eguation

N = KjA(Cyp = Cge) = Ka(Cgg = Cop) (10)
where Ky = over-all coefflcient tased on dispersed phase

.
aeff ontinuous phas

]
[
[¢)]
7]
O
:(
(¢}

-
~

8]
(&3

~
oA

(.x
[
[¢]
FJ.

XK. = ¢over=-all cc

Cse = concentration in dispersed pnase wnich would

cde X . ez .
0e In equilivrium with lne averege vulk
cencentration of the continucus phase,

Coe = concentrstieon in contvinuous phnase wanich would
Be in ecquilibrium wilth the aversge bulk con-
centration of the disperssd shese.

Then equaticn (G} aoplies with E constant over the
anje ol concentrations involved, the relsticn between the

over-all and the individual coefficients may be obtzined to

sive
1 _ 1 . H
o hi
L\d l{d .-{c
end (L1)

I S
o 7 kg Hka

~r APy
The over-gll coefficient cean be emnloyed only

when (Cgp - Cge) remains proportional to (Cge = Cople For

0
—~

tiiis provortionally tc hold, equation ( should eprly. The

f the resistance

’.J.

over-all coeificient way also ve employed

of one of the films is negligible coupared to the resistance
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of tiis other.

e used 1is

; e
—
'_}

The form of the eguatlon which

N = Kga(Caqp = Cge) (12)

3. The diffusivity of thie solute in each phase
4. The effective filwm thlcknesses
5. Drop velocity

. Teumperature

7. The value of tne disiributiocn coefficlent (H)
Severel of these vuristbtles of tne temi sre olLviously inter-

dependent on one another. However, ror a given system the

size, 1if the above variables remain constent. Actuslly, as
tne ccncentration of the drop decrezses tne interfacial

tension may chenge. isiore lmportant, the effective film

tnickness may incresse 1f the turbulence on the interior of
the dror decrezses. Hence Kd may be exrpected to remai
cocnstant only over a vortlion of the fell time if X; remzins

Since ecguation (12) applies to a point in the

cclumn, integration over the length of the column 1s

)

necessary. Using
. dn
N = e = = N

d
where n = guantity of solute present in the drop
at any time (fmoles)

V = drop volume (assumed constant)(fta)
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and substituting in eguation (12), it follows that
dC 4,
V dD — b g 3 A} { Z
- = —ndA(Cdb - Lde) (1%)
The concentration (Cde) 0of the dispersed phase

which would be

tration of the

or zero. This
contiruous pha

guantity of ci

Asswuiing Ca. &
= VYdg
b8 integrated
log
wnere t
_”\
~do

Since Cdb/cdo

equation (14)
srhiere, ss

log

here B

ol

Although engin
tent set oi un
dimensiciless.
to t = 0, this
any convenient
Tipe

in equilibriwvi withh the aversge bulk concen-

cocntinuous chase 1s assumed to Le negliglible
esssumptlion woulc be velid whenever tihe
se is initially free of solute and the totsl
spersed rhase fed tc the column 1s small.
© te zerc und K. constent, eguation (13) can
to give
Sdb = - _Bah g (14}
“do 2.3035V
= fell time (krs.)
= concentration of sclute in the _disperssed
phase at time t = O (#moles/ft2)
represents tne fraction of sclute unextracted,
may alsc be written, assuming the drep to be a

(1 - E) = =2.61 =22 ¢ (15)
3 2

= fraction solute exiracted

= drop diameter {(feet)

egering units have been speciiied, any consis-

its may ve used since the constent 2.61 is
Also, C5z0 8nd B = C are vslues which correspond
being not necessarily the stert of fall, bus
Time after detachment of the drop from the
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From eguation (15) & pvlet of log (1 - E) versus
drop rcll time siloulcd jive a sitraight line with slepe
(-2.01 Eg) over the range ror which Kd is constant. =urther,
“
17 53 iIs constant or nearly constant feor different drop

sizes, tre slope of thils line snou.d te approximately

Ko}

o7

a

inversely »rororticnal to the drop diameter,

-3

0 investlate Tthils zmechanism experimentually, s
study of the effect of contaect time or the amount of solute
extracited from varicus size drops would Le advaniageous.
Yor a given sysvem, as tae drop size 1s increased the

amplitude ol the oscillestions of the drep will incresse.

A3 O - R 1 PO . N
inis will cause incressed turbulence witnin the drop as
eI} E 1 +— -3y < 3 o T2 - RN P

well as in the continucus phase surroundiug the &rove.

Y

Increased drop size will also incresse the drop velocity

{(up tc a certain point) which will recduce the resistance

of the film in the continuous pnhase. Hence Kq will be
8xpecied to slisghnily increase wilth increased drop size.

Diffusion Within the Drop Controlling

Another type of mechenism which may be considered,

results from pure moleculzr diffusion wiltkin the drop. The
interlor of tne drop is assumed perfectly stagnant and the
transfer of solute is ccntrolled ©ty tne rate of diffusion
of solute within the drop. The continuous phase, surround-

:11gible resistznce to

(S
Q

foie

ng tne drop, 1is assumed to oifer ne
solute transfer.

An investigation of this type of mechanism involves
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the solutiocn to ihe diffusion equaticon in sphericsl
coordinates, i.e.,

dCqa
dr

oo
[2d kP
Q
|
o
Q,
~~
G
HiO
4
'1“\)

where (g4 = po int ccncentraticn in tie dispersed

r = radius to any roint in the srhere

k4

nolecular di
h

disversed

sivity coerfricient in

o
(o7
il

o,

o r

u
53

0n b-n

The boundary ccenditlicns imposed are:

b a = N C. = C
= - H = i
2. atr = a, Caq Ceb 0 (for sll times)
where o is the radius oI the drop,sssumed spherical,

the drop is assumed to ce of unlrorm concentration Ugg

) (16

e PR N - - AN AR L st oy 2 o
The soluticn ©o ecquaticn (1lo; witn the imgocsed

‘hﬁr
L4 A b d

o9

S1v condttions cox be oriteined
“d A el i rCaas ~ T m Wk ea O

~

orthnogoneal functions or can e found in any of Tne st=z

reference works on nest transfer (4). The solution is

found toc Ce

o= 7 z
n - | o— 3
c § -2 Cgo al-1) (Z5) Dyt
d n=1 nmTr c sin urr
a
Since Cg, the point concentraticn et any radius r, cann

egsured, 1t is cesirzarle to use an inte

«Q
o
i
O
‘_IA
o
g
M
(%)
ot
m
C
4
O
&
]
-3
]
3
o,
)
(@9)
S
-
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6

-(E—r-r)ZD.t
a d (19)

6 e
nene

=1
oo

D ~(21)®pgt

< S {1%a)

;

(L - E) =

Accordingly, a rlot of iog (1 - E) versus time should yielad
1 2

a stral-ht linc of slopne = = (l) D for larser value

;= vi'a . 1¢] - <sa0p 2:5(-5 a d’ Q1 drbel Va&iueEs

of w©.

AN

long tlmesystraighi lines should result with slopes inversely

§

3

groportional tc thie sqguacre cof Lne radius of Lne drop.
Seccndly, by estimeting the vslue of tne diffusivity coefficient

articuler solute concerned, eguetion (1Qa) could be

ct

Iier e

"3

used to ccnsiruct a typical curve for a given drer size.

Tnis tnsoretical curve and the actual curve coulid then be
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The solution to eaquaticn (192) is presented in

\ hY

convenient grapnical rfora in the AppsndliX.

is that of »ure diffuslon withiln the drop 1tselt plus an
additienal ilm resistance arount the dropr. As will be

sagie Iorm

U Pl S S L S 1
LSULTC U Lo o
within uvhe drop without a il resistance. The solution
v . N ~ t — ~ b VAR - g::‘ﬁ“”:ﬁ P T o L RN
peins with eguatlilon (10, the diiffusis zauation in
sphericsi coordinaies, Le.,
aCa > 2C dC
dt a QI\Z r jr -

}.‘
.
)
ot
¢t
I
O
.
(@)
jo
]
(@]

i
e
=
'E‘
Vi)
o
'
o
N

Simplifying voundsary condition number two, the final second
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‘s equation {12), as used in the two-

sacond boundary condition.

o«

i
o)
Q
)
9]
o)

'C
ct
149
(o))
6]

L
']

ilowever, ncie the distinetion ol Cy,, the concentration at

tile surtlace of tie C¢rop, as coatirasted Lo tile avers_e con-

centration off the interior as uvsed in tne Sweo-film theory,

piiases provided g, the over-all transfer coerficient reaains

The solution to sguation (L4) can also be worked

T Amr s~ s S
Lananrd I°CL

S

traasfer (4). As coumpzred to t.e case or sure diffusion
21006, Lhne solutlion is considerauvly tiore complicated.

Tne solution of ecuaticon {14) wita the stated

oound=zry ceondlivions is -
<
-d Dt
S 2 ] -
> 20en [« 2% + (1-en)2]E
C. = ~ . .
= —_ 3y !
d — 7 Sing e sing r

da o3 aa + {ah = 1) sin s a = O (21)

1

§-ie

on awv racius r, caanot

t
-2
A

Since Cg, the polnt concentrst

0

pe measured, Tthe integrziaed mesn concentration gs previousiy

(18)

Q
joF
2
|
<{i=
Q
jal}
o
1
b
o
(@]
o7
=
Mo
=
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Combliiing equations (18) and (20), the following expressi

)

{2
v e r 2 2 27 2
o « - 'S n d a\— + 3 -5}‘“\ :_}“

_%_iig = (1-E) = L% (l-gh)} {sin"d,a .

do n':" 2 4 r S 2 . -

- aTd - < 22

n | ¥pa” + a%h® - ahJ

Fortunately, if & olet of log {1 -~ E)} vs. timc

Jx) 2 2 2 2 9
on.[jd;a + {(l=2h) ] sin“d _a
leg e
2 20 2 A 5] -
a” 4 n E__Qqa + 2h® - anj

& s

N .

= - 3 - = - 5 R * nt ~ -~ 5
0l Tne cordlnate 1invercepPt ovclalned vy extrapolation of wh

e
s
<

& variavtles in csxactly the ssa:xe way as the over-all

coefficisnt considersd undsy the two-fi

(21) pr

o

dicts thst for a ziven value of the over-gll film

")'-
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[44)
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4]
ct
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"3
14
o7
[ Saad
ot
4]
[ ad
3
O
§ o
4]
o}
17}
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2
.

coefficient, the value ol & decrea

o

Hence,th=s absolule value of Tthe slopes of the straisght line

cortion of ths curve decreases, indicatin: a slower rate of

Hdowever, thils mechanism shiounld cause a rete of extraction

siower tnan that or diflusion within thne drop alone. If g

systow siwould aciually display tnls siow rate cof extraction,
the slerpes will te tested as follows. rrom the slope of

]
=
(o}
-
n
l_h
3
3
v}
(]
(B
y <
[
o}
3
o
ct
}-«
(e]
9
l._l
<
P
,..J
I
]

of D5, %, could e calculated. Ior tris value of A 45 and
- e -~
the given dropn radius (a), equation (21) can bte used to
£ind h. If K3 is relatively constant with drop size ,then h
‘- - 7

will ve relatively consvant. Hence,equation (21) caen Te used

%,

to calculsts the value ofOﬂl corresponding to a new dﬁop
d1Dg

A

value of tiie slope for the new drop size may then be com-

‘ered ®€as

}.J-

The Fourth type of mechaanism to be cons

recenily proposed and analyzed mathemsatically by Kronilz and
Brinlk(10) e % I .
Dring . The interior of the drop is assumed to contain

streamline convectiion currents resultlng from the drag o

)

t the drop., These currents will

ct

he continuous phese agains
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clrculste up the ouusr porticns of the

<

drop and

down the

centsr portion of the drop,. Solutse will be transferred

from

ig cuite complaex althou:h the soluatlon s in

The matuematics involvea 1i:

one streamline to onother ty molecular dif

v obtalning

thes solution

a usable forne.

known

as "Stokes Current Function® inslde the drop. Tals egquation
matnenatlcally defines the streamlines within the drop. By
coembining this zsgustion with another differential egquation

for the transport of soluve Detween streamlines,

have

been

Althousnh many ovnysical end

been made in the solution, the

1. Drop is assumed spnerical.

2. <Tne resistarv
e nes

LIRS

c
1
&y e

)

(l' .‘

P—’- ct

o)
Gle

a)
3

3, The drop radius is gres

The first two e€igenvalues a

[
H
i
[
*
O~
—~]
o
H
p._l

By

—

)

i

o
If
\0
.
o
\H

these values, for sufficiently

of the ssries in eguation (23)

of loz (1 - E) versus time should zi

more

solute tra:
[

4y
H,,

& Ccoe

the follow-

(23)

ficlient.

mathematical assunrtions

n
-y
o
e}
[l
L3
ct

[
)
ol
(@]
.
[
O
(¢

<32
0.7%
long times,

is nesded.

1
]

@
o
O

@

*
»

important gre:

tinucus

ct
foe
=
(o)
cl
[}
H
153}
.

S

o
n
+

12

o
<
)

only the first

Hence a plot

ve a straight line (for
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32

large times) withh a slope

-UI—EBQ—-: - 46,5 —X
2.503a% a<

This mecnanlisu could be checked in the seame way
as tne pure diffuslen mecnanism. By comparing tae length of
time recuired fror tie solute ceoncentrasion te decrease to a
- -3 L . s s ; S o :
Iracsion 5 of 1ts original value by & pure diffusion mechan-
ism and vy the streamline conveciticn mechsanism, the rate of

;lon is two end one-nalf

(L

e

o
o+

amline con

<

extractlion cue to sir
times as grealt as the rave of extraction due to oure diffusion

within the drop.

e AA A A S wwae mnmyetmel T mrTarA e e ITY At oA .
08 COonslgered was Crigilie.ly prepesed Oy mimelrs s WIO

te snow that even thoush a liquid film may exist sround the

These transient films mizhit also be expected to

film can cocriginate

4}
Y
}-Jt
w
ct
[
P
-
e
Ko)
furt
'._44
£
1
}._J
e
Re}
o
| aad
o
)
13
ct
]
¢
(&
i
P
O
o
.
=
5]
o
n
W

in the continuous pnase on the vottom of tae falling drop

and pass over and disappesr on top of the drop. Similsrly,
1

a film can possibly be created on the bottom of the drop
in The dlispersed pnase and be carried up around the drop by
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the viscous drag of the continuous phase.
nlike the two-film theory, only one of these Two

vossitle films can be considered at any time. Thus it the

9]

filin is considersd to e in the dlspersed phaseo, then due

to this film acting os sn Infinite medium, no solute can
Dossibkbly reaschr 2 Tilm in tne continucus phsse. Similarly,

it the trans ient fllm is in the continuous phase, no
transient film can exist in the disrgersed vhnase.
The mathematical analysls of this mechanism 1is

similar to thet used 1n znzalyvisg stsge one. For this

the £3ilin

e

-
i
-—

rhase. Starting with ecuation (1), i.e.,

3

~ >
ovf 9 Cr
— =D
v =M (24)

and 1mposing the boundary conditions,

~ - - - - b" = ” .
Py v A . fs vdo
the followlng soluation is cbtained:
—— 2
2 2/Ds%q e
Cp =04y (1 - 7%$:) e du) (25)
0
wnere C,. = polnt concentration in the transient film
Cps = concentration st surface of iransient film
tg = time ol exposure of bulk of drop to the film
The instantaneous rate of solute transfer at the doundary
X =0, 1s glven by
3Cr
N=-D, & (57 4
: o & (33,0 (26)
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Combining equations (25) and (2u) and integrating the rate
0f extraction over tne tlue of exrosure, the following result
is obtsined

(27)

wiere n is Thne total solute crossing thie fictitlous

coundary veitween tne uniforu bulk oI sthe drop and the film

Tam Tl Ry twmanalaomnt A7 -~ o o= AT o
LALLALVT LIANSL8NY Lialn BOU g IS8 &ssuunicl ZSTOe.

P
[of
ot
f
o
;LJ
n
0
S

v = drop velocity
d = drcp Glameter (assumed sphnerical)

T = molecular diifu

3 5 of tre solute in the
vhase in wanich the fi

im is assumed

Thus a pleot of loz (1 - E} versus time should give

- . - - D -
a straight line of slope {(-2.95 ﬂ%), Thnis mechanism like
[’ d )
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the two-Iilwm mechanism)gives a straiznt line plot for all
values of £t > 0 provided the otner terms remain constcont.

The mechanisms of "difrfusion", "diffusion plus film" and

"streamline convection” only sive stralght lines after some
ti.e t sufficiently large, i.e., for low valusseof ) a

curved plet 1s predicted.
Tec test this meochanism, the actual slope of the

nlot can e compared To a calculated theoretical slore.

- A aTl mema s A
Ml vald 0V voao v

v R SR P

[0]

~ v = +
QA =Yl 2 -

Y
Py

-

veloclly and Lnversely oroportlonal Lo the turce-nalves

povier of the drcer dlamoter.
(18) . . , ,
vest, et.al.’ have used eguation (29) to calcu-

1a%e individual filz coefficiencs for the continuous phase

diffusivities. They have then conbined these individual

seemns to ve 1ilogical siics tne transient film is eguivalent
to an infinite film. Certainly two infinite films in serles

in so far as soluie transfer 1s concerned are lmpossibils.

A genersglization wnich could include all the

previously decvelcoped mechanisms may be of interest. The

e

”r
-

racve of transfer of any materisl, whether eleciroens

on

Fre

elsctricity, hest in heat transfer or solute in extract
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. . \ . ;
~tav be in tho Towmp of a o vthysical bvarriesr to the
. - - v, A k4 -~ - $
transfer of soluite moleculas. For such a mechanlsm, a nlet

of iog (1 - E) versus tizne would

4
H
3
o}
5y}
Ui
I
3
%)
'_Jl
,—34
=
c?t
|,._J
feald
=
)
e
ct
oy

3 3 % + 3 . - N - T A
slore inversely vrororticonal to dror veolune or the dliamecter

cuned,

re considerine the esxrperimental work, a ceneral

, L X . y
£tc be lezst lilely to re encountered zre those of "nure

Tusion'", "diffusion vlus 2 film", and "sireamliine convection.”

o
b
¢

'3
©®
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Hechanismg of Solute Trrnsfer in Stare T1

Slope .
, 1o~ (i ) Regislance
Mechaniasm - ;q ‘T; (R) Remar ks
e v

1., Two=-Film

2. Pure Diffusion Yithin Dron

i
(no external resistance)

3. Pure Diffaston Within Dron

i
Tilus Pilm Registance

li. streamline Convection *ithin
Drop (no external resistance)

5, Transicnt Pilms

0. Wolecular Resisbance at
Interface

a
T S 1
Cebl o

amieremes

Slope proportional to
% t! ¥g constent with

drop <ize,

Slope pronortional to

Slone pronortional to
1
42

Slope preporticonal to
a3
Slove proportional to

1
a3

4g



The theory or the mechanism of sclute transfer in
e IIT is rather obscured. In the first plsace, the

nt.

e

mFfant ol ~e £ Vay o g < : ?
rfacisl sres for solute transier is uniknown.

D

®
-
-
®
0
ot
'Jc
<
@
[

drop gees frow 1ts reletively constant valus in Stagse IT o

zero. in aeddition the dispersed and contlnuous phases have

a constant area of contact eguivalent to the cross-sectional
e GO luirg .

The actual tims during which the major portion of

that the totltal extraction in =z column with the interface

maintained at the vottom wss inderendent of

twe rhnases were lefti in convact. This sz2ems to indicaze
tnst extraction in Staze III occurs only when s drop

~
in

acturally strikss the interface. The veriod of time over
winlchh this extractlon occurs is difficult tc define.

Hence, at pdresent no theoreticzl mechanism will ke
offered until more extensive data on the stagze is present.
It seems logical thait tie eantire interface at the terminal

enG ol the column is efiective during solute transfer.
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General

The extraction of acetic acid was studied using
thres differsnt svsioms. Acetic acld was axtractsed fyoum

watler withh weithyl isoouiltyl ketone as the continuous phase,

Pz

The ccncentravion of the acetic acid solutlon was 0.8123 1D

N AEZ TR . s " . g
or C.0%5 lb.moles acié per cu.rft. of water. The scetic acid-
wouTanv mitvtiina waae lramt aatrrmatral wof Fla v ot lass]l 3 A ataa b T oo s o
[F RN e P T Lo avau S&LAraTs8d WL T MG ViYL LSV V YL AT WULIT

Acetic zcii wss 2lso exiracited rom percnloreihivlene

(5]

witiy water es the coniinuous phase. The concentration cf
scetic acld-perciiloretiivlene solutlior wes 0.9267 ¥ or 0.061

1z. moles aclid ver cu.ft. of perchlorethylene. The water

Acetic acid wes also extracited from a mixture of

water phase wes kept saturated with carbon tetrachloride and

. L]
nineral oil.

fete
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In the mejor porticn of the experimental work,

m
o

. -

tho amount of sxtraction occurring over various column

heights was zeasured for a series cof drop diasmeters and given

incn and as long as 7% inches were used. In order to separate

[}

tne amount of extracticn in 3tage IIY, two types coilunns
were used witn tne wmethyl iscbutyl ketone system. One

column perwultted the ueasurement oif the amount cof exiraction

in all ihree starss whiile the other permitled the measuremens
of the amount of extrecticon in Stages I plus II. With the

otihier two systems, only the second tyre of column wes used
for reascns explalined later. The experiments were carried
outT Ratchkwlise by allowlng a given number of drors to fall

tnrough a stationery continuous phase.

Colwrns
The two colwans shewn in Figures I and II wore
essentielly the seme &s those used by Conway(Q). The ovottom

secticn of Column o. I was constructed from a six-inch length

of 47 mm I.D. pyrex glass tuting to which was joined a burette

cndal coluwmn heights were obtained by

L—Q
-
ol
@
w
o
o)
'G
5]
0
s
e
»>

3>
Q
o)
-
}_h

attaching various lengths of tubing to the bottom section

with a rubber connecting sleeve. Column No. II,as used by
it.) e s S X

Conway(loc‘c*“")was rebuilt in order that the verious lengths

-

as used with Column MNo. I could ke

cf 47 mm I.D. tubing
convenliently sttached tco the Tottom section of Column No. II.
Other modifications were made and are shown in Figure II.
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Feed Device

The rfeed cdevice consisted of a 10 ml buret, to the
delivery end of wnich was attached & shert riece of ther-

wonieter capillary (for flow control) followed by = tip.

Various size tips werse constructed by drawing ocut [ive-
millimeter pyrex glass tubing in e flame snd fire polishing

the delivery end. Yor controlling the rate of feed of the
more viscous caroon tetrachloride-oll-zcetic acid mixture,
ed with glass
weol was used. Coarse control of the feed rate was sccomp-
Irg or
vacked sectlcns. Fine control of the feed rste was
accomplisned by acjusting the initial level oI the liguid
in the buret.

Since the total volume of feed dellivered curing a

run wes only sbout 1.5 ml, the slizght change in hezad hsd

nc arprecislkls effecv on the rate of drop formstion or the

drop volume. On the other nand, the volume of feed delivered

coulé be measured with an sccuracy of ¥0.C1 ml.
for a more cdetailed consideration of the feed
the reszdsr is refsrred Lo

device and the btips,

},lc

The materisls used

cisl Acetic Acic, C. P. Reagent,
B I. uPont de Nemours, Inc.
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#6

Weter - Latorstory distilled water.

Nethyl Iscbutyl Ketcne - Technical Grade, Carblde and
Carbon Chemical Corp. (Redistilled - first and
last rortions discarded - Avproxinmste B. P. of
portion used 117-11¢°C)

P?“:hloretnylene - Tecinical Crade, Carbide end Carvon
Chemical vorp.

wminersal Cil - U.S.P., 100% Petrolsatum Liguidum, Trade Name
hujol.

percrioretnylens, carpon tetraciiloride and minerzl oll was

found to be negliglible when each of these were shsken with

Stendard btase sclutions were prepared Irom sodium

Physical Properties and Constents

Densities and viscosities o the phases were
recuired for vearicus calculaticns. Densities, excert when
taken from tne literature, were measured with a pycnomzeter
and viscosities were measured wita an Ostwald Viscometer,
The results are summarized in Ttne Appendiz, Table A s page /23,

Concentrations and calculated molecular diffusivities are

Procedure

Column To. I

With tne meunyi isoout :]1 Xxetone sx‘scem, rans were
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made with Column No. I in the followingz manner. With s
pripec, 50 ml. oI distilled wster wiich had been standing in

equilibriuvun with wethyl isobutyl ketone were ploced in the
Lottom secliobb. An sdditional section waes atvached to th
bottox section and tie remainder of the column filled with
Xetone to a preint cne and one-nalf inches stove the voint at

which the tiz was to e pleced. The liquicd level in the

turet was noted sné tue feed device was lowered until the

2y

D)

[ )

one and

9]

Tin w ed in tnhe Xetone te = depth o ne-

LY S, woS 7.:{:1”1611

(9}

»-

half inches. The stopccck on the turet wss orened za2nd &

L

s . . S S PO
oilven numcer of drops were allowed Lo fzil through the

e vman
]

cahtinuous shase. From 50 to 200 drops were used depending

cetaciment of the last drop, the feed mechanism was clecsed
the turet agsin noted in order o
determine the voluue of feed delivered.

After the last drop crossed the interfsce at the
Dotiom of the column, the sgueous leyer was drasined from the
column anc analyzed for acetic acid content by titrating

odiuvm hydroxide solution using phenolphthalein

i
e
ct
)

b
4}
ct
o
o
pay ¥
aV]
b}
[eh
n

as &an indicator. =rnowing thie volume of feed, the number of

!_la

C

(0]
jo)

drops celivered and th d cornitent of the agueous layer,

N
il

ctal solute extracted coculd be

6]
ct

ct
ot
+
o]
(o))
"3
Q
'3
4
S
(@]
’—l
’L.
&
[O)
%)
o
‘“‘J
ct

determined. o attempt was made to malte & miaterial balance

by eanalyzing the continuous phase for solute.
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This prrocedure was represted for vsriocus column
hel:hts and severel drep sizes., All runs were mede 1in

durlicate or trivlicate and the sverase recorded. Column

i

)

heisht was measured from the tip of the feed device tc the

civen number of drovs. Tinis tiie dividec¢ by ths number of
S i 3y

c¢rops dellivered was taken as the aversje drop formetion

-+ Q-
- Coa

I
A

S:; ST . ~ - PRogey 3; <
and the colume then fillecd witn the contlnuous chase to the
Cegsired nsighit. The feed device was opcrated as sreviously

described. After the last drop had passed through stopcock
A, tnis stopcock was closed and stopcock & and the vent were

ovensd. The conLenis beltween stopcocks A and B were dreined

[}

nuous

e

and included the collected drops as well =2s the cont

phase conteined Tetween itne two stopcocks. The secticon wss

wasned with distilled water through the vent line and the

washings combinec witih the previous samrle. This conibined

i

sample was titrated with standaercé base and phnenolpnthalein

inGiczsor until the first pink color appesred in the squeous
pnase.

Tais procedure was repeated for various column
heizhts 2nd several drop sizes for each system. 411 runs
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was measured ss beicre. Column height was measured from the
tip of the tfeed device to the bottom of the vore of stepcock

From the above titration, the total solute extractcd

B o

n this measured column helght was determined., This scolute
extractad dces nct include the solute extracted as the drop
coalesces

to the continuous phase by virtue of the prolonged contact

at the interface at the termirnal send o

Flhva cAalwita ttyvianmaeafarmned heae tlhaca +twAa Tattan mat AR Wweae o+3 171
L) DS RN SR Y 2 N b LA et e W de b N Na U“r L et s e W WA ABANS VW aa A A LA RN L B S S,
trapped between stopcocks A andéd E at the end of a run.

D m v - -~ - R - -~ v P - - - - Japp—

Lor & more devailed consideration of various

parts of the prccecdure, the reszsder is refsrred to the

arpendix, page /32,
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RESULYS AND DISCUSSIOL

D e E e -~ Y

DROP ORMATICN TIMNE

2l phase of the experimental work was

e

The init

ti

concerned with 2 preliminary study of the effect of drop

Tormation time on the amount of extraction in Stege 1.

Using the melhyl isobuityl Xetons-acetic acld - water system,
a seriss of runs were made in Column No. I. A three-inch

colwan heizht end three dirfferent size tips were used. Dreop
rormeticn tlme was varied from C.4 secs. tc 10.0 secs. For
a ziven tip, drop size was a function of drov forwmatron.lime .

T e - 3 5 - > 3 - 3 B M, PRI -
dence a <Conrvinudus range 01 GQY0p sizesy suited. -8 vimsg CI

211 wes approximately 0.9 secs. and relatively constant over

the renge of drop sizes invelved. FiLIty drops were used in

. «

ror drcr formution times avove

aprroxizately

fo

8acCii case.
three~-fourtins of a seccnd, secondary dreop formetion was
otserved., However, since these seccndsry drops were very
tiny compared to the main drops, tnis rhenomena should have
1ittle effect on the results of this preliminery study.

The resultse are plotted in Figure 111, pege $/.

The total milleqguivalents of acld fed is plotted against

and drop formation timss are separated into given ranges

Referring to Figure III, the distance (a) divided

o

by the distance {(a + b) represents the fraction of solute
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extracted. Since the points lie close to a straight line

through the origin, the ratio (a —%) 1s constant. Hence
thie percent solute extracted in a three-inch column is
relsetively constent and indevendent of drop size aud drop

on time.,

j=to

formet

The data were plotvted in
effect of drop formation time and drop dismelfer on the
percent sclute extractzd are clearly shown. Due to the

n the wvaelbva Af {(a
n tne wvalne of (¢

—

g
(§:]
'..J
]
ot
§obe
4
(1)
o
'3
3
Q
i
l.)o

nercent solute extracted showed considerable variztion from

i

(s}

ure IXI, on the

(B
3

).Jo
r-e

From the slopre ol the line
o 30 D ki t W - a3 Y i
aversge 29.2: solute was extracted. ‘I'he surrrising fact

& 6-10 seccnd formation time

2]

is that nct even the points fo

"

c
[y
3

show an apprecisble vsriation from the straight line. These
results agree with those of Conway(a) who found the percent
acetic acld extracted from water witn methyl isobutyl ketone
(continucus rnase) was independent of drop formation times
from 0.8 secs. to %.0 secs. for a 0.2%42 cu drop diameter in

a three-inch Column Wo. I. Ie obtained similsr results

7]
J

a o an

b

when usingz isopropyl ether as the continucus chase

13
t

elght—incn Coluwmn No. 11 for a 0.451 cm drop and varying
the formetion ©ime from 1.2 secs. to 4.5 secs.

The results of the present investigation may be

C

explained as follows. 7The variation in drop diameter

0.3G cm) is not sufficlent to affect the amount of extraction
during the relatively short (C.6 secs.) period off££l1l. Thne
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amount of extraction in Stsge IIT is also relatively con-

tant. Hence the amount of extraction during drop formation

S n L

is either relstively consvant, or so small a portion of the
total that the sccuracy of the experiments 1s insufficiens
to detect 1it.

1 : 2
on tnat in &

4
s
w
[¢]
@
t
[49)
d~
foie
o
[44]
bt
<
O
[
ct
(@)
[}
et
)
¢}
W 2
W
45}
ct
P

25-fold varistion in drop formation time (0.4 - 1C.0 secs.)

there should be no variation in the amount of extracticon

(7) predicts 2 5-feld veristion.
1 L""“""““"'" - - -_ = = = -

svriavion might nct show up

in the results, The only reasonabls conclusion is thst the

amcunt of extractior occurring during dropo roermation is

4

sufficiently small sc that the experimental results do

S

Using ecguetion (7),the effect of drop diameter and

ct

the theore

o3

¢}

drcp formation time may e seen ©ty calculati

o

e lirits

9]

frzction of the solute extracted in 3tage I for t)

of tiese variables., The valiue of D,, the diffusivity of

Pigure X in the Appendix, page 72¢ , the distribution

coceificient, H, for an acetic acid solution of concentrsiion
0.053 1b. moles acié/cu.ft. water with ketone is 2.06. The

results are summsrized as follows:
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d {em) ty (sec) 1C0 Ey

0.4 1.45%

W
- o O
o o O

-~ ~
10.0 TaBis

o O
AN

0.4 1.

(@)

.
W
D

1
10.0 5 .56%

o
L3

\$ 3}

0
o

The thecoreticsl maxi.um varistion in the fraction

e N . it . - N
Ficure IIT, the meximum difference in the rercent sclute
oxtracht=< In a inpeeg-inct colump o bl il g s,amce of

than predicted for drop formastion alone. However, closer
= - 3

extremes of the wariables droz formation time and drop

diameter. 1In general, tae distritution of

o,
5
H3
'—l.
o
Ccq
D)
"
o
e
-4
Q
e
™
o
‘_Ja
o
}_3-
9]
v
0
1)}
2]
%)
f..J
l_J
[Av)
e}
o
s
ct
l.h
O
3
0
-4y
ct
o
o
ct
o
ot
£
[—.J
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3 the three-ilnch colwmn that 1ts veristion with

4]
b
ct
hy
3
G
or
i...u
-
<
wd
}Jn

N

formation time cannot be detected.

[oh
-
@]
v
@

No furthser attempis can be made to verify

ecuation (7) with the data for a tares-inch column height.
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KeA

DROP DIALETER

The final prhase of the experimental worik wss

of the effect of drop

Cf
e
8]
o

cconcerned with the investl

o3
)

rsction in each of the three

ct
g

o

ifaneter on the smount of sx
sta_es. The amount of exirscticn occurring over various

hts was wmeasured for & serises of drop cdizmetlers
and given drop foramution times using three different systems.

For a given dror clameter, the formaticn time was chosen so

noted whnen tne fecroaticon Time wwg sbove a certain veluve.

sirce vnls permiivved sccurate counting of the drovs.

Ho secondsry drop formation was observed in the
carbon tstracnloricde - ¢il system in which drop dlameters
of 0.237, 0.309, 0.5373, and 0.423 cms. were used. The
formgtion time for each of these dror sizes wsas anproximaetely
one second. In tne methyl isobutyl ketone system, drop

diameters cof (0.295, 0.354, and 0.41E cms. were used. Drop

ané 0.2%2G4 cms. were used. Drop Icormstion times vsried
from e minimum of 0.51 secs. for tne 0.209 cu:. drop to a
maximun of 0.58 secs. for the 0.268 cm. drop.

1

The dats for the perchlorethyle

W
<
w0
ct
)
©
]
&)
ct
oy
(0]

carbon tetrachloride - o0il svstem were obitsined in Column

[y
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No. II only. PFor the perchlorethylene system, in Colunmn No.
I, extractlon occurred in Stage III not only when = dror
crossed the inverlace but also ss leng as the raifinate was
wept In contact with the contlnuous rnhsse. Since the
rarfinate could not be removed immedlstely followinrs a run,
Stage III was eliminsted altogetker. However, with the
melnyl iIsotutyl ketone system extraction in Stage 1iI
nparently occurred only when z drop crossed the interface
since the lotal 8xtraction in tnhe colunn wss indepvendent
of now long these two layers remained in contact alter a
run (up to cne-nalf hour st leash).

ine Cifference in tenavicr vetween tne two systems

[

fetone svsilen Tine

B T
[*¥ 815

€

~oas o= are
UMD e W uid
acetic gcic molecules nad more attraction for tre water

layer in the bottom of The column than for the ketone in the

continuous phase. Hence extrzction was not promoted. With

the perchloretnylene le in the vottcn of the colunmn.
Hence extraction &t the interface was promoted.

wiith the ketone system it was observed

P4
tniat when the acetic acid - waber dreps struck tne interiace,
due tc thelr belny slightly denscer than the vister layer the

acid solution tended tc sink te tne vottomn of the coluxn.

n densities

[

e Tto the 4dif

-4

‘ference

4]
b
e
m
(&
ct
| d
<
]
J
ja
[8))
4]
>
)
o)
<
(&)
n
Qs
o

were actually observed moving toward the bottom of the column

after each drop struck the interfece. Hence the scid did not
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concentrate nsar

gthylene syste
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“hter tnan
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rface. o atleupt was made tc investigate

ES ol el 1

cte is also tsbulsted

wilch were cbviously inconsis

ate for the percnloretnylene systenm

"1
(9§

reveated 1in iplicate.
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scattered. This is due Gto the adherin: of the smaller drops
to the votvom of thie coluun Telfore passing toroush stopcock

A.

Keproducibllity of Resulls

In geusral, the reprcducibllity of the results was

. -

sood. For a set of runs at a ziven drep dlameter the
maximum veristion in dro- diemeter wes sbout 3%. This,
however, was the excenticn and in general the verlstion in

drop dilsmeter was 1% or less. For a set ol runs at a given

drop diasmeiter %ne variation in dreop formetion time wes

- A~ < 3 2 . Py -1 . - -2
usually about 2:. Duviicate runs tc determine the rrection
mmTdent A mmmd A= ey aA T e Ao Ao R R T G
[SROnY wio TahaAbvs auv wiiwm A ol Ay LT TAU Wl wibace )','u.

Dronp Velocities

|

"«

Fal

were determined by measuring the time of fell at a series of
coliumn heignts. Aucut twenity reacdings were toxen and

ed for each point. The results for thls svstem =re
shown in rigure VII, pege 6 » Since the veloclties zare
constant over the range of colwun heights, for the perchlor-

ethylene system snd {i.e czroon tetreschlioride - oil sysiten

hts of

P-Jc

the velccities were measured at only two coluwmn he
45 inpches and 20 or O inches. The snorter heichts were
merely used as checlkis and the actual velocity was vaken as

constant and equal to the veloclty measureé over the 45 inch

column height. Fall times were calculated for the various
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For the methyl isovbutyl ketcone systvem,drer velecities



colwin heishts usin: these velccities.
The varistion in drop velocity with drer diameter,
Tor tie systems investigated,is shown in Ffigures VIII, IX,

elocities calcuilsted

<

and X, pzges 66 to 6Y. In additicon, the

i
%
(4]
ta
0]
]
(43
[$¥)
'_J
n
o

nlotted on th

4]

- . . - e+t - - T TP L R
same grazshs. These velocitles were caslculsted from the

« = dror velocity assumed solid srhere

g1
il
[\V]
(¢}
(e}
2]
,..A
)]
L
65}
s
}.-k
24

of zravity,
4 plot of drag coetrficlent versus Revneld's numiter wsas con-

P - . .
and 1s sheown in tre

< La e la

id spheres. For turovulent or nesr vurbtulent resistance,

has proposed tne following correcticn factor:
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é4

d a7 2
fy = 1- (_5;_)
where f = correcction factor on calculeted velocity

d = drop diameter

dgy = column diauneter
For the larzest drop size used in tnis investigation (0.423
cm.) the correction ractor is only C.2973, hence ror the

purvose of this investigaticn the wall-eflect can be neglected.

General Opservations

A gualitative study of the prlots of logarithm

fraction unextracted versus fall time in Pigures IV, V, and

Vi, reveals several interesting senersilzations.

in {1004

unextracted) with decressins contaect time, Tnis sub-

velues of time out ncne predict an entirely curved plot.

Tnis mav indicate a mechanism not considered under
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TABLE TIT

Sunmary of Drop Veleoclty bData

Velccity Velocity Reynolds Reynolcs
Diganieter Observed Calculated” Number number
(cm/sec) (em/sec) Qbserved Calculeted™

wethyl isobutyl ketcne systen

-3
l._.l
|
~3

7

N

0204 15.2 14.0

0.%55 12.5 15.9 ol 1032

G.418 ii.¢ i7.79 Si% 15c0
Percnloreinylene system

0,200 15, a8 10.0 oig £5Q

- < ~ -~ ./ - S v

0.2C5 16.52 22.5 G54 1158

0.335 16.20 24.9 1155 16CE

Ce305 18,4¢ Z27.2 12300 1332
Carbon tetrachloride - o0il systenm

— s ; - - -
0.237 9,96 10.% 327 336
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n
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V) e )
(82N
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Ne)
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Tence, of thne tnree systems investizated thals one coul

reseilbly display & murs dirfusion type mescignism.  Si

the agwplitude of twe oscillations 1s small, Tthe intsr

ol tis drop cuarld vossivliy we stuasnant or relatively
rom Tatle IXI 1t willl be noted thast sl tn

- e s os . . -
In the Followin] secilons, a deitsiled snaly
, - . ; .
eacn staje will e uade uxsing the »ilots cobhtained.

SUAGE I

ct
n

From the sccouwrganyin’ nlots, cone fact sesus

unextracted versus drov fail time is not a2 strail

or

i )
[$XS:

the wav back to zero fall time (or zsro colwunmn hei: nt).
Hence, in ceneral tae 2mount of extraciion cceurring durin
cdrop formation cannoi ve ottained by extrszpoizting the
strgiznht lin2 portion oi the 2lot to zero fall time.
The method proposed Ly Conway(dl) r o1
1 e v Drorf S8a LY OUHJJ ior Sep&rablng

0]
o]
=

From the result

0]

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

]
k&
4]

L.
tain,

enersl a 2lot oY tTie lougarithm fracition solute

Rt lirne all

v



ation 1t must ke concluded that Ceonway's metaod is

investis 3

incorrect. However,Conway derinitely seprarstsd the amount
o extrzction in Staje III. Unless tnis stsze 1s eliminated
Trow tas data,any oxtrapolsation procsdurs is incorrect since
tae oXtravolatsd velus, whatever iivs meazning, still includes

As Uize drop size 1lncresasss, the rlots show less
curvature ror short fall times. Witn tae metuayl lsovbutyl

o o i A - . -
oL gysuel, LOLWI NOe. L

b

heishts as shcert as one-half inch with which definite
curvature In tne nlot is established. Since The £211 times

for these very sacriv aneishts could not ve accurately

of Coizimn MNo. I1I showea 1ittle or no curvature Tor = minimunm

nch colimn heighs. However, for drop sizes less

the pleots will no doubt show some
curvsiure as tney approach zero fsgll time. ‘Ihe plot for the
0.418 cm. drop can't possibly exnibit much curvature without

throuzn 100% unextracted. Some extraction, even

b—h

HOLNES

a5

thouzgh small, will gezur during drop formation.
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Compariscon ol iheoreltlical Zguation with Reported Results

I

molacular clrfusion infte thne surroundlng medium, eguation

I
)
L ]
N
Q
) [j
h
~N
)
—

t
-
|

Al S TAanmanoa o T t1n SyviAasvvaanaa TwmAar AT A av P T ol 2 T
R W ™ e R N A v A S LY e W e s W L N CAND N AL A L \J:J A A A ML s » - AT 'y o oaats
b + titlis trend is aniran

TL0Ts, I8 urena 1s oouserved.
sy IO PR . TS R ] Ed . e R . o e - .- - I~
SO LI fdeunlVe 1300MuyL LSuou€ 3ysoem, udriild uvae

- el 3 P} . oke i ot
previously obftzined values of the constants, thne vredicted

svralgnt line rporvions of Column No. II plots in Figure IV

TABLE IV

ct

ed HResults witn ZExtranoliasted Xesults

& “ Exiracted
a f % kxtracted (Straight Line
{enm. ) (secs.) {Calculated) Extrapolation)

(&} (@]
[ L)
W -+
(2 T 1
@O
O O
L[] L]
R S
~N
S =
° .
\N Q
.\]
}..)
*

(@]
°
J
N
O
*
(2]
AN
=
.
o~
\O N
[
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With the exception of the 0.418 em. diameter drop,

the value cof the percent solute extracted in Stage I cobtained

[
3
@

portion of the plot 1is

03

by extrspolation of the straight 1
ruch higher than the calculated value. The relative ag
t DLetween tize two veliues for the G,41cC d

However, lhe gravhicel wvalue can't

less than zero percent, hence the two values necessarily

drop size above

check. This Incicates that there may be =z
1 jumn Weo. I approzch zerce fall Time

wnich the piots Icor Coilw

. eli_serva-b le
without curvature,

From the extrapolated values; 1t it n

see how the amount of extra

increase from 1.5% for & 0.418 cm. drop to 6.0% fora C.354

cm. drop, a difference of L.S

data for g one-inct

N

show that the pvercent solute

to 15.l5, a difference o

the sare drov sizes, with 2z one-half-inch Column Lo. T,

. ~
percent solute extracted increases from 3,L1% to 3.675L, =

sence of 0,265 percent solute extracted. From Table

IV, on the preceding vage, the predicted difference in the

percent solute extracted during drop formation is C.26%.

Eence, equation (7) predicted the correct result whereas

the straight-line extrapolation procedure 1is no
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Conway(J) also obvained data cn the exirsction of

acetic acid from water with methyl isobutyl ketone as the
continuous phiase. He plotted his date as percent acid
cxiracted vorsus column helgsht, hences the entire plot
silntly curved. ©On extrapoistcing tne plet for Column

ct

(&)
~

extracted in Stage I for uotnt a dror diasmeter of 0.406

O

and 2.342 ¢cm. In Figure XI, taze /6, the daitsare re

as logarithm fractlon aclid unextracted versus fall tir
Froo Tnese plous, lim exiurarcolzted value is found ©to D
ecid extracted for the 0.342 cm. drop and 6% scid ext

Tor vhe ({.40¢ cm. diameter crop.

Conslilderabtls discrepancles ars noted betwesn

1t will be ncocved thet for similer dron diamevers, the

ol tne prlots for Coiumn Ho. II ouvtalned Ty Conway eir

tion. =also, the author found for a Ziven drop dlametsr

siopes of tne plots ovbtained with Colwins HNo. I and
paralliel on & s58:i-10x vplot. CJonway did not find thi

A comparison of the procedure used by Conway

the present author reveals several differences.

4

b4
H
Q
2
()
I
]
Q
<:
@]
}_J
o
[
-
@
L]
b

+
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cero coluwmn hel_onht he concluded that U0 of the solute was

these

-1 . = ne
able W, pazel? . However,

sioves

1. The tips used by Conway 4id 1ot permit each drop to stars

is tips were constructed of thick-
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walled caprillsry tubing the end of wnich was Teveled

this ground surface, leaving a portion o1 each droo

clinging to the tip. This extracued portion became
part or the next dron. nence, tnls tyne of tip would
J e E
- .o~ v - RN 3 J[ & n - - HEN - 3
czuse .iore extracsion in Stage I than thae tyge of Tip

2. In using Column No. II, Coaway included the solvent in

sore of sioncoeck 4 (Firure IT) with the continuous
re oY oos8 ! k 4 (Fimarae 11) with Tne continuous

—

the

phase. Hence, colunn helzht was taken from the tip to

Flhha v AET Asa AL Tl A At s A ea A~ A Tem - dmm emmr o e e
vaaly (SRR VRN I8 Vo wa Al vuL e v S vUVwULA e AL LR o) j& 28 o Tl v
a4 $ —~ E -~ N 1 1 -, -~ * M ‘- v Y M 4 ~ .
investigation with the meinayl isouvuityl Ketone systemn,

the column. Hence, colwan helsht was vaken from the Tip
to theo top of the sLore ¢of storcock A. The deformatlion
and slowlng down ¢f the drop as 1t passed tarcugi the

core ia Thie stopcock no dount incressed the rate of

lengzth of coluun equivalent to the length of the Lore.
ience, for a given column neight, Conway wou
more exiracition than the author.
5. Conway did not mutuelly saturate the ketone with water
or the water with ketone. Hencs,due to the solubility
o

AR CR PN 3 . 3 +— ~c + 3 - :
of the ketone in walter (2% at 20°C) th te of extraction

3

)]
"3
)
-

mey De lncrezased vy the simultaneous diffusion of acid
and water in the same direction. ''nis cffect, howsver
i If S ,
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snonld ve small. (For a uore de
these difrfserences in procedure,
to the Anvendix.)

cardains tie rpossipilil

results obtalined by Conway by extrap

I A k- o 2 =1 - 23 -
S are incorrect due to ti.c fact

Conway did

teiled discusslon of

the roader 1s referred

ties ot errors, the

to zero gcolamn

ranze of column nelzhis to detect the curvziure in the
plots &t small valuses or fall time.
Farmer(é) cttained plots of the losarithm fraction

used, no curvature was nosved in the

coluun in wnich a

coliuwmun €I 0S

the bobtvom of the column. Since the
than o mm in ciameter, they must hav

distorted obefors

in Stare IIT is not knowr

this final stage in

n inter

ed to the ccniinuous pha

- - .
A -~ R ol ”~
. 50 GCUXLCT 8ome
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i showing the largest smount ol exiraction

)

=
-
)
[}
w0
!
w
T
(6]

tor a given column helsht was that in which wcetic acid was

extracted fron metnyl isobutyl ketene (dispersed vhase) with
woter {continuous phase). Usinz a vdue ror 2 (&) of 0.481
and a value ol Dg (=) of 0.04 x 10“5 cmz/scc. sorrscted

be extracted cduring the 0.44 scec. formatlon period ci a drop

work,acic was transierred rrom ketons to walter. Cwing to

Tne systea showings tne smallest amount of extraction

sXSracied from carvon tetrazcnloride {disnersed phase} with
water {(continuous rhasej}. For a crop size of 0.328 cu.

diameter and a lormasion time of 0.46 secs., equation (7)

zredlicts that 50.4% of the soiute will be extracted during

of 1€é,6%. ‘The calculated result s obviously incorrzct.
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so
The error in the calculated result 1s due to the
Lhiai ohe ol tne pasic asswiiptions in ecuation (7) is

not fulfilled.  That 1s Lrue ecuilivrium 1s pol maintained

¢ 3 EE £ ; v 1y JERRU oA A~ 3 3A A
a2t the interface heftwesn e carbon Tetracihiloride - zscevtic

ater phase, For Lhe feed concentration

T~ - - T N, B - B LN * + - +
VU.JL 10, niOLS sCetic acla rer cu.it. O ceroon ety

Y

)

M

culoris

m
§

l,—h
()
o]
ct
—
O
-

used by Marmer, Tne distritutlion coeffic

concn. HAc In CClLl
conen. HAc in 0.0

of Line acebtic acicd molsculss Tor the water molecuies than

ths corvon t23racnhloride wmoleosnwiles. Howaver, ac2itlce acid

is nijnly assoclaoted 1n sos-polar sclvents like caruon telre-
cialoride. Thne scelid is not sgscciztad in metivl fschutyl

— - .
Tlans L s ariveyaoay Mt 3o
LOUS o guarrounaLn

s o3 - 5 N ~ T S S .
e gCra Iolecuies and True eculiiluriuvig 18 £Ssh

singl
N - vre . - P | | . L4 L S . e~ - P . ~ o] 3
vetveen itne sinsle wmoleculess 1n thne csriten tetracnloride and

- - 2 . . K3 A K3 A ~r joTd o
associsticn of scetic scic (¢, is 1.67, only 12,0 of the
acc moleculies exlst as single molecules. znence tihe
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theoretlcesl smount or extrescticn during X
nared Yo the extravelr wd value of lo.odl.

T.dis correction on X Zor ncean-polar solvents

tc o correcticn Zacteor used by Iarmer., In st

vile extraciicn of scellic ¢old Irca a seriss ol solven
withh water £s 2 continuous rhase, ne round tant in or

-

Te ¢orreiave Lhie vaiuves of tLae oversail transler coef

. T ~ R N EEAE RN \ - a T T} T

Ior the non=-pelar solvenivs witn tnose feor the polwer
o]

D . S ey § ' -~ - L .

& TOrYedoidh I&CLTT ogae LC Ug o arriiec wrnere n LS
a o)

3 e al - 4 i 2 T2 3 = - -~ -~ -

cdejree of assocliction. Tnis rfactor is actuslly luae

or Tre acla olacules exlsting =¢ single molecules 1

Z-n P T . -1y crirartd A = = A= n O
Nen grDlilng TIiE GuaiTlilln Te Unge eXTTrELTicn X

from = cCicgpesrsed znase in wilch tiie solute is sssoc

[

? e 3 oA ~ vy B - F . -y -~ 2 3
inec. Hence ecustion {7) was not awvnnlied

"

<
(==

4
L

= 4

.3
-~
Vi ) o
(SRR iy ¢
<

+
(N
S @
Qe

S NN~

(39
o)
-

O

121 smount of

v
o

indiceatin a very s

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

vt

Tne valiue

mall smount o©f extrsction cduriny Srop

474



Unfortunately, the present exverimental meilneds
do not peralt the deseruiraticon ¢f tiie scitual egmocunt of

sclute lost during drce formeition. Using Colwnn ho. I,
data ror a ccoluwmn heisht less than seven inches was thought
tec he undesiratbtle since thie dror 1ls recuired te pass through
iure IT).

in the seven incr length coluwan but wiaich ..y become quivte

serious 2 snorter column len:ths are used.
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0
2=
e
r
)
v
1%

of soluite vrans

methods
heen d

ISR

nave
For conveni

te considerec separately.

¢ the mechanrism of solute

siore

the concentrations of tne droco

ini C

=i

is thne tis

N

and

tz and CO

This slcopne .educes to the form

inderendent of

the plot 1is

nce,regal

en nmechanism 1s

<

(o]
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controlled

throughout

sizure 1V shows tnat there is avout an ei ht
renge of rfall time cover which the vlet is definitely a
streiznt line for all drop sizes. Tnis cerrespends to
net cclumn lenjth of abtout 40 inches. ¥er the data of

Colwnn Noe. I the Initiael portion of the
after & total fall time of about 9-10 se
ajein noticed. Hence 1t mey ue assumed

mechansim exists for at least 40 ircoes o
Aafter anproxiualsly 48 inces of Teaeii, €1
a2in cheanges or the acid in She drop re
withh the acid in the surroundircs,. This
will be considered lster.

Tnree cf the mechnanisus invest
maticsl soluticns in the form of infinit
as in Taile I, page 39 , ti:ese mechanisn

2. wolecular diffusion in the dron
in continuous ohase.
2. woleculgr diffusicn in the droxo

Wi

convection

tinuous

resistance phase.

o
=N

Fach of these mechanisms indicete tnsat

clot i1s curved

conds, curvatur
thet one distin
I Tall of thne 4

s are,

NO

)]

econd

maine-

nwnbered
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frection unextracted versus Tell tiie will give a sitraight

e}

line arfter o sufficient length of time while Tfcr short
centsct tlwes the nlet will curve te the orisin, 100%

unextracted. Hence tie rossibility exists that the initial

PPN

curvature ¢f te pleot is neot due te o chgn_e in mechanism
~yq = 2 1 IS ] - o ~73 4 ot Fyiat 3 S vy ey P a "'h s . o
DU 18 luei*cly uid DoriiaL situaition exXxvecied Wneill one ol

loure IV shows the treore tical shape of

of extrazction. Trs velue of the diffusivicty of zcetic acid
-5 2y
LR B T I 2 DN - JOR <Ay s PRS- T S
TLTOUSL WAaLlrTr \‘../d) is 0.24 x X0 7 cu~,/sec. correcved Ifrom

oI The actual curves but the slove of the theoretical curvs
is mucn Too small to rerresent the true mechanism. Also,
since the drop is formed under dynemic conciticns, a
mechanism of pure diffusicn couldn't apply at time zero.
Mechanisms nunbers 2 and 4 indicste a definite

vaeltue of thie slone cof tie rlct. Hence, itne

ct
3
®
@}
v
[47)
ct
l.h
[¢)
[$e]
,,._4
A

Comperiscon of Diffusion Type liechanisms

Actual Pure Diffusion Streamline

d Slope, Siope Convection

(cr. ) (sec—= =1 Slops (sec™)
Clle {sec ) (SGC .L) 1071

S5 -0.0916 -0.001E5 -0.00505
54 -0.0678 -0.00128 -0.00%40
18 -0.0567 -0.00093 -0.00254
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&

The actual slopes are very much greater than the
theoretlcal slopes. Hence these two types of mechanismns
indicate g rate ol extracticn wmuci: too slow compared to the

+-

A thecretical value for the slope of mechanism
number three caniiot ve otlained. Heowever, thls nechanism
would e expscted to cause s rave of extraction even slower

fusion. Ience the theoretical

ct
s
m
3
ct
oy
[]
<t
'3
H
1]
o))
[
(¢}
o
D]
[0}
1,
o}
3
e}
o
]
e8]
Q.
[
-+

e smaller than tnat for the two

o}

is mechanlisms. On tois tasis, all three of the above

in ths drov indicates much tcoco slow 2 rate of extraciion,
obvicusly tne intericor of the drop must be in relatively
turtulent motion. Thus, the two film tipe of mechanis: of
solute transfer will UTe considered next. No thecratical
value of the slope of the vlot cen te vredicted. However,

if td’ tne over-a2ll ureunsier cecefficient, remaeing relestively

ure XII, the logerithm of the slope has keen
plotied azainst tre logarithm of the drop diameter. The

of the

"

silepe of this plot is (-1.34). Zence the slope
plots of the logarithm fraction unexiracted versus fz21l time
are inversely proporticnal fto the drep diameter To the 1.3%4

power.

o]
=
e
(0]
o
@

Notice that if mechsnisms 2, %, or 4 had ap
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vlots of logarid

the slopes cof the

time would have

a1

versuvs fslil

e

‘G
H

O
W

Lo wne l.%4 power,

equal to (-2.01 %?). He

ol each

results

Q
®

o
Iz

une

xtr

acted
inversel.
Concelveably,

cient could
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TAFLE VI

Values of K, for Lethyl Isobutyl Hetone Svsiem

{cn:/sec) {ft/hr) (rt-hr)

(em)
C.294 C.01032 1l.22 0.251
0,295 G U1l03%7 1.22 0.251
0.354 c.02091¢ 1.08 0.2%26
0.55§ 0.0092¢9 1.10 0.240
0.410 C.00910 1.07 0.248
- o
0.41¢ J.02090¢ 1.07 0.24¢C

From The avove Table the value of the over-all

. R s - . . s ) . .
transrfer coerficient, K, decreases sli: htly as tre drop
lematen {nemenao S s P o w 3034
c¢ilszmeter increzses. Howsver, the wvalue of K.,dY°-7 1is
A3
PO SRS R P - -~ e~ 8 P
ATV s dv.a Vo Ly veslo vl aD DLSULC uT L.
The crons In tnis syste:s were obsearved to ke

PN P B ~ e~ -~ L RN nsn v wmaw v e - - -~ -3 37
QUTreclacly G&Ilormsd &nG I & COonTiNuoUus SUgug€ OI 0OSCiila-

emolitudes of the osclllsticns increasse. OQOne would expect

this larer amnlitude cof the oscillstions to increase the

.- o~y 2 2 +- 3 3 N 2 g - - 3

turtilencs In the droz and thus reduce the effective resis-
+ - ~ 3 ~ 2 s Qs ~ 3 1 v -

bance oI the Iilm In ke dispersed phase. Hence Kg would

0]

e exrpected to increase as drep diameter increases. However,

el
MYy T o 2 -3 ~ - * +- =

e only possivle erxnlisnetion is that some or ail
-2 4 ~ ~ - 3 - - ~ ER o~ dely 3 - - - ~ -
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decreased; Tne Iaster rate ol fall reduces ithe res
of tnhe film surrounding the drop in thae continuous
Bguation {11) nzy Le used To estimste tn
o the resistance actally due to thas continuovs
1 1 o
T on Yo
BaE] ~A K -
— - v

ffor

=
¥

T Y Y 1A 3 3 3 K
considerad a funciion of the drop valocity,
F 3

o

]
)
o
1]
(s
o

tne continuous phase

wh o - vy A . ~ . -~ ~ +~ ox . .
whers p and m are constznbts. Inserting this in equstion (11)
PO S, a R - - - -~
vi€ LOoLLOWInL Ls 0ofbained.
ki 3 - -
— = = 4 o=, L
e %3 o - (23)
- - N 1‘ 1’
Aceording To tnis sfuction a plob of f; versu — will be 2
straight line wifh Intsrcept = provided kg is not a function

m)wnlch ceve a stprsizht line for 2 plot = _ yvars
3
found. Tnis value of m was arcroxXimstely 0.9. T
are summnrized below.
TABLE VIT

versus

<
<
=
\O

0.294 0.5320 1560 0.00134
C. 355 0.909 1476 0.00141
0.419 0.935 1403 0,00147
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Tne rlot of éL versus is shown 1n

1
3.9

line the value

is found to ve {-0.29)
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tnrouzn tne film away Irom the drop and tae sodi
mast diffuse through the fllm toward the drop.
process may vte jusit as slow as diffuslion

the waiter film.
As previously pnoted, tne drops in this
with oscillations of relatively large amplitude-

L oure ’
af .}_. - =4
1O H = bj‘r-

. Since the

d rhase for
AT cran s e bl
e W UL LD LLES D 4

1 the

O
ct
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controlling
. iowever
um hydroxide

Actually this

of ascetic scld through
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TABLE VIIT

Test o the Trenslent

Actual Theoretical Actual Slopse
4 v Slope Slope //“;“
(cus) {om/sec) (em.™*) (em.= 1) VARV
0.294 13.2 -3.0916 -0.527 0.00402
0.355 12.5 -0.0083 -0.240 0.0040¢
0.419 11.9 -0.0560 -0.102 0.00445

From the above tavlie, the ratio of the zcitual slope
/v . . . . . .
to =% is not cuite constant as the mechanism calls for
d

slthoush the disagreement 1s not surlricient to coupnlaitely

elinlnate tne mechanism. However, a compsrlison of the ectual
silove with the tneor=zticzl slope is sufficisnt zgrounds on
which to eliminste the mechanism. In each case, the
theecretical value of the sliope 1s about thrse times zs larsze
as the acstusl value. If the traansient film is assumed to be
in the dispersed pnase, the difrfusivity of acetic acid in
water 1s used 1n calculating the slope. This vslue, as

..5 -
previously uvsed, is 0.94 x 10 ci“/sec. This wculd make
the theoreticsl slope only a little smaller. Thus, the
trangient Iilim mechanism predicits a faster rate of extraction

mecnanism, 1t 1s interesting to nobe how thls mechanism can
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ct
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ct
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ct
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ve combined w
correlation of the experimental results. The coansideration

of & transient film in the dispersed phase sesms to be
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illoglical, Tnis film would originate at the bottom of the
drov, pass up the outer surface of the drop and be deposited

in the torn of tne dror. Ir thls film behaves like an infinite

; - 3 - . = \ - " ™
Throusi sho rilm toe itne surrcunding continuous phnass. iencea
t 1 1A G H e E TR o s T & Py,

1t would be lmpossivie for sclute to e srensferred froum

However, the film in the continuous phase surrcund-

[ R T - T - POKS L3 : L
in- the drop may zctually act os an infinite film with
- < S . - x
respect to solute transfer. Conditions favoring thils
- L4 - - -~ I P R T “— .e - 38 . "33
situation zre snostl contact Tiies wila Shes surrounding ilm

¢ispsrsed phase may account Ior the fact that the transien
£11m wmachanism alone predicts too ranid a rate of sxtraction.
i eguation (29),for the transiepnt film

mecnanism)the value of the individual film coefficent in the

continuous phase 1is

1~ (>3
=2
c t
LR
Rerxiacing b, ©y ivs value in Terms of drop velccity and drop

diemeter,tne following 1Is the result,

cV

k = 1.15 T

Lo .

Tnils equation may Le combined with ecuation (11} to give
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the value of the over-sll trausrifsr coefficient, i.e.,

Assuming kg constant ovsar the range ol drop sizes investigated,

. N c ALy . X s .
a plod OI = vsrsus (;) snould produce 8 straight line with
. 1@ . i
Intercent = and slope cf 77 . The results are

T4ELE IX

i d. 37>
1/Hg versus (F)77
a . ,
a Y M (2)1/2 L/
(cm. ) (cm/sec} (sec.) v (sec/om)
0.294 13,2 0.0223 0.14¢ 36.7
0.355 12.5 0.0264 0.168 107.8
0.419 11.G 0.0352 2,138 110.0

“~d
B8.021 am/esn Henga, denaendin~s on drso sizs P S UL -
L . e ST e .‘.‘-v‘:vv" NN NTarNA i el M (o) s AR A U (S P R ST RS
of the resistance to sclute ftransfer is in the disversed

drop size Lncreases that portion of the total resistance

. / ~ ae . ; - ) . )
smallest drop (0.294 cm. diameter) to 57% for the largesst
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T

drop size (0.419 cm. diametsr). Hence as drop velocity

increases the resistance in tae continuous nhase decreases.

by

; . P -
11 caeory. Howevaenr

rt of the rgsistance $o soilute transfer 1s in the

v

»

large o

o

continuous phase. ‘the analysls vessed on a transient film

raqiurlt . WNn acegnimimntiang dhewvas hazn mardas atrhan oy accriimI
resulv. NC o gsguiaptions nave Regnl mzds CoTner Lnan assuming
- A >y 3 - b . (B p . sy 3 -

the ty~e of mechanism Invelved. e agreexsnt betwsen the

Fo O TP, I I A mla mmdaraT ermdenm aD Eta o s D 3 1P

Wit VA U uaawaAL V(A.’_ua QAaia ViLD Qv uvidad VA LUT i VILT D.LU‘:JC wi s LLR
c

3 v /0
o (G &y - e Ane oy N - . .
versus (3) Justifies tne wechanism, tc a certain extent.

In the analvsis bkased on tne two film theory, the
continucus film coefficient was assumed to be croportionsl
to some power of the drop velocity. Suchh a relation has
never actuelly been establishsd for liguid-liguid extraction
from drows althougn tiie relstion is well established in

present time, no one

@

as absorption. Actually, up To th

plots for Column HNo. II, Ky for the 0.342 cm. diameter drop
is 21.05% ft./h>. and for tne 0.406 cm. dreop is 1.00 ft./hr.
These results are in good agreement with thicse ol the present

on .

t.h

kY
PR Sy

’_Jo

nvess

te
4]

Sherwood, iivans, and Longecor ~~’, when extracting
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acetic =zcid i'rou methyl 1scobutyl Keteone with wster as a

continucus oiiasc, found for a 0.178 cm. drop, 4 = l.c f£t/hr
IS O N [ , P4 .. -

and for o 0.356 cwm. dron X ¥ 2.0 ri./nr. These vaiues =rs

ISKN

muehy larser tien thiose ovtalned by elther Conway or the

aunthor. However,the direction of extraction is different,
4 I RN R S A s oA cEma AT S + 3 3 vy
As <¢xplalnsd by Conway,., thic extraction of <cetic zcid from

water is niore difficult Ehen thne exiracticn of acetic acid

fros Ketone due to the feormstion ol hydrogen beonds between
the ncatic acld sand the watey. TIn sddition the values of
2

RIERP-
<

T o~
~aas v A - b

n

4

increased wilh Increased drop slze,nence h would De exrected

se in ¥, a large

1997

to increase zlso. Due to tne largzse incre
portion of the resistence to sclute transfer no Goubt lies
in tie continuous rnilase. However, Sherwood explains tne
et tne oscillztions in the larzer

4dron cause incressed vurtulence within the dron.

r3
)

[©)
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ot
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mecnenism ¢f solute transfer during the initial one second

N . s 5 < .
the oscillations cof large amplitude of the drop just siter

b 3] - -
Lesving the tir As The drop stiris to leave the tip, the
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1icudd necks down until the dreop aciuslly kresks aweay. the

elon;ated drcp "s»avin_os'™ inte & sphericsl shave and wnen
immediately Yranculiecs cut" as the resicstance teo 211 tm the
centinuouws vhasce is met,. lleonce, LThere Is a sliort perlicd
during winlen the drop 1s gcecelerzting und oscilliating.
Consequenily, the initicl resistence te sclute transier in the

. Evidently, tnese cbrormal effects

t
=
]
Pt
—_

are damzened out within the rirst secondé of fall zfter wn
4s the drorp size incresses, tne impact o the
neciied down nortion asalnst tne drop deoes nolt nroduce eoscillio-

ticns ss lerzs as witn smell drops. Hence, the initial rate

vion for The initisl curvabture of the dstz taken wiih
m~ T -~ £ P -r 4 2 Fa) - —
Column tio. I. Towever, furitaer exsminstion of the plots

e shiowin In the next sectilon, for itne ran

. e - ] =3 ~ - 4 ~
rlots are parsellel, the exirs
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gntering Stazes III.
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and IX =are no longer rarslilel but tend te converje.

the extracticn in Stage III is no longer proportional

o extreeilion 1In 3tase III cdecreasses. This

the rwet thalt ror very short column heli_nus

Zreat as wnern the drop has reached its teru

» -~ - DR ~ s - PSS W
£S5 Dreviousiy noled, aiter =

G=-10 seccnds, te nlots ggain snow curvaiy

T, -2 ~ Fal N 3 ~ ~ ~ ~ St
thls rorticon ci the curve i-dicetes & gracusl
te rate of sxsrzcticn as commmred T©o et ciserv
straiszsnt 1ine corticn of the rvlot. Since tne pl
T v d =1t A mona Y A Bl L S s e U S o emme m mt e
LU @l vl DU LT, vilCULUC LLOGHL L)Yy UIlC CUurves masSu
esvmpntotic.

Pal 4.7 -~ 2 -
One ¢ the assumptions in 211 the
PR - -~ -— al G- -— - - -
e cencentvraiion oI the conitinuous phase 1s neyg

This assumntion can be checked vy mesns of

feed is 0.0%

(@)

“he concensraticn of thie acl

£ o~ .y ~rwr
5 = N A AN u‘

- . -~ 2 2
SXTrocolion in
PRSI S S S
ceva i LEoer

e <= ~

GLInS O &L 0u
F‘nh T en v

. ilne snare

a msteri
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/o2

A 2]

water. For sn sverze volume ol feed cof 1l.5H ml. and

b=,

t

assuming 1U0% exXtraciicrn tne concentraticn of acid in a 50

. : g v = g o -5 ., Cal B
inch column would be only 5.62 x 10 4 1lb. moles acic/ft-
ketcne. Since the distriiutien ccefflcient (I) 1s about 2.0,
tne concentration ot ascic i the drop cculdn't possibly te

T

aprroaching egulilibrivie with thet in the ccentinuocous nhsse,
Hence tne Iinsl curvature in the plois rnust te due to 2
crange 1In trme mechanlisn,

4 vossible explarngtion is that the turtulent motien

within the drop 1is Use to calm down or vecouie more

ctesinning To control the rate of extraction Irem within the
f: Sl
Sron.
P =~
2La0€ 2
———— i
- s 1 asoas s a
I'ne vertlical glsiance peiween tine two vlots Ior
s 3 B .} -

Lolumns No. I and II for approximesely the same drop size,

n
ot
]
C i
o
]
-
=
.
(o)
o
o}
]
-
o)
a
@

represents the amount cf sxtraction in

ne vortion of the plot for Ceolumn Yo, II

o]
by
ct
oY
4]
n
ct
[
P
09
]Jo
(M
3
cl
’._‘
i'“
[

(
J

N

N
ct
1~

Q
s
ct
oy
D
wn
¢t
]
[
l,Jo
(1,
o
s

where C1 ancd C, correspond to any set of points
r

Ny
o)
o1
o)

tion of the plot. For a similisr Srov sigze
Column no. I, 2% tne same values of t each of the concenira-
tilons will te reduced by the zmount of extraction cccurring

in 3%age ITI. Hence the slope Deccue
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log ‘1 - y
v2a - ¥

where X and v renresent the decrease in cconcentraticn of
Tile dror due te the extraction in Stuge I1l.

The only rossibkle w:-y in which th
cual is for X and y to be oroportionsl to Cl snd

Co respectively. In acdition, the prororticnately constant

must te the ssue. rence for the range in which tne rlots

e souatian fan
T < LLOT 10T

tagze IXII ms7 ke represented by

&) —_ T
frir T OMTIII
where Eryy 1s tne fracticon solute exiracted in Staze III and
Cryy is The concentraticn of the drog tefore entering Steze ITII.
3ince Ur+++ is proporviconal o Une awouns ¢f soluibs

I7 egnd i~ 1s a new constante.
This ecuation has been checlied 2t various poincs
and trs results Sabulsted below.
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Analysis of Stase IIT
a t wt
, - .1 L
(cm. ) {sec) 5 (1-Ey o) b a
o p

0-41% 2 0.115 0,760 0.151
A N NQZ ~ =T ~ m A
= el T Ve Ve l&U
o C. 00T 0.450 0.149

Avg. 0.149 0.356
Q.384 > 1_.008 O, ~0N N1 =X
s — V/J \/-V/V V'.L,.\-'

e Zs ; S AT - =

4 J. a0 2.505 C.1%29
o] 0.052 0.278 0.141

Avg. 0.129 0.383
0,208 ., 3.040 S P-E e S e T
Ve 5 < Ue UIUV Uo;O:" Ue lUC
4 0.040 0.374 0.107
5 0.053% 0.30% n.1i00
P 22 2202 2.10C

Avg. 0.107 0.2%202

guantliy to bve relsitively constant. Hence the vrorortionslity
censtant is directly oroporticnsl To the drov Ciameler. Thm

the amount ¢ extractlon in Sta:e III is »rororticnasl to the

croun dilameter and to the concentration of the drop as it

enters Stege IXL. Iiowever, for very snort column lengins,
tnis propcriiconality no longer exists. Apparently the
extraction in Stzuye % decreases as we arTproacn zero column

Letually, thie smount ¢l extracticon in Stege IIT

would be expected to be s function of column diemeter whnich
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was not a variable in thils Investigation. However, out of
curiosity, a small amount of chslk dust was suspended in the
interiace between the water vhase in the bottom of tne ceolumn

and the nethyl Isobutyl keteone on teop of the water niisse.

As the Individual drowns struci the Initerfece, the dust rarticles
~ + a3 3.0 s - Tn T ] et s R e A aml
accelerated ranidly to the wall and were reilecited Tack

ferring sclute in Stasc III.
(3] :
Conwey'”?’ found that the auvount of extraction in

Staze 111 was ccnstent and independent of drop size and

colwmun heignt (or drop ceoncentrationk. These results are

inmpossible tc exnlain.
PERCHLQRITIIVINL SYSTELL
The percnlorethylene system was cucsen for the

Clzmeter dron. Hence, this system was expected to produce

a good correlation of the dsta witn the theoretical mechanisms.

£

Unfortunately, the chanze 1in slope of
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diameter is very small. The plots for the 0.Z0C cm. droo
cnd the 0.205 em. drep exhivit a definite break. Yhe rvor-
tions o the curves before and alter ithe vresks spresr to be

stralzht lines. For thne purvose of checking mechanlisms,

only the first straeisnt lire portion of the plets wlill e
.. e, - PO N L T I G S A ~ [ P -
used. Thils portion i1s nore likKely (o represent ihie sang

- < = 1 N H ~ = =1 - - ~
Evpe of mecnanism whicn 1s cunbrolllin: the rate of exipac-

is identical with Tzat previously used for tne methyl iso-

comparing tne actual siopes with tne tnsoretical slopes.

The results are su.marized below. The velue of Dy, the
dirfusivity of acetic acid in perchloretnylene was estimazed
N VA S eipa oy e 19 -

by the metnod ol Jllxe( o) as l.47 x 10 > cma/sec.

|-
4]
@]
=
Q
-4y
w}
[
ki

Comvar

Pure Streamlire
d Diffusion Convection
(crie ) Actual Slope Slope Slope
O.20¢ N 128 {TTrnse» manis An ) RENeTo l=trZ A N NI o
=y vo*i_\r) \:2,:4\/‘. L/u.g.v.:_\JLxl Veuvwv jiw VOV_L/‘[
-0.058 (Tower nortion)
0.208 -0.094 (Ups: porti - ~
0.094 (Upper portion) g ngz04 0.00530
-0.037 (Lower portion)

0.00604

@)
L]

\ M

AN
@0
1
()
.
(@]

~J

-~
C
L]
(]
O
[\
N
]_l
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nt line vortion of

03‘

Thus)not even the lower siraig
the plot corresrconds tc a rave of extrecitlon es slow as
predicted by the diffusion types of mechanism.

An additional checlk can be made by ouserving whether

- bl = i - 3 - —
the slores of the plcis arc inversely prorortional to she

square ol e drop diasmeter, Irow Higure AV, the sicpe is
inversely prorcertional to the diameter to the first power.

Hence viie diffusion tyves of mechanisms are definitely

Liminaived vy compurlng The actusl sicpe will: Lhe theoretical

Oui 'cll

}Jn

e

1versely prorcort
the results are sacuieled telcw. The

film 1is assumed To ke in the continuous rhnase.

Actusl Thecoretical Actual Slocrne
a Slore, Slope v
" ’ =7 Vs —-5
(cm.) (sec™) (sec™+) cn/sec a

0.209 -0.128 -0.278 15.98 0.003%C6
G.212 -Q.144 ~Je572 le.10 0.00350
0.200 -G.094 -0.251 .52 0 00«28
0.239 —0.0gl -0.251 it.62 O. OO5Eb
0.3%25% -0.0 -0.215 19.08 0 0357
0.%35 -0.080 -0.204 1g.2 05 54
0330 -0.077 -0.202 19.%20 O OO~4A
Zefore leaving tihis mecnanism, the reistive con-

stancy of the valuves in the last column should e noted.
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spechanism coulcd nossibly be forced tc erply bty intro-

ducins a cerrecticn factor in the Tform of an increased time

e}

of contact between the dror and itie transisnt film. Since
. . v s PR | . A ae FPeV C e
thic theorcetical slope of the plot is =90/ 53 tiitls in-
z E 2/ a3
creased tlume of contaclt would result in a2 fictitiocus velccity
lese than the actual velcclty ihat is, the actual time for

this Sransientv filr To nass over the surfzce of the dreop may

be Increesed due To the drag:sing of the continuous rhase
. ce s . . . .. .2,
alcen:: wiin the drep. A correcition factor (£7) may e

cefined as the retico of the velocity of the film over the

nter of the dron to i}

M

3

dror relative to the ¢

velocity of tne dro» relative tc the stermnarnt continuous

S §
- 1'7

- L ]
) ’ ars
2k 2l 2
The value of f necessaryv to correct the theoraticel

2t a velccity about two-tenths of the sctual velccity of

VWest et.zal. have used a correction facitor
ldenticsl with thet above but found the mechanism 1105 Lo

holcd for extrasction of acetic acid from benzens with - -ter

-

ag a ceontinuous phase. However, thev obtsined data for only

hits and did pot establish a straisht 1i

ne
4=

»

relation on & logarithmic plet cor a ratio of slomes to drep
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dliesmeter. Hence their resulis are inccncliusive,.

a rhysical meaning, the

g
1~
1
Yt
=
O
[t
(4 i
o
10)
H
a1
ol
4]
o
4]
@
=
ot
)
D
joi}

ticus. One of e asswurtions ir derivin

thie analyiticsal exuvression feor ithis mlechanlsn 1a that ths

However 1if the actual time ol contuact is Incrszsed te ten

times tne expected itime oI contect, tre film may no lonjer

RS )

[5v]
fie]
it
4y
=
T
-t
D
'>A|
M
1%
"

er, &nd
.
frcem

arops in some cases, [urther work cn this tyre oI mecnanism

my, -~ - 7 ~= -~ -~ -
The values of X5 are sumuarizsd zs follows.
Nl
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d v ~d hg
{cri.) (crijsec) (cn/ssc) (£t /nr)
— - 3l -
On\:.‘-;(} 1209& 0-01025 _Lozl
Je12 le.1C Q.01L70 1.33
P LS Al A A R N ] - A
(vl“:vvu _!_L::—/\:_ ‘v’S‘J-’-.LJ;'__) .'-G-f_c-
Q.Z00 lo.ol2 U.01009 1.10
-~ a) 5 "
Q.22% 1e.0C 0.01051 1.24
J.335 19,20 0.01320 l1.21
- Lo - ~ e o b
e 19,38 Q. 00067 1.16
- - - PO | -
From the above tanle, the values of KH are geen

=3 32 o~ + - - o eq s K
the resistance to scluve Gransfer must Te in the dlispersed
nhase. Hencs XN, = k,; ovaer the ranze cf dron sizes =smploved.
- a A 3 S427

“T\ + s 3 o 3 - - B -

for the drop sizes from 2.209 ca. Tto U.330 cu.

nEay! - oy [P anY .~ vy = = g - — ud g 3 3
a 0.39%94 cm. 2rov. Tals curve 1s Iindicsted zs = dottes line
e
3 UL . <7 HEA DY 2 3 + Se wm B ~ = a1
in Fizure V. Pnis size drop, in conirszst Lo thie smaller

drops, was eéxtremely Gilstorted and was definitely oscillating.
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i - 2 + <t 2 2 3 — 3 * vt rians3
Tha explanation of tils incressed rale of extracolon

can Ve Found in vne diffeprence in venavior of thne arop os

noted above. ‘I'he oscillations ot

e rate ol extractilion cainolt be

s 15 . -
L P T T Ao~
LONLLE LY LNnlITazm3eld,

@]
H8

eddy currenis witnin the drop and uLne consecuent reductlon

Thaimitirasy arr1ris- AT =nala

Commangicgliag this 1z Im-ooritani zince Ingrzzsed drom size
CVLZLT o e RNy ol s B T A - B R S S L " P -y =T L - -—
I ~ = - . - g - a3 s -

woulad preduce increcg=2a Ltnrousnmut witnoulbl gecrificing

extraction eificizncy., Wnetner all systems exiiikbit such a
cvhienomsnaenis nov mown. Iowever, no One nas Svar renorssad
311CH & Doenomenawm,

Since =211 of Tne assa Y were otialined

with Column Mo . IX, tne initial curveture of the plotls

se avtributed to any effects in Staze ITI. Since

R ) < O £ 4 . K3 L L4 > s
e Grops Iell relatively fest and 2 minimuam of 2 six incn

column w:is used, the shape of tThe nlots below one sscond

f=11 time is unknown. However the plots do show definlte
curvaeture toward the 100% unexiracted merk, This is sone

ct

-J
S
ct
o]

ore

t

sustification for the use of ecuation (

extrachtinn during drop roraation.
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The reaseon for the (reaks in the straizht line
plots for the 4 ve

nortion of Theasmallest drorp sizesis not wco certain. The
only sxnianation that may ve oiffered is that the eddy
currents hnve decreased within the drop =2ne the eftfective
resistance Toe ness transrlfer hos conseguently increassed,
e Tact oAt e Ureux sopezrs bo be very shorp is 4iffi-
cult to explain. These bresks were actually revroduced in
the Two sets of data Ior tne smallest drov size, Ferhans
that this Trenll avpesrs o occeur at the intarsection of two
straisnt lines is merely a Cfortulbtous recsulit and the true
TICU ig acvuzlly curvede.
CARSUN wRinaCLunlon - QL = 3Y3UkG

From She Dirst Two syso2ms Investl=bed, puse
AiIfusion necnanisms were evidently not going to ue encounscersd
with the noraasl tyne of systems. 7o determine wnat effect

This present system was invesvigsted. Thne results ars
niotted In ri_ure VI and were oviained in Ceolumn lo. 11,
The viscosity ol tne carten teitrachloride -011 - acetic scid
mixture wss 3.9% centipoises,

Notice that no portion of thne curve is & straight
line. =Hence 1t is 1mposzible Te aviusiipe to 2nslvze this
dz7z as before. t'ne only types of inechanisms producing any
tyre oI curved plot are the diffusion tynes of mechanisns.
On tnis basis, an atitenpt was made Tto fit vne oure diffusion

mechnanism
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Resardless of Che value of the dirffusivity used,

Q=

the curves could not be rerroduced with the diffusion

equation. The nlot of tne tuecret

e

cal cdirffusicen eguavion

+

* s ? o+ + C IS P . . . ; < - ;
invurisbly straishitens out within two seconds of fall time.

is due to =z continuocusly cnanging mechanism. From the shaps

o)
[
ct
[
193
(0]
[
3
[
ot
[N
{0
l—J
H
i)
ct
@

ical assumrtion is €

0of extracvion is due to the convection cor eddy currents

If this mechanism just clted is thie correct one,
raduelly sporoach the

slore for oure diffusion., To check this, the slore of each

of the curves was measured 2t a glven time, for = series of
time Iintervals. Since the siops is direscitliy relsted to ithe

éefinitely avproaches the estimst ed molecular diffusivity,
/

z —ro . l-\"'o _2/ - ; P 3 - /1.9\

Z2.350 x 10 cm~/sec., estimated by the nethod of Wilke'™//.
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The dropns in tinls system rell very calmly with
no visible distortions, a condition no doubt necessary for
pure diffusion to eventually cocnirel the mechanism. In

¢ X, the actual values oI the drop

s
@

addition, from Figu

valocitles are similar to the values nredicted for rigild
spheres. Thils, po doubt, is alsc 2 nscessary (cut not

sufficient) condition ror pure 4air

rate of extraction froa a liquid drop.
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Cr

raction was

agsumed

throu-h o relatively 3

ne 4rc T

B
v

ir tre retr ol igobutl ltatrvma atrat e 2w
BB SRR VRO R FORN N ‘“‘(..C.A.LJ‘;-/J, LeTcne gvsoen, LT
et e S ATy ~T awtrmantien AanAviad ~ 3
PG VRN N Cllian WA 2 v (RN SRRV R J.LC';. ccllrTrilr. ;I’l
1"1‘,,,;3@ Q= P PP T SRR BRI R SO s S P
L2 S8TOaATTSS ) WaS LIaenenniaeEniTv T oY Z 3 cn
_L a A A P -~ B : )
- SR ~ . P N
O Liel/ SECUINUS o SIS Lo Tne

ameunt of sxiroction durins drep Termaticon was sco

e auncuny

thiese »lcts, siown tnhnat the wmrocedure of
- 3 2, + g . -2 2 -
the stralirnht line nortion of 2 gevi-lor nlct of fraction solute
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TABLE A

S s - ot

Summary of Propertieg

System

s

smethyl Isobutyl Ketone Perchloretitylene -
\cetlic Acld - Water

Acetic Acld - Water

Carbon Tetrachloride -
011 - Acetle Acid =~
Watoer

Dispersed Phase

Continuous Phnase

Acetlc Acid - Water

Perchloretiyilene -
Acoetic Acld

mgthyl Isobutyl Ketone VWater

Carbon Tebrachloride -~
011 -~ Acebic Acld
Water

Dispersed Continuous

Disperzed Contiauous

Digpersed Continuouas

Proper?y Phase Fhase Phase Phase Phase Phase

concentration

(#mols /Tt 2) 0.05% 0 0.061 0 0.0%2 0
Density (pmeml)

(25°0) 1.002 0.501 14532 0.997 1,211 0.997
Tiscosity (25%) " _

(centipolses) - 0.546° —-——— 0.394 54925 047394

o

Diffugivity x 107 . . . " - .

(em=/sec) (25%) 0,947 2. 57 1,47 0.94%%F  0.,3%0"" 0. 947

* Referencs (%)

e Batimated

.
KL b

* Reference

(
by method of Wille (19)

(6) - corrected to 24°C

Ay +d
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TABLE 1

Distribution Data For kethyl Isobutyl ketone -

Acetic acid - Water Svstem

Concentration,of Acetic Acid
{lo. wmoles,/cubic foot)
Literature
Cii Cw H Temp. (°C) Reference

5.7 .43 1.565 22.0°¢C (14)
10,5 lj.9 151

1.1 207 1.40

22.3 5205 1.37

25.6 33%.0 1.31

27.0 35,1 1.30
0.0377 0,2694 1.04 21.0% (o}
0.000% 0.014 2.11
0.0052 0.011 2.11
0.003%2 0.0073 2407
0.00173 0.00377 2.1
J.20Cc23 0.00155 2.4
0.00043 3.000935 2.14
0.000262 0.000511 1.95

1.56 2.96 1.9 25°¢C (16)

T 12.2 1.65

14 .4 21.5 1.5

20.5 27.2 1.33%

25.0 5%.1 1.23

27 «S 50 1.29

C:1 = conc. of acid in Xebone

i

0

ter

conca. of acid in

-
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T ™y ~
FEED DEVICE
T R TEISEL AT ST VIS

.

(Supplemental Informstion)

The feed device was designed to permlt accurate

J
[
(SJ
[
’-
=
D
3
(47}
o
“
-~
3

deteraination of the total volume of fea:

order to feed drops ot & uniform rate, a3 consitant head type
cf feed device weould e desirable. uch time wes spent
in investigating all UTyorces of constant head feed mechanisns.

cih typne of

Since the exrperimenits are carried out as a3 bat

:

(73}
[4d)
.

extraction, ths total gusntity of disperssd ohass introducsed
into the column should be small to prevent an avrracisavl
biild up of soluts in the continuous vhase.

NC practical constanit head rfeed device permnitiing

accuraite measurement ol a very small quantlty o

could s devised. liencs, 2 fsed device of the tyoe ussd by
v (lozc.ein.) s s e e v af
tonway was euaployed. This consisted merely of a

standard, ten-milliliter glass stopcock burette To which was

—d

| aatd

t

'Jl
L]

-3
5

I

v

(O]

r

attached a feed rave control device and a del

«

assemily was Taen supporsad DY 2 system of cramps wnich neld
tae eniire device securely vbut yet permitied raising or

-
O
=
o)
by
@)
ol
-
4
l

e

lower of it on thwe column sunport by manipulat

one clamp.

nead dellvery of thne feed since the head was conivinu

o
o
w
b
e

ecreasing as the 1liguid level fell. However, the distance

»

joF

'
.

the burette during a given run was

ct

e liguid lewvel fell i

only from one to two inches (about one %o one and one-half
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in hezd

nad a very small efrect on the rste oi drop formation over a
Siven run anc ence could be tolesrated.

Various designs of delivery tipzs or nezzles wers
4+~ SR Te ) ‘r\vﬁutn"(%) 3 ey — 4+1a ® )
tested. Conway'’’ used tips comstrucisd of thick walled
capilisry tubing. Tne ocutside diameler of Tne delivery end

of the tube was reduced by veveling off the end of tiae tube

on the wet grinder tut still leaving scme {1lat area exposed.

A ) - . v s . . o .
faces. Hence, instaad oI the drop forming at tne opening,
thes drop forms around thie enitire ground suriace cof Tne

cem s o7 e © ot s . -

ren tals globtule orf 1iguwid becomes suafficisntly large

Conway 2lso had considerabtle difficulty in ottain-

ing uniform dropr sizes unless the tip was very clean.

was no doubt due to the fact that the ultimate drop size

depends on tne awmount of zZround surface wetted by the feed
solution. If a dirt or grease film prevents the wetting of
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rart of this surface, variations in drop size will result.
The author ceonssructed a series of delivery tips

from standard five-uillimeter pyrex glass tubing. The tub-

was then cut off to produce a given size ovening. In tails
v 2 series of Tips with various size orenings were made,
Eocn tip was then carefully ground Tc glve a smooth, flat

opening and then lizhtly firepolished to remove any sround

These tiprs were simple to construci anda gave
excellent reprcduacitility of drop sizes. The drops formed
only at tae oprsenins and dia not wet up the oubter wallis of

the tip. ‘rne maxXimwil drop slze was 1iwmited OF

the tuving used without drawing to & tip. The

&
<

-

minimum drop size was limited oy The size of opening of the
flow throuzh it

under the maxieram nead oftainable 1In the cturet. Each tip

was needed. Fuch of the work was done using various lengths
of thermometer capillary tubting inserted z2nead of uvhe tip Go

restrict the rate of flow. Relstively short lengths (about
one-helf inch) were regulred derending on the drop size and
ve very

rate of drop formatlon desired. <Thniis g satisfactory

m

results excert that grezt care had to be taken to prevent

natter from clogsing thils very fine
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carillary in thne middle of a run. Lagter in the wori it was

2lllery tuting by s

{0

founda more desiraile to repnlace the ¢
short section of standard gless tubing packed with glass
wool. Dy varying tae amcunt of packliag and tne degree of
vaclking any desired flow rave could be cbuained without the
difficulsy of clogzing. FTine control of the feed rate was
obtalned by ad justing the initial level of the feed in ine
burette. To eliminate any possiule srrors due te the
adsorption ol acsiic scid by the glass wool, the packed

section was thoroujnly soaked with the feed solution before

usa.
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The column heignt was wmeasured from the tip of
the nozzle to the interfoce cof the water and methyl iscbulyl
ketone av thie cobiom of the column. The one and one-half
inghes of solvont above the Tip was sufflicisnt so thabt upon
draining the water layer frow the bottom of tThe colum the
tip remalned subm2rged in tiw solvent. <Thls was nec ary
since upon cuttiag of f thie feed at the end of a run, small
vortion of a drop ususlly remaslined on the tip. If the sol-
vent laysr was allowed o fall below the tip winile draining
the vottom layer from the column, tnis portion of a drop
debached itself and rell %o the bottom o the column.

The tip, capillary lsnglh znd bursitits were cars-
fully washed and dried vefore use. In addition, the tip
was placed in s warm cleaning solution for about fifteen
minuves to 1lnsure uniform wetting by the feed solution eand
hence uniform drop sizes from day to day. After cleaning
and assemoling, vhe vburetite was fllled witnh the acetic acid
water mixbure and the feed assen®ly plsced on the support
above but not over tihe column. The feed device was swung
Y0 one side znd a small beaker of solvent was placed a
platform velow the tip. The tip was immersed in the solvent
and allowed to fesd drons until 2 burette full of feed ha

U

were excluded froin the
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tnorough flushing of tile device znd permitted checking of
the desired drop formation time and drop size before actually
making a man. After a run, tae feed device was returned bto
its original positlon with the tip immersed in the small
beaker of solvent.

The nwagsr of drops fed depended on vhe size 6f
the dreps. A total of about one or one and one-half milli-

liters of feed was used. Thals amount of feed did not cause

After the last dropr had crossed the interface at
the bottom of the column, a two hundred gnd fifty milliliter

Erlenmeyer flask was placed veneath the stopcock at the

pottom of the column sndé the acetic gcid -~ water layer was
drained from tne column., 2y careful manipulastion of the
sSopcock, this lsver could be complstely remocved witnout

removing any of the continuocus solvent phase in the coluun.

formation time wss obusineda in oane of

ct

wo Wways. In the initisl phases of tThe work, the tine of
formation of the drop forued &t the widpoint of the total
drops to be formed was recoréed by a stopwsetchn. This pro-
cedure was used throush zmosi of the work onm the wmethyl

isobutyl ketone sysivem. In subseguent woric, the total tiue
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to deliver all the drops was measured and tnis time divided
by the number of drops delivered was taken as the average

formation time. Tals latter method gave mors consistent

results and was more accurate since the timing of a fraction

SO [, 2 [R S 1 Ttald o
The temnerabure in thne coluaumh was cneciaed a

freguent Intervals. lowsver, practlcelly all runs were made

+ . ; :
at 25° = 1°C, the normal range of room temperatures. Con-
sidsrable difficultiss were encountered with cooling of

only vractical way to remove this cloudiness was o cool
tahe solvent down with ice, shake tnoroughly ToO coglesce
soime of the lesrger cloud droplets, then warm back upr to
roown: temberature.

After an experimanisl Tun was completed, the solvent
vas drained froua the column. For the shoriter column heights
(three and six incnes) the solvent was only used once while
for lsrger colwmn heil nhis, the same solvent was used for

making a caeck run, The solvenit was never ussd more thnan

e separatory funnel and shaking with a dilute sodium

villed water three or four times or untll the washn water
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nsure neutrality. It wsas

=

extra washh was tunen Iiven o

noticed thest the solvent, which is normally colorlsss,

of a yellow color, the solvent was cistilled. Tnls yellcew
color wes vrobably due to the sodium hydroxide treatment

wnlch cag2lyzed a condensation tyve reaction resulbing in a

ol lAn AT armarmt v Al e a s -
R M YA Lao A L A WV oe
Considerabvle difficulty was hsd in obtaining a

shary end point wnean tiirating ine Lwo ohase metnyl isobuiyl

.

kefone - acetic scid - water mixture wishdrawn from Column

‘nnis was caused Dy the solvent being in excess and

not dissolving the onenolpnthelein, hence the red celor
anpeared only in the wster phase. On shaking, the disrersed
solvent otscured =z shearp znd point. This difficultiy was

a powerful wetting agent
(50% HRoccal from the liilson-Davis Chemical Company) to the
two rhase mixiure snd thoroughly shaking. 9On titrating

this enulsion a shary pink end point could be obtained. A

Tne colwan heizht in Column No. II wss measured in

one of two ways. when the methyl isobutyl ketone - acetic
acid - water system was used, the rather lsesrge size sacetic

acid - water drops tended to slide down tne walls of the
stopcock A after being funneled into its opening. Several

drops actually stuck in tThis stopcock. To avoid undesirable
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end effects due to this gction, when Stopcocx A was closed,
the onbtire coluuwn was reaoved froua the stand and the con-

tinuous sclven

} 2

ct
73

nase wss poured out oi the ton of the
colwan. ‘lhe colunn was tinen replaced on the stand aend

stopcocks A and E opencd a2llowin

A To cdrain into t.e sampling flask. ihen using this pro-
cedurs, tne cclumn hei-ht was umeasured froa toe delivery end

or the tin %o the top ¢of tne c¢cylinder of st

-
I®:
'lr' -~

~ o~
vl

©
[¢)

was ussd. Hence in tnils

(]
}_o
0
b
,—lo
lon
0
o
(4]
ct
®
@
b1
(%]
ct
(@]
[}
C
o}
(@]
w
4)]
:J >
0
o)
o}

csse, tne column heil: ht was Ttaxen as itiie distance from the

iy

the tin to the vofitem of The cylinder ¢

dhen using waser as the continuous phsase in the

laTtter Two systems, tne water in tne column at the ené of

eacn run was drained and discarded. This simplicity of
operaticn was one reason for switciiing To systems witn water
as the continuous rThase.

£ slight diiference in the n=ndlins of the feed

cevice was recguired with the perchloretnylene and carbon

kept suomerged in = Lesker of methyl isobutyl ketone vsetween
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runs. This sclvent was in ecullibriwa with z rather larze
astount or reed wualch had cumulated while uinlking the
necesssary trial neasurements of drop size and forustion time.

flence little or no extrsction occurred ocut of tne orening

-~

s 4+ =2 T % H 3 3 . K o

in the tin while it remained submergsed In ithe beaksr of
= . T N PR G ST =~ -~y ay - -2 = e

SOLVEIiG, Ve 11 eXTT&Cv.ll Il ceculrasl, ¢ TiIL wWas

Plushed out witi seversl milliliters of fresh feed hefore

malking the next ran. Thils should insure no dilution of

ma
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e A o -+ -2 . Ve m > D IR T TP K N - PR TR -
WA LTL D0 UClily  LILT La g wWaS s v SULCIE Y HTL il g LG ang T UL
waler betwee: runs,. However in Tiils cuse Une gcetic =cid

is sc much: more solubre 1In Ttnge waoter tnan in the percnlor-

'

ethrylene thaet arprecleble exirsctlien occurred tnrousn the
orvenin~ in the Zio llowever, the tirp was flushed with

several mlilliiliters of feed Lefore the next run zond hence

the feed concentration frcm tne tir should have bheen

standard. levertneless, poor checks 1In tne amount of
extrection were cutained at a given column helizhi. 'Yhen the
tip was kepnt submerged in its own feed sclution {perchlor-

At T anre r\1~-s anmnao+-d anS SER AAannat o+ r P B b S . A
SLilyleie Do g¢cevic acLlCc ), CONSLsSLLntT Yyesuits e otiained.

Detween runs. Zven tnough Tne tip wes Iflushed out with
seversl milliliiters of fresh fesd, 1T is possible that flow

tnrough the entire lengtn ol the tip merely flushed out ths

O

e

center porticon of the tip leaving scme dlluted feed in the

<5 : v 3 + ; .
D to eventuelly e fed into thne column,

T

|2
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the drops revesled

L34
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finite 1imit on the drop frormation time
isobustyl ketons-acetic

acid - water =vystem and the psrcaloreitnylene - acetic =2c¢id -

.
¥

time w=s incregsed ampove & certalin value, o tiny traiier drop

L1y pehind the learger dror. From the stand-

197
fa—
L]
it
(@]

roint oi tne experimental work, thess secondary arcps arve
vary undcairanle and s PR S D2
v P [ N N N CALi\s allrAn) W ~ Ca v N

+

maximanm feorauation time permissibtle with the Twe sistems

Y 3 ..} LY - - . e B N - - - o~ m P -——
MenTvionsd 200Ve Wald LIr€ee-~10UTuviid 0I & SeliinG L0 0OREIr&XTC
in 9 gafe ran e dren formsestion vimes c¢f atvoudt one-nszlf
i 4 g8l an e, repr IormEelon Lres X couy on elz

secend were used. The drop formstlon time nad to be siort
enoush to yrevent seconcery dropn rormsftieon tut lon: enough

to vermiit sccurste countin

1yl iscoutyl ketcone system. The Inverfaclal tensicon

wrich ccecurred on snaking a mixture of tne two
rvhases in a bottle. Tnis low interfecisl tension evicdently
resulited in the drceps having nacd a tencdency to stick to the

~lanss of the colwunn if conditions were favorazvle. It weas
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noticed thuat when the drops leit tie Tip they had a rather
erratic tyre of motion but definitely folilowed s curved

crops actuually curved Inte the well oI the column and stuck
there, Hence 1t tecame necesssry to lixzit the size of the

drops Lo the smelleat size which showed no tendency te curve

a1 D e T TR T +lm o e~ VT e ol PRn . S
G2 od2 VLT vt v JEEVAS. Uil L= R PSR RS P B VS W W N )
Tnis curving moticn of the drop immedietely after
I N
leavipy ine Gip was tnougni Lo ve due to the tip desizn.

& fherough investijztlon ¢of the tip cdesizn showed that sll

types of tips produced drors wiich nac & definite curved
rath after leaving the tir. Tnis curvature could have been

caused ir Two ways. First, the curvebture of nath could te

e to the ingterior of Tne drep sccguiring o definite uni-
form rotution in & pearticular direction during formation.

from s Gip, bthe drop initislly "pancskes'" out due to the
sudden resistance offered by the continuous phase. Tnis
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conwzets and oscillates abtout a spherical position, it can
then fall in a reletively verticsl nath.

With thne rerchleoretnylene - acetic acia - wster

on tctrachloride - 0il - acetic acidé -

system and this cars

W T ras T T a . “ 1 e 3
waver system UChiils curving action was notv so great and the
drons ¢id not reach e wall ol the columii. The fact that

Tor The drers curving. ‘Tne increased interirscial tension
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Table 2 (continued)

Coluamn Fall Foriaatlon Vol. Base Average
Run Vol. Acid Helght Time Time Temp. Required Percent Percent
No. Fed (ml.) {inches) (scc) (sec.) (°C.) (@l.) Extracted  Extracted
19 1.%5 41.0 7.86 0.6% 25 .8 1.6% 63,41
20 l.%1 41.0 7.86 0.5% 26,2 L.76 81.54
21 1.32 41,0 7.536 0.56 2840 1.64 82.35
22 1e35 41.0 7.656 0.66 £5.0 1.59 8%.82 82.93
2% 1.32 50.0 9.53% 0445 5.8 l.42 85.22
24 1.%% 50.0 9.60 o.5é 2642 1.42 85.3% 65.28

¥ . ) . - .
Experimental values. Other fall times oblLailned from plot.
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TABLE 3

System: Methyl Isobutyl Ketone - Acetlc Acld -~ Vater

Continuous Phase: Iethyl Isobutyl Ketone (saturated with water)
Dispersed Phase: Acetic Acld -~ Water (saturated with ketone)
Drop Liameter (avg.): 0.355 cn.

Number of Drops: 6§50

Columns No. I

Acetic Acic¢: 0.8123 N

Standard Base: 0.1116 N

Column Fall Formstion Vol. Ease Averzge
Run Vol. Acid Helght Time Time Temp. Reqgulred Percent Percent
NO. Ped (ml.) (inches ) (sec) (sec.) (°C.) (ml.) Extracted Extracted
25 1.16 0.5 0.10 0.48 27.5 7.70 8.61
26 1.1 0.5 0.10 0.48 27.5 7+79 8.62 6.67
2g 1.1 1.0 0.20 0.48 27465 7449 12.79
2 1.18 1.0 0.20 0.408 27.5 7,05 17.91 15.35
29 1.1 2.0 0.41 0.48 2745 5,61 22.%8
30 1.18 2.0 0.41 0.48 27.5 6.60 20.62 21.60
21 1.19 2.0 0.61 0.4 27.5 6.51 24 .84
32 1.19 4.0 0461 Cotd 2745 644% 25.76
3 1.1 3.0 0.61 0.48 24.5 6455 23.09
34 1.1 3.0 0.61 0.48 2%.5 6,44 25.02 24 .68
35 1.17 6.0 1.22 0.48 24 .5 5 .68 %7450
36 1.17 6.0 1.22 0e47 24,5 571 72495 3%41.%
3 1.18 9.0 1.083 0.4 24,5 5.27 38,64
3 1.17 9.0 1.8% 0.47 24.5 5419 39,06 28,85
39 1.1 14.0 2.85 0.4? 24,5 4,42 48.10
40 1.1 14,0 2.85 0.46 24.5 4,5g 49.12 48,61
41 1.18 19.0 3.67 0.47 24,5 2.6 52.15
42 1.17 19.0 2.87 0.47 24,5 3,73 56.20 56 .68
43 1.17 25.0 5.09 0.47 24,5 2,10 63.59
44 1.17 2540 5o 1%% 0.47 24 .5 3,1% 63.25 6%.42

Etrs
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Table 3 (continued)

Column I*all formation Vol. Rase Averaye
Run Vol. Acid Hel ght Tine Time Temp. Reguired Percent Fercent
No. Fed (wml.) (inchies) (gec) (sec.) (°C.) (inl.) Extracted Extracted
4. 1.17 0.0 6.11 0.47 24.0 2.75 67.71
4é 1.17 %o.o 61l 0.46 5.2 2.6% 6%.64 68.108
4& 1.16 35.0 7.13 0udh - 24,0 2.27 73,12
4 1.18 25,0 ‘113 0446 2542 2.2% 74.0% 7%.58
49 1.16 41,0 _.5; 0.47 24,0 1.90 7759
1.18 41.0 B.35% 0440 25.2 1.68 70,11 77.61
51 1.16 50.0 10.1 0.47 24,0 1.54 81.76
52 1.17 50.0 10.08% 0.47 2542 1.66 80.50 £1.1%

*gxperiment al values. Other fall times obbtained frou plot.
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TABLE 4

System: Methyl Isobutyl Ketons - Acetlc Acid - Water
Continuous Phase: Metnyl Isobutyl Ketone (saturated with water)
Dispersed Phase: Acetlic Acld - Wabter (ssturated with ketone)
Drop Dismeter (avg.): 0.419 ca.

Number of Drops: 50

Column: *o. 1 .

Acetic Acid: 0.0123% W

Standard Rase: 0.1116 N

Column Fall Formatian Vol. Rase Average
Run Vol. Acid Height ‘L'ime Tine Temp. Required Percent Percent
No. Fed (ml.) (inches ) (sec) (sec.) (°¢,) (mnl.) Extracted  Extracted
5% 1.92 0.5 0.11 04%0 26.0 13,02 6.64
54 1.92 0.5 0.11 0440 26.0 12.58 9.98 8.41
52 1.92 1.0 0.21 0435 26.0 12435 11.62
5 1.94 1.0 0.21 0.2%4 26.0 12.16 13,68 12.75
5g 1.9% 2.0 0.47% 0436 26.0 12,16 1%,43%
5 1.92 2.0 0.43% 0. 25 26.0 11.90 14.65 14.14
59 1.92 240 0.55% 0.32 2640 11,24 19457
60 1.94 %40 0.64 0.%% 26.0 1x.58 18.00
61 1.92 %.0 0.64 0.42 24,5 1L.24 19.56 19.04
62 1.90 6.0 1.20% 0.40 257 10.08 27.12
6% 1.90 6.0 1.28 0.40 2547 9.22 e8.27
64 1.92 60 1.28 0.42 24,5 9.89 29.2% 28.21
65 1.94 9.0 1.80% 0.40 25.7 Q422 34,70
66 1.91 9.0 1.9% 0.40 2547 d.89 36406
6 1.9% 9.0 1.93 0.42 24,5 9.06 %5.50 35 .42
6 1.90 14.0 %.00 040 2547 7469 44,40
69 1.92 14.0 2.90% 0.42 24,5 7.66 4%.75
70 1.92 14.0 %.00 0.42 25.0 7.98 42.89 43,68
71 1.90 19.0 4,06 0.4 2 24,5 6466 51.84
72 1.92 19.0 4.06 0.42 25.0 6.67 50.83

(continued)
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TAGIE 5

System: Methyl Isobutyl Ketone - ALcetiec Acid - Water

Continuous Phase: klothyl Isobutyl Ketone (saturated with water)
Dispersed Phase: Acetlc Acid - Water (seturated with ketone)
Drop Dlameter: 0.295 cm.

Number of Drops: 100

Columns: No. II

Acetic Acld: 0.85123% N

Standard Base: 0,1116 N

Column Fall®  Formation Vol. Base Average
Run  Vol. Acid Helght Time Time Teup. Required Percent Percent
Ho. Fed (ml.) (inches) (sec) (so0c,) (°c,) (;al.) Extractaed Extracted
93 1.35 6.0 1.15 0.54 25.5 6'87 29.06
94 1.3% 6.0 1.15 0.5% 25.5 6.80 29.76 29.41
95 1954 1200 2050 0054' 2505 4‘.95 4‘9025
96 1.%4 12.0 2.30 0.5% 25.5 4.69 51.92 50.59
97 1.% 16.5 3455 0457 25.5 4.12 58.07
9 1.35 18.5 5495 0:53 295 5499 59429 56.73
99 1.%54 24,0 4.6l 052 25.5 3‘20 62.07
100 1.3% 24.0 4,61 0.52 25.5 3,61 62.71 624%9
101 1.35 36.0 6.91 0.52 25,5 2.04 7924
102 1.%% 26.0 6.91 0.52 25,5 2421 T7+18 78.21

*Fall times read from plot of data in Table 2.
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TABLE 6

——— o T s

System: lMethyl Isobutyl Ketone - Acetic Acld - Water

Continuous Phase: kethyl Tsobutyl Ketone (saturated with water)
Dispersed Phase: Acebtlc Acid - Water (saturated with ketone)
Drop Diameter: 0.3%54 cm,

Number of Drops: 50

Column: MNo. II

Acetic Acid: 0.812% N

Standard bBase: 0.1116 N

Column Fall®  Formatlon Vol. DBase Average
Run Vol. Acid Hel ght Time Tiae Temp. Requlred Percent Percent
No. Fed (ml,) tinches) (sec) (sec.) (°C.) Zml.) Extracted Extracted
10% 1.15 6.0 1.22 0.48 2548 6.73 19.59
104 1.15 6.0 1.22 0.47 25.8 6.74 19447 19.53
105 1.15 12.0 244 0.48 25.8 536 35496
106 1.15 12.0 2444 0.47 25463 5438 35,72 35.84
10 1.1 18.5 5 76 0.48 25.8 4.43 47475
10 1.1 18.5 3. g o.4g 2540 4,7 48.13% 47.94
109 1.15 24.0 9 0.4( 2543 3467 56415
11.0 1.15 24.0 4.89 0.4 25 .3 3.65 56 .40 56.28
111 1.15 3640 733 0.o4¢ 2543 2455 69.5%
112 1.16 36.0 733 0.47 25.8 2.57 69.56 69.55

“Fall times read from plot of data in Table 3.
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TABLE 7

e e

System: Iliethyl Isobutyl Ketone - Acetic Acld -~ Water

Continuous Phase: liethyl Isobutyl Ketone (saturated with water)
Dispersed Phase: Acctic Acld - Water (saturated with ketone)
Drop Diameter: 0.418 cm.

Number of Drops: 50

Colwan: No. II

Acetic Acid: 0.8123 N

Standard Base: 0.1116 N

‘uolssiwiad 1noyum paugiyosd uononpoidal Jayun 1aumo ybuAdoo ayj Jo uoissiwiad ypm paonpoiday

*Fall times read from plot of data in Table 4.

Column Fall®*  Forumation Vol. Dase Average
Run  Vol. Acid Helght Time Time Lempe. Required Percent Percent
No. Fed (ml.) (inches) (sec) (sec.) (e¢,) (rale) Extrascted Extracted
113 1.92 640 1.28 0.42 25.5 1L.61 16.92
114 1.90 6.0 1.28 0.42 255 11.52 16.70 16,81
11 12.0 2,57 0.42 2545 9.99 25.76
116 12.0 2.52 0.42 25.5 10411 26.90 27.%3
11 18.5 3.9 0.42 2545 8.25 41.58
11 18.5 5.96 0.42 2545 8.27 40.82 41,20
11.9 2440 5414 0.42 2545 7.02 50403
120 2440 5,14 0,42 25.5 6.98 49.5% 49.78
121 3540 Te49 042 2545 529 62.92
122 3540 7449 0442 2545 5420 62.98 62.95
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TABLE 8

—. et ot o

System: Perchlorethylene - Acetic Acid - Water
Continuous Phase: Water (saturated with Perchlorethylenes)
Dispe rsed Phase: Acetlc Acid - Fercinlorethylene

Drop Diameter:(avg.): 0.209 cm.

Number of Drops: 200

Column: No. IT

Acetlic Aclid - Perchlorethylene: 0.9267 N

Standard Base: 0.0278 N

Column Fall Formation Vol. Base Average

Run Vol. Acid Height Time Time Temp .« Required Percent Percent
Ko, Fed (ml.) (inches) (sec) (sec.) (°C.) (ml.) Extracted Extracted
123 0.97 7.0 1.11 0.50 2%.6 8.95 72432
124 0.97 7.0 1.11 0.51 23,8 8.94 ga 32 72.%4
12 0.92 1%.0 2.0 0. lo 25.0 4.52 2
192 0,31 1%.0 2.87 0.90 22.8 4.21 83 65436
12 0.97 18.0 2. 51 23,6 3.7
12 0.97 16.0 2.86- 0.51 23,6 5.63 88, 62 58454
129 0.92 2540 .9 0.51 25.0 2.37 92.27
I N GO N

. oo . o), . . ) De P
R R B T R

9) o . . e . . )4

1%4 8.?8 45.3 g.gz 8.?8 Sj.g i.?o 94.g2 94,78
152 0:58 2320 8.74 0.50 24.0 1:22 9)°?2 95.93
13 0.99 66.0 10.49 0.51 25.0 1.03
13 0.99 66.0 10.49 0.5 25.0 1.0% 96 86 96.88

19.5" Fall time = 3,04 sec.
45.0" Fall time = 7.15 sec.

Velocity = 6.29 in./sec.
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LLLLE 9

System: Perchlorethylene - Acetic Acld = Water

Continuous Phase: Wator (saturated witl: Ferchlorethylens)
Dispersed Phase: Acetic Acld - Perchlorethylene

Drop Diameter: 0.212 cm,

Number of Drops: 200

Colunn: No. II

Acetlc Acid: Perchlorethylene - 0.8879 (everage)

Standard Base: 0.0278 N

Column Fall Flormstion Vol. Rase Average
Run Vol. Acid Height Time Time Termp. Required Percent Percent
No. Fed (ml.)  (inches) _(sec) (sec.) (°C.) (ml.) Extracteé  Extrscted
139 0.97 7.0 1.10 0.51 23.5 8.40 72.89
140 0.97 740 1.10 0.52 23.5 369 71.95 72.42
(1.00 ml., Acid Reqg'd. 31.80 ml. Base)
142 1.00 1%.0 2.0% 0.54 522 834606 8%.76
143 1.00 15.0 2.084 0.5% 2440 5.23 8C.13 ‘
144 1.00 18.0 2.04 0.52 3, §7.85 87.99
145 1.00 25.0 3,94 0.5% 2.70 91.54
146 1.00 25.0 3,94 0.55 2.6 9177 91.66
(O.SO mlo [‘\Cid Req'de ].5092 ml. B&SC)
14 1.00 31.0 4,89 0.h% 240 9%,52
148 1.00 3140 4,89 0.5% 2.0 9%.65 9%.54
149 1.00 4%,0 6.79 0.5% Le52 95«24
150 1.00 4%,Q 6.79 0.5% Led6 95 .43 95 . 34
t

(.50 ml. Acld Reqg'é. 16.0L ml. Base)

(continued)
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Table 9 (continued)

Columnn Fall Formation Vol. Bese Averege
Run Vol. 4cid Helght Time Tiuwe ‘Terip. Required Percent Percent
No. Fed (ml.) (inches) (sec) (goc.) (°Cc.) (ml,) Extracted Extracted
151 1.05 5540 g.68 0.55 L.18 56.4¢
152 1.00 55.0 §.68 0.54 1.10 96.55 96.52
15% 1.00 66.0 10.41 0.54 0.82 97.40
154 1.00 6640 10.41 0.54 0.85 9724 97«37

(0.50 ml. Acld Req'd. 16,05 ml. Base)

20,0" Fall time = 2,15 sec.
45.0" Fall time = 7.10 sec.

Velocity = 6.%24 in./sec.
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System:

Continuous Phase:

Dispersed FPhase:
Drop Diameter:

Number of Drops:
Column: No. IT

Acetic Acld - Perchilorethylene:

TABLE 12

Perchlorethylene - Acetic Acld - Waterx
Water (satursted witn Perchlorethylens)

Acetic Acid - Perchblorethyleno

0.%2% cna
15

0.2500 N

(average)

Standard Base: 0.1116 N
Column Fall Formatlon Vol. Bsse Average
Run  Vol. Acld Height Lime Time Tempe Required Percent Percent
No. Fed (ml.) (inches) (sec) (sec.) (°C.) (ml.) wxtracted  Extrscted
190 1.%% 7.0 0.93% 0.51 25.5 5417 53435
191 1.32 T«0 0.9% 0.52 2545 5.05 54 .09 53.72
(0.9 ml. Acld Req'd. 7.52 ml. Base)
192 1,32 18.0 2,40 0.53 2545 2.42 75,73
19% %% 18.0 2,40 0.E2 25,5 2438 8.5% 76.13
(0.9 ml. Acid Reg'é. 7.51 ml. Rase)
194 1.3% 25.0 %433 0.51 2945 1.61 63,67 i
195 1.%3% 25.0 24%% 0.50 2545 1,61 83,67 3%.67
196 1.3% 31.0 4,12 0.5 25.5 1.54 66.10
19 1.%4 31,0 4,12 0.50 25,5 1.51 86.46 86.29
19 1.33% 4%.0 572 0451 2545 1.11 89.98
199 1.32 4%,0 5.72 0.54 25 .5 1.1% 89.7% 69.86
(0.9 mle. Acid req'ds T.44 ml. Bsase)
200 1.%3 5540 731 0.55% 2545 0.86 G224
201 l.%2 55.0 Te31 0¢5% 25.5 077 9%.00 92.62
(continued)
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TABLE 1%

System: Perchlorethylene - Acetic Acld - Water

Continuous Phase: Water (ssturated with Ferchlorethylene)
Digspersed Phases: Acetlc Acld ~ Percihilorethylene

Drop Diameter (av3.): 0.335 er,

Humber of Drops: 75

Column: No. II

Acetic Acid = Perchlorethylene: 00,9176 N

Stendard Base: 0.1116 N

Column IFall Formation Vol. Base Average
Run  Vol. Acld leight Tive Tine Temp Reoquired Percent Percent
O Fed (ml.) (Lnches) (sec) (sec.) (°Ca) (mls) Lxtracted Extracted
204 1.51 T .0 0.9% 0.5% 2545 6.07 51.11
205 1.5% 7 40 0.93 0.5% 2545 5.gg 54,17 £2.62
206 1.51 13.0 1.72 0.5% 25.5 3,86 66.75
20 1.52 18.0 1.72 0.53% 2545 3,76 £9.92 69.%4
20 1.52 16.0 2.30 0.5% 25,5 2.97 76.2%
209 1.52 16,0 2,38 0.5% 25.5 2.07 77404 76,64
210 1.51 25.0 3,31 0.5% 25,5 2.57 794 30
211 1.49 25.0 %431 0.52 25,5 2.%2 61406 80,108
2le 1..50 31.0 4,10 0+ 5% 25.5 1.?2 §4.19
213 1.50 %1.0 4.10 0.57% 25.5 1.6 84.76 84 .48
214 1.51 4%.,0 5469 0.52 25,5 1.47 86,16
215 1.51 4%,0 569 0.5% 2545 1.47 68.16 GE.16
216 1.50 55,0 7.27 0.5% 25.5 La 26 9. 632
217 1.50 SN {2 0.1, 25.5 1.24 89.94 89.79
2106 1.52 66.0 8.7% 0.55% 25,5 0.62 9%.44
219 1.52 66,0 8.7% 0.5% 25.5 0.5 92,96 9%.20

19.5" Fall time = 2.64 sec.
45.0" Fall tluwe = 5.9Y sec.

Velocity = 7.56 in./scc.
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Table 14 (contlinued)

P

Column Fall Formau lon Vol. Base Average
Run  Vol. Acid Heloht Time Time Teup, Required Porcent Pecrcent
No. Fed (ml.) (inches) (sec) (gec.) (°C.) (inl.) ixtracted Extracted
233 L.51 H540 ‘1e24 053 25.0 1.14 90.86
2%4 1.51 H540 124 0.5% 250 1.12 91.02 90.94
235 1.51 66.0 5.69 0.5% 25.0 0.90 92.79
236 1.51 66.0 5.69 0.5% 2540 0.69 92.86 92.83

(0.9 ml. Acid Req'd. 7T.4% ml. Base)

2% 1.51 79.0 10.40 0.5% 25.0 0459 95427
23 1.51 790 10.40 0.5% 25.0 0454 95.3%5 95.31

45.0" Fall tiue = 5,92 36C.

Velocity = 7.60 in./sec.
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Table 15 (continued)

Column Fall Formation Vol. Buse Averayge
Run Vol. Acid Height Time LTime Temp. Regquired Percent Percent
No . Fed (ml.) (inches) (sec) (sec.) (°C.) (ml.) Exiracted Extracted
249 1.62 5540 7.15 0.4 o.?s 92.77
250 1.54 5540 g.lg 0.51 o.sg 92.850 92.8%
251 1.61 0640 3.5 0.54 0.7 94.0%
252 1.61 66.0 8.58 0.55 0.75 94.0% 94.0%

(1,0 ml. Acild Req'd. 8.15 ml. Base (0.9056 i)

45.0" Full time = 5.85 sec.

Velocity = T.6S ln./sec.

)
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TABLE 17

System: Carbon Tetrachloride - 01l - Acetic Acid - Water

Continuous Phase: Water (saturated with carbon tetrachloride and oll)
Dispersed Phase: Carbon Tetrachloride - 011 - Acetic Acld

Drop Diameter (avg.): 0.237 cm.

Number of Drops: 200

Column: No. II

Dispersed Phase: 0.5063 N (average)

Stendard Lase: 0.1116 N

- Column Fall Formation Vol. Base Averege
Run Vol. Acid Height Time Time Lenpe Required Percent Percent
No. Fed (ml.) (inches) (sec) (sec.) (°C.) (al.) Extracted Extracted

(1.00 ml. acld feed required 4.60 ml. base)

269 1.38 Te0 1.78 0.99 26.0 4,49 23628

270 1.38 7.0 1.78 0.99 26.0 4.,4% 29.24 28,76

271 1.3? 13,0 3,31 1.01 26.0 5472 41,01

272 1.33 13.0 3,31 1.00 26.0 %475 40.10 40.56

27% 1438 16.0 4.59 1.00 26,0 %e40 45,70

274 1.38 18.0 4,59 1.00 26.0 5,42 45,37 45,54
(1,00 ml. acild feed required 4.52 ml. base)

275 1.38 25,0 6. 36 0.99 26.0 7,14 49,85

276 1.38 25,0 6436 1.00 26.0 2,18 49,21 49.5%

27 1.%8 21,0 7+90 1.00 26.0 2,00 52,08

27 1.35 21.0 7.90 0.99 2640 %00 51 75 51.91

279 1.% 4%,0 10.98 0.99 26.0 2.89 )5 84

280 1.38 43,0 10.98 0.99 26.0 2. ?1 g 5%.,68

281 1.38 5540 14.01 0.99 26.0 f .80

282 1.44 5540 14.01 1.07 24 46 29 54..2%

283% 1.%9 55.0 14.01 0.92 2.0 54 465 54.56

264 1.43% 66.0 16.82 0.97 26.0 2 91 55.14 55414
(1.00 wl. acid feed required 4.49 ml. base)

0.0" Fall time = 1.46 goc
45.0" Fall time = 11.40 sec.

Velocity = %.92 in./sec.

Sos
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TABLE 18

Systems: Carbon Tetrachloride « 011 - Acetic 4cid - Vater

Contirmous Phase: Water (saturated wltn carbon tetrachloride and oil)
Dispersed Phase: Carbon Tetrzchlorlide - 011 - Acetic acld

Drop Diameter: 0.3%09 cm.

Number of Drops: 100

Column: Ho. II

Dispersed Phase: 0.5000 N (average)

Standard Base: 0.1116 N

Column Fall Formation Vol. Base Average

Run Vol. Acid flei ght Time Tine Temp. Reguired Percent Percent
No. Fed (ml.) (inches) (sec) (sec.) (°C.) (ml.) Extracted  Extracted
285 1.55 7.0 1.49 1.08 24,0 5.20 17.92
286 1.51 7.0 1.4 0.97 24,0 54690 17.22 17.57
287 1.54 13.0 2.7t 0.97 24.0 4,98 27.82

(1.00 ml acid feed required 4.45 .al. base)
288 1.55 1g.o 2.78 0496 24.0 5.02 27.72 2777
259 1.55 16.0 3.4 0.99 24,0 4.6% 33,%%
290 1.55 16.0 3.84 0.99 24.0 4.64 %%.19 3%.,26
291 1.53 25.0 5+%% 0.97 24,0 4.24 35,14
292 1.55 2540 5633 1.0% 24,0 4430 36,08 35,11
293 1.55 31.0 6.62 0.97 24.0 4,09 41.11

(1.00 ml. acid feed required 4.4¢ ml base)
294 1.54 3140 0. 62 0.97 24.0 4404 41,44 41.28
295 1.55 43,0 9.1 1.00 24.0 3.90 4%.85
296 1.55 43,0 9.1t 1.0L 24.0 .95 43,12 4%.49
29 1.54 5540 1L.7% 0.96 24,0 3,81 44,78
25 1.65 55.0 11.7% 1.00 24.0 2.8% 44,8 44,82
299 1.55 66.0 14,10 1.02 24.0 3,60 45,2
300 1.55 66.0 14.10 1.02 24.0 3.80 45,28 45.28

(L.,00 ml., acld feed required 4.48 ml. base)

45.0" Fall time = 9.60 sec.
Veloclity = 4.69 in./gec.

22/
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System:

Drop Liameters:s 0,373 cm.,
Number of Drops: 50

Columy

Dispersed Phases

¢ HNo.

II

Stendard EFase: 0.1116 N

TABIE 19

Carbon Tetrachloride -
Continuous Fhsse: Viater (
Dispersed Phage:s

0Ll - Acetic Acid - ater
tetrachloride and oil)

sasturated with carbvon
Carbon l'etrachlorids -

0.5015 N (average)

0ii1 - Acetlic Acld

Colun Fall Formztion VoEt ilase Average

Run Vol. Acld Helght Time Time ‘Temp. Requlred Percent Percent
No. Fed (ml.) (inches) (sec) _ (sec.)hr~m>j°0.) (pl.) ixtracted Extracted
301 1.%5 7.0 1 26 0.94 24,2 21 14,12
202 1.75 7.0 26 0.48 24,2 22 1%.78 13,95

(l.OO ml. sclcé feed reculred 4.51 mL. hase )
30% 1.%35 1%.0 2,52 0.46 24.2 4,73 22,02
304 1.%5 1%.0 2.52 0,99 24,2 4,7 21.27 21.70
305 1.%5 6.0 5,48 0.0 24,2 4.50 2502
306 1.36 16.0 7 .48 1.00 24,2 4,49 26, 52 26.17
30 1.3%6 25.0 4 84 0.99 24,2 4,24 20,62
308 1. %6 25.0 4,84 0.99 24,2 4,10 52.00 31.76
%09 1.%6 31.0 6.00 0.99 24,2 4,04 33,69

(1.00 ml. scid feed reculred 4.46 wml. bese)
%10 1.3%6 31,0 6.00 L.0¢ 24,2 4.1 32.74 3%.31
311 1.26 4%,0 ga2% 0.99 24,2 3.89 36,25
312 1.3%6 43%,0Q 5+33 0.00 24,2 3.87 46,67 %6451
313 1.3¢ 5540 10, 65 1.00 24,2 5 g2 37.0
314 1.5é 55.0 10. 1.00 24,2 3,839 3742 37416
315 1. %6 66.0 78 1.00 24,2 3 77 55,31
316 1.36 66.0 1L.. 0.9¢ 24,2 3 &0 27,02 28.07

(1,00 ml. scid feed required

0" Pall time = L.51 sec.
4(- 0" l‘all Liulé) = U.(,.L G€C «

Velocity

16 in./sec.

4.49 ml. buse)

22/
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ADDENDUMN

ct

It should be pointed out that in deriving equation

(7), the volumetric fesd rate was eliminated by replacingz its
value in terms of the drop diauweter and drop rormation tire.

This leads one to clude that the extraction in Stage I is

e

-
Y

’.ll

ercoporticnal to the one~nall power of the drop formation me ,

other things being equal. However, this elimination was
arpitrary and thne drep diameter could have been eliminatead
just as well. The resulting equation in terms of the vol-

umetric feed rate and drop formation time leads one to

coenclude that the extraction during drop fermation iIs pro-

r

portional to the one-sixth power of the drop formation time,

a2 o~ S PN T | o 4 L S o I - _—
r things being egual. HMathematically, votnn forms are

one of the tnree variables, volumetric feed rszste, drop

Hence, tiie equation cannct te checked cther than by cal-

culating absolute values of the amount of extraction during
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