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ABSTEACT

This work presents operatipg data and correlations of
agitated extraction equipment studied under continuous coune
ter-current low,

The experimental work was carried out in an agitated
column 36 inches iy lenmgth with an irterval diameter of 2
inches using the system toluene, benzoic acid and water., The
working section of the columm was 24 inches. The desigr of
the column used for the experimerntal work 1s similar to that
proposed in a patent by var Dijek (3). The column 1 similar
only to the extept that the patert covers numercus conditions
of vertical agitation.

The distribution dats and the equilibrium solubility
curve were determined by Appel and Ziginm (1).

The expesrimental results cbtained indicate that an agit-
ated counter-currert extraction column possesses & number of
sdvaptages over its stationary counterpart. Agitetion in-
creased the efficiency of & liguideliguid extraction columm
ard by proper controel of agitation the extraction coefficient
car be made vearly independent of the dispersed phase flow
rate.

The resulis oltained also made possible the derivation
of an emperical equation correlating H.T.U., agitatlion and
thruput for the ayastem bernzoic acid,y toluere and water.

(R.T.U.): 3308 (2.73 - Log f.P.l.)



NTBRODUCT 1

Simple licuid extraction is a process wherein a solute,
sither licuid or dlesolved solid, is transferred from one
solution to another by ecountsr~current contacting of the two
liquidé phases. Eoulpment for earrying out the process of
liguid-iicuid extraction can be conveniently divided; accorde
ing te Morelle and Poffenberger (£); into two basic types.
The factor which determines into which class a piece of eguip~
ment belonge 12 the methed of separation of the fumiscilble
phases {(gravity or centrifugal). In gereral mixer setiler com-
binations and ¢ounter~current columme are the most common
forma of equipment employing gravity separation. Gravity sep-
arated extractors mey be subclassified ss to whether the cone
tact between phases is thru extended films or droplets. In
peneral contacting 1s dome with ore phase cortinuous andé the
other distributed to give the necessary large interfucial
area. Hoat types of counter-current colummse suifer from the
disadvartage that the only force svallsble for the mainten~
ance of dispersion of the dispersed phase 1is that which is
rived from the interfacial tersion of the two licuids. This
force is insufficient to produce sxy further breskup of the
c¢ispersed phase and there 18 vo mechanism for overcoming the
aifects of drop coalescence. This results in a decrease of
the surface cortact bLetween the two licuid phases. A countera
current columm whey used for exiraction is therefore & much
less efflicient device than wher used for coptacting a liquid

with & vapor or a gas.



Another type of extraction urit which falls inte the
gravity class ila the mixer setiler sxtiactor combination.
Although mixer gettler extractors provide sufiiciert force
for agitation and dispersion, they semerally invelve Lalceh
operation ard where the exitracilon reculres & lurge muaber
of equilibrivm stages 1t iz oftewr costly and awkward o o=
cess materials Ir this type of enuipment.

A prime example of the centrifupal type of liculd-licuid
extraction urit 1s the Podbielniak Extractor. In this type
contaciing and separating of two llguild phases, either ol
which may cortain suspended solids, is eifected contirucusly
and counter~currently in the contact elements of a spirning
rotor.

Cme of the firat reported designe which combined o form
of mechanical agltation with the coupter-ourrent action of
the exiraction solusn was that of van Dijek {(23). “he proposed
apparatus was &n unpacked column fitted with ciose Ditiing
perforated platea attached togethsr Ly means of chains with
& large counterweipht suspended from the botiom. The column
was 80 copgtructed that tne plates could Le moved up and
down with respect to the e¢olump and ita contents Ly mesns of
an external reciprocatling mechanism. Vowever no experimental
rasulte bave Leen published on the operation of this type of
column elther by van Dijeck or Ly later invesiiystiors.

In more recernt years oher designs for coubining the

counter-ciz rent nction of extraction column with the pover=



driven mechanical agltator have apreared (&) (E) {(8) (&3},
¥est of these rew desigrs for extraction columms conglst of
a rumber of mixera arranged wvertically in a eolumn with
packed or settling sections Letweer each zore arnd although
many of thege Gevices ars culte ronplicated In & mechardeal
gsarce thelr renorted efficievces are high.

A still more recert desiprn Iz that of Pelek and arder-
son (7)) wvhe deviged o packed colurr and surplied apitetion
t¢ the liruids by causiny them 1o Le moved up and down Ly
means of an exterval flexible diophragm. Pelck urd arcsrsopn
mensured the performance of the crlumr with ard =ithout
sgitetion and determimed by esleviztior of extrarticor coe

etfictierts, F.T.U. values ard rumber of eroililyiunr erortucts
that agftatior imrroved the performarce of thelir coluwr
geveralfold. These ltmwestigators determined that Ly the Pio-
ner contrsl of aritation the sutraction eccefficiort could be
made almost irndependert of the rate of figw ¢f the linudc
phages, "hey &lso fourd that aszitatior lowesed the floading
peint of the colump to some extert and that nackirg with &
nigh veld fraction wag Cesiraile.

From the foregeing considerstiorns ar exlrscetion columm
was nroposed which would ceamtire tre advariawes ol couniterw
current flow with mecharical a~itstiors hille &t the same
time would elimirate the comliested vertiesl tyoe of agie
tator and settling sectiors of the Seheilbel (F) tyne of
coluzm ard would olso elimirate ertively the nwed Tor Dack-

ing a8 fn the Felek and andersor (7} cclumn. In order e



gocompiish this 2 colump was Sevigred wihilch was awmde up of
2 zeries of seni-cipeulsr nletes speced al regelar fnlervals
on two veriical shaits vhich could be raised and lowered in-

- k) = R - % N L ol A . e
ﬁwy"iﬁ&z i BAUDAY WO LEUIT e el &b&i,iﬁ{lo
< ¥ #



THEORY

Ligquld-licuid extrauctiom, one of the diffusional opera«
tions, 1s the mass transfer of s solutej either dissolved
s0lid or licuid; from ome liquid phzse to another. Thare are
two methods by which mass transfer may be accomplished, moe-
lecular diffusiorn and eddy diffusion. Molecular diffusion is
the mechanism of transfer of & substsnce either thru a fluid
which iz motionless or, 1f the fluid iz in laminar flow, in
& direction perpendicular to the velocity of the fluid. Eddy
diffusion i3 the transfer of matter thru a2 fluvid flowing in
turbulent flow. In turbulent flow sddies exist within the
body of the fluié which carry with them any dissclved gelid
in bulk. Since the velocities of the eddies are grsatfiu COm-
parison to the veloeities ¢f woleculay diffusion, it fs to be
expected that eddy diffusiom, or the transfer of the solute
under such conditions, is much the more rapld process,

The phenomenon of moleculer diffusion has been studied
from many peints of view, frequently conflicting. Fick (9)
applied the well kvown Fourier eguation for rate of hest flow
1o the problem of diffusion. The mechunism of the two processes
is pot identieal, since in the penetration of & liguild by a
diffusing solute there will necessarily Le displacement of ths
liguid and consegusnt volume chauges arieing for which the
Fourier scuation does not account. A8 an aporoximation, }owe
gver, the Fick concept is very useful particularily since the

Fourdier scuation has Leen integrated for muny situstions which



parallel problems in diffusion.

Maxwell (10) and later Stefan (11) considered the simul-
tanecus movement of bolh componernts of the solution through
which the solute 18 diffusirg snd conceiveld the approach that
ithe resistarce te diffusior of a substunce through a soclutien
is provertiotal to the relative velocities of ihe volecules
irvelved, the distance throeough which diffusier occurs and the
concentrations of the molecules irvoelved,

Arvpoldts (18) kinetic theory ard Eyringts (13) absclute
rate theory sve twe later ewperdicel estimations which were
formulated to predict molecular diffusivity with some success,

The complete difiusicr provess ordivurily eoccurs through
guceessive regions of 8 fluid iv lamingr and turbulert flow.
Ir the reglon between those strictly in laminar and turbulent
flow, the pature of the change from lamirayr flow te turbulence
is obvicusly of iwporiance. The Prandti-Taylor concept of &
atrictly lamiver film, with 2 well defived bourndry sepsrating
it from the turbulent region hes been showp to be incorrect
ard there exists instead a2 graduul change fronm one condiitlon
to arother.

The first complete picture of the mass tLrarsler process
was introduced by Lewls and Whitowmr (14) who applied the
above concepts to a typical transfer of a solute frow one
licuid 4o another noncorsolute licuid in contact with i,

under steady atate., These Ilnvestigators assumed both liculds
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1o be in motion in & gensral Cirection @é%&l&@l o the intere
face between them and postolsted thers will exist concentra~
tion gradients in both phases which act as driving forces for
the transfer and thatl the resistapve to diffusion can be res-
presented by an effective film thickress for eash phase. They
alse postulated that at the interface itselfl ecuilibrium
would be estatlished. Because of the diificulty of finding
the exaotl comcentrations ait the interface, the mass-ilransfer
coefficients kg and kpy defined Ly 6N = kadBlcgwcpy) = kedB{cg~ce)
are usually not known, Fowever, by the introduction ol un over-
all mess~transfer coafficilent Xp or Kg axd the definition of
& concentration Cg-meq or Cg=mﬁ; the complete mass-transler
operation may be represented by dN= Kpd3aCog or dN= KedBACog.
Chilton and Colburn (20) (£1) showed that the elficlercy
of a contimious, counter-current liculdeliguid extraction
process is mwost simply expressed in terms of the conmcentration
change 1o be effected in either liculd giream and the driving

force, This quantity they defined as "Number of Tranefer Unitse
X1 (1=x)£d %

ke (1K) (X ™= x)

They salsce defined the helght of s trernefer unit H.T.U. a8 the

(¥), vhere for diffusion of one component N=

effective helght of the column H divided bty the number of iranse
fer units No,° M « This quarntity they found to Le more re-
(HTV)or
predueible than that of the individual coefticients which vary
rapldly with flow rates.
Treybal (16) derdver for cesigp purposes the total e
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pression for amount of solutes transferred from the railinats

phase to the extract phase.

N =7 2l \=mE KE -mXra \ { 1
toe | mnE I:( ) ZE. m?CR?. R L\ ——-—-E-"' XE, (1)
In Qrﬁar 1o pxap&rly use this ecuation e&leuiatieﬁﬁ

should be basec orn the phase that offera the greuater resisti~-
ance to mess-transfer; m large, the raffinate phase; m osmall,
the extract phase.

Ferry (16) and Treybal (1) have summarised the effect
of varicue variables, packing characteristice, flcw rates,
agitation and columm end Sesigrn £1lm resistance on the ef-
ficiency of counter-current continuocusly operated licuide
licuid extraction columma,

Laddba and Smith (17) after a study of the mass-travsfer
resistances in licuid-licuild extractior in packed and unnacked
columne conciuded thatl changwes in interfacial area with flow
rates snd phyaical properties have an importart inflience on
any correlation of H.T.U.. Appel and Bigin (1) presented a
corvelation of the mess~transfer cosrficient with drop sice
veloeity and columm holdup of the dispersed phuse.

The general principles of rates of mass~trarsfer of the
diffusional operations as absorpllion and distillatior were
applied to licuid~liculd extraction by Hunter and ¥Walgh (1#)
ané¢ Eligin and Frowning (18). Chilten and Colburn (20}, Cellurn
{21} and others have shown in detsil the similariiy of rate of
nass-transfer equations for these chemical enginesring

opaerations,
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Elgin and Browning (18) bave shown for cases vhere ihe
gysten does mot depart considerably from the sisple distri-
butien law, and where large volume changes, awcunt of solute
exiracted and concentrations imvolved amre not large the rate

of wasseilransfer for licuideliculé extraction may be written:

: KoV [(Coe Cus) = (CHie Cun
- 5!—“ "W,

F' - J
e ey O

i Aaz.

Fon Ay )

Chilten and Colburn (20) introduced the term H,7.U.
{(height of a trapafer unit) ir distillatiorn and absorpilor
computations and showed the relatien of the H.T.U. values
to the well known mase-transfer coeffielents and also pointad
out some advantages of the use of E,T.U, over the latier coef-

Ticients. Thelr ecuations weregw

For abserption H.7T.U.. g (&)

ﬁ:ﬁ % (%- g now e

For Packec Column Distillation ¥V.T.U.. H B (&)
N h.‘”' M'r,
’o

Crilton and Colburn (80) alzc pointed cut that the same

",
E

methods could be applled to counter-current liculdelicuid
sxiraction operations.
BElgin and Lrowning (10) employing a preocedure analogous
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to that of Chiltor and Colburp for distiilation and absorption
ebtained the following expres:ions (€) and (7) for licuilde
licuid extraction.

(H.T.U. )w-ﬁ:[m ﬁi% (&)

Cw g

For the cass of dilute solutions and assuming the simple digw
tribution law to hold equation (&) was simplified to:

(BaTuUu )y, - % . W‘g; - '\fé& )

(D0 tog psars

Colburn pointed eut that heat transier, dehumidification,
absorption, distiilation and extraction operations in general
involve two film resistances and derived the relation of overs
all H.T.Us to single film values of M. .T.U,. His enuatlons are:
Yor absorption (¢iffusion in ome ¢irection)

(HaTeUe Joo = (H T U Jo +(H T WL ), (W) %1:%}5“ (8)

For distillation (ecqui-molar counter ¢iffusion)
(FaTels dog = {7 ToUa Je Vet T )y (:a:""m)
4

Colburn showed thst the above mathods developed Tor abserviion
and distillation also applied to exiraction:

(H»i.ﬁ. }w '(quaGa )w'\'(i;c.»iﬁn }t {g ggx
e LCt

The purpose of this werk was o detesyuing the effect of
ggitation, if any, upon the exiraction eificiency ol & counter
current liguid-licuid extrmetion column usling the sysienm

benzoic aeid, toluene and water and to compars ithe efficiency
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of this type of ecolumm with other apitated columns. An slteapt
was also made Lo oblain a ceyrelation of U.T.U., agitetor

speed andé totel thruput for the above systenm.
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HOWENCLATURE

area of interphase contact

Concerntration

Differential operator

Hase velocity of gas or vaper

Effective height of colunm

Helght of a transfer unit

Hasy transfer film cosfficient

Overall mass transfer coefficient

Holar liquid velocity

Average molecular welght of vapor stream
Blope of equilibrium eurve dy¥éx

Amount of solute transfered per urdt time
Hunber of trarsier units

Partial preassure of d4ffusing component
Eguilibriom pressure of diffusing composnert {(partisl)
Partial pressure of inert component (o1 - n)
Logerithmic mean of (r -~ p) ané (n - p¥)
Crosg-gaction of colump

Effective volume of coluwn

Buperficial veloclty, water phase

Rate of flow of water phuse

Superficial velocity, lolusre phase

Mol fraction of diftusing compovent in liguid
Mol fraction of diffusipg compounent in gas p/n
Bouilibrium mel fraction of diffusing component
out of liquid »p™/n

Eaudlibrivm value of g corresponding to ¥

log mean of {(lex) and {1-x™)

Log mean of {(l-y) and (l-y*)

Difference between value and ecuilibrium value
-y

Teotal presgure

Time
BUBSCRIPTE

Extract phase
Concentrated end of column
(wverall

Raffinete phase

Toluene

Hatey

Dilute end of column
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RAPERTMENTAL PROCEDULE

The experimertal arparstus wes constructed as shown
dlagrampatically ir Plgure 1. Two five gallorn glass carLoys
waere used for feed reservelrs, Holvent ard agusous feed wers
pumped Iinto the column thru two exiremely accurate propori-
ionating pumpe (Hesearch Appliance Co., Pittsburg, Fa. lodel
Ko. 1000) . sgitation was supplied by a Sunbeam Mixusster
motor ecouple. Lo the agitatorz thru a brass can shaflt and
suppoerted by three rooler bearings. The cam shalt was COn~
gtructed so that the vertical motion of the agitustor blades
was exactly ope«~hal? of an ineh.

The columnh was constructed of berosilicate glass pipe
£ dnches ipside diamoter ard ar overall lergth of € irnches.
The solvert inlet was a § mm elainless szteel tule; while the
acuecus feed line, raffinate ard extract takeoff were ¢ mn
glass tubing. The agitater assembly was consiructed entirely
of stainless steel., Twenty-five semiwciycular steinless
steel plates 1/1€ of & imeh in thickness were supported on
each of two stainless steel shafts 1/8 of an inch In dis-
mata%‘ The plates were supported ard sepavailsd Ly stainless
steel tuiulsr spacers. The agitator shafts were suprported
by sisirless steel tubing 4 irches in length and 3/1¢ of en
inch inside diameter. “he agitator supports were held in
vlace with a stainless steel frame ard rylber stopners. The
working section of the columm was 4 inches in length.

The water forming the cortinucus phase was Lrought inte



Figure 1

Schematic Diagram of Apparatus
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the column at the top while the toluene contairdng the
bensole acié was introduced at the bottom of the columm Lo
form the discontinucous phsse., The two fluids were fed Irom
the reservolirs through the regulating pumps into the columm.
The level of the irntarface at the top of the column wae ade
Justed by changing the height of the raffinste takeeofl
1ine.

The column was agitated by means of & reciprocating
movement of the agitater shafts which were attached to the
gceentrie drive. The sccentrice wasg driven by a variable
speed motor coupled to s rhesstat by weans of which the
speed could be coxtrolled accurately. The column throughput
was measured by collecting extract and raifinate in gradu-
ated glass cylinders.

The sguilibrium dete used for bLensole ascld wers those
of Appel and Elgin (1) supplemented Ly data of Felck and
Anderson (7)., The data of Low, Koifolt and Withrow (8) ale
though covering a wider rarge of tempesratures wers found
by other investigators to be inaccurate.

In making & run the fsed tanks were Tilled and the
temperatures recorded. The temperatures of the solutiung
varied betwaen 19.85 C and £1.0 C throughout the work. The
column was filled with water and the two punps were set at
the desired flow rates. The agltator was started and sst
for the desired speed and the gperation was contiruwed until



18

at least 3 liters of sach licuid had passed Lthru the eoiumn.
Sawples of the effluent sitreams were taker for aral sis and
titrated. The column operation was continued urtil ap ad~
éitional one-half liter of cach licuid had passed through
and samples of the effluert atreams weie agaln reneved for
armlysis. The samples were anulyzed by titralien with stends
ard sodium hydroxide solutior using thymel blue as the end-
peint indicetor. Lthyl alecohol was adced teo the Loluensg
samples in order to rendey them miscible with the titrating
licuid. The columr was ocopeideired to be in steady #lste when
the rate of change of concantration was zero. Material bale
arces were made or all »ng ard the data were rejectad Iif
the erroy exceaded Ll%,

During the initial stages of the experimenial work f.ow
rates of &0 sl. per mimute were chosen for both the dlspersed
and comtinuous phases, while the sgitetor speed was varied.
“her it Lecame appsrent that total coluom thraugh-pul was an
important variable; varicus other flowrates were checked at
the same agitalor speeds. After emch rur was made the pumps,
process lires and colump were flushed thoroughly with water
and allowed to drain,

The exirection coefficierte (&) were found fyom the
acuation:

Fa (8)

“&“y
%’Ath mean

For the special case where the ircowing weter vhame corntalng



na solute AC,, 18 oiven by:-

OCim = %‘3.- iauﬁi«t*fwg .
E W \01,—.( { )

The beight of a travsfer urlt H.T.U. was fournd from the
snuations-
F.To Ve = L/Ka (10}
The pumber of ecuilibyriue slages was founc Ly the
asual graphical precedures veed in caleulating theoretical

plates in distillation or absorptisn work (8%).
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DISCULS IO

The present investigation shows that agitetion has =
congiderable afiect on the efficlency of a continuous counw
ter cwrrent liguid«liguid extraction celumn. The operation
of the columm i2 shown in a quantative way in Figures &
through 8. Thess pictures were taken with a Zelss Contessa
camera using & Tessayr £ 2.8 lerns. Figure ¢ shows the experi-
mertal equipment ir operation, while Figure 3 shows the
aphearance of a sectiocw of the columr when in operstion
without agitation., FPlgure 4 shows the affect of very mild
sgitation (80 rpm). The toluerme rhase no longer adheres to
the bottom of the agitstor Llades ard the globules of toluene
can be seen susperded ip the avuesus phase. Figures £ thiough
& show the incrdasingly Iine dlgpersion obtained ag the speed
is increased fvom 150 to 500 rpm. It was impossible to ine
crease the speed of agitation abeve HOO rpm with the system
used in tols work as the materials ir the celumn emulsified
above this apeed,

4 ecomplete tabulation of all runs wade is shown in
Table 1. The first four runs ware made with no sgitation
and the agltater blades ix the oper positdon. funs 1 and 2
were made with the dispsrseed phase srtering dirsctly tbrough
the open inlet lube, while runs 3 und 4 were wade with the
solvent entering through a tefleon spray-hsad containirg
eight 0.01l5¢ inch diameter holes spaced at 48 degrees on &

4 ineh anular cirvcumfererce. The spray-head was eliminated
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TABLE 1

PERPORMARCE OF COLUMN WHEN EXTRACTING BENZOIC ACID FROM TOLUENE WITH WATER
DISPERSED PHASE « TOLUERE COLUHE HEIGHT 2l IBCHRS

o LD NEW PO e

Aeld Concentration Flow Rate Bozzle Agitator Extraction Beight
1b moles/ou It eu ft/nr/sqg 't Speed Coeffictient of transfer

Toluens Water Tolusne Water foluene Vater rpm Unit

In in Out Out re
0.01020 0,0 0,0100 0.000223 L.77 166 - 0 0.82 5.68
0.01020 0.0 0.00967 0,000620 L.57 He28 35 « H 0 3.53 1.21
C.01020 0.0 0.00966 0.000570 L.61 hoit S « H o 3.0 1.52
0.01329 Gne GQWB ﬁ.m %&.?’5 &mg? - 250 3» loaﬁ
0.01020 0.0 0.,00985 O0,000771 L.90 L.B6 - 250 3.72 1.23
0.00020 0.0 0,00018 0.001017 L.77 4e77 - 350 6.98 0.
0.,01020 0,0 0.,00911 0,001040 4.86 .86 - 350 7.2% 0.65
0.0102F 0.0 0.00976 ﬂ.egggla hae77 k.gﬁ - 150 2.61 1.66
0.0102; 0.0 0,00980 0, 98  L.81 e - 150 2‘%3 1.9
0,0102 0.0 0,00990 0,000367 L.77 be77 - -] 1.51 3.12
00,0102 0.0 0,00993 0.000360 4,51 .86 - 80 1.48 3.1%
00,0102 0.0 0.00507 0.001120 L.77 71 - £00 T 0.60
QsGIOZE; GQQ 9.93905 Qu Gﬂll&»? 3&-*31 i&.a - s&ﬁ ?Q?B Osél
0.,0102F 0.0 0.,00916 0,000722 L.51 &.82 - 350 11.65 0.59
0.0102 0.0 O0.00888 0,000980 3.40 86 - 350 640 0.76
0.0102 0.0 0,00840 0,000867 2.43 L.86 - 350 5.70 0.88
0.,01024 0.0 0.00754 0,000800 13 <86 - 350 .11 e.gg
0.0102; 0.0 0.,00933 0.000293 1.4 <86 - 150 1.69 2.
0.,0102 0.0 0©,00862 0,000510 1.6 h.86 - 250 2.84 1.73
0.933}2% ﬁtﬁ G.Gﬂ'f?g G.ﬂﬁﬂ?ﬂﬁ }.&% .86 - SGG St ?Q 9.31;
00,0102, ©.,0 0.00953 0.000463  3.40 l1+86 - 150 2.31 2.10
9;9152}.} Dng Q.Qﬁ?f}? ﬂ.ﬂﬁﬂ & 3:&:& Lﬁ-‘g& - 256 3&1}-? 1‘&}@
0.0102 0,0 0,00879 0,000980 3.40 L .86 - 500 7.%3 0.65
0.,0102 0.0 0,01015 0,000865 §.86 1.4t6 - 250 O. 1.66
0,01024 0.0 0,009L0 0.,000236 1l.4é6 .36 - 50 0.95 5.90
0.01025F 0.0 0.00877 0.000983 3.hk0 heB86 - 10O be 0.75
0.01024 0.0 0,00788 0.000576 1,94 777 - 250 ba .18

3 - R ZBpray Head
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because of Its large aiiect on colusm eificiency. The sxperiw
merial results showed that for equivelert rates of flow the
spray-hesd, with no agitation, gave column efficiencies ecual
to those obtaired wher the column was beirg agitated &t a
speed of 250 rpm. The extraction coefficients for huns 1 and
2 averaged 0.84 pound moles per {(hour)(scuare foot)(unit AC)
while the Y.T.U. valuss averseged 5.5 feet

Experimertal funs & tbrough 14, made at ineressing rates
of agitation with the rate of flow of both phases held cone
gtant, show that under various conditions of sgitation the
extraction cosfficients are increased four to ten fold and
the values for H.7.U. are decrsased from B.E5 feet at zero
agitation Lo 0.6 feet at £00 rpm.

The incremse in efficiency of the columr urder apitation
iz shown ip Pigure 2 ip vwhich Run 1 Is compared to fun €
(agitator speed 250 rpm). In the agitated run the water leave
ing the column 1ig very pearly inm ecuilibrium with the enter-
irng toluene phase. The pumber of eruilibrium stages as
measured by "etepping off” the curve is alightly more than
ope and one~half. The unagitated run as seen Irvem Figure ¢
departs widely from ecuilibterium &t all poirnts in the colusm.
The number of ecuilibrium stages 1s somewhat diffiecult te
astimate, Dul 18 certainly less than orne-terth.

In Buneg 1 through 14 the flow rate of Loth phases fed
to the colupm was kent ecusl. Thisg methed of operation proe-

duces & e¢lose appreach to equilibrive or "pinch” at the



bottom of the column while the top of the column departs
cuite widely from enuilibrium. lun 6 Vigure § shows this
effect cuits well. because of the "pinch® at the top of
the column, it 48 Sifficult to estimate the number of
seuilitrium stages by the stepnming off procedure. Towevar,
& practiecsl idea of the fmrrovemert resulting from apit-
ation may be gained by comparing the concentration of the
gedd in the efiluent Loluene éirenms,

In order to obitalin & correlutien Letweer the rate of
flow of the dispersed phase gnd the extraction cosificient,
& series of runs were wmade (Hune L& through £8) in which
the water feed rate wat held constant apd the tolusre feed
rate and the agitator speed were varied. Figure 10 is a
eorvrelation of both Ky, and H.T.U. against fiow rete of the
dispersed phase., Lxaminatior of the data of this figure ine
dicates that ondeyr proper conditions of ayitation the exe
traction coefficient can be maintaired at a high value with
1ittle regard te the rate of flow of the dispersed vhuse.

In considering the causes for the Incrensed extraction
coefficlent urder agitation, 1t is corverient to regard
this guantity as the product of E, the overall coefficiert
per unit srea, and of a, the ares of Interphase coptact. It
is esvident that an incresse ir either one of these nuaniie
tiee will result in arn increase in the value of the sxiracte
ion coefiiciert K.. An increage in ¥ misht result from a

feecresse in thickress of tre stagrart Film or sither the
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water or the tolueme side of tre irterface or Loth. An ine-
erense ir the cuantity & could be cue ot only to the Liper
subdivision of the dispersed vhase, but alec to the fact
that the total holdup of the dispersed phase is Increased
because of the slower rate of riszse of the finer droeplets.
In view of the facl thatl the experimental eviderce of thias
work shows an incresuse Ir the total holdup of the dispersed
phase in addition to the ircrsasingly finer dispersion ob-
tained with greeter sgitation the chief effact of the agitae
tion is on (a) the area of corntaect between the phases., Howe
ever, the possibility of & minor effect of agitation on XK
carnot be completely ruled out.

Pelck apd Anderson (7) correlated dats collscted friom
the literature with data from their own work and found that
the valuead of Ewa for their agitated runs exceeded those
for packed and spray columbs at corresponding tolusne rates.
It 45 unfortunate that ithese investigators varied both fiow
rate and agitator speed indiscriminately and were not atle
to make a complete coryrelation of thelr own work sgeinst
that which they collected from the literature,

Txanination of some of the published work (8) in un-
agitated columng where experimertisl runs were made with the
more comventional packing (§-inch and J-inch Hasehig rings)
showed efficiencies based on B.T.U. averaging sbout 3 feet.
During the course of this work other ivveatigators fronm
this laboratory obtained date on this same gyetem using a
1.0 inch Scheibel agitated columm. Using the same thrupub
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a5 ip xuns 1 through 14 of this work and an agitator speoed
pf 2060 ypm, these lovesilgators obilained values of Ko, and
.T.U. 0f 2.08 pourdd moles per (hour)(scuars foot){unit AC)
and 2,16 feet respectively.

Arother method of correlating the data of Table 1 is
shown ix Pigure 1l where ¥.7.U. 48 plotted sgainst agitstor
speed. Thie plot shows three curves sach representing a
dif{ferent total thruput through the column. Flgure 11 also
shows two ipdividual points, Fum 28 and Fun 28, which were
made at the ssae thruput as the curves they corregpond to,
but, with ¢ifferent toluere and waler rates.

Exanivation of Figure 11 shows & bresk (change of slope)
in each of the three curves corressponding to a value of 380
rpm Tor agitator speed. QUservatioms maede during the experie
mental work showed ap increase in holdup of the toluene
phase with an irereass v agitator speed. Table ¥ shows
toluene bholdup for varicus agitatoer speeds. During the course
of the experimental work several uhsuccessful runs were nade
at agitator speeds of 800 rpm. These runs were thought to bLe
primarily unsuccessful because of emulsification of the two
phases, however, it was found that at thie speed the column
became Tlooded. Examination of the apraratus showed that the
toluens had become the continuous phase and the water the
dispersed phase, The break in the curves is therefore thought
o be the point at which stage inversien occcurs in the column
with this particular gystem. & further sxamiration of Fizure
11 showa that for thruputs plotted, any ircrease In agitation
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TABLE 2

Agitator Bpeed
rom

£0
180
280
380
500

Coluse Holdup
cubic feoet

0. 0008
0.0023
0. 0080
0.0114
0.0181

Volume of working sectior of columm = 0.0437 culie feet



33

above 300 rom produces only ar extremely small charge in the
value of F.T.U.

As was previously stated Furn £F and Fun 28 were made in
order to check the effeet of varying the ratio of the rate
of fiow of both phases while st the same time mairtaining
the same total thruput through tha columm,. lwur 20 {(toluere
rate 4.80 eulie feetl per hour per scuere foot - waler rate
1446 cubde fest per hour per square fool) corvesponds to
Rurn 20 where the flow matic is reversed. Kun 28 {toluene
rate 1.4 cubie fest ver hour ner scuare fool - waler rale
777 cubde fest per hour per scuave fool) coiresponds to
fun € (toluene rate «<.88¢ cubie feet per Tour per scuare foot -
water rate 4£.84 culdc feet per hour per souvare foeoct). Bx-
auination of Fipure 1l shows that Hun 50 lies extyemely close
to Hun 20 while Lun 28 lies in the same relative position to
Fun 6.

From the above data 1t was determined that total column
thruput was the influencing factoy in determining H.7.U.
values for any glven agitator speed and the following aralyw
g8is was made on the lower portion of the thras curves of
Figure 11 in erder to obtain an esuation which would satisfly
the experimental data. The lower portions of the thyes
curves of Figure 11 (below 3BQ rpm) fit the equstion log y-=
5% +1, where y cagitator speed, 4 <cslope of curve, x= K.T,U,
and I <intercept value. A plot of & versus thruput (%) for
the curves gives T/5=Constant = 33.4. Extrapolation of the
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three curves to the y axis shows that Lhe three cuives pass
through the podnt x: 0 y = £37. This noint corresponds to an
intercept value of log, of 537- 2.73. Hubstitution of these

values ir the origimnal ecuation givesiw

}”leqm: 2'?“2'_ T (?a‘i’.'ﬁa}

SIS
Rearrangement of the esvation yives:
TaTaUe = 33,4 (£.73 « log,rpm)

In order to tb%g the accuracy of the derived equation,
geveral points on the curves were caleulated mathematlicslly
using the same values for flpw rate and agitator apeed as
were used in the experimemntal work. Theae are listed below;-

Run Ho. fxperimental Valus Caloulatad value

H.T«U. ) HT e
b -4 L.o4 1.21
1é Q.7¢ Q77
i8 088 0.9
ie £.88 2.88

As waz previously stated PFelck and Anderson (7) made no
attenpt 1o obialin a correlation of agitstor speed, tolal
thruput and H.7.U, from thelr exerimental data. Fowever,
this investipator after & caveful check of thelyr paper
aitempled to correlate some of the resulte in the sane
narmer &8 was done with the data of this work in Figure 11.

Figure 12 18 & plot of the experimental data of Felck
ard Anderson (iLicd), howsver, before any compariscn is cade

14 sghould Lo stated that there 48 nod sulficlent deats svalle
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able dwn tbelr work for u complebe analysis. The meln point
of similarity Lotwsen the two sets of catu is in ihe type
ang slope of curve obtained in the region ubove BEQ ropm.
The three curves desldnated Ly @ 9 «nd 8 are belisved to be
portions of curves similor to those of Figure 11 of this
work, however, all of the poipis or these ClUIVes &re Low
lisved 1o be alove a polrt which would correspond to the
break polnts of the curves of Figure ll. It is urfortunate
that no date iz available in Felek and Ardersor's work at
lewer agltator speeds for the thrupute plotted In Figure 1l.
Ir order to compare the results from this coluun eith
thoge from ether types of sxiraction columne it is Lest to
uge resulis with the sume chenical aystem, overall acié
concertration, thruput and column dismeter. Data ave svaile
able for the same chemlcal Bystem, bat these are Lol exacte-
ly comparable data for the remasinder of the atove mentioned
conditicns, Some of the hipghest efficierncies reported Ly
other investigators using the systes toluene, Lenzolc acid
ard water are those reporteld by Felek and Anderscon (1Lid)
in their packed sgitated column. 4 comparison of F.7T.0,
valueg ottained in this work with those reported by ihese
irvestigators ghows that the increage in efviclercy of Lotk
columrs is of the same orde of wmuyritude. The present in-
vestigation shows that the agitated sxiraction column in-
vestigated hare has ap extrensly high efficlency wher comwe

pared with the efficiencies of cornventional packed and
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spray columns. For example, the H.T.U. of this column is of
the order of ore-~fourth to one-Iifith of the values ior pucke
ed columns under similar comditiens of op=iation. The thrue
put of the packed columpn is somewhal pieater. However, puacke
ed colusms are usually rot operated close to the fleoling
point since the maxioum efficlency scrurs at o lower thruputb.
Ginee no packing oy settling zonss are used ir this columnp
it is easier to kReep clean and car Lettier handle weterials
containing suspended solide. Lastly the column {8 an extisne-
1y flexible pisce of ecuilpsest with regard to varistle thiue
put and sgitator speed,



SUMMAE

A substantial increase 1in extraction efficiency is obw
tained thru the use of agitation in counter current licuide
liguid extraciion columms. The large extraction coefficients
and low values of H.T.U. obtalned under agitation indicate
that the size of the agituted column may be much less than
that of the atandard design spray or packed columm. Since by
proper coptrol of sgitation, the extraction coefiiciert can
be made nearly Indepencent of the dispersed phase I'leow rate,
the sgitaled column is a more flexible plece of equipment
than its stationery counte:part and will be better able to
handle proceasing fluctuations with a minimuw of change ip
product quality or recovery. For the system used Ir this
work (bengoie acid-toluene-water) the Felyht of & Transfer
Unit ean Le found mathematlicslly from the eguations-

HeTolu = g%é (B.73 ~ log, HuPals)
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APPEN,

tguilitrium Data for the System
Toluens-Lbenzole Acid-¥ater at 18.4°C

Concentyration Cf Fenzoie Acid Concertyation Of Lernzoie »eid

paﬁnﬁiggggiggggie foot pound solesjeubic foot
0,00048 0000063
0.00131 0.000172
0.00911 0.00026€
0.00873 04000558
0.00396 0300448
0 400468 0.,000450
0400590 0.000578
0.00668 0.0006%1
0.00770 0.000677
0.00628 0.00074E

001040 0000788
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