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Continuous ligid-iicuid exiraction is usei iniustrially to a
great extent where seoaration or purificstica oy distillatioa or ad-
sorption 43 immractical, ™xtraction is often performcd 1n vertical
towers, c¢ontaining s rays, eleve plateq, nr vaffleg, or they muy COn=
trin a oacking such as Tssctdz rings, I3 &ay crce, onz of tiie maia
rroblems is to obtain riejunte magn treanfer ia A rossonanle hei ht of
tower, 10 ¢o this 41t 10 denirable to heve amony otier thinis a kigh
interfacial =zraa betweea t'e two liquidl stircams,

Urflle=type colunine wAy? te cnnrilered na vertical mixer-setllers
in wiich tre contact of the two liuid eilreans is stae-wice, . iifore
ont typea of Wflles Are in uere, but tre eftficioency, i.e. tle numder
of tie theonvretical etagen, 13 ne~unlly far lesa than & caluan of the
eaag hei ht and deci;n woildl  ive in dictillation, Ia extraction the
electivenens of anactual sta;e 48 usually a en2ll frection of one
ticoratical plate,

Ja opray colurins onoe of the two liquids 1e disperned 4a Iine
iroslets 42 tre sccond to outain a high tinterfacial erea, 7he height
reogaired for one theoretical siase in thaee towere &lss fc usually hishe
A pacred enlwin :enernlly (ives a better efficiency than one without
paciting, and thic amy be due to san increase in tur.ulcance and intor-
facial area, Jowevey, even 41 these columns the eficiency 4s usually
poor Lacause the only forco available for mixiinz of the etreams 1o the

differsnce 1a :iensity of the two liguide,



vechanical contzctors other tha: towers have alsd ueua used to
soe cxtent, Fxilraction in a set of misers and sotilers is couuon
practice, Austiier device extensively used in some iniusiries ig the
Potnielnisk, Ing,, centrifiial controtor, which uses a kigh epecd
rotor with & s iral ribbon for coantacting the two ligquidl etreame,
Bartels anl Yleiaman (1) renort that one of tiese units was eguivae
laat to about foux thenretical stezes, ‘he conpany claims that sone
m:chilnes ¢oatria as many 28 15 theosreticel ota_es,

Tna mechanical dd4fficnlties involvad 4n devices of thia zort and
the senerally poor perforrance of ezfraction coiuwns which are not
a-4tatel ran etimulatod efforte to desigzs vertical extrzetion columne
in vhich adiitionrl mechanicel enerzry de e nlicd to the gyeten, Jliree
wvays of doin; thieg have been investigated:

a) 2lternate mixia: aazd settlia, zones, wiith mechanically opara-
ted stirrers (umally with & rotasing sheft to onorate the siirrers);

V) 7i.ration of tie vhole barile avsemsly ia the towerg

c) ulsation of the ligudd phass while plates or packing =2re in
a Zired ponition,

4 vertical tower witi & molor—driven, rotating ehafl 4n the cene
ter, 02 %hlch A& munber of etirrera have been mounted, wee lesigaocd and
thorou hly Lavestimrtel uy cheibel (7, 3)e “te original column con-
tainel wire mecl pasclred calmlsg zones and mix.ny zoneas erer izel uy
stirrers attachel to & chaft rosching from tha top of the colunn to
tia bottan, with & bsariag &n the 11g:dd /% the uottiom,

Ia this colurn, ona gtaje, consistin of & mixin; anl a settling

gone, can have an efliciency wilch excerods the effect of one theoretie



cal sia3n because of the allitions]l coanlacting of tie two liquid elreane
i1 the setiliss zone, One acturl giaze ia umally nearlyr eciivelent to
one trenretical etaze,

Is & ono=inch colunan, hei his exuivalent to a thesretical sloge

£ 2.2 in, have se-a obiteinad by cheibsl, Iu a smeal-comrercial miltie
et:. @ extraction eolumn, 12 in, 12 dl=2neter, ceri ned Uy “cleibel,

tha redskts equivelant to a thoeoretical staze warlel fron 9 to 16
inciea (L),

Yor 8 2¢9i.n of &3 extraction tover with a vertically viorated
rlate acremnly, Van Sdier (5) wzs rented a prtast fa 1935, Ia taat
sabunt re lescrisee also a gystom with the platas ia Lfixedl nosition,
but with A palezd liquid ohAse,

¥or tie syotea with a vi reted slate acceacly no furtler infornes
tion waa Tound in the litaerature, But the otier meddlication with
firxel platos anl puleed licuid phase hag been egtullcel durin;, receat
years, ‘ecveral atonlc ener F installations of {hig kinl kava been
v2ilt anl o;erated, but faw letails have been padblisted (7).

“eceatly Uolea anl ceyer (7) have deciized a eomll palse exirac-
tina colunz with merforatad nlates, aad ianvestimiel its perforuance,
Tn a1/ a vibhr=tin; motion to the lituid phase the lavectiyntors used
a cummdrivea bellows pulestar, Veluce of i7,7,T,5, ara low ae 10 in,
Fave been oLtained with the eysten vater-izoeryl aloohsl, “hs :liameler
o tre eolawn wen Y in,

L paclrel extraction column witi: vulsed licuil phase was investi-
zated by Felck and Ancderson (8), They extracted Benzoiz acid ad

paetic acll from toluene with watcr, and operated 2 colwn with a



dimceter of 1 7/17 ia., T1lel witk 3/3 in, “aschiz ringe ar 5 oin,

¢’ mnhon ealillen, Tor :enzolce mcil tihs rororiel hel hia of a traasfor

unit wery froa 13,5 %0 3.07 feet for the uamlsed coluun, and for the

auleesl colun: fraa 0.737 $9 0,557 1t 1u the c=oa of scotic ucid ¢le

el !t of a trencfer anid was 1.1 sod 0.8 £, for the utalost enl toe
pilacd ceclusn respectively., I8 iz interestin; to z2ole tiat L razt-

ezt lucrease ia performmace due to puleation occurred ia tie eiez of

the beacolo acii vhere the elficlency wilhiowt ilgxtioa wan wery poor,

A elzilar daveetiation was nublished U7 7o lerg and “injanll
(9)e Sk2y Ava the inisrration tiat 13 & pacikel! eoluun of 1. ia. dia-
meter, filled with * in, Tescldy rirge, the hal 't of a iledrratical
str e was 7,8 1a, vithout pulsetion and 1.7 4n, wit: ;nulsation,

In oth of theso refercncos only a faw Lartant detells cre

civen suout tho exipsctsr periarnance,

-~
4

‘,",

presert iavestisation was ualertiaiten ng thn firnsl etey in a
thorou v etudy of trhe performance of puilasl eolumns for liguil-

11734 exiraction,
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C:-lculating of tie "friciecs of 4o Trarafop,

“re data for the pearformance of a columa nny 08 exprengad ix
P heTe (hed;ht eguivelent 4o & theoreticsl stzge), or as ,"7,.U,
(Eright of & treasfor uait), Yrile ¥V,7,, poscesses scre thaoretical
advuﬁtaﬁen over i.,",T. sy 1t correct use requires knovlelje of the
flid fi1lm resistances, H.7eTels hae Lecn uped here elnce 4% may e
corrutedl from tie cniiaciticas of the etrears ani froa egiilibriun
data, I» case tl:8 equili riuvm line and tre opersting line have the
sana elope, the nuzorical wvalues of N,¥,V.0. and 1,7, , are iientienl,
%0 minizize t@ uxcertainty of data Ccheivel (15) pro.osed to malre
thaloperating line nearly rerallel to tiae eguilibriiua liase, ‘here
the slones of the two lines Giifer  reatly the nuamber of treéncfer uaits
would cifer creatly, depenling upon which of the films has Lez2a assumed
to e coutrollin;ig,

I: all the russ made in this investigztion, the extractint (water)
lad a zers concentration of the solute (acetons) at the etart, rurther=
more, the :disirib tion coaificient was relatively constant,

in such cesee the nmuder of tlheoretical stajes may be calculetad
sccoriing to tre frremnla:

(£ 1) -
L ® ] £ (7 21) -;g-

whici. 18 develored, for inetznca, in Perry's " nibook (1¢), In this

formula I pepresen:s the nuwber of iieal sta, asy ani X and X, are the



conceutrriions of the e-late ia the palvent (carvon tetreciloride)
for the lncouia; Al lzavin: stwosue raenantively, 7 msy be crlled
Ttia exiraction factor™, 14 s 3 reidn of tle rlone of tiae eqaili-

hriag curva to the alope of the orerniing 1i

"o

L ]

v . Fad . ) > gr, - \

it 48 tiernfare also . ive: Uy t:e rallo ==, wrore I’ ia tle die-~
trisution coufliciesnt of % o eolute (ecatone:; . is tie flow of tle
volve. % {carnoa tetrschloriie), and I is t'e Tlow of Li.e exiracinant

(weter), Sie unite uncd 4a this report are alwya [raun mols for

#cetone &4 literg per hour f{or solvest mad uxtractast,
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1, tecgristinn of tha A-ymrodun,

“he sarparatue designed to gt come informatiion abnut the perfore
marce of a pacred pulse colian is resroduced in detail 1a Ti_are 1,
1t esacistad marinly of 2 enluma of wyrex glaesg with a diametor of
502 ca axi & loagth of 120 em, “liore wes only one kinl of paci-ing 1a
use, which conristed of “anechi; rin s made of pyrex ;lass wit: iasile
and outsiie dianeteras of 0.55 and 0,78 exn recpactively 2ad a length
of .78 cme Ve packing had a height of &1 cme It waz mipoorted .y
a flat epiral made of wmonel motal, On this s iral were nlacel two
layers of Fascld: rings with & dlameter of 1,15 cmy 42 order to allow
a wider g mecin, 3a the windia, of the sptral., Lre spiral itselfl wne
sup orted Sros tie Lottina ol tie columa by means of two sup. ortiag
strips male of mnnel,

Jitrner 2al of tins column wes closed wit: a rubber stopper through
which tiea (lass tubing for the diiferent ligpuddl etreans extended, ‘he
etayser At the lower e-d of the colhnn was coveral witi a layer of
nercary, aisout 0.7 cm in heijht, to ireep it yrotacted from the influence
0f tis solvent, The upper rioncer wae in direct contect wit.. the air
epace a ova the liqaid,

ta mlastor concisted of a Lrass hcllows vith an ianer dlaneter

r~

ol 5.5 cm and asont 10 corrugrtions, Tie puloetive molion sme produced

\
Ly an atjustabvle motor-Iriven eccentric, 7"he bellows was co onressel

by a exring aandl dravn bact by ¢ e preccure of the 1iquil when tle ajring



Overflow

~ Polyethylene

Packed Coluna

Restrictions

: —_—— T S T i e
.-“ m—\l""lﬂ. ——— T L L T o T L T I s 2 T=—/————— ‘_“.
i E=E B AE, GRS LSS IS meesest e,
e = i ol = I
= . — X1, T
__ m.ﬁ.”l'ﬂ”:“”!h.ll- A — = e m«JJ_
f - : > _
i T woel 7 wo g wo oz T |
_ —— S — — S
T > . —
| - 1

Dampirg Flask

5.2 cm Die,

=

it Polgater

]
v

Extractisn Coluarnn

Pulesator



11

wvaa com:rocsed 'y the eccentric, “le bellows wes closed with a ruvber
stop:er whici lasted three or four weeka, i gluss tube with aan inner
dlameter of 1,15 ¢n coanacted the bsllows with the dottam of the
eolinn,

o et a relatively eteady overflow of the liquilds during pulcs=
tion, c~re was tazen to have a free air shace of 7 to 10 ca heli b
vetween the ru.u ar gtoo.er asndi tie 11,ull level at e top of the cnle
wga. oy Adlitional damping tre edr space was conunected 7 a tnell
5lass tu.e to a botile Laviag a volume of about two liters,

“i.e two ocolveats L0 operate the coluxn were stored goverhead in
twd S5=,allon bottles, .1e hei_ht of the ehelf for the two uotiles,
mensured fron the botinsm of tie colunn, was 270 cu,

For mwost of the experiments tie {low ol tle two solveate was cone-
trolied by fixed restrictions in the form ol little glasgs nnzioles in-
siie the tubinz, “he coniectione of the glawvs tublin were made vith
volyethyrlens tuling,

bR A k7 Prcs

2.

The rynten acetoas-wataer=carbon tetrachloride was selectsi becaune
of convenlence in haniling, an? Lscaugs the distrl ution co=fliclent
ie relativaely constant, 12 coatradistinction to most dlececlatisg comm
prankis,  uarthermore, tha quantitative mnalycie of scatone 8 not too
covnlicated,

Yim experinents wera always etarted wilh a mixture of carucn tete-
rackloride (Dow, tocknical grale) =2nd acetone (erci (.. Peajsat  rale),
ire acetone was extracted vwith untreated tap woter., “he erxtact, after

s-anlin,, ves discaried %o the sewsr, and after addition of more acetone



tha carbon tetrachloride was used ia the next ran, o7 soans of thds

rrocedure no al itionzl worz for regzneralion of tie 33lvents was ree

cuired,
Jo inalscoia ~F Loabone Tantont,

Jor the queantitative analysis of acetone eoversl methoade have
beea desoribed in tre literaturey and Uehio and Sclulz (10) gova an
avntract for difTerent mothols 295 yesra 8:n.

ke reation of acotone with hyiroxylamine hydrachlaride, in which
tha azount of acetone 43 detorninel uy titration of.tha tylrochlorice
acil Zoraed, wan consilered tie most conveoniast mathod, 1t 43 ia
frecuead ure for the determination of certain lretoncs, and wrs first
Lr0.0bel Tor acetons iy Yheqvner (11), I $543 enxlyels certain coniie
tions, mans of whlch were investiijated .y i#arasco (12), have to e
consliered in orier to obtala ruliable And ra.urodiciole results,

v

ire

arocedure urelerred for the detcrnination of acetaas in the
two tolvente, water 8l €arvon tetraci:loride, followed da eneral the
invecti etinn of Dennett anl .onovan (13).

& volume of 20 ml of the edlutian viose acetone content was to be
detorniied wag firet neutralized with 101, uweing aotlyl crange Ae an
inlicatar, -heve wam the: aldei a volums of 10 ml of hyirsxylenine
wiraciloriie eolation of 1,0 norualit , «al fiarlily a valwse of 10 sl
of notasmium hMrairoxile of 0,79 normelity, For comu:letion of the ree
action thls mixture was then ernnecd for two kours &t room tenperature,
AZtar this time the mixtire wae titrated with hydrocilorie acid, ucing
nethyl erange am an indicator, o prevent locsses 4A:e to vanorization

& 1%anl 'rlennsyer flaok with e gluse ctoon.er was used, .0



1)

rocecure witi cardbon tetracihlorlie wes exactly tie eane as with tie
agaeoue solution, st bocause of tla fact that e rescifion probasly
sroceeds only 4a the aguuous phase, the use of stirric, was iniicated,
To coatact tie two ligquiis well wiilout cnusing losson, tie sto: ered
flagc w8 mecihanically rotateld ersual its 2xds in an lacliued plane,
A 1.2 cm Tarchi; ring 1z the flars wes iatenced ty iasure tiwt (e
mixing woull bs turbuleat,

“he hylroiylemine metlodl is reported by Xoreoena (14) a: not
sdvin. szticlactory resultis in casc v ry small smounts ol scetons
nsve t0 Le deterndined, ‘rerefara, come tests were unierteizen to
nrove the oethol,

Your 10 &l seinples of an 0, )40 normal auesus solition of ace-
tons wera anzlyzedy two in tie presaence of 20 ml o carbon teir:chlore
ide anl t'e otler two slone, 'te szamples with carbon tetrachlorile
were shalcen thorou)ly befors tie reaontes (Lyirosylewines hydrochlarid
el otassiunm hlroxile) were rdl ed, Titration with G, 302 normal
acli reqpudral 875 aal 3,67 wl of krirsciiloric acid for tie sin le
ghane =~ ueous e@olutions, For tis sa.lza ia wiich carbon teirachlore
1.8 wep sTwg Aty S0P Aad 8.2 wl vere required,

cron Wiene muwdyses the celculated acetons coavant is 3,5 wmilli-
nolis {or & 1D ml camsle,
ince tle a; reese:t was batter than exjpected and far votber than
nececcary, this analytical method s jesrs satisfactory,

b, Songa of 0 “inawienis] Inwectd-tinn,

“he cyetom un’er conslieration, e yaciked pulsed exir-ciion colunn,

kag a grest mumbsr of process varleules which deteraine its periormance,



1%

‘he proceass variables which wmi;ht be tal-en into connsileration ares

1. "1nd ol pacidng;

e tametor of pacikzingg

e it of paciiagg

by Terae of settling of paciziingg

-

J¢ ‘fameter of tre ex'ractin; coluung

Yo "inlitule of ~ulsatingg

Te TTusucacr of mleationg

£. Frapa of pulsation curvas

9, Flow raten of nolvent;

10, Tra particular rolvente and eolute;
1, Lholce of continioux rhasa in the cnluang
13, "i-ectlion of treansfer of rolute,

“n favestigntion inclu’ing all the process varinbles woull ree
anire 21 criremely laroe nunher of test rung, Uhe exmeriasntal worls,
trercfore, could inclute only 2 very lisitel selection of thie rezt
sancer of fo50ibilitias,

For this luvesiigetion ticse warizbles have been cut Jown to only
one izind of »eciring (.73 Tascriz rizge), vae hei ht of pachiing
({1 em), one iiamcter of the colunn (3,2 cnjy mnd weter alimya as the
cotixious phoas anli ag tle exiractant, -ie vules frecuency wae ket

conntzat 24 th2 motion of the pulmes wee s1lvarys aoroximntelr a ein

wive,

[
(2
]
[»]
4
b |

ng iaclwiel tie followiny invertisation:

a) Plonrliz, rates without puleatlon erd with ailffpreat pulse
a~piltuwienr 44 & well setiled pecltingg

<) “fficiencs of the column et constant flow retes anl diflerent
miloe avlitules 43 A well settled pacl-ingg

¢) fiiciency ef t'e enluna &b one Jlvo: oulse an-litude ani
2i{forent flov mtes of the sslvente ia a well scttled nmcwingg

d) Tovocrican of tie cfificizners of tie enluza at ziven £flow raten

anld julse er-litudes far e well settlsd npackiag 4n one e:s2 and loose
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filled=in ;ecizing in the other came,

Se Cooratin: Uroan’ure,

O of tho two fand nottlea orerhand wp fillad with tep water and
tie atiior with esrban tetractlorite eorsxindn: a prorxinatelr 1 ircent
Roetong 1y weiht, Ia moot mns tha Tlov Lo the column was {ixod by
nozzlas ia tie lines, 7Thre pulse =uHlltwude of ti:e limidd was detburnined
by manuring the total dinplaceseat of t'e liguid erfica at the o)
of tlv3 coluun, -he flow reies wers cdeterminec by menguring the overe
flow from tie column 12 & given time Wy mmans of radunted crylinters
o ona end two litera volume, The inserface of (he two linudde was
raintained 8t a constant level by aljuntin, tho hel J.t of tle fled-
ble overflov for the cerbon tetracghlorilde, Samples were collzcted
fran escl: guream 35 or LA mimutes sfter settin: the oneratia; ¢xidlie
tinas (flow anl lawvel) coastant, Cince the total holinp 4a tle calam
wvas only .95 llters, tids flow rate war sufficisnt to rolece the 1iguid

ia the ecolumn geveral timea Auring each run,
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1, _actritutiza of Agodnna 41 “sider sl D-vhan Tatpeacihlo-idae,

PEY

the data feoxr the distribution of acetnie 1n water sad carbon tetrse
chlorile were determined by ehnlin: thorsuchls nearly equl parts of the
two solvents tonath-r with 24 amount of acetone in a scp:-ratory fuanel,
Complan woera talien from tha tws lryeras s anclyzed, Tha tesmerature
weg 300 C, vithia 2,87,

‘he remults are siven in Tadble I,

Glatrabutdon of tcotane 4a stur sal syt eizeciisricae,

antration of acetone, nilliusols/liter

>0 Jhace Gl ohaze 'ier"U"tiO'}
nAnSfind ot T

o Ao el

173 83,0 2,145
2349 13,3 2,110
153,48 A 71.0 215

5,7 b 1123
SRR 1?. A 2,175
1,52 Q. L7 2eui?

n eshown in the graph, “inre 2, the ratin o the conceniration
of acetsyne ia tihe two colvents s er-oatially conctant in 3ie rarge
un‘er coacileration, Tie sverae value for te liiastribution coefiiw~
clent @ 13 2,135 on a volumetric baci~ for tie sclutions, B comsarie
£01, Ueidell (17) re.ortad iisiribution coeficients of 2,2¢5 and

2,235 at a tanporatire of 757 I, for the ran» covarsd,
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2¢ 1192740 Tuten

-
'

“or ‘rwilend column,

The 1loolin; ratee have been detoruised for the u vuleedl eoliww
under normal conlitions with well setilel pacdi-ing, %he data have neo
hih de;roe of repraducidility, pomeiily lLucauce of a hratorecis wich
ey e Lavalvad,

oA 2

‘e

~ " ks tT. A AN ]
SAooidns Tabtoa 4n e dead Hntnma

Plawe wndnn 40 1itopn row by

YD) haen C0Y ohace
. ok

323 11.83
11.5 2“"'.";)

142 24,2
LT 17,9
Pied | 21.2
13,0 21.5

1°.0 A 20 e9

Ve data are 1llustretel ia 1 nre 3,

ascoriing to literature reportel by ‘roybel (173), the sus of the
square roote of tie lisear eiporficial liguid volocitiss (varsed of the
erpl; towar crona section) 2% fl:oliay should cive a sirai it liae
for wach gyetea of 14g14de, It wags furthormore shown timt the sum of
thene twn sruare rosts s nearly a coastant for each grstemn,

In the (rash, Y4 ure 3, the sum of the equare roots of these
velocities 18 &led siown, It a pears nearly a horizontal lins, ms
exyécted.

Jo Fiontin, “ite fay tra Thilaal alnong

g data far the flo0iin; rates for the pulsed colww with well

sctilad joclning are jiven in Tuble 3, With palsatioa ti-o re .orted
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instaiilities were eve:  raeter thai in the uawmlsed colusa, 'he re=
milts are correanoiiingly less resrnducivle, Te pule: freguency vae

elways 125 étrokes por minute,

TAJLE Je

“lonadns Toten 4a »llecd lolunn,

Pulee ¥low rate
auplitude liters per hour

0 2047 12,0

0.50 luo 1‘;.8
Oe 5 190 2 1'. S

0,62 15,3 1%.7
1.15 13.2 13,9

i

re data are ploited ia Fi-ure &4, The plat af tn sunre roots
of the velnacities in this case Apmezre to e a slijhily enrvel line,

4, Jorjatisn of Varformance wits ™ilee Amilituda,

Ire investigation waa perforined a4 conntznt flow rates andl vari-
2ble puleo scrplitule, The freqiarcy of the pulzatina wan 125 giroies
ver simte, tre well eettlel pactinr concietal of 0,70 cm Tanchiz
riis, the hei-ont of ¢ha pacikia:r was U1 ¢cn, the contiaious phasa wza
watar, which wae alao the extiractaat., "Trae ilow rate of the caruon
tetracrloriie was 19,9 1litare, ard the welncity of the water 13,2

re ~

liters ;er hour, The tesusrature was 30° C,, conctant within 2° ¢,



T 3007 mfIIlmol$ acefone e i o
. RE T SR B S per, litey cf water P R el
....... Ll , o] ..4*7/ B
| R . | : o '
S NI e T B TN HE | S M S IRt
1 I UG R
! L I. 200 ' EO A
I U R T o SRR SR FESEE SO IO
L e e S
T T 100 | -
- D;strxpution- N IS DR DS N (U SO
' of Acetone 3 ! ? | | R
i ip Waterang | I R |
Oﬁrboanetrachlotide § o | !
'at 3064 ! C l YRR
' : ‘ lﬁO-fmillimoﬂef

i l f'
] .

maceto

ne' DP

r liter.of

ek

a A
o - ,_E, B

| learbon tet

rachloridq

- liters;

-

|
;'.,_

B _%._.
il

. P T B
TQOI vﬂ} f\

of water~”

b g
A
|

|

-—
. |
! I '
' i

30

,1iteﬁs~cf~water*

i f‘{aﬂ";;;e

|
|
S
.4]

L 4 i A

per

of c

our

Erﬂonl

|

i ‘1
-

=

|

|

]
i I
\
! i
! k |
R !

i

- - 1

. 1

F——t—

I 1
I
|

— Bl St R

|
i

B
29

o=

tetrECAlo
e -

1
- flooding.

ride

‘o H
e |

18,9 11teréfhou

-__.L___.a_-__.—_ -,—-—‘ ———

I

|
—’i

1
L
-

B
|

! .*- 0~—-—«
s df sQu

xlige

N

. e
~_4.;1;0 RSN

rs carbon
1 [ It
Y T

.....

o
<V

- s ek ,_.XL_;. . __‘?r_‘- - b e _i‘_‘h
| £ | : | S

I O R | | R B

e FIG B

.....

a
|
|
r)

V)



N

¢

1572 QC»Q"I J‘ sf o ’f‘ { gl & f ot j(”ﬁ Mo

- 12§ xeof o0 19

"A’*‘d - A ETES .'3’;5 e ':, r}
"\/ A{.

mENT™
-t D °

Y-ry3%ion it len fo-d4iZg,

Tun Mulee Aeotana, millimsle /;*cﬁ; Jnamber
:"’oo Amr itwdle 1: :‘;‘:' z ‘-—-l“ Of 1(109.1 ;.~1.'l‘.s.

—_—Ga . da gub ia ouy __etr.oa __cn

-1 0eC0 0 21,5 13,8 7040 1, 33 £0.8
-2 C."8 0 241 220.5 53.3 1.77 55,7 -
- 3 C 0 233 235 5.9 1.327 £1,0 -
-4 o3 o 270 235,5 47,1 2,13 30.0 -
5 0 0 243 214 73 1.3 €l
& C.leld 0 259 217 e 9 2.2 3€40
7 0 0 1 e S JRT | 1,31 £1,8
-8 Cod 0 252 268 33e5 2.51 3202 —
9 0 0 179 1033,.5 61,0 1.3 1.8
10 L8 0 2% 135 15,08  3.62 20l —
11 C 0 102 105,8 0,5 1.32 5.8
12 D0 0 25749 100 9.3  L.7% 19,7
3 v} 0 2045 253.5 (7.4 1.31 £1.,3
Qs+ 1,158 0 13 211.5 11.15 5.01 14,1
15 0 0 20369 20k .1 1, W 0.0
. 1- jo 0] 3‘\?05 -)-3“'05 110 j? 13.0,3 liol" -
17 C.0 0 317 277 20.1 4,28 13.9
12 0.%0 0 20 261 1,57 4,10 172.7

o data are reprecented i1a the renhk, fijire 5. lroiing of
tie enluna rtartel at the »:le=tion of atout 1,) cr, AL the same am=
litule tiie pacl-di; =8 a Whiole siarted to et 1lifsed wp by the Mulesed
lgqudde Tor the=s reasons tiere 48 a Yrear 1 the curve raprescsting
tire nambor of ilcal stegesn,

’ - ~ - r
Co ifuwet of 3w “npoe 44 3 doed Toluna,

In thieg teat the variatio: of the perfor.ance of the puls<d cole
win wit: Ilow rate was toventijatod, ©he »ilse anplitutle wae fixed

st .70 cme ALYl otlicr conditions were as givea vefore 4a Tadle 4,
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adne] catusa widh Vardovle Slow Yateg,

un amber
iiDe 8 . of {deal T:‘..I".'E.S.
— 2Ol el 24 uk ia e _ghnies, _c2
& Iy,
19 2,00 18,9 0 303.0 1014 47,0 3.08 2543
20 Ge 58 19.3 0 N6 175 ‘3l 2,82 28,7
2 2,08 19,1 0 N7 12 1979 1,15 £2,8
- P2 3,77 13,0 0 323 11 2.2 1l.51 -53.6
23 15.10 18.8 0 2015 178, 14,57 4,12 19,8
2 17,55 8.60 0 174 257 7.55 2,80 2549
25 3¢ 7 4,2 0 149 b7 £,00 2,23 V3
26 12,57 Y77 0 151 Lo2 h,23 2.4 3.5
gl 2,37 5,9 0 179 Lss 4,8 2,06 0.4
23 12,80 S¢77 0 175, 8 260 3¢ 2.7 79,1
29 11,03 1043 0 224 2¢5 16.3 3.02 - 27,
30 13.33 3. 20 0 €7.2 262 £,07 1,46 - 4L
31 13,1 12.8 0 219 297 20.1 4,28 18.9

J
“he rerults of thiz table are ;loited in i ures £ and 7, tozether

wiih more data,

A discontinuity at a flow rate of 5 to & liters por hour of s0le
vent mRy be oucerval, A erentlr et leact two infliuencee are i:nvolved
in determiniag tiie pertforrance of the colunn,

fa_liific of Flow “ates dn U ulesd Coluya,

e excetion thmé tirers wan no pulaxtiosm aad the flow rates were

varied,

e

A
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AT OIS

Trwdoad Salumy vdd Ve=iadblae Tlow “2tbng,

Tun Xlow rate toetaia
i Oe vers /o da #2020
— R0 T Y- W 54
32 12,85 5.79 0 071
33 2.2 2,59 0 I, s
=3 13,2 13,2 0 59,6
- 35 1Z.¢ 3.03 0 234
35 3L Je7 0 Girolt
37 1lil 14.8 0 223,5
38 T li? 18,55 0 35
7 10.7 13,0 0 278
L0 £e93 13,2 0 275
L1 5.67 18,7 0 233.5
&2 5653 18.0 0 2N
L3 9,14 15,9 0 362
Lo 4,7 13,9 0 2130
|2 ~b5 L,51 12,0 0 277
L2 13.1 13,6 0 243

13 GOy

i3 2l
23,0 33.1
227.5 20,7
250 YR
1E1.3 206
172 6.5
207 £7.1
212 11,0
2L 8.k
185.1 80,8
14,3 7¢.1
150,0 77.8
2355 9062
1'!;\30 3 "‘)0 . 6
L6 ©1e?
250 7845

Jiumber
of i.eal
< + o Le g.

1.10
0.%6
1.29
28
1,06
1. 33
1.19
1.9
1.9
1,61
1.55
1.7
1.2
1.10
1.35

21

Ve aTele
gl“-
73.6
Ohe 3

= {28

- 8’47
76t
6049
54,3
5lte 3
7.9
5063

[ 2 )
gt

49,1
62.3
= 13,6
£0.0

“he results of this t2Vle are plotted tojsther with the data of

Table 5 on 14 mres 5 and

y
le

I- crea of a constant flow of water and a varia le rate of carion

tatrachlorile, the e:ficlcncy of the un mlsal column ic eli hily ine

creansl by i-creacing the rate of the carban tetrechlorile, which s

u:e diszereedl phase,

Ia the case of A coagtant flovw of cardaa tetrachlorile and a

variaule rate for tiio water, wilch Le tie continuous phase, a maximun

in the e.{iciency of tie c¢columa could ve found,

4t very low gpueds

there seews to be a wory poor efliciency, probably because of mixing

of tie continuous phase,

At KL h specla there ia a slight decreage in

efficiency up L0 the rpoint where floodiny conditions are reached,
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7« Perrormmance with looselyr “illaeltedn aciis,

In the early etzges of thdag investigation 1% was obsorved tiat
soaa 0f the runs at low pulsation could not be reproiuced efter kijh
suleation runs had becn meds, "hip jve the Lioreesion that the dif-
farernce had beea causced by setilia; of the packin; duriag ;ulsation of
the 11quid phase at hizh am:litules,

I¢ vas fouand that the voluno of the preitiy, was retuced wiile
pileing the coluan with carboa tetrachlorile, %o obtuia a projer
packzia; tie coluan was “irst f4llad with liquid anl the ' -eclig rings
were then poured into the liqgidd, DBecaure of the deacities of pyrex
Llare and carvon tetrachlaride being aot very difiereant, the Tarchig
rin s dounced at pulee anplitu’es of about 1,0 cn, and br thls process
trhe packing &8s a whole lost 4ia vrlume about 15 percont vithin one hour
of puleinge

To o.tain a quantitetive jpicture of t!de influence, sora tzsi
runs were made, ‘11 conliitlone werc the sawme as $liose uced to ocvlalin
the data of Tavle Lk, except that ti.e packing was now prep=reold by eiaply

souring e Teschidy rings into e water<filled colucn,

TALIE 7,

un Mulse . s 1 humber
% Arnlitule 2 a0 dn Culy of 1deal H,T.T.S,
ca ia o1l ia Zuk fkeleg. e
47 0 0 a?,4 117.2 ua f 0.92 £3,0
L8 0,40 0 108,0 11%,5 39,8 1,19 8,0
49 0 0 155,4 200,73 91,5 0.25 28,1
50 0.55 0 2104 217 e 1,37 52,1
51 0 0 22 270 103.8 0,98 £2,7
22 0,87 0 205 272 £3.9 1,75 L2
53 1.C5 0 32 92,7 5547 2.18 U742
Sl 1.10 0 372 270 8,5 2435 53.3
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23

The data are ehown zrashically in Ti ure gy ia which the cata for
Table 4 are roresented rzaia for corparison, "The investisaiion could
not be extenned to hizher pulee an;litules Leeauce the nacking cterted

to settls a$ nules em-1liv1des of about 1,0 ¢z

T, LICSUECION OW TUNETLIS

Am psintet out in advance, this inveeiization could only cover a

i~

few of the tusts required to ex lsin ths behavior of a pulse extrzc=-
tioa eolurnn, These few tosts show that pulention in exirsaction cclumne
ni ht have a consi!efable econronic interect,

Ia the data repnrtel, trhe nurver of fdeal sta;8s was increased
by pulsation up to 3.5 times the musber obLtainei without ruleation
unier tLe same conditions, ‘reater iigroveaaents can b2 expected aftor
further inveatisation of cperatin; coniitlons such as pulse frequency,
Pulaa azslitule, or type of packing 4dn the column,

T;e efficlency of tre colunn was steallly iacreased with increas-
in: nralee anplitudies at given rulnre frequency andl give: flow rates of
the solvesnts un to the poiat a2t «ich flonding occurred, “he height
eciuivalend of an 1leal eiaje was reluced, due to pulsation, froam 0

cm (23.% 4n,) down to 1% em (5.3 in,) 2t flnoiinz, Ths Ilow rates of

the gelventn under thess condiitions were 13,92 litera per hour for carbon

tetrachlorile and 13,2 liters per hour for weter (890 cm or 27,2 ft,
per hour veolacitry for the carbon tetrachloride in the em:ty tover and
€32 em or 20.4 ft, per hour for the water which wes the contimious
phase), “ecreaning the flnw rate of watar at & consiant rate for car-

bon tetrachloride of 13.9 liters per hour eleo decreasod the efficiency




of the tewsr in case of 0.9 cu pulge an-litude, 1 care 0of no rulea-
tion there was a maxiimm efliciency of tie colwon neay § liters water
-exr hour,

Ia case the apount of car.on tetracrhloriie was decrearel st &
constant spesd o 13,2 liters weter ver hour, tiere was a decrease in
ithe mumber of ideal stajea 1a Loth cares wAt: .7 cm nitlsation aal also
vithout pulsation, ~t & flow rate of 5 to £ liters carbon tetrachlorilie
per hour a~d with 0.9 cm mulsation tiere was a discontimuity in »Hore

foriance ae chowa in Fijure <, wiich reminls that more than one influ-

ence caratroles tie efficiency of t'e coluun,

Telck ead Anderron (J) reort an irproveaeat due to sulsation up
to a facior of 15, but vhere cuch ia.rovements were oauservel, ithe
hei ht of & transfer unit without pulsation was of the order of 10 {t,
iowovaer, wiere the initial hei:ht of & tranrfer unit wag einilar to
th:e values 1a tile renort, the imsrovessat due to ;ulention was alro
rimilar to the improvemants of thds investization,

It geeme tied with ulastion a big er diameter of paclkin; can ce
used withont losin; too euch efficiency,

4 cosnarison of the deta of “e.les 4 and 7, which are reproduced
in Fisure 8, shows clearly tha ei'foct of eettling of tie packing oa
efliciencrs A lonre pacizing .iver a consiileracly poorer performance
than & packin; which has 2e0n cettled well .y pulsation,

Tida mey partly oxpladn wy data reportal in the literature avout
the periorwance of pacized ecolwias are often in suck a conslierable

Aieagreemsnt,



T"he increase of efficliency »f tie columy due to pulsation mijht
be attributel to more thaa one shenyteaan, [t van eany ta eee differ-
U
e~cas L1 the anneararce of tle colunn, “ithmt pulsstion big dro-lets

gtre-nel down the colunn, Lut with pulsation, esseclally st Bi h ame

rlitude, these droplets were revoral tines smaller, &nd these smkller

éroi:leta bouncad up and dowa 4n the gulsed continuous nlwee, While
many Yhaories niht ve adwunced oa the wasis of thls obrervntion, &t
is not felt that any of thome could be rubstznticted without furiher
ex;orisectation, E

e tle first atepn, %o a more thorou h stuiy of thae perlcrmsnce
of packed nleoed columns, an aiparsius was desired, connlsoting meinly
& columa ant a milsator,

“ie column khad a iisamater of 5.2 cm (2 in,), an? tle leasth of
tle packing wns 81 en (32 in,), conulsting of Taschij rings with
0.78 ¢+ dlareter, “he pulsctor coneistedl of a crm=driven bellows, wbicﬁ
anv~licd the puleating sntinn to the lirnuid phase,

I. thin dnvertization only to & few of the interesting varlables
could be ;dveq ntiaention, zal 4he renst hed to be lefy for futurs
stullies,

Yiie results alowed thet the efficlency of the ccluan was in-
creacal with iacreacin; nulse manlitule, up to the point wiere {lood-
inz occurred, The hoijht epilvalant to a thesretical etage woe reiluced
Jue to puleation from €) em (23,5 4n,) to 16 en (5.3 in,) 8t & pulce

e litule of 1,0 ¢z end at superficlal welocisizs of (90 em (29,2 ft,)



26

par hour for carbon teirachloride end £22 cm (20.4 ft,) per hour for

Uatﬁro

"he efliciencs of t:gwﬂnlv»l colurw increzpel 4 evary case whena

et e —

ti:e ilov of either solva“t wa s 1nv*a;nel. T:da was also true for tihe

", v e, .-
—a . v B R T 2ot I T x

unouleed eolumn etceJt at hi;h throuzhisul viere a sl1i_ht decreace 4in
eificiency occurrsd with iacreaszin; water rae,

Pulsation r#duced the capaclss of tie column ali hil; £t hizh
ulge s-plitule the flow rates at which floodia, ax3urrel were ahout
&I percent of those at which flon!in; necurrel without nalentlon,

Ti9e condition of the packing hal A considersble influence on pere
formanca, The well settled vAaciln; gzave rore theoretical sta;ss for
tie sama haiht than a loonely fillelein pascking, 7he ratls was ),2% @

1 without piulsstisn and 2,5 : 1 at hih nulse as lituleg,

e
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