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TIle atacked cloDe COIltactor prosr- b cl1rectecl toward the 4rfelolBBDt 
ot a CODt1DuoU8 COUDte~ Uqui4-Uqui4 extraction de'l1ce wbich .a1Dta1U 

'" a hip tllrcnl&hllUt to bol4up ratio. Such a .cbSne bu a .bort .olftllt n.1-
.s- tt. MAl tbenton 1IOuld be applicable to .olftllt extract101l proca .... 
¥ben .olftllt delftdatioD due to l'II41at101l expoeure ~ ••• 1p1fiCUlt 
factor. '!'be CODtactor llllller 4rfel.cl.-at fa pbre1call¥ ""BpIC't 10 .h. IID4 
voul4 requin le •• eh1el41Ds thml larpr IIIl1te, neh u p"l_ col_, t'or 
proce"1Da hiPJ¥ act1 .... t~. 

2.0 8fACJCBI) CLOD COJrrAC'l'IOR IBBmlf 

A IICb t1c nov cl1ecz- o~ the appuatue 1. 8boVD 10 PiS' 1. Pift 
Luc1te h;7droclonee an etacked wrt1ca1..q aboft ODe IIIIOther. Bacb h;7drocloDe, 
, 10. loDs, baa & top clh tar ot ,/1+ 10. IID4 tapere to 1/" 10. nth aD 
UD4erfiov port .chine« 0Qt ot the botto. (Pis. 2). lildertlov port. an 
pro'I14e4 nth telre-offa tor rec1rcul&t1Oll tIIrcnI&h aD 1!Iutem ))",11 ceDtritupl 
JNIIP to a 1/8-10. -thick etaS Dle.. steel teed plate wbich iDJecte • etrellll 
teDP"t1~ to the top ot the ~ belovo The ~ ~1c&l coDtllCt bet_ 
h;7drocloDe etap. 1s throusb the wrtu: fiDd.er plate. wbich haft & 1/1+-10.­
loD& aect10D ot 7/32-10.-1.4. tubiDs 1Daerte4 10 & bole 10 the ceDter ot the 
plate. Pisure' above the wrtex fiD4er, & top 'I1ew ot the h;7drocloDe, aDd 
the teed plate. Thi. appuatue we dea1pe4 b7 M. B. Wbatlq aDd W. M. Woo4a, 
aDd a .:Idel we built prior to the author'. eDtl'7 OIl the 4ewlo ..... t. 

The cuC84e vu operated nth tha Aq1*Nll pbue COIltiDuowl aDd a ~­
cloDe nc1rcul&t1on rate ot 1 a-. 1C'a~ vu uee4 tor the orpDic pbue, 
aDd 0.08 M IDIOa tor the AqIl8OU8. It we to1lll4 thet the orpD1c pb&ae could 
be 8\lCce.i~ iDJ_cte4 loto the col_ throusb the bette. rec1rcul&t1Oll 
puIIp llDe aDd the Aq1*Nll pbue throusb the top rec1rculatiOD JUIP llDe. 
The orpD1c vu ..tend rra. a 55-pJ. .olftllt t&DIt tIIrcnI&h a MaillCh par 
JUIP aDd a roteMter. Prort.1oa vu .a4e to JUIP the orpDic rra. & .1pt 
al&H to -..un nov rate. it ~ atrq Aq1*Nll 4replet8 ahINl4 ~ 
eDtra1.Decl 10 the roteMter. AD Aq_ etrellll CaD be sra'l1t)<-te4 f'roa a 
3OO-pJ. Aq1*Nll teed ..uup t&DIt. '!'be orpDic pb&ae Plece.de up-col_ 
tIIrcnI&h the lov pre.aure wrtex wbile the 1D4~ \llllJerfiov effect _. 
the hea"7 pb&M 4ovD-col_ alOIls the valli ot the h;7drocloDe.. The epparatue 
operat1Da COUDtercurreD~ 1_ .bovD 10 Pis. 1+. The thrItI4Ulte wrtu: ot 
brpD1c 1. 'I1.1ble 10 the ceDter ot the cloae •• 

W. M. Woo4a de.1p4 a uaique 4e'I1ce t'or 1Dtertace control. l A DIp 
c_ll b 1DIt&1le4 aero •• the rec1rcul&t1OD JUIP to tile top h;7drocloDe. The 
deDl1t)< ot the nui4 PU'1Da throusb the JUIP 1. cl1~ proport1oaal to 
the I:W 4rfe1ope4 b7 the JMIP. '1'111." 1. __ b7 tbe D/P cell aDd aD air 
I11D&l11 MIlt to & ~t1e ftl.w CD the Aq1*Nll 1Dlet llDe nch that & 
COIlItaDt 4eDa1t7 1 • .a1Dta1De4 10 the JMIP llDe. TbuI a CODIt&Dt .olftllt 

. iDftIItol'7 or 1Dtertu. 1. -.1Dt&1M4 10 the top aect101l. 

~ bal1c tlmct10ll ot & top MCt101l tor the OO&1tector, 10 II4cl1t1oD to 
pl'O'l'l41Da roc. tor 1Dterfllce -'rol, 11 to eeparate ,..... np1~, pro'I141Da 
aD 1IIi---'iDuowI pbue tor rec1reul&t1Oll to the ~ ~ aDd a 
olM.r orpDic pb&ae to take off rra. the .... :r'.. A -u. 1Iop Met10Il w~ 
11 4el1rable to aSpsaS .. 101-' IIDlaIIp. ... bal1e 1Iop Met10Il -tta- haw 
beaD teete4 OIl the --eenor (nc. ,). 
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Top .. etion A vas used tor tlood1Dg and boldup studies. This section 
provided a constant cro.. section in which interta"e drops could be conven­
iently -.ured to deduce 1I01.vent boldup. Ko t"loocHng thro\l8bOut the ranae 
ot tlood1Dg-run nov rates were observed with this top .. ction vllen Supersol 
vas the solvent. IIovewr, this deB1811 deviates troll the criterion that the 
boldUP . be ..u. 

Beation B vas Orig2Mll)' dedgned tor use in the Mark II stacked cloDe 
contaetor. Beeauae ot its Jl er e1ze, it vas used on the Mark I contactor 
tor extraction rune to decrease steady state tillle. With the Bupereol II)'stem, 
DO tlood1ng ot this top seetion vas observed thro\l8bOut the ranae ot fiov 
rates used in the extraction rune. IIovever, vllen Aausco vas used, a DOticeably 
lonpr -asceoce t1llle vas l"Iquired, and the intertaee could DOt alway8 be 
controlled below the orpnic overtlov take-off. An extra 2 in. ot settling 
.. etion Vu required aoow this top section to prevent tlood1Dg by 8pill1Dg 
~ ot the aqueous pba8e out ot the orpnic take-off. Piece8 ot pol;yetbylene 
tub1Dg were used &8 pe.ck1Dg. Pt.Bsing the vIIole recirculated 8treUl to the 
top cloDe through the paclt1ns in the top .. etion aided in coale8ceDse ot 
the orpnic pbase. 

A po.-p-driven top seetion, section C, COnsi8ted ot two Lucite blocks 
with ports aDd inlet aDd outlet taps CODDected by a 6-in. -long section ot 
l-in. -dia gl.us pipe. ThiB di8ensas1Dg section vas to act a8 a c;yliDdrical 
b1Ydroclone with a clear orpnic phue Circulating through the top Lucite 
block, an intertace controlled in the gl.u8 pipe 8ection, and an aqueoU8-
rich-phue take-ott at the bottom tor recirculation to the top bydroclone. 
Ko stable operating point vas tound vllen Aausco vas the solvent witbout 
80M ot the aqueoua phase being taken ott at the orpnic overtlov. The 
recirculation rate ot the stream in the top Lucite block va8 varied by . ' 
throttl1Dg the pump line, but decreasing the circulation rate Cau8ed an 
even greater aqueous traction to 8pill over the orpnic overflov. 

An 1Dverted CODe centered belov the bottom bydrocloDe served &8 the 
bottom .. etion ot the apparatua. nn1.ng operation tbL'.Organic phsv 
be_ 110 tinely di8persed that very ....u. trace8 ot 80lvent vere carried 
out the aqueous take-ott at the bottom ot the colUlllll. Some ot this IIOlvent 
coalesced on the stainle.. steel rotameter fioat in the aqueou8 outlet line 
aDd nece88itated using a stopwatch and graduated c;yl1Dder to obtain accurate 
tlDv rates. This dUticulty could be eliminated by teed1Dg the orpnic 
stre .. to the second bydroclone and us1Dg the bottom bydroclone as a claritica­
tion sta&e tor the aqueous stream. 

Prel1m1Mry fiooding studies, ext~tion ettic1encle8, and nov rate-­
pressure drop data have been correlated. 

A ~rlea ot fiooding experilllents vas conducted with SuperllOl as the 
orpnic and 0.08 M IIlIOs as the aqueous phue. These are s-nzed in Flg. 6, 
vhere fiooding orp"lc ra .... is plotted ap1DBt tlood1Dg aqueous rate, and 
'lg. 7, a plot ot log ot fioodlng Alo (aqueous to orpnlc nov rate ratio) 
va tloodlng aqueous rate. 
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Tile flood1l18 procedure vall to increaae tile aquec;us now rate for a 
constazrt. orpnic flow rate until tl.ood1ns oceurred. At orpnic flow rates 
of 500 ml./a1.:J1 01' lellll flood1ll8 took place below tbe point of orr • c feed 
injection. Fl.ood1q aqueous rates ilere eaueed an appreciable... t of 
solvent to be carried out tbrousb tile aqueous take-off. Hovever, at orpnic 
flow rates ~ter tban 500 ml./a1.:J1 fioodill8 took place by a buildup of 
solvent in t!M.- underfiov ports of the IliYdroclones. At an A/O of unity tile 
total flood1ll8 throusbput vall 1.1 l1tera/a1.:J1, vIlich correspoDds to a flow 
rate of 59,000 sst!! baaed on the 7/-,2-in. vortex tiDder di_ter. 

FloodlII8 rates detera1.:J1ed by this procedure vere hisber tban thoee 
reported by 81II1II8. 2 8~' procedure vall to fill tile tol' section with tile 
aqueous phase and the bottom with tile orpnic phase, start tile recireulat~on 
pumps, and detenll1ne tile throU&hput by lIII!&IIurtll8 rate of ebange of intertaee 
level in tile end sections. Apparently throughput is .. ,.., •• vbeD the feed 
streUIB are pUlllped into the collllm ratiler tban relyiq on the iDduced under­
flow effect to feed tile streUIB to tile cascade. 

4.0 SOLVEHT HOLIXJP AND IWI'EHTIOIf TIM! 

Solvent holdup and retention tiM data vere obtained for orpnic flow 
rates of 100 to 600 ml./lII1n in lOO-ml./lII1n 1Dereamlts a!ll!. aqueous now rates 
f1'Olll 0 to as hish as ~ of floodill8' Tile pereentap of 801vent in the 
~clone stages 111 plotted (Fig. 8). Ave ..... 801_t retention tWa 
1ncreased from }.4 sec to 5.6 sec aa tile aqueous rate vall increased troa 0 
to 900 ml./a1.:J1 ('is' 9). P'ur a given aqueous nov rate the effect of decreas-
1118 the orpnic rate 111 to increase tile retention tWa sl1glltly, but this 
effect becomes JlK)l"e pronounced at the orpnic flow rate of 100 al/a1.:J1. 

Solvent holdup data vere obtained by inJeetlq tile orpnic stre ... tirst 
into the bottom clone and operatlq the col_ eountereurrently at constant 
flov rates ~r several a1nutes. TheIl all 1Dlet and outlet atree.a vere 
shut off a1.....u.taneously, and totsl 801vent holdup vas detennDed by _aaur1q 
~be resultlllg interface drop in the top section attar all tile 801Y<:.'Dt had 
.aved up til!! colmm uDder the 1Dfi\lellce of tile recirculat10n pullps. !fext, 
tile orpnic atre_ vall inJected 1Jri;o the top IVtt1'Oclone, and tile col_ vall 
operated at tile __ flow rates. Thia tiM the interface drop vas due to 
tile 801vent ile14 up in tile top ~clone and top sect10n. Tile difference 
between theae two 80hent holdup inventories gives the 801veDt holdup in 
four IIiYdroclone stages. For the purpose of caleulatlq tile orpnic hQldup 
vol_ as a per cent of the total volUllll! it vall n"leesaary to _asure tile 
total vol\lllle of one cloDe atage eonaistlII8 of Lucite clone, uDdernov chulber, 
pu.p and p1plq. Th1a total volUllll! vas found to be 190 Ill. Tile actual 'I01Ullll! 
of the Luc1te IIiYdrocloDe and uDderno ... chulber vall only 40 Ill, vbere&8 tile 
volUllll! of tile as80C'iated ceDtritupl. puIIp and piplq vall 150 Ill. Retention 
time. were calculated by div1dlq the ~tal 1I01vent lIoldup per ~clon_ 
stage by tile orpnic nov rate. Tile holdup time would be -Uer if tile 
p..-p vol\lllle could be dec,..aaed. For exallple, if calculat10ns vere baaed upon 
the IIiYdrocloDe volUllll! alone, retent10n tiMs would be only 2l.~ of those 
reported in Fig. 9, as~ the ... pareentap of 801vent vall cll'< .lat1na 
in tile puIIp as in the Ivdrocl.oDe. 
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P\:)r tllese exper1~ts the interlace vas controlled manual.ly 1n top 
sect10n A vb1ch IIIId a conataDt '-10. di_ter. 

5.0 BQUILI1IIIII4 lOR TIIB In&l'»i IIIIIZOIC ACID-SUPERSOL-O.078 !! IIIIOa 

TIle 8)'stea benzo1c ac14-Supereol-O.078 M IIIIOa vas used as an extract10n 
8)'atea tor evalua'~1D& tile extract10n etnc1ency ot tile stacked clone ocntactor. 
Dilute nitr1c ac1d 18 necessary to prevent emuls10n ton.t10n 10 tbe coDtactor. 
TIle ..x1allll allowable aqueous benzoic acid concentrations are l1m1ted by 
solub1lity, <0.0, M at 1"OCIIl temperature. A procedure tor tile ~a1s ot 
this 8)'atea vas developed by Kubota.' Benzoic acid in kerosene is detena1Ded 
by a potentia.tr1c titration on an auta.tic titrator 10 a 1:'+ methanol: 
acetone 8Olvent. AqU80ua IlUlples are titrated potentiometriC&lly tirst to 
tile nitr1c acid end polot. TIleD tile benzoic ac1d t1tration 18 III&de on an 
expanded scale to loc~ accur&c:y. 

Tb.1rty-e1ght equilibrat10ns vere made 10 batch sb.&keup experiments, 
soa at '1.5~C and otllers at 2'+·C. Witb.1D tile scatter ot tile data, DO 

temperature coetticient vas observed. A log-log plot ot tile equilibr1um 
data gave a line ot slope -2, renecting tile ton.t10n ot a d1JDer 10 tile 
orgaD1c phase. The organ1c benzoic acid concentrat10n vas tllen plotted 
aga1Dat tile square ot tile aqueous benzoic ac1d concentrations (Fig. 10). 
It vas toUDd that a curve ot tile torm 

(1) 

lOOuld represent tile plot of Fig. 10 better tbaD a stra1ght line . l'. least 
squares curve ot i;his torm vas ti tted to tile data points, and tile folloving 
equation v ... obtained 

¥bere Y and X are, respect1vely, tile benzoic acid concentrations in III1llllllols 
per liter 10 tile orgaD1c and aqUl!OUS phases. The standerd deviation tor 
this correlation vas T.65~. 

The mecbaDiBIII lovolved 10 this 8)'stelll can be represented by 

n) 
Applying the IIlUS act10n lav 

K - rfCs¥OOH)a org) 
- CeRsCOOH aq )2 ('+ ) 

vllere K is the equilibr1U111 sonstant. 

Sloce the organ c phase vas analyzed tor total benzo1c acid, tile 
cOD.centrat10n of tile d1JDer would be one halt ot that silovn tor each ordinate 
1n Fig. 10. Theretore tile CODstant K 10 eq. 4 is very Dearly equal to 
1/2 81 10 eq. 1 because tile least squares curve 10 F1g. 10 is &lIIlost linear. 
Tile value of K determined 1n this a.nner 1s 0.0462 liter/1IlIIlO1. 
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l'ourteeD extnction ruD8 were cc.pleted with the II)'8tea beazoic acid-
0.078 M DOa-9QpeNOl ud three were -.d. with .. eo. Tbe .. data are .-r1zed 
in 'l'abr. 1. FicID'e. 11, 12, ud 13 abow the operat1Da l1Dea 10 relatioD to 
tile eq1l111br1ua line. 

With the exception ot !'lID SCC-12, extnction ruD8 were -.de with the 
_cbaD1cal boJdrocloDt .tap. ud a top .. ction thro\Isb which the Rr_ 
rec1rculated to the top boJdrocloDt vu puHd. 9tap .ffici.DCi •• Yere 
reported 1:17 .ubtnct1Da ODe theoretical etap tor the top .. ctiOD ud its 
a .. ociated ~ troa the total nuaber ot theoretical etapa dewloped 
ud dhid1D& 1:17 the tour J 1n1DI boJdrocloDt etap. expres.ed .. per cent. 
V.rifiCAtion ot"81&0& ODe theoretical separation in tile top .. ~n ud 
~loDt vu eoDtirwd 10 !'lID SCC-12 du'l'1Dl which tile orpo1c ud aqueous 
teed .~ both ¥ere inJected 1Dto the recirculation l1De to tile top cloDt. 
Within ~ical ud expen-otal .rro .... , the top .. ction Bud ita boJdro­
cloDt account tor a~te~ theoretical etase. 

Operat1Da l1De. used to "step ott" the theoretical etapa were detena1Ded 
1:17 ~is ot end COIlceotratiou. 

Slopes ot the operat1DS l1Des we", 

Ya - y, 
~ - X1 

x = aq C"a.,CooH conc, 
1111111.:>18 per 11 ter 

Y - 0'1'1 C..a..CooH conc, 
1II1111.:>ls per l1ter 

This sbould be eq1l1 valent to the Alo used. Table 1 loc1udes coluams tor 
the measured A/o' s aDd tbose calculated tro. eq. 5. 

Benzoic acid _terial be.laDce calculat10u were ",ported as 100 x OY2 + 
AXlIOY1 + AXa ¥bere A aDd 0 are, respect1ve~, the measured aqueous aDd 
orpoic tlow rates. IIuDS SCC-6, SCC-7, aDd sec-a were made with top section A 
('11. 5) aDd the 10terrace vas C?Dtrolled aar.;W.ly by adJust1Da the aqueous 
1nlet rate. . Tbe J 1 ""er ot the J'UDS used top sect10n B, and the loterface 
vas controlled autoatic~ 1:17 the DIp cell. AD extra 2-10. -his!> settl1Da 
s.ct10n above the top sect10n B vas req1l1red 10 scc-14 vben Aasco vas used. 
Steady-state operat1oD vas as..-d to be reacbed after the total solvent 



Table 1. s~ or Extract10n Rune 

Benzoic 
Add '!Uta! 

MIlt ' l Bral., Wo. or Stap nov 
~ 1- of !Mo- Erl'i- ...... ee/.ln 

Extracted Alo !cll. 100 A'O lnp.at ~- _teal c1eDC7 . Aqueoue Orp.a.le 
Run No. Solvent from "".easurted X2-Xl {'i'2-Y 1 J7C2-X1J x 100 t .... Stap. 1- A 0 

scc-6 Supersol Org to Aq 2. 28 2 . .... 9} 94 }2 2.9 ..a 285 125 
SCC·1 Supe r sol Org to Aq 2.82 2 . ~~ 99 99 82 2·9 ..a 820 290 
scc-5 Supen:)l Aq to Org ... . -, ,.0'. 99 1010 58 4.0 15 60} 200 .. ' - -
SCC-9-' Supersol Or. to Aq 2.41 2. }2 1010 1O} ~ }.5 63 182 }26 
SCC-9-8 Supersol Org to Aq 2.8} 2.89 98 98 85 2.8 45 850 }(.() I 
SCC-10-' Supersol Org to tq 2. 2'} 2. 22 103 103 63 2.9 ..a 5·,8 252 -sec-lOeB Supersol Org to Aq 2.82 2.12 1010 103 n 2.9 ..a n3 25' .... 

I 
SCC·10-C Super801 Org to Aq }.16 2.95 101 101 80 }.} 58 855 210 
sec·lO·D Supe r aol Org to Aq }·54 }. 12 11} u4 85 }. 1 5} 968 272 
SCC·11-' Supereol Aq to Or. }.15 }. }2 95 102 58 2.1 43 611 194 
SCC-11-8 Super.,l Aq to Org } . }8 4.62 n III 62 1.8 2C 6/lIo 202 
SCC-11-<: Super.,l Aq to Org 2.7' }. 5} 11 III 56 1.8 20 5'1 198 
SCC-12-A Supersol Org to Aq 2.03 1. }6 149 124 65 1.} 1;;oa 5}4 26} 
SCC-12-8 Superaol Org to Aq 2.42 1. 84 1}2 U8 76 1.2 1)0& no 298 
SCC-14-. ... co Aq to Org 1.010 1.09 95 10} }-r: 2.1 26 215 201 
SCC-14-B .... co Aq to Org 1.88 2. 29 86 1010 50 2.0 25 4U 219 
SCC-14-<: .... co Aq to Org 2· 69 2·92 92 10} 61b 2.4 35 600 224 

·Ass'.;.~. Aaaco "",d Supereol rlood at tile ... rat es. 

bExtrutlon v1th top sect10n and one b,ydroelone only. 
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Fig. 11. Ex hoct ion runs SCC-6 through SeC-lOB. 
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Fig. 12. Extraction runs sec-Ioc through 5CC-128. 
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Fig. 13. Extraction runs SeC-14. 
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inventor)' bad ~~n replaced tive times. Relative~ const£nt stre .. concentra­
tions vitb time t.nd SOOd _terial balances 1Ddicate tbat this 18 a re .. o ... ble 
a .. umptioD. IIued on Ws criterion, at an 1./0 ot 2.0, uains top MctiOn B, 
steady-state time 18 10 II1n at 85~ tloodiD&. 

7.0 PROPOSED PROGRAM 

A Mark II stacked clone contactor baa been constructed trail Lucite. 
The basic design cllllnges in the ~lone Mctions include an overall 
decreaae in length t'roIII , in. to 2 in., an inCree.H in the top di.-ter 
t'roIII ,/4 in. to 1.5 in., and an increase in the bottola diameter trca 1/4 in. 
to 0.'5 in. A ,/4=in.-thick block _ uch1ned trail Lucite to Mrw .. 
both a teed plate and vortex t1ncler in tile Mark II COIltactor. 

In order to compare tile Mark I and Mark II des1gn8 upon tile _ buis, 
tloodins and solvent holdup cbaracteristics should ~ redetenl1ned in the 
Mark I contactor vitb the 801vent Amsco. S1lll1lar~, extraction runs in the 
Mark I vi11 ~ extended vith the Alllllco system and the equilibria vi11 ~ 
accurate~ detel1lliDed tor Amaco. It baa been suapsted tbat the coctactor 
~ evaluated 1»' operatina vitb a uren1_ system and a 1It.""'.rd PUrex t'lovIIbeet. 
In pre111111nary corrosion teste vith ~~ 'l'1IP--Alllllco and ac1d uran1_ 801vent 
02' got 11r&D1um per liter, 1.76 M (tree) n1tric ac1d) Luc1te UDde~t 110 
gross change. More extens1ve and quantitat1ve corroa1on tests are beinl 
conducted. 

'l'beoretical stage wculatiOns, _ter1al bel.nc .. , etc. can ~ calculated 
accurate~ and rap1~ 1»' the Oracle. A code 1s be1n& prepared tor the 
Oracle 80 tbat ~1cal data t'roIII extract10n run euples can be ted 41l'11Ctq 
into the computer and calculations such .. tho .. tabulated in Table 1 co.pate4 
1»' the ..chine. 

8.0 RU&RBl«!ES 
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