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ABITBA.CT 

Ltait.ing liquid threaabP•• •r• utend.raed tor the •rn• 
capryl alctohol • •t•r at two •ter rat• in a eol111111 2-inchu 1.d. 

and 82-1/2 inchea 1n length, paeke4 with l/4• poreelain BaNhig 

rinp to a bdglrt ot 12 1ncta9. 

Kxt.raetion ot CoCl2 .trca CoC12 • JllC12 • IE1 • •t•r eolut1-one 

•• oamefl out in tld.a 001 ... ueing apryl alcohol ae the ••1.,nt. 

(HrU)Ol ftlue wre feud t.o ftJ7 ha 4 to 6 tfft onr the ranp 

ot now rat• inY..tigat.ect. The (H'IU)ar ftJ.1188 1--.Nd. •• the 

alcohol rate•• incraNd. 

~ reconry of CoCl.2 fr• tile aleohol atract of the mractioa 

ruas •• alff earrled. 4*t int.his OOlllllllt ubrg a SJ. - •tv aoluUon 

as the sol.,•-'~ The (HIU}Ol. and (B'flJ)or lnoreand 1l'hell the alco)lol 

rate•• inenued. The (lffU)Ql ftl .... obtained. incU.cated that the 

t.ramtw ot CoC12 frflll the dia...Umaoua phan to the continaoua phase 

waa Ntt.e.r than the truster fl"Clll t.be contauous t.o the diacontiruaou. 

1. 



IffRODOOTIOI 

The a9Paration of nickel and cobalt haa preeent.ecl conaicler­

able difficulty to the metallurgy induetry. The mod widely U8ecl 

procueu im'olw th• prMipitat.1oa or the cobalt in the tom of 

th• hyclrated cobe.ltlc oxide (Coi>)•~O) by the addition ot an 

odcliaing agent. to an altall• aolution ot tke diftlent 88.l.ta. 

Oxidising agents ccmlOlllf uaecl are bl•ohlng powder, aod.la and 

potaaaim. bypochl.orit.e and. hJpobNlldte, and aolid carboatea in 

cODJunotion with chloriu pa (4),(14),(19),(21),(2&). 

The pnfermlal aolubJllty ot certain ilrorpnic eal.w in 

organic •ol•ent• w.a noted 'bf Oarwln and BlXHll(ll) who carried 

out a •JR .... tic 1Deat1gation of ·ti•• poaaibllitr of the at1para• 

tiOD of the ehlorid• oL nickel and cobalt by aelectlq utracttoa 

'td:tb an organic aolTenl• Capryl alcohol (2-oertanol.) waa Mlecrtecl 

as the organic aolyent on the buia ot prellai•ry atucliN• · The 

reaaone tor tbia aelectioa nr• the Y.lcle ditterenoe in the aolu-­

bilitlea or the anhy4rou aalta 1a the aleehol, t.be ccaparatiTelJ 

high •olubility or the aore aolllble aalt (CoC12) in the aloohol, 

the low aolubiU:ty of the alcohol in •tv, the etability ot tu 

alcohol in contact with air and the aqueot.18 eolutiom iBYnt.igated, 

am the a'ftilabUity and. aoderate coet of the aolYent, 

PntotieallJ no CoC12 wa• extracted fr• the aiaple aq\leoue 

•olution euept at eal.t concenrationa near aaturatioa. The addition 

ot an electrolyte auoh a.a CaCl.2 or an increuecl tu diat.ributioa 
t · 

co.ftioient or CoCl2~ In all caa .. the extraction or BiCl.2 •• 

Tery low. The diatri'bution coettioienta (1.) tor CoCl.2 and RlCl.2 

2. 



ia ICl aoluticma at 25°C an given aa a twurUon ot the total 

chloride cionoentra\ion in 1'1gure• 1 and 2, reapecliftl,J (11). 

&:ylander am Garwla(16) in'Ntipted the extraction ot CoC'l.2 

fl-a aqueeu 1£1 nlut.iou ot CoC'l2, and CoCl.2 alld l1.Cl2 with. 

capryl &l.oobGl in a apra7 colama. The etm7 _. carrie4 out 1a 

a colmm l•l/4 inoha 1.4. and 68-3/8 ineUII in length. A dls\ri• 

l>v.tor couiat.ing ot hn OJ.-inoh di&• aoa&l. .. _. ueecl. Uai'U.ng 

liquid throughput• were also deteminecl tor re~iud grade eapryl 

alcohol and. distilled •tv. Yaluea for (RIV)Ql wre 'found t.o be 

nearly •onnant at about S t..t onr the range of flow rat .. of 

the liquid p-. .... Yalu• tor (lf!U)o, decreaaed rap1dl.J witk 

i•reaaing alcehol rate and. deonaeed alowl.7 with 4eoreaaing •tel' 

rate. 



THI PDl'CIUWJCI or U'l'RACTIOH :IQUIPIIZ)IT 

InYenigatiou coaduete4 prior to 1936 and ldaerlly ther•fter, 

aade •• or the tuoratical •taa• thec>ry am the truater eoettieitmt 

la for the expr••ioa or••• traneter. Th• recent trend. hae bMn 

toward the ut1111ati o• of tha H'fV coneept. TM principal. P111"Poe• of 

thNe aa•• in.Dater coefficient• 1• to pendt the adaptioa ot -.11 

Hal• aperiaental reaulta t.o the 4u!ga of caaenial aise md ta., 

Yartereaeian alld l'enake(2'1) concluctecl inY .. tiga.tiona on the 

ayat• bfta...,.ter-ethyl alcohol, vt.ilidng the tbeonrtical plate 

conoept to naluat• the performance in their packed c-o111111. The 

etteot of a 111111"ber or ..... 'ftriabl• on the ool'tllll pertenaance 

•• 1adioate4. The -n.riabl .. found to affect the colUlllll perfonaance 

were elw..pe ud.. lliae or packing, and state or aaturation oft.be tMll 

streeaa. Yariabl• tomad to haY• no ettect upon colllllll performance 

were the aterlal ot ~. packing, i•••lon or the cont.imaou and 

diaoontimiou pha•••, and the rat. ot throughput of material. 

The performance ot epn.J and. packed colUIIIIUt •• at.U.ecl by 

Appel and. Kl.gia{l) with tu •1•t• toluene-beuoio acicl-ter. It_. 

found that the capaoit.J at the packed col\118 dep..i.d upoa the tee4 rate 

of th• diaoont1rmoue phe.•• and. onlJ aligh'Uy upon the rate ot the 

oontinuou P•"• ~ oepacit7 al•• uried. with ,he drop aiae produffd 

'by the 11.oa&le. In geural, th• upuilence of bol4ap on taeae ftria'bl• 

wa• •imilar 'to that or oapad.ty. The ettec.tiv__. or a packed col11111 

relati Ye to that of a apray col111111 w.a belinecl to upend upoa the llrop 

nae produeed by the noasl.e and the nature ot the packing. 'lbe capacity 

of a packed oolmm _. belined to be d.termined largely by the rate ot 

4. 



now am th• geautry ot the packing, rather than by the •ubd.1'ria1on 

ot the diaeontlnuoua pba. .. at the nos&le. 

Jluding and llgi•(J) •-41ed the noocling Yelocit1N ot a three­

inch diameter by fiw-toot packed extraction col11111le The nrial>l .. 

studied were 4rop aiH• type ot paeking, Ctillllll deaign• packing npp•ri, 

and ftJ"iat.io.a ot the d1acontima01&9 and continuou pha" rat•• Data 

olrlaiMd eonred the full range ot diacontinuoua and oontimaou pbue 

new rate raU• am a •••eripUcm or the operaUoe at tlood.1ng. The 

encl 4edp ot the col111m .... tOWltl to be b,poriant tor llaldllWI 

t.hroqhpvta. 1'he location ot the 4lapener tor best renlta aa found 

to be jut abon the packing •11PPort am in tlut packbg. JoJmaon &Dll 

Bl.lu(15) •'- a oClllpr._lT• rilMtJ ot apra7 eol-- and cGllp&l"9Cl t>­

reaul.t• with pertonaano• ot paeted.. and pffl'oraW plate o:01--. 

1.ow. et. el.(22) nudied t.he charact.arlaic• am performance 

ot a nine-inch collllll paoted. nth Raacb1g riiap ant Berl aadcll•• 
High now ratu for the oon\1maou phase were fevn&t to haTe a 

protouncl intluenoe oa the w...-.11 Bl'U. The tower packed with 

Raacbig rinp was found to haTe a greater capacity than when packed 

with 1-rl aa4dl•• 

Cominp and Bri1P(8) eonnot.ed apenaente on tov wtt..S-.U 

ctol1111m11 and four packed oo1 ... Wett.cl......U ool-- one-inch 1n 

41aaet.er were touncl to g1Te oirer-all ooetfic1ell'ta t'Wic• t.hoae ill 

packed cot .. and. alee wn round to mT• ~paoiti• per unit 

ot eol'IIIIII eroaa-e.c·Uon a• much a• ten timee those ot the packed 

col\lllll8. Tbw!I, a one-inch wtted....all column can handle the .... 

•pa.city a• a thr..-iacl& putecl tawer, but it 111.uat lMt fi•• tim• 



ae high. The Telocity ef the diepera• phase-.. toand to baTe the 

gr•t•r effect on the OHr-.11 coettici•nt alld caused. the aame 

pereentage Tariation in the tila rNiatance ot both phe.au. The 

Yelocit7 ot t.he cont.1maou phaH •• to1111Cl to ba:l'e a ...U•r etteet, 

which ._. again t.he eaae iJl beth pha••• ln4 etteote may C&IIN a 

!ov-fold ohup in tJMt uuaction q.pacttr tor a ginn YOlmae ot 

pac)dag. Thie elf.ct•• found 'Lo H larger than t.ha\ cauaecl by 

cbu&•• in tlw diapenecl phu• nl.ed-ty. A g...-.1 temlem,y tor 

larger and loa,pr towre to g1T• -.J.ler e~tloiaw •• aoUN4. 

Colburn aad Welah(T) aade an attanp\ te detendne 1ndiT14ual 

tila tramter md.ta. The lnftetip.Ucm ._. con4uchd nth a co1 .. 

packed. with l/2-incb clay Buohig rtnp. The tua mu ot tt. di•­
oozrtimaoua phaee •• toand. t.o N pracrtically 1Jaclepead.a of either 

now rate, 11'hil• the tilll mu or the coat.1moua pba•• .... toad to 

incr••e with u iura•• in the diacontimaoua phaa• rat... The l'Nul.:ta 

indioated that the at.Na which ia larger ia aaount uould l>e .... the 

clienntinuoua pba• .. A new ••~ocl ot interpreting n-...-.11 t.n.uter 

cla.ta, obtained. in aimilar packinga, _. obtainecl. 

CD.oyer(ll) 1-..tipted the edn.ot.ioa ot Yegetable oll• 'Id.th 

tvhral in a mu-foot h1gla by two-inch diamet.er laboratory col\lllll 

packed with l/2-lnch Baechig rinp and l/2•inch Berl llllddlu. A 

••riN of nme -.a al•o oonclucrted on a 22-inch 41.-er colt11111 at 

64• and 87-tNt lw.gbta. The ruult• nre that the longer oolaa 

PY• mere ettioient fractionation. The ~te.ot ot colUllll diaarier 

-.. alao clekninecl uing \he data trca 2-inch, 22-inch, and 66-ineh 

cliua.ter col111H. The beipt per nae• ot aeparation .... considerably 



l•• tor the 2.S.nch eol111111 than tor t.be lal"ger coluama. The height 

per atage •• appraimately the aame for the 22- and 66-inch colt11D8. 

Thn-etor•, the 2-inch collalll wa.a aore ertici.at per Ullit height and 

it la necNeary t.o haulonger col\lllma when the diaaeter ia 22 incbN 

or greater ta ord.er to obtain tbe ttame degree of fractionation aa 

with the 2-inch col\11111. 

Vinuatlan and Jlamli (28} 1-estigated. t.he pertormance ot o 

alr-qitattld ool'tlllll tor ccmpe.riaen with apr&J and packed col.111118. 

It wae uoerlail18d t.bat the ordw ot ettlcienei .. (decrea•ing ft.la .. 

ot la) tor ftriou tn• ot paott.1:11 WN a• tollowe1 With m.trobens ... 

diaperaed, (1) Leae1ng d.11&9, (2) g1au wool, (3) Raschig rinpa with 

aqueou8 acid di~rMCl, t• ori•r •~• ·(1) glau wool, (2) Lening 

rinp, and (3) lucldg rinp. 

Lad.dha and 81111th(l8) iD'leaUp.ted the illd.1dclual ru. tranafer 

r .. iatanc• in the ayet._., laobutfft].4uyd.-ter and pat.anel.._t. ... 

The mu tor the diapvhd pba•• wae found to be aubtrtantially coutant 

with cbanc1ng rates o! now of either ccintimawa or dispenell Uquiu. 

OeankopU• and H:laoa(l2) determined the url-eftecta in a apray 

t.onr tor~ eztn.ctlon ot terrlc chloride tr• aquou hydroohloric 

acid with aopropyl ether uaing an hatffJlal. aampllng cln1ce. ContftrJ 

to prffiOU e.xperiance. the enUre -4-.ttect waa produoecl by the 

oontinuoua inlet. 

Morello and Becbeann(20) inutipted the •r-•• d1nh71.ud.u­

water-tol1Mne uing a l.3TS•inch col\11111 packed. with 4- &la•• beau a'\ 

three dittererrt. "-,p..-..tw •• 'l'htl mu tor tii. •t•r tila -· toud to 

be Meen·Ually sero, while that tor the toluene fU.11 d.ecNaN.d witb aa 

incr•N u t.eperatve.,. 

,. 



Clattey, et. al(6), int'eatip.t111g the extraction ot •t•r­

Jdootine •olution• by kwoeene, found that the Cfffticient. d.ecrea•ecl 

with an increa•• in ttlllJ)erature at all concentra.tiou. At coute.nt 

t-,.ratur• the coettieient increa.•ed with an increase in concen­

t.ration t.o a m:d•• and thea deoreaHICl with tQl'tber incr••• 1• 

oonoutration. The u.'t.,raction •• 8 perunt higur whu the aaddl.• 

packiag uaecl aa looeely packed.. The •addle packing PY• S perceat 

higher enractioa tho did thct aue aise ri• pa.eking. 

Scheil>-1(23, 25) reported ett1cienc1• ot fr• 10 to 100 p.-cat 

tor a l•inch dialN'ler agit&tecl packed colllllll tor the aepan.tion of 

ethanol tr• •tv bJ the double 101-Yent ayat_. glycol-o-xylene 

and glycol..thy1'"1l11aJl ketone, a• the packed. »-ight Yaried. tr<111 

1 t.o 8 incbn~ Scheikl and ,kff(24). m1ac a ebdlar coluan but. of 

12-inch d.J.aaeter, r-a,oriecl that ria&• efticioci• may reach 100 

percent. AntoM and ac-'ic aoid wwe eztracted with the aolYent. 

pain, -~l aobutyl ketone and •t.er-o•zyl•.. The througb­

pld p.er unit croaa-.enion ot the l~h colmm at nooding _. found 

t.o 'be afferal t1a .. that in a 1-inch col.an. 

Breckuleld and Yllke(5) ill'f•tigated. noocU.ng in a 2.6-izach 

tower packefl wit.b 1/2-inc:h •cldl .. and 1/4-inch oarbon rings, ueing 

a ftriny or liquicl pair• 111 ori•r to Tart tile phpical properiiee 

et i.be liquid. pair•• IJltertacial t.euioa .. introduced. into a 

tloocling o.orrelat.ioa tor the firat ts.a.. The correlation appeared 

to tit the data ot t.he &llthon and ot.her prnioua workere. 

Ballard and Piret(2) uaecl oolUIIB8 of 2.03- and 3.15-inch 

diameter with l/4- and 1/2-hch ring packing. A Tariet.y ot liquida 

a. 



•• uaecl with wat.er. ror •t•r a• the <liepen-4 phue, th• fiooding 

phtmGINllll obeerftel ooinc:lcled with tho•• found by prnious 1n1'ut1• 

pt.on. ffollrffer, wit.h tlut •t•r u the eonUIIIIOUII phae., a na 

p~ - a t.ramit.ion traa a.Ol'llal operaUon t.o a t.ype ot nos 

1DYolT1Jag oo•14va'1.e nal•.oenoe - •• obaened. A OOft"elatia 

aieUar to that tor pa-liquid flooding ra'ha _. 4erind. 

Slgia and Fout (10) proposed that. the ... baaia nlat.ioMbip 

exist.• tor ll~·liqu!.d .traction a• that tor •olid pariicln 

falling through a uunerevrently nowhg liquid.. The Y.toeity of 

iDlliTid.al 4ropa at. noe41ng •• related to the ditaperaed pba .. 

holdup, u4 the application of holdup data tran tlu!A;U.aed bed.a of 

Nl.id• t.o the entaat1on oft.he a.pray t.oww fioocling rat• waa ahown. 

Crnford and Wilke(,) reported data tor Umltlng n ... ot ftri.ou 

llquiu ill a 12-lnch cl!aaeter tonr packed with 1/2•, 1-, and 1-1/2-

:lnch carbon Rae.idg ringa. Craperieoa ot the cWNlation obta.1Be4 by 

.-..en1e1c1 &114 W:llle(5) with data cm tlulda of Jdgh YiaCJOtlity anc1 

large c1 .... 1t1 ditferUH ill l• and l•l/2-lnch putinp P" tanrabl• 

agrM11Hmt. A .... oernlatlon •• clneloped t:,y analogy to the t.heorr 

of aet.tling .,_._ whioh pn goo4 agreaent with t.ke data for 

colllllDII packed w:lt.h rlnp ot 1/4- to 1/2-inch n•f•l .U..'ler and 

1/2-tncla hrl atldl•• and olay ap ....... 

,. 



. STlTIIIIJft' 07 TB PROJt.111 

The diatribvt.ioa a-ttarl1N made 1ly Ganrin aJld Rlxlloa(ll} _.. 

IU'Jder -.ull11ar1• c0lllll1t1ontt a.nil no ait.apt. 11119 mde te NNrY• or 

predict utraet.ien •pa.city ooetticient.a which aight be aperied 

wh• the enracrtioa ia earrie4 out OGU!lterC1UT..U7 h ... ereial 

type equtpeent. ~ · atraction riud!• _.. bJ X7luder an4 Gar­

ld.a(l6) eataltl.1.W capacity ... rnoiab and Wghb or a truetw 

Wilt tor CoCl.2 "1 oeuteromTent. utrution wtt.h U. •JfltlN• 
c.ci2 - an - •t•r - capryl alcohol aJICl •m.2 • eocn.2 • 11:l. • 

•ter • capl'fl alcokol in a -,ray eol111m and with the aloohol. 

pha•• cliapert1ed. Th• pr...ut work._.~- to cl.tel'llliM 

the capaait.7 eoettidet• S:.• am Jwa an4 Might• ot a tn.ut• 

unit (BrU)Ql and (HIV)OI tor Coel.2 with th• sr•t.• ll012 • CoC12 -

IICl • •t• - oapr,l aleobol IIJ ooant~ extraotion ia a 

paoked col111111 with the alcohol p)Ja•• cliapenect. 

It-.. t.hough\ uri•ltl• to oeaducrt a •wt• ot prelhdmry 

nma (Serl.• I) in oner t.o 1*sal• ftuliliar with t.he col ... 

opwation and to obtain a tw tl.eNing Yel.oc1ti•• aert.u n wa 

concluctecl t.o obtain data tort.he a.vactioa of GoC12 fr• u 

aqueou aolvt.ioa oomdning llC12t CoCl.2• aDll 11n w.lth capr,l 

alnbol. hri•• m •• •Ol'JClenled with t.he reeonq ot c.cl2 fr• 

t.h• alcebel a.tract of Serl• II bJ e:draetion wit.h an IQ. • •tel' 

llinve ot approxlllat.ely 23 wt. f. mi. 

10 • 



APPARATUS 

A ool'UIIJI 111th an onr-all lengt.h ot 821- iuhee wu coutructecl 

or atudar4 Pyru glu• pipe titthp. The packed e..tioa enaist.ed 

or 8 reducd.ng t ... (2 111Ch t.o l inch) giring a total paokecl height 

ot T2 1n-... fte. elcl• outlet• ot the te .. wre rotated 120° 

progrnd:nly frail ootta to top. The ~ ot 'the packed MO't.ioa 

... 2 inch•• 1'htl ....-1ach aide outlet ot • .ch t• •• titted with 

a rubber ri.opper conta.imr:ig a 3m o.d. glau hJlpling tube. The 

nopper and the tube wre inaenecl tr• the imlu and f'oreecl oat 

until the Naplillg 'lube ae nuh with ti.. 1•1de all ot the t-. 

The end aNtiou and cliaplH'llel' .,... oonatructecl accol"Cling to 

the augeatiom or lluclimg a!Jd ngia(3) amt Johmoa a.ml Bl.iu(U). 

"-1" were conatncted ~ Plutg}ae and J>yrex glua pipe reel__... 
For 19ore cGllplete detail•, •• tigur• 3, 41 S, and 6. 

11. 
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AUXILIARIIS 

Btora,&e yuael• tor the aqueou .t'eed, •olYm, ut.ract, «ad 

rattinate were 12-gallcm Pyrex carboJ•• 

Pronure tor mewing the aque.oua teed and eolYent waa aupplied 

by a c711nder ot ocapreseed nitrogen. Th• reduction of the preeaure 

fra111 the cylinder pr .. •ure to 6 or CJ poud• paig •• acc&'llllpliahed. 

by aeau ot tw regulator• CCllllllonlJ' ued in oqgu •_...ice. Tha 

preeeure r4tg'Ulaton were protected fr• the hydrochloric acid 

npor by the use of a wire 'buket tilled with bcarite and placed 

in the manifold between the tHd Y••••l• 8lld the regulators. A u-tue 

manometer, with approximately 16 inchee ot mercury,•• UNd ae a 

aat.ty w.1 ..... 

now rata or the teed atr .... were indicated by the pr .. •ur• 

drop •croaa capillary tubea locat-4 in t.lle 11nea. lncl!Decl-tube 

•naetera were uaed. to indicate the aaOWlt ot thia pr•._.. 

4litf erent1al. Control or the nw •• a-ccelJ)liahecl by aclJuatiag 

a ecrn clallp upoa a abort aection ot Tygon tubing. Thi• gaTe, 1n 

etted1 a diaphram ftl.Te. 

The interface lnel in the aettliag chamber•• controlled. by 

t.be Teriical podt10Jliag ot a Tent.eel tee 1n the rattim:k line. 

The extract and rattlnat.e lin• 'ftl'e Tented to pr ... nt aiphoa­

ia& tenclendea when the linu wr• Ml of liquid. 

All tnaeter linee wen of T/16•1ull o.d. San.n tubing Yitb 

f'ittinga ot Saran, glau, naltbw, and 3/8-lnch 1.4. Tfgon tu'b1.ug. 

Tygon w.a UN4 prinoipe.lly tor the aec,ion of the rattl•t• line 

tr• the bott• ot the col111111 to tu nnt.ed tee. 

18. 
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The packing material ,.. 1/ 4-inch white porcelain Raachig rings 

•nutactund bJ Vavio• .l. W.ght. Paeting cbaranerietica are 

listed in Table I. 

A eight glaaa constructed tr• 3ra o.d. gld• tubing and 

oollllectecl to the cOllllUI with Tygon •• placed between the alcohol 

outlet and ti. t1rri AIIJ)ll»g point at the top or the col1111n to 

taoll1tate 'the locat!OD ol the interface d.uring eperatia. 



Kl'l'lllIALS USD 

Ref1necl gracle eapl"Jl alcohol, IIIUlld'adund bf the Hardesty 

Chad•l Capany, 1ne •• am oontdlling l•• t1ml • ...tJirl-hex,1• 

ketone, •• ued for a.rt• I. 

Chadeal grade capryl alcaol (2~01) obtdaecl tr. tke 

Barderiy Cuaical CflllPUJ' •• uaell for hriea II and 8eri• III. 

ft• DIIIJor irlplll'i.ty w.a no more than 2.r,f. Jle\hfl•hexyl•tetem. 

Tap wt.r waa uell tor leriea I, and diriilled •tw •• 

ueec1 tor Seri• n am Seri• III. 

ConoesdraW hyvooloric aoicl ot tnt.ecl purity• mamataoturecl 

l'tJ 11all.1Mkredt.t wa• uae4 to adJllet the JIC1 CGD8mrh'&tion ot tu 

alcohol ancl .aquNU , .... to the proper ftll&e8. 

tiller I .f.llarl •• terie4 pvitJ c.cir6Bz0 am Jlt.Cl~6J'20 wn 

uaecl 1n making up t.keequeou p.hae• to the prop.r ftlu•• 

All r11111m• u.a h the analytical 1IOl"k an A.c~. apecdt1-

caUou tor purity. 

20. 



PROCIDURI 1'Cll SERDS I 

The colmm 11aa packed trca the bott• to the midpoint ot the 

d.iepener with 1/2-tnch ._.,. aaddlH. Then t.he col- w.a filled 

with water and t.he 1/4-lnch Raachig ring• duapecl 1n a fw at. a t.hae 

on top ot the Berl aaddl•• The aettling chamber _. placed in 

poeition and t.he tranater linee coamected. Then the column•• 

nulled HTeral Um.ea with •t.er and drain.t. 

Calibration CVTU tor the alcohol and w.ter met•ring dfl'ic .. 

were •d• by obtterrlng the t.iae r4tquired tor 100 al. ot fiuid te 

'be diacharged through the tranetw line• at a giYen pr••ure 

differential ac:roaa the ca.pil.larJ tubing. Vol•et.ric now rat•s 

upreeatad a.a cubics t..t per hour••• calculated and plotted. 

Tenua t.h• •nauter rN.dblg ( ... J'igure 7). The noaeten were 

ue4 only a• an indication ot conatancy or now and the cal.ibratioa 

ftlu .. , therefor-. were not u..ed directly. 

&tarting with the colam and the trauter lin" •P"J • the 

water and alcohol carboy, wr• tilled am a pr••ur• or 9 p1ig 

waa applied above the liqw.d•• The tninatv linff wv. tilled by 

epening the control val.Tea IICINll.tarUy. The alcohol rate •e 

maintained at a low ftlue while filling the oolUIUI with •t.er in 

order t.o prnent the more duse pha•• trm diapla•ing the alcohol 

1n the cli•peraer. 'llan the ool\111111 _. full, tm •hr rate ._. 

••i at. tu 4Mir.t Yalu and the alcohol rate increaeed lty emall 

aaowrt• at regular i.Dt.ernJ.• util fioocling occurred.. 6uttieiut 

·U.me •• all.ONG for at.tat 1111.-t. of at.eady etat.e bet.wen cbang• in 

t.u alcohol rat• amt.be ~ertaoe -· •intained at. a conste.n:t 

lnel by poait.ioning oft.he Tested tN in the rattirate liu.. 



noocling wae taken u the ooradition where a layer ot di9pe:rNCl 

pha•• tint appeared below the lnel ot the 1/4-inch packing. Thia 

definition ie the eue •• tllat ot lrNkenfeld and Wllke(S). Upon 

attainment ot nooding, the alcohol rate•• reduced and then 

increa•ed by YWJ alight~• mitll the Qocding point•• again 

reachecl. ltter •tabliahing the reprodudbllit7 of the nood.iag 

point., the alcohol rai.• •• recluoed to YWJ elightl7 below fio«liilg 

and the actual Toluutric now rate obtained by noting the time 

required tor a Winit• vol_. to 'be discharged. tr• th• coluan. 

lneral check• were taken am the •••rac• recordecl. 

Upon ccaple\ion ot tu nm, the alcsohel n.te •• reduced and 

another at•r rate Ht. 'nle fONgoing procedure._. th• repeated. 

tor eth• flooding pout.a. 

22 ... 





PROCDURK J'(ll SDDS II AJID SDIIS III 

Th• procedure• tor 8er1N II and Itri• Ill wre the .... ae 

tor Serl• I with the onl.1 eaaptia i,.1ng th• nature ot t.he 

solutiou ua-. Seri• II waa conoern.cl with ~ utranicm ot 

coei2 tr. an aqueeua •olution eomainlag 111012, CoCl.2, and BC1 

'by e~ing with cap17l alubol.. a.n. .. lII cumaietecl ot 

l'MOIVbg tu CoC12 i'r4III the alcohol edraot et hrin U by 

oontaotbg the a1eobol pba•• w1 tll an 1111 • •ter m:lxture ot 

approxillatelJ 23 •• f. 11:1. 

lt.aning with th• collllll'l and tnmter U- -,t.y, a ,,...sun 

ot, paig •• applied t.o th4t bott.l• containing the inlet liqulcla. 

The control 'ftl:Y• were the opeucl ellghtlJ ant tile tramter linH 

filled. The •t• ftlft •• left open until a •light laJ•r ot 

aqueous phaH torae4 1n the Nlta ot the colaa, the the alcohol 

ftl't'e was •et at a •:d- rat,e until tbr" of the t• •eot.1-
wer• tilled wJ:t.h the aloohol phaa•• flNt alcohol :rate wa• th• 

reduced ff a ainballll and t!Mt •kr incr••ed to a •:daa tmt.U the 

eoluam waa ocnpl.t.11 filled, at which ts.a. the •tff ancl aleollol 

raua WM •et at tiMt deaired ftlv•• The initial layer ot alcohol 

w.e found to facilitate the •ta.blialaent ot a connant 1.Dterfaoe 

1.-nl earlJ ta the eperatiea ot the •olllllll. flle nw rat• wn ellecte&l 

by rNOl'ting the tiu required tor 100 111. to 200 111. ot solution 'lo be 

ilNharced tr• tu oel1111n1 ud tl:le •ontrol. ftl1'u et t.he inlet nnuae 

wn adJU'\ed 'lllltll the ueirell rat .. wwe o'bte.ineit. 

During the iaitlal nma, --,1 .. ot lb• outlet nr .... nr• taken 

after the tS.nt.. eecoat, tldl'd.,. ud 1'ourth abuc.. of the oontinu.oua 



p.baH t.o det~ the tiu nqu1re4 tor steady-atate k 'be 

eriallliahed. Aft.er four chu& ... ·-pl .. nn 'kken ot the 

continuoua pha•• at the eight int.....-iate point• of the eolUIIDe 

It•• found 'lhat two ccnplm ••••oft.he oontinuou pba .. 

(baaed on tu -,ty colam) allowed nttioient U.ae for:" the 

ena'bliehaeat ot equililtriua. 

Upon uapletioza ot a l'Ullt a aw aloohol rate_. Ht and 

auff'id.m t.ime allowed tor two 04111pl.t• changea ot the conHDIJOI• 

pha.•• to ocnr~ 8-pl• of 'Ule outlet phuu and of the contlmoue 

pbaae at the int....U..t.e point• war. tua taken. Since the aftil­

alJl• quantit1 ot th• ilalet. aol11tlom-.. ntticient. tor aneral J"9119• 

-.pl• of ti. illlet. .tr .... Nr• taken 1,efor• the ildtial nm with 

•ch bat.ch an4 usecl for IIUOMHl'ff nane with t.heH add~ 

2.s. 



ABlLlTICAL IO:THOD8 

A. AqueOWI Pha.N 

1. Total Chloride. It •• iaponazrt t.o know the t.otal 

ohloride content aa well aa '\he alt concentra'llou ot the aqu.eoua 

pbaH aino• the dinril>vtitlll coettic1enta tor tu Nlte are giYa 

by Oan1n and HI.Jaloa(ll) aa a function ot the tnal chlor14• con• 

oeatratioa. The Yolhanl -'hod•• rM'W 11adeci by Eflan4•(17) waa 

choaa tor the t°'81 ohlorid• 4-'9ndnat1a. 

lampl• et all ruu tor lfl'iee n ud l«ri• m _. .... 1,. •• 

•• to11 .. , AS ml. poriioa of the aaaple •• diluted to 100 mi., 
a 5 111.. aliquot •• p1pettecl into a 12.S a1. :1r1...,. .. tluk am 

2 ml. to 3 al. et 1Mdled. concentrated nitric acid-.. aclclet. Su.fti• 

cient standard lcBO) _. addtld frGll a burnt• to o-,1.etely precd.• 

pitat.• the chloride, and proncle a ...U unea. TN millllltera 

er nitrobeas•• were add.eel anrl tile r"ulting alxt.ure ebatea Yigor­

euly 'lo eaaspletely c-auJ,at.e the .&gel pJ"Mipit.ate. The precipitate 

•• _.heel down tr• tu aid• ot the naat am one 111. ot aat.vatecl 

ferric•••• IIUltat• wu added.. The •xo•• AgllO.) •• then ddu­

ained by titration with nuclard kC118 md.11 a bronlah tb11•, hdi• 

eating tu f ormatien ot the iron-t.biocyanat• e411plu, aarkecl the 

..i-point. 

2. Total Salt-. A 25 Ill. aliquot of the ao111t.1on pre­

pared tr• the eample for the total ohloricle ...i:rai• _. pip.tt.t 

ido a SO al. •1...,.er t'luk and ff&J)oratecl to dryneea at 

t-,.ratuna bel• 10sec. the na14ha• •• 41••ol'Nd in tlinillecl 

•tv, tranatffl'ed to a 'fOl..-ric naak, an4 clilut.ed to 100 ml. 

26. 



.& 25 ml. aliquot •• pipetted into a 125 ml. Krlemeyer na•k and. 

analyzed !or chloride content in the .... •aner as 111 the total 

chloride ualJeie.. 

,3.. tickel. The method. dehribed bJ lylander(l '1) •• 

tound Tel"/ •t.iatactory fort.he cletendmtion ot motel. Th• pro­

oeclure uaecl •• aa tollona l 2S al. aliquot of the selutioa 

prepared Ir• the •ample fer t.he total obloricle analysis .., pipett.ecl 

into a 400 al. Maker ancl 4U:utecl to approd.llltelJ 200 Ill. (approx!• 

•t.el.J alx tiau the YOlllN of cl!aet)sylgl.70ldae reagent uecl). The 

aolution •• h•ted ·. to Hllr bolliag, t.lM 4baethyl&lrox!aa (0.5 al. 

ot a 1'/. Hlution of cliatkylgl.Joxiae in ,11, ethyl alcohol for •ch 

mg. of :\de] lfkl• preNnt) •• adtled. Conoentrat-ecl IR40H ·waa 

added dnpwiee, wbll• etirris,g, until the red diuthJlglyo.dme 

precipitate tonatd, or t.lM w.pon giTG oft turned Nd litau blue. 

The precipitate•• allowecl to stand wer night baton bebg fllwred 

on a wiglM,4 eimerecl-glaea-llott• orucd.ble, then •ahed with hot 

distilled •t.er and clried 1n an O'fH at about Uoec for OU hour. The 

clr14Ml preeipitat• waa Nighed am the penemap of Dietel 1n the 

origim.l eample aalculatecl. • nickel waa touncl t• De pNNIU't ia t.he 

alcohol edraote or Seri• n. 
4. Cobalt. Tb. Ceel2 concentnt.lon of the 111111Pl• takea 

t'NIII the 1"111111 of 1er1 .. II a.ad Ill-· d.t.nd.ned .. the dit'tent.Me 

ltri1fMll t;he to\al ..it coneeat.ratioa aDll t,he :nickel chloride eonca­

tratloa. The SJ'R• of hri• Ill did not eontain UIJ' nickel aian the 

alcohol utracta ot leriu n gaff no traee ot nickel• 



s. Specific gran.t7. ill specific gran.tie• ww• 
reported at rom temperature with ~t to •t•r at 4oC. A 

Wfftphal balance wa• uaecl tor th•• cl.terai:natiomt. 

B. .llcohol Pha••• !he Jl:1 am diasol.Ted Nlt•"" ••heel 
fr• the alcohol phaae with •t.er. Baa«rtially all ot the •olut• 

,,.... trauf•rrecl to the •t• phaae eince ther taTor t.hi• pbaa• at 

low ohloricl• cOJMlientratiou. 

The ••hill£ technlque uetd •• as tall.owe• A 2S 111. aliquot ot 

the alcohol pm•• 111111ple -.a pipett.4 into a 200 111. Yol-.tric .tlan 

containing approximately ]$0 Ill. or •ter. The content• ot the n...k 

,,... ebaken rlgor01Ull.y and the phaa• allowcl to eeparate. - J'urther 

additiona ot ... ter ..-. made, with thorough mixing am Mttling• untU 

the alcobol--.ter tnt.ertace reached the 200 Ill. IIIU"k• Vost ot tlMt 

alcohol•• 4Namecl am tbe r•ulting aqUHU8 eolv\1011 used tor the 

a•lya ... The g-..ral procedure for the alllllyeea •• the aaae aa that. 

for the aqueoue pha•• prmoual.y clenribed. lloditicatiou or the 

proced:ure appear belows 

1. Total Chloride. The total cblortcle ocmlent was cleter­

ained in order that the !El ccmcatraticm ot the aloob:ol pbaae wouli 

be ree.cl1ly aft.ilable 11' cleaired. .ln aliquot. ot 5 Ill. or 10 Ill. et tJ» 

abwe aqWMwt extra.et _. g1"8 the Mlle tr•:taent aa the aquuua 

pha•• 91111p1 ... 

2. Tou1 lel:~. A 2S al. aliqtao\ ot ti. ••• aqueous 

extract•• drW and proceue4 in tlM 1ta11• IIIUIMr ft• the aqaeoua phde 

-,1-. 
3. Buel. .l 2S•lSO 111._ aliquot ot tlw aqueoU8 enn.ct 

tr• a1"w• _. tr•~ecl aWl•rl7 to the aqueous pba•• aapl•• 

28. 



Bowner, the nickel cliaethylgl7odu precipitate did not fol'll 

illucliately when the aolutioa ,.. tr•ted with concentrated -.,c:11. 
The prMence or nttioient ._. wu indi•ted by th• oharaeteriatic 

red color ot '\be cobalt ocaplez, and alao by the change ot Millt red 

U.tau paper to blue int.he 'ftJ)on aboY• the ulutioa. The NIIPl• 

were alleind to nam tor 24 houn• then tilt.end, dried, aad Nigh.t 

•• 'Nt•re• 

4. Cobalt. eot.lt cblwide •• determ.ned •• t.he differ­

••• Ht ... a the t-otal aalt• and the nickel ulorl.de. 

S. lpedflc gradty of the· alcohol --,1 .. _. d~erained 

by the .... IM'\hocl aa the aqVMU phaH aampl•• 



IJIDRJ'ACIAL TIIIIOI IIIASUBDDl'8 

A du Jlouy ring teui•eter was waed to --•ur• the 1mer­

fac1al tenaion ot a r .. •elected 111:dur••• Where eamplN taken 

during nu wr• ued.• eqval YOlllN• ot the alcohol and aquoua 

phe.•• were Haken together in order te attain equil1bri• 41•­

tri'bation or Uie •olut•. The mixture w.e pOUNd into the 

tuai•et_. Uah and allowd t• aeparate 1$ two pha•d• The 

..... ur•ezrt •• tun Md• and tk• t-,lll'llture recorded. The 

rNUlta are tabulated 111 Table ff~ 



the 1'iret dagnant la7er appeared at the cllaperaer aeetion. The 

Ballard and Piret correlation gaTe much cloeer agreement to the 

actual nooding point• ae ahown by Tabl• II. Th• quantity 

cut+ ut> ia ~Ulll. to a constant tor the two fioeding points. 

It was poeai'ble to operate the col\lllll at a •lightly higher rate than 

the tloed point, ltat the brtertaoe becam• econtrollabl•$ Du.rills 

all flooding rune., the int.ertace wae •iarlaiMCl apprmaately t.wo 

to three inches abOYe the top ot the air. 

Seri• II and III. The extraction oapaoity coetticient curves 

of Figur• 9 and 10 indicate an inoreaae or la a• the diap.-eed 

pbaae rate ia increa.aecl. ftgur• 11 am 12 ahow an inerea .. in the 

(Hl'U)a, tor Smee II, and (RTV)ow and (B'l'U)Ql tor Smee lll with an 

hcnaae in the diapened. phase rate. 1.'he (Rl'U)Ql of 8eriee II 

r .. ina eeafflially constant at a range ot fl-• 4 te 6 t..t. Thie 

agree• •err Nll with the (RJ.'U)Ql ot appFOXimately Sten tO\md by 

lylander and Canrin(l6). AIJ (ll'lU)Ql ot appro.x!N.t•lJ; t..t, t.here­

tore, ia •Id.table for a preliminary cleaip ot either a epray or packed 

column. ftgure 13 1a a replo\ or the (H'J."U)oa. """ or ftgurea ll ancl 

12. Thia tipN ahoa that the transfer of CoCl.2 1a the reenery rum 

ot Seri" Ill la 'better than that tor the runa ot Seri.ea II. Thi• 

ooatinuoua pha•• thaa trca the continw,ua to the cl1aeontbuoue pha-. 

The higher aalt concentration ln•l.a .in leriN II ner those prnailing 

in Seri• III •Y be an iaporiant factor in thia etfeett~ 

41'he renlt• are aot. ae preci•• as deairecl~ The quantit1 ot C0Cl2 

'tn.uterrecl •• -.11 becauee ot the tact that the alcohol to •ter 



&QUATIONS FOR U1'BlCTI01t CAPACITY CQIJ'J'ICIDTS 

AUD RIIGBT 01 A TRANSFER UIIIT 

hr 801\lte 'tranater acroa• a liquid flla in extraction. undv 

ateady-etate cond1t1om, at any point in a 0-ontimaowsly funct.ioning 

appara:t.ua, 

di. ,._cc; - c.) dl 

a • rw<ew - cl> dA 

(1) 

(2) 

Ia paoled col1m1S the interfacial ar• 1• not. meanr&ble, am 

dA i• replaced b.f ad1'. A.a-.a1ng that. the driTing force tor au• 

traneter is lillllal' in••• tramt•r, eq•·Uon (1) •Y be lntegra.te4 

to give the tollodnga 

OI" 

I 
Kj,a • Y(A C,t.}la 

I 1• cletlnecl a.a 

(l) 

(4) 

(5) 

It the YOl ... change ot th• P••• \Uld.er eomidwat.1oa 1• ••-­

to 'be •gl.lgil>l• a• solllk 1a t.ranaterr.cl, equation (5) redueu to, 

1. •i.<cAT - c,1> (6) 

The OYW-all uigbt ot a t.ra.-ter wd:t. baaed on the aleo.bGl 

phaM iaa 

La 
(RrU)Ql ·­¥&• 

(T) 

fH•S lar equat.ions _,. be dwelopecl tor the •t.- phaM in wldoh 

the nbeoripl Wis eubnitut.ed fort.he aubnrip'l A in equatiou (3) 

through (T ). 



RESULTS 

Series I nooc11ng determination• are given in Table II,. 

The calculated ftlua ot Ka and JfflJ tor hrl.ea II and Seri• 

III are giTen in Table Ill in the lppadix. Tide table containa 

the olNJen'ed expwimental data and all intermediate calculated 

val.uee tram which the capacity c.oetticient• were obtaiud. The 

reeul ta are platted aa la and RftJ 'ffl'8U8 the alcohol phase rat•• 

at a conatant •'ter rat .. See Figuru 9, 10• 11, 12, and 13. 

It -.a not poesible to calculate the capacity coefficient• tor 

Run n ot Seriea III ainee the dri'Yhg tone baaed upon either 

of the pbaaee was aegatin. Thia ie theoretically 1mpoee1bl• 

ainoe the eperating line cannot croae the equilibrian ourre. 

The aalt concem.ratione at intermediate IIIIIIJ)lbg point.a are 

ahown in Tane ,. T'A••• were not ued ainoe the change in 

concentration frall point t.o point along the eolunm •• Tel'J' ..U 

am the capacity coefticienta calculated wit.h 'Uine 'f'lll.uea would 

ha.Te b•n conaidC"llbl.J ill error. 

Table n giTn the max1rm percent error in the capacity 

coefficient• r•ulting tra an aa.aumed amlytical error ot O.OS Ill. 

in the chloride titration. 



DISCUSSION or RESULTS - CONCLUSIONS 

Serie• I. A atudy or the noodi11g characteriatica or the colt111n 

waa made to became familiar with the operation ot the collllln and to 

obtain additional data to cheok against the correlatiomt ot Breck•• 

teld and Wilk•CS) and Ballard and .Piret(2). 

Blanding and Elgin tol:lftd that a certa!• pair or now, rat.es, a 

layer or t .he 41aperaed phase appeared below the packing and the 

column cea.aed to operateRt.ietactorily. Breckaeteld and Wilke alee 

found thia condition in tkeir iD'feat1gationa. Holrffer, Ballard. ud 

Piret round three typoa or fiooding to occur, depending upon which 

phase•• dispersed and the physical propertiea ot the liquids. They 

found that t.he nooding described by prnioua investigators (type 1} 

occurred only with eolYenta or aediU111 or hig11 denait-y and with ..,.n ... 

of high interracial tension. The aecond type or opera.tie•• found. 

to oceur in most or their nma under all comtit.iona ot operation. In 

th••• nme a gradual transition or phase NYer9al oa·curred tran drop• 

wise mOY•ent ot the di9peraed organic aolTent throqh the continuous 

•t•r phaN, to a tilm-wiee mnemont or the water _phase over the packing 

through a predanina.nt a'81Ya't pha••• The third type of beha:dor ocournd 

in many ot the rune in which th• int.er.racial tenaion _. low. 'l'bia 

pbenaenoa •• characteri&ed by aurging or the 1nt•rtaee and a 

audclen tonaation or a layer or the organic eolTent near the diaperaer 

wld.ch then paaeed on through the packing and oll't t.be oollllllne Thu 

open,.t.ion rep•tecl itaelt periodically. 

The trauition poiute defined. by Dalla.rd and Piret wre below 

the nood.ing point.a found by prnioua inveetigationa. Crawford am 

33. 
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ftgure e . 
.lppee.rance ot the Col\11111 Near nooding 



Wilk•(,), in imeetigating limiting now through larger paekinga, 

calculated transition po.int• wit.h the Ballard. and Plret correlation 

am c:capared th• with the nooding point. th8J themaelv• obtained, 

alng t.he criterion or nooding aa propoaed by M.anding anrl SJ.gin. 

The t.ranaition point.a were tor the moat part aboui. 40 percent lonr 

than the nooding point •• 

'.l'he t7Pe ot Qooding tOUl'ld int.hi• inYeatigation •• similar 

t.o t.he third type found 'J Ballard anll Piret. In approe.ehing the 

fiooding po1Jlt1 the bubble aise wa• noted to incNe.ae alight.ly. An 

accumulation ot bul,blee int.he aore open aectioaa ot the packing was 

noticed a• ahown by 11.pre 8. At fioodbg, a layer ot th. diap.-.4Ml 

alcollol phue formed Jut al>ffe the 41aperser. Thi• la,er increased 

ill tbietuaa to a certain point and then bepn to paN up the column 

a• a unit. Bowffer, it. clid not pan out of the column a• a unit., 

'but cleereaaecl in depth and finally diaappee:red, at which tiu another 

layer or aolvent hacl toned at the cUaperaer. rua operation .... 

rep•tecl at. regular imenala. Since the packed aeetion waa '12 inches 

in length, the packing wu able to diapers• the aolYent layer. The 

•urging of the 1ntertaoe allowed the aolTnt to cliaengage 1teelt trcma 

the cU.ap.-.er and t.hue mOTe up into the oolmn. The 1ntertacial. 

teneia and dermity dittenmce •• low, a• ahown in Table n. All 

tleoding cletendne:U.ona Nre mde with alcohol and •ter predously 

aa'\urated with respect t.• •eh other,. 

The Breokenfeld and Wilke correlation predicted a llaiting now 
or the dieperaed pha•• or trcma SO to 100 percent higher than that 

actually obta!Md, the ttood poim being defined aa the point wh.-. 
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rates atudied were not high ud the equilibrium dietribution tend• to 

faTor the aqueoue phase. Caleul.ationa or the quantity or CoCl.2 

traa.terred are obtained trcm ditterenc .. in inlet and outlet etreaa 

concent.ratione. Therefore, t.hey are aubJect t.o c~aeiderable per­

cem;age error when auch ditterencee are amall. It ie beliffed, 

howner, that th• data are ntriciezrt.17 reliable tor preliminary 

deeign calculations. '11th the experimental eoetticient.a reported, 

lt ia possible to design eolmm tor the eepan.tion ot R1Cl2 and 

CoC12, and ror the recOY.ry of coei2 fr• the alcohol extract. 



A atucly _. made ot the conUDUoue extract.ion ot coei2 with 

capryl alcohol trom a eolution containing coei2 - lUCl.2 - HCl • 

•ter and the recOl"ery of CoCl2 trom the alcohol extract with an 

HC1. - •ter mixture. 'ftie equilibria cUetri'bution data ot the 

salt• betnen the two pbaeea wsed in the preeent work are thoae 

tound by Oa.nrin and Hi.Don(ll). 

A colUIIIII 2-incbe• 1.4. and 82-1/2-inchee long, packed with 

1/4-inch porcelain Raechig ringa to a height of 12 inches,•• wsed. 

tor the nooding and extraction etudi•• The end deeign and diepener 

deeign tor the col\llllll were ebdlar to thoae found htiatactory by 

prnioua inYeatigatore. nooding •• detined aa the pair ot now 

ratea at which a layer or the dispersed phase tint appeared Mar the 

diepereer. 

for the utraction, the wer-all (HTU)Ql nried fr• 4 to 6 feet 

OYer the range or liquid rates uaed. The O"Ver-all (Hl'U)ar •aried 

wid.el.7 aJ¥i ahowad a general increase ae the alcohol rate increased. 

A replotting or the (Rl'U)Ol cunea tor hriea II and Ill indicated that 

the transfer of CoCl.2 •• better trca the d.iacontinuoua to the con­

tinuous pha•• than trom the contimaow. to the diacontinuou pbaae. 

noocling rate• determined. tor the ayat.• capl"J'l alcohol • wt.er 

were ~aaparecl with thoae calculated with the Breckenf'eld and W1lie(5) 

and Ballard and Piret(2) correlatione. The actual fioocling velocitiee 

nre tO\lnd to agree more cloeely with those predined 'by the Ballard 

and Piret correlation. The operation ot the colmn at nooc11ng _. 

the same a• that reported. by Ballard and Piret tor •r•tema with low 

interracial tenaion and deneity ditterence. 

41. 



RRCCIIMUDATIONS 

RecOIIIINndationa tor further work on the nickel-cobalt separation 

by liquid•liquid extraction are as follows 

1. Dnelopment ot a volumetric athotl or analyeia for 

cobalt or nickel in aoluticm containing both salts. 

2. Inveat1gation ot higher alcohol to •ter ratiee. 

3. Determination ot extraction capacitie• with oth.r types 

or packing and packing •terial. 

4. Innnion or the extraction col'Ullll ao that operation with 

the •ter phase diapereed •1 'be studied~ 

42. 
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TABI.a I 

Packing Characteristical 

Sia• ot packing, inch 
Typ• ot material 
Apparent 4enaity, #/cu.ft. 
Si1e1 

Otd•ide dielMter, inch 
1•14• diueter, inch 
Length, inch 

Surface area tact.or, A, aq.tt./eu • .tt. 
lractiom.l tree Tol••, r 

.. - - ,._ 

TABLE II 

Liaiting non 

0.25 
Unglazed Porcelain 

139.5 

0.2s 
0.12s 
0.25 

202.0 
o.ss, 

\14 Calculated by 
Water Bate cu,> .Alcohol Pie.le (U.} R.cent Correlationa <t + 1«> la tt.l/hr.-tt., n,Jt\r.-n,2 (5) (2) 

J'•l 
1'-2 

10.3 
19.5 

24.S 38.9 
1.,a 22.3 

Tempen.t.ure : 29.}-1>c 
o- • 11.1 d.yne_s/cm. 

;C' C a 1.000 g./f41. 
P d • o. 921 g;/m1 • 

.. - - ... 

l Obtained tram Maurice A. Knight, Akron, <!\io 

16.y 8.J. ,.,. 1.1 

44. 
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TA:'l..E .III 

_ S1Je,S.if'j c Gravity Salt Concer.tre.ti e,n - V,ater .!hn.oe In Splt Conce?'\trP.ti~...: • .:-

Run Alcohol t,ator Alcohol V,·~·tc,r In · Out In Out 

----- -~_..,....,.._ -- -a.;;-,,1_ -- ... ___ .. -.J_ - __ _,._ -- -~----~_,_ _____ <D~ - ~] 
Series II 

Ex l 0*0820 c.2c( 3.7E, 9. 43 c,.en o.eeo l.]90 1.188 7.7r; 3. iB 4.31 ,.73 2.;1 .3.20 7.56 1.50 4.06 5'. ~-0 2J.,1 3. 
2 0.130 C. 2C9 5. ~4 9.; 7 c.872 c.r-7<: 1. J <;10 1. J 88 7.79 3.48 4.31 5. 78 2. ,;e 3.20 7. 39 , . " 3. ('9 5.4r. ~.6') ?. _, ." ,_) 

3 0.]51 c.2c~ t. 92 9.57 o.t1l o.&74 1.lt9 1.)79 8. U. 1 ~" • ..._, I : .59 (.43 2. ?8 4.15 8.12 3 • .14 ;.OR 5,97 .'. :24 J. 73 
.2JE (, ) q 9. v9 o. 876 o. 87(, 1.lt9 1.184 : .t)6 3 • 0 '1 5.59 l.43 •.. , .,p 4."15 c.'}1 3.0j ,'.} , 18 t.07 2. "'l,1. 3. 83 , . ., .. ,.~ 

c.nc- 11.)3 9.(,2 o. ~76 o. &79 1. J 2, 9 1. J. 84 8. 66 3.c7 :·. Cj9 t.43 2 . ,5 4.l5 7 J7 ~ .(11 4.64 ~.67 2.~3 3.44 
o. 21; 13.?2 9. 71 0 , 876 0.876 1.1e9 1.J 84 c.66 3.07 -~ .59 6,43 2.28 4.15 7. '=<2 3.01 4.81 ~.7S / . 23 3.5 

eries !Il 
l o.::3e5 c.2c5 1. 7£ 9.3b ( 1,869 o.BC-6 1.121 1.1?3 0.139 C.00(, 0.139 c.096 0.000 0.096 1.:)8 0.1)00 1.08 0,758 o.ool) c.75!3 
') o.07c7 c.. l <t3 ".I.. ?4 f.?4 c.869 o.868 1.120 1.)20 C'. 13 9 c.0r.c' 0.139 c.096 0.0:'0 ~.09( 1.25 0.000 1. ?5 0.871 1..'.000 o. G74 ... 
3 0.119 c.22f. 5.45 1c.3, c.BB~ o.875 1.128 1.133 C.0(0 c.000 r.ooo · 0.000 0.000 c.ooo C.43l 0.000 C,43t c.3oe c.ooo 0.308 
4 0.) 5'4 C.. 23j 7. (,;, ll,. E 7 I .f\[2 G.P.74 1.1:?8 1.)34 C.JOO C • OCC l • .)00 0.000 o.ooc. 0.000 o.~~7 O. 000 C. t/.7 0.172 0.000 0.47 

Run 
' 

\ ----Ser:i es II -X l C. 000 C.000 C.CGO c.coo C. 1 (i( (, • C. ,._ Ci 1.29 C. 2(0 1. 29 o.7c.R C.r..()O r.708 c . 0371 
2 C.OC,G C.00( Ci.l.,LO C .L Ci(' r • ,. ,uC C. C (. 'J 1. 
3 o.c305 a.rec o.LJC5 i .Llf7 C. UiO C. r H 7 c . 84 8 c.ooo {,., 34S C,46J C.OOC C.463 c.0:62 0.0673 CJ.Oil" + 35. 3 
4 o.c105 o.ooc o.rJt5 c..0JF7 0.'00 C.Cl 7 (.~9C' 0.00( o. 

o.co0 o.03c5 l'.~·1' 7 o., ~0 G.C'lf·7 L.~S'l L COO C. ~'<il C.544 C.OCJC .'...~44 C.lf)v '-.J • .1. ,t.' l' . v. l. .... "'t' -,-,-.. _ 
6 o.oJ;, 0. Cl•C L. C1CC, C. ~ }(,7 o.r~c o.c.167 c.974 r. ooc c • 074 C.0.4 (' _00~ C. q4 r. 13E C - 1 'i7 0.148 - l?.'3 \. • l ~'. I v •.l.J I ' . 

.)eries III 
1 1.58 c.ooc 1. l.[, l'. ~:-b o.ouc {,.f5f, : .('l~3 u.000 c.c3€3 l'. ~ 2C5 l .OOv O.LZC5 ,.136 0.03n O.")K4 -t- 124 

1.58 0.L'OO 1.r,[:; o.,.:,& (.LL( f J5e C.C4l5 c.~·oc c.C465 o.o; C • 00C l' • C 2 5 C. 15,) 0.0589 0 .• 105 t 81, .• 7 c. t.:-~ c.05:~t 0.1~) + t)f,. 7 
1.c3 c.ooc l.(j f .5 ( 7 r •· OC C.;'.7 c.ci:03 L.CDO G.(lC•3 c.oc5( C'. C~,c, ... : • C'056 c . . , 97 c.ou 8 • C. "f !f~ + 4 . '4 o. )6 97 c:. orie 8 C. ,- f SJ + 4 • .>t 

4 l.C3 e,.~'OC 1 .C3 r ~ ( r 
L .l'C.C C .5t 7 c.oc68 0.000 0.0088 O.CC4t C,. 000 0. '-'048 t'. 11: G.0%( C ,.. '5 -t- 2~.1- (). 11: . [; . (/'/ ( l •.. ) ~ + 2·). 

\. • .._ I ,, ; .... 

-



0.342 
0.342 
0.253 
0.253 
0.253 
0.253 

0.299 
0.192 
0.220 
0.216 

26.26 
26.18 
24 .98 
25.08 
24.83 
24.92 

25.20 
24.11 
24 .98 
25.04 

Out 
K 
44 

0.330 
0 .32·1 
0. 253 
0.258 
0.243 
0.248 

0.221 
0.162 
0.209 
0.212 

Notes s 

1.47 
1.47 
1.42 
1.42 
1. 
1.42 

0.0416 
0.0267 
0.000 
0.000 

1.34 
1.27 
1.29 
1.34 
1.13 
1.19 

·O. 239 
0 .• 202 
0.091 
0.141 

.. 

a. MeClz : CcC12+ UiC1 2 

0.808 
0.807 
0.775 
0.776 
0.779 
0.778 

0.0361 
0.0232 
0.000 
0.000 

o. 730 
0.692 
0.705 
0.733 
0. €>18 
0.651 

0.207 
0.176 
0.0795 
0.124 

0.730 
o. 692 , 
O.t:88 
0. 716 
0.601 
0.634 

0.651 
0.(82 
0.487 
0.443 

TABLE lll (Co 1:t • ) 

0.100 
0.143 
0.31 

• 284 
C,.?3, 

.244 

0.317 
0-348 

.477 
0.4€,7 
0.391 
0.408 

0.192 
C.lll 
c.099 

L . Sr,ecif.ic gravity of the oquiUbr:ium alcohol phase is psswned tc be e,ual 
to that ectua.l ly mens~red ttnder nteady-cto.tc condit~ono cf 01-eration 
(cee columns 5 &. 6) -l uced fer cnlculo.ti0n of cclwrtw 47 8. 4L 

• 

c. ~pacific gravity of the wuter :r.ha.se at eq1..d1i.briurc ie assumed uE follov!S i 

_______ .,....._ 

WeiQ'ht_J 

., 

4 
3 
2 
J 
0 

1.20 
1.19 
l.J.8 
1.17 
1.16 

___ Serice .. III __ 
_9.9f}..:, Sped.J~i.c_ ~T!tYJ:!-' 

9 
7 
6 
5 
4 
3 
2 
1 

l. 21 
1.17 
1.) 8 
1.17 
l.J. 
1.) ;· 
1.14 
1.)3 

Equilibriun·. C0Cl2 Concentration . _ " 
in \later Phase c -Based on Water Kwa (HTU),.... 

-..,...,- U~\ 

Cu. F't. Phi:ise Concentration -~ Ft 
(HTU) 

, , .- -- ~ --- , .. -5r··,. Bottom{Outl _!2.e Bot tom Log Mean Cu.r<:t. ' Cu. Ft. • 
--- ~.......... (5.) (551 . (2b) - 07~ : ill) (59) (60) -- (61) -12.il: 

1. 20 
1.91 
1.24 
1.36 

• 73 
2.65 

4.18 
4.67 
7.63 

.. 

. I 

3.1 
3.11 
5.56 

• 91 
4. 07 
5. 25 

o. 7~ -· 
1.17 
o. 92 

3.77 
3.54 
3.3 
3.52 
3.92 
3.85 

0.128 
0.244 
0.0468 
(r.0407 

0.000 
Q.,000 
0~066 
0.0647 
0.0(.83 
0.0673 

.92 
7.44 
4.92 
4.86 

2.83 
2. 65 
2. 50 
2.64 
2.94 
2.eo 

0.09 
0.171 
0. 033 
0 . 029 

0.000 
0 . 000 

' 0 . 0478 
0.0468 

. 0494 
C.0488 

5.13 
7.14 
3.(,9 
3.55 

0.370 
0.550 
1.65 
1.51 
1.21 
1. 26 

-0.006 
0. 075 
0. 033 
0.029 

3.co 
2.88 
3. 24 
3.36 
2.95 
3.0Q 

4.37 
. 27 

3.38 
3.08 

1.26 
1.40 
2.46 
2. 32 
1.95 
2.01 

1.42 
1.44 
l. 29 

0.301 
0.469 
0.241 
0.274 
0.547 
0.538 

0.57 
0.36 
c.58 

31.4 
u.4 

23 . 0 
27 .1 
52.6 
52-3 

1..., ._ 
26.8 
18.4 

46. 



§x•t.• 

Refined Grade Capryl 
Alcohol - Distilled Water 

SolYent - Aqueoue Feed 
Run zx. 1, lqual Voluau 
E<tuilibrated 

TABLE IV 

2.31 (29°c) 2.s (30-35°c) 
(Pora comparable 
mixture - not iden­
tical with actual 
ey•tem used.) 
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TABLE V 

Sal i , Conce ntn.tj ons at Interrr,odie.to Srunpl i.ng Pointe 

2 - -- _l!J _________ ,. ..J4 115 116 r/r1 #8 --___ .... _ _ ..,_ - -· ------· .. -· --·- - _ _ 1[ · - - - -- - ---
Run_ l.ieCl 2 I-:. Cl 2 C oCl 2 ~eCl2 t i Cl 2 C0Cl2 ?.:ec1 2 l::iCl 2 C0Cl2 l~eCl 2 l:iCl 2 CoCl; 

----- ---····--. -·----- - •., - - • - ~ - • · - · •• · - ·•• w• •. -. ... - .. -.. -- ... -· • · .... --

Ex 1 7. 64 3. 5c. 4 . 14 7. t:4 3. 4f 4 . 16 7.71 3.50 4. ;;. J 7. 92 3.52 4. 40 7. ?5 3. 51 4 . 34 7. 76 3.45 4 . 28 7. f5 3, 5'0 4 , 3 

2 8. 7~ ) . hl r- , l 7. 79 3.52 4 , :>7 No Sarri: l o 7. 97 3.59 4. 38 7 _r C:: 3. 61 4 . ?4 ~.v5 3. () 4. 39 r.c3 i .63 5.h ... . ... . ,, 
3 ~ ; .... 2. ) f: ~ . 4( f. ~2 3.03 c:' 'l( !'.'_3( 3..C7 5. 29 8. 45 3 .08 ~-. :, 7 r . ( 1 3. od 5 r ·~ 8. 61 3. lC' .5 • .s J . f . ?C• .08 5.62 '- • . L / • C , 

. .) 

?. f9 ~. 95 P. 5E ~. C? 5 . 54 r- . ::e 3. 04 ;: . s4 
3. c.6 4 . l 3 8. \. ..... ; .oB 4 . 97 8. 05 ! . 02 5. - ..-

7. 4; 3 . J4 4 . 41 7. t·9 2 . 97 4 r •') 7. 94 2. 9E 4. <;6 7. 69 3 . 08 • I ,{ 

1 c.: 9 Cl1C ( , (l G. O( ( . c 0 c.c6 c.oo (.i . ('(, ~. 00 C.CC' c.oc C. CC• 'C • ... o o. ro (' . ((i C . CC 
• J / 

(. . ::'4 v • ,,(' (, . 21, C.l; c.oo C.1~ C . 10 o:oo C.1C' c.os c.oo G.~; ( .07 0 . 0(• C . (7 f.0'/ 

3 C. 4l C. . l 10 C.41 C. ?2 C. 00 c.. :'? , 0,.:9 C.00 0 . 19 C. J 8 c.oo c .18 c.os o.oc c. 08 G.O 

4 I NC :i:TEm. 

\ 



fl.BIB VI 

lfuilna 4/. &rror in Cepaolty Coetf1c1enta Ruultinc 
from an Aaataed lnal.7"ical lrror or 0.05 ml. in the 

Chloride Titration. 

•:d.lna f. lrror 
Column JlullNI" Ray1t1pg tr• tnt ~ \a r,in1,a1 trnt4Brt 
{Table III) ILl ILl ILl IL! 11...1 1..1 u !..l u 

(S2i Ka• 30 10 24 1, 1S Sl - 32 28 18 
(.S3 (~ 23 8 20 16 300 100 - 25 20 22 
(&1 . l:v,a 22 24 14 11 13 4 - 12 33 so 
(62 .(H'ltl)or, 18 1, .Sl 23 10 6'f - 11 33 50 

.,. 



SAHPIJ: CALCULATIONS 

Run number 3, Series II. 

ColWIU18 (1) through (11), (lS), (16), (lT), (21), (22)1 (23), (2T)1 

(28), (29), (41), and (43) contain obaerYed axper!ment.1 data. 

(12) • 62.4 ! fbJ I (9) • 62,4 J lef~ x 8.6' a 6.43 1/Me<:J.,/au.tt. 

(14) • (12) - (13) • 6.43 - 2.28 • 4.15 #(;oCl,/cu.n. 

(18) • 62..4 x f~ x {16) • 62.4 x liU' I 8,J.2 • S.'1 #hCl.2/'cu.tt. 

(19) • 62,6 If~ I (16) • 62.4 I llM' x 3.04 • 2.24 #'11.Cl,/ou.tt. 

(20) • (18) • c1,> • 3.13 lcoC12'/ev..n. 

(24) • 62.4 I fgJ I <21) • 62,d x P·fM I 0.0305 • 0.016? #luCJ.,/cu.n. 

(25) • 62,4 I fgJ I (22} • 62,4 I P·fU I 9,Q s o.o #JH.C13"eu.tt. 

(26) • (24) - (2S') • 0.0167 - o.o • 0.0161 #Coe:1,/cuJt. 

(30) = 62,4 I f~ x (27) = 62.4 x o,~~ x o,84§ • o.463 #lleCl,/cu.tt.. 

(31): 62.4 I fU I (28} • 62.4 I 9·~~ :I 9,9 • o.o #lliC12/'cu.tt. 

(32) • (30) - (31) • o.463 - o.o • o.463 1/CoCl.,/cu.n. 

(33) • (2) x[!12)-(18j • 0.209 ~-43 • s.,i] • 0.0'62 #MeCl'}/hr. 

(34) • (1) x fI30)-(24jJ • o.1.n@.463 • o.016'il • o.06f3 #UeCJ.,/hr. 

(J5) • 03) + {34) • 0,0962-+ o.9§?7l : o.o8i8 #Meel-A..-. 2 2 'ZJMI.-

so. 



(JT) a (2) X [(14) • (20)] : 0.20~ ~-J.5 • 3•T~ : 0.877 #CoCl-J/hr• 
(38) • (1) x RJ2)- (26~: 0.1.n ~.463 - o.016'iJ : o.o673 #CoCl~. 

(39) • (37) +2(38) • o,p87y +20.9673 • o.011; 1/eoCl,/hr. 

(40) s <lt> ci9pa1 :a: 100 = o.oau0:J?f'l x 100 : + 26.~ 

(42) and {44) are the dietribution coetficierrb (K) correapending to 

the total chloride concentration in. the •ter pha•• (see Figure 2). 

(45) : (11) X (42) s 5e5(J X 0.253 a 1.4~ CoCl2 

(46) • (17) X (44) : 5e08 lt 0.2S) S 1.2~ C.Cl2 

J'or the calculation of (47) and. (-48), the epecitic grayity or the alcohol 

pha•• which would be in equilibria with the bulk of the •ter phase wa.• 
aaamed t.o be equal te the obaened alcohol pha•e grarlty. 

(4T) • 62.4 E f~ I (45) • §2,4 I ~~4 ! 1.42 • o.115 /ICoCl'J!cu.tt.. 

(49): (48) - (26) • O.TOS - 0.0167 • o.688 #CoC12fcu.tt. 

(SO} : (47) - {32) : 0.77; - 0.463 • 0.312 1/CoCl.'J/cu •. tt. 

The etfectiTe tower yolmae i• 0.131 cu.ft. 

cs2> • <32> : 0.077s = 1 24 1c~~· 0.131 x (51) 0.131 x o.471 • (cu.ti:: ~u.tt.) 

.si. 



(53) :. il.L : fut.21 • s.sa feet 1521 1.24 

c.s. > = 1nl • o,84s • 3.36~ Co<;12 T42J 0.253 

(55} : illl : O.Ql67 • 0 066~ CoCl (44) 0.253 • 2 

For ill• apecitic graTitJ or the water phde ueed in caiculation or 

(S6) and (57), •- Note c• Table III. 

'1!6) • §Li I !P•P:t I (S4) • 62,4 I lal2 x J.36 • 2 ~o JJ.,,.,.,..1_, -. 
\.,7 100 - 100 • •;;, Jf\"UV ii/ CU. I. I,• 

(S8) • (14) • (56) • 4.15' - 2.50 : 1.65 #CoCl*J!'eu..tt. 

(S9) • (20) - (S7) = 3.73 - 0.0418 • 3.24 #(:,oCl,/cu.tt. 

(60) • ~: 3•24 • l,65: 2.46 #CoCl,/cu.rt. 
ln fflt ln ~!f3 

(61) .. (39) • 9tQ'l75 . • 0 2' .. 1 le~~-
.. 0.131 X (6o) 0.131 X 2.4& • ~ tcu:FC cu.rt.) 

(62) • 1th • ~ill • 23.0 ft~ 

;2. 



dA • d.ittwent.ial intertacial ar-., aq.rt. 

C • CoCl.2 concent.n.tion, #/cu.ft. 

~ C.1 • (CA - C.1) at any point in the column, #/cu.rt. 

A Cw • (C, - c;) at any point la the col.Ulllls I/cu.ft. 

BTU a uight of a t.ranet• um.ts t .. t.. 

I• dinrtl>aion codtiotent, (•i&ht pwnnt ealt 1n tile alcohol 
pha•• at equillbrl•)/(weigbt percent ealt in the wat.er pbaae 
at equillbri.ua). 

IA • extraction ooeftic1at baNcl on the alcohol pban, #/(hr.)(aq,. 
rt. of imertacdal area)( AC.1)• 

la • extraction capacity coetticient, #/(hr.)(cu.ft. or colUIRll)( AC). 

L • liquid rat•• (cu..ft.)/(hr.)(aq •. rt.) 

lfeCl.2 • K1Cl2 -f- CoCl.2 

I • rate ot CoCl.2 traneter, #/hr. 
8 • cro.a-sec:ticmal ar• ot the column, aq.tt. 

Y • yoluae of the colU11D, oa.rt. 

Suburipta 

A• alcohol pha••• 

8 • bott• ot the COl\lllJl• 

c • oontirnaoua pba..._ 

d • cliaconttnuoua phase. 

la • log mean. 

0A • OT.-.11, ba.eed on the alcohol pba••• 

OI • ewer-all, baaed on the •ter pbae•~ 

T • top of OOlUllll. 



U • Mperficial Telocity at Qood.1111 point, n • .tt./(aq.ft.)(hr.). 

W • •t.•r phaae. 

l,2,3 • tint., aeoond, or third 1ta111pling peint. fr• the lwtt•• 

Su.peracrlpt 

*•equilibrium ftlue. 
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