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~RACT 

The continuoUs countercurrent extraction 'of uranium by. dibutl1 eel", 
10501v& from solutions containing thorium nitrate, together with nitrates of 
alWldnum, ammonium, calcium, and hydrogen, was iJlYestigated on a labOratory 
seals.. Thorium was removed from the d1bu.tyl cello solve extract by continuous 
countercUrrent scrubbing with calcium n.:\ trate solution in an upper section 
of the column. 

The efficiency of several types of column packing was investigated. 
The packings ,whioh were studied were 1/16n glass helices, 1/811 glass helices, 
and split 6 mm glass rings. Using different pacltings, the BETS was deter
mined for both the extraction step and the scrubbing step at several rates 
of flow with the aqueous phase continuouB and also with. the solvent phase can ... 
tinuous. Higher rates of flow invariably resulted in larger HET~ va.lues. In 
the case of the 1/16" glass helices, the HETS was lower with the solvent phase 
continuous. With the split 6 .mm glass rings it was lower with the aqueous 
phase continuous. With 1/8" glass helices, there was little difference in 
HETS from the choice of continuous phase. . 

With the same packing and at similar rates of flow, the BETS for 
scrubbing was approximat~iy twice the HET~ for extraction. 

The composition of the aqueous phase influenced not only the dis
tribution coefficient bUt also the BETS. HETS values must be regarded as 
specific for given conditions of type of packing, solvent composition, aque
ous phase composition, aDd rate of flow. 

The extraction of uranium 'was 99o~ complete in one test where the 
height of. packed section was ll~. 5 C1Il. The'pH ~f. the' solution' WB.B -bSlow"O 
and the distribution coefficient waS 2003. At similar flow rates in the same 
apparatus a Sollltion at pH 1 .. 7 J which had a distribution coefficient of 1" 51\) 
gsve oilJ.y 940 5% extraction. 

The thorium content. of the extracts was reduced to values as low 
as 0 0 2 mg per liter in the upper section of the column. This was a reduc
tion to 1/350 of the thorium coJItent of the extract 'before sorubbing. 

A mathematical relationship between HETB, BTUCIE J and mOW was de ... 
veloped. Hence it is immaterial whether column design is based on BET~ or 
liTUOE . or aTUOW 0 

On the whole, countercurrent extraction with dibutll cellosolve, 
followed by scrubbing the extract with calcium n1 trate, was found to be a 
practical metr.od for separating uranium from thorium and purifying the uranium 
to aqy desil·ed degree of purity • 

..i. . ..l.. L ti. r..J l.f u:.~-~,::; Ii \" ~:.~ J ::!t;;~~~· ~ t··i..:. ~ n. .. ~::~ ~ .~~-
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10 XIiTRODycnol 

ContilllOtlS couxrtercurreJXt extraction is Olle of the proposed methode 
tor isolation and pu.r1ficatioll of U233 after ita formation by neutron b0m
bardment of thorium. aDd BUbsequent decq 01' the Tb23.3 aD1 the Pa233• Before 
the preseJXt work was started, extensive iuvestlgationa bad. been made on the 
batch extraction of urwum from solutions contaiDi.Qg high proportions of 
thorium ua1Dg various solvents and various saltt11g spnts. On the basis of 
this past work, this· preseJXt .1l1Vestigation was made with dibu.V1 cellosolve 

. as the solvent, aDd calcium Ilitrate as ~ scrub solution. AlullhlWA aid ammo
Ilium nitrates were also present in the solutions~ 

Up to the present ~ the principal object ot ~s inv8stigattol). 
has been to 4etermi.De the B.E,.fnSo (height ot a theoretical extraction ataae) 
and the B'I.1Iog (height of an over-all transfer unit based on extracti. pha8e) 
tor several. column pacld. materials under varied condi tiona of flow rate 
and solution composition. This information was naeded tor the de&1ga or a 
pilot plant column for isolation and. purification ot U2)3. 

II.. SY.lI\ilI 

B.Eo T.,S" aDd Hl'!I~ values were determined in a laboratory columD. 
tor 1/16" glass .hel1ces, liB" glass helices, and split 6 " glass Raacbig 
rings for flow rates or each phase of 60 to 250 cc· per em per hour.. In the 
Case ot the glass helices, BQE" 1',,$ .. values and J:ffUOE values were determ1n.ed 
tor both extraction and scrubbing .. · In the case·or the split 6 _ ri11gs, oDl7 
the extraction step was i.QY8stigated. In all cases, values were determined . 

. with the solvent as the continuous phase and. also with the aqueous solution 
as the cont.ilU1ous phase .. 

A 27 mil diameter laboratory colWIID packed with 3/168 glass helices 
and with a 118.5 em extraction section· and a 92".5 em scrubbing section was 
set up and operated in several. tests USing different aqueous solution compo
aitions, but with the solvent pbaae continuous in all the tests. The extrac
tion ot uranium was 99.14> complete in Teat No .. 33 where the aqueous phase 
was below O .. pE. and the distribution coefficient was 2" 03. Natural uranium 
at a concentration or ;00 milligrams per 11 ter of feed solution was used in 
~ste~ . 

Test No • .36, wh1ch was made with U233 at a concentration of 00491 
milligrams per liter of feed solution (at a pIi of 1 .. 69), gave only 94" 5~ ex .. 
traction. This can be attributed largely to the fact that pB adJustJreDt 
bad reduced the distribution coefficient to only 1" 506" :.:>1nce the feed solu
tion was an old one which had been previously extracted with ether , it 1s 
possible that decomposition products .from the ether had an adverse effect .. 
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The scrub section of the column reduced the thorium content of the 

extract to 0.2 milligrams per liter 1n Test Ho. 35 wtere 'the pli of tbe f3cl~ub 

solution was approximately 1.5. However J in Test No.. 3t., wbere t..l}e ph of the 
scrub solution was 3.0, the thorium content of the extract varied rstweer. 1.1 
and 2 .. 9 to ~verage about 2 milligrams per 11 ter. 

III. CONCLU~~q~ 

Countercurrent extraction with dlbutyl celloaolve in a packed col
umn, followed by scrubbing the extract with calciu1Q nitrate solutio~ in an 
upper section of the column, is a practical method fer :Jeparating ~.an1um 
frGm thorium, and purifying the uraxdum to ~:ny dosired degJ:ee of pW::itya 

The effect of radioactivity at high radiation level~ on ~butyl 
cello solve has not been investigated.. Ne! t.her bas the purification o:f urs
nium from radioaotive fission products been inveBtigated~ Although no trouble 
i:;: anticipated from either of thesepossibl1ities, both points will 1;;:9 an
swered ful.ly in pilot plant work whioh is scheduled for the near i'v.t.ur,a" 

The necessary column height for any e~~actiou process ie d~termined 
by four factors, viz., the desired percent ex.traction, the H.E .. 'l'.~. , the dis
tribution coeffiCient, and the ratio of SGlvent phase to feed phaso. This 
investigation has determined tbe B.EnT~Sp for several types of packi'~ for 
use with several solution compositions on which distrioution coofficiontlS 
have been determined. Thus it is now possitl~' to calculate tha :'equ1r.e~, 
heights of extraction section and scrub st:lcticn of a col.umn to give a':lY desired 
perce~t extraction and any desired degree cf pl~ification insofar 8$ the pack~ 
ings and solution compositions which have been investlga:tad are c o.i:lcer ned. ' 

For any given packing the H.E; .. T.b~ is variabl~ depending on a tnmlber 
of interrelated factors such as solution comp~sition, viSCOSity, pH, film 
diffusion coefficient, rate of flow, &.ad which phuse is cuntinuouG. Consf.l
quently, the h.E .. To~. must be conGidered as syecific for the soluti"n compo
sition and flow rate employed. 

As the !i.L. T.~. varies with diffAreu.'( ;;.'atfls of ;nO~1 ~ tho JrTUOE also 
varies according to the relatio,.l 

If.rUQE - = !..:..?: f) 11he~ E is the E:ciiX"actioJ:\ f 8.ctor 
li.E.'l'.b. In E 

Thus Ho E. T ~~., HTUOE' bnd HTUOW are fUllction'3 of each ot..'J.er v' and :tt .is imma
terial whether H. B. T.b., h"TUQE, or HTUOrl is used as the basi,S for c~lumn de .. 
sign 0 The results are the same. 

·H.EoT.b_ ~ be influenced a great ueal b~ the choice of the con
tinuous phase in the operation of the col1..U\lil.. ~"i.:lth fl.ne glass packing (1/1(." 
helices) much lower H.E. T.:';1. values are obtained 'l'hen thE! solvont pha.~a is 
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conti JlUOUO. With 1/8" helices, the h.Eo To~ •. values are but sliZhtly l~wer 
when the Bolvant phase 1s continuous. Vti tb larger packing (spl1 t 6 m:n rings) 
the h.E. TJ~o values are much higher when the 3~lvent phase is continuO".As. 
The above effects can. bEl explained by a85U~AiDg that the interfacial area de
pen1s OD the Btrength of bridging between tho individual partIcles "oJ: packing 
by the phase which wets tbe packing preferentIally, e.nd on whether the dis·· 
peraed phase creeps over the surface of the packing in a honeycomb-like struc
ture, or whether it travels as individual droplets. 

Higher pH of the calciwn nitrate Bcrubsolut1on re&Ults 1n a higher 
(aqueous/organic) di8tribution coefficient for Th, but on the basis of a sin
gle column test this effect is counterbalanced· by a .higher H. Eo T .l:Jo for the 
more basic scrub solution. 

. IV. REFERENCES TO l.ITERATURE 

Chemical Engineers Handbook, John H. ~erry, Editor 1n Chiero Chap
ter on Solvent Kxtraction, pagea l2l3-1266, Joseph C., Elgin.. (note; On 
page 1258 of this reference I the statement is made' that the rate of' flow of 

.011 in the furfural process of refining 113 10 to 40 barrels per square foot 
per 24 hours in a 7 ~t diameter ool~ packed with 1-1/2" stoneware rings. 
This flow rate is 93 to 372 cc per em per hour .. ) 

Application of Physico-ChemicalPrincip1es to the Design of Liquid
Liquid Contact Equipment, liwIlter and Nash, Jour. Soc. Chem. Ind. 51,.285'l' 
(1932). 

bimpllf1ed Calculation of Diffueiow PrOC8e8eS, J. A. Colburn, 
Trans. A.I.ChoE. 35; 211 (1939). . 

Liquid-Liquid Extraction in r~etted Wall and Packed Columns, Cominga 
and Briggs, Trans. A.I.Ch.E. 38; 203 (1939). 

Lind ting Flow in Liquid-Liquid Extraction Columns, Blanding and 
Elgin, Tr~. A.I.Ch.E. 38; 305 (1939). . \ 

Liquid-Extraction in Perforated Plate and Packed Columns, Allerton, 
t)trom, and Treybal, Trans. A.I.Ch.E .. 39; .361 (194.3L 

Extraction of Furfural-Water ~olutions with Toluene in a ~acked 
Column, O. S. Knight, Trans. A.I.Ch.E~ 39; 4.39 (194.3)0 

Extraction of Acetic Acid by Methyl-isobutyl Ketone in a Wetted 
Wall Tower, Brinsmade and Bllss, Trans. A.I.Ch.E. 39; 679 (1943). 

Liquid-Liquid Extraction in ~pray Towers, Johnson and Bliss, Trans. 
A. I. Cll.E. 42; '331 (194t.). . 
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v. ~CES, TO PREVIOUS wag WmIU! ~ fROJ~ 

A great deal of work on solvent extraction has been done within 
the proj ect. The followi%lj list of references is b7 DO meaIlS a complete 

,bibliography or work done on solvent extraction within the proJect, but it 
merely includes those references wbich have been 1'OUDd directly appUcable 
to the'present problem. . 

14-12 Investigation on Distri~tion of R02(B03)2 betweeJl 
Organic Solvents aud Water. C .. A. ll"au. •• 

C))-459 Continuous Extraction of" Beta Gunk. with DibuV1 Cello
solve. Bredecamp, Capps, Galbreath, and. Gates .. 

CE-3222 "Equipment Development and bemi-Works for Metal Recovery. 
R. B. Briggs. 

CC-3246 A llUot ¥lant for the PurU'ication of thoriWll".tl1trate, . 
by Countercurrellt Extraction.. A. f1 .. Bewtoll, O. ~'J()bD8on, 
W. Tucker, R. \1\,. Fisher, and H .. Lipldnd. 

Drawing of Bellows Pump aDd Laboratory ColWDll Used at 
Metallurgical Laboratory • 

Vlo MI~Ym 

The BOlvents uaed were 1'rom the followiDg source,n 

Dibutyl Cellosolve 
Dibutyl Carbitol 
Isopropyl 'Ether 
Ethyl Ether 

Carbide and Carbon Chemical Corpo 
Carbide and Carbon Chemical. Corp" 
Carbide and Carbon Chemical Corp .. 
J" 'T" Baker Chemical. Co .. 

The other material.s used were as !ollows: 

llaterW 

Aluminum .Hi trate 

AImnOnium Nitrate 
Ammonium Hydroxide 
CalCium Nitrate 
CalCium Hydroxide 
Thorium Nitrate 

l.s:!! 

Al( N03):t 9820 

l'Ui4N03 
Aqueous Solution 
Ca(NOJ)2·~O 

Ca{OH)2 . 
Th(N03}4oAl:120 

I 
Gr!Se Source 

Reagent J.. T.. Baker Chemical Co .. 

Reagent 
Reagent 
Reagent 
Reagent 
Reagent 

General Che~cal Coo (ve'q little) 
J. T.. Baker Cbemi~l Coo 
J .. T .. Baker Chemical Coo 
J.. T" Baker Chemical Co. 
laIallinckrodt Chemical Worlus 
J.. T" Bakel' Chemical Co .. 
General Chemical Coo (very little) 

Nitric Acid 70% ~olut1on Reagent do T. Baker Chemical Coo 
U~w:l Nitrate U02(NO,3)200H20 -- Material. prepared on project 
U Tracer Nitric Acid ~olut1on -- Material prepared OD project 
Feed Solution for Test Noo 36 - bee following porearaph .. 
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The feed solution for Test No. 3t was an old solution which was 
prepared 1A the early summer ot 1945 by dissolvi.Dg alwninum Jacketed thorium 
carbonate slugs in ni trio acid,. adding ammonia to partiallY IMll.ltrallze the 
solution, and then extractiag with ether to remove the U2)). The solution 
had stood for apFo:x1mateJ..y nine months and most of its Pa conteAt had de ... 
csyed to U2)). Just before use, the solution was decontaminated and clari
fied by Kn02 precipitation and 08ntritugins;. Then·the pH W~ ~Juated with 
calcium h.Jdrox:l.de. As WlJed, the composition waSI 

Alum1J'lP11l 
AimorUum 
CelcilDll 

~~iUII 
Total Nitrate 
Sp. Gr. at 23°C 
Viscosity at 230 C 
pH " 

1.29 II 
1.29 II 
1.415 N 
2036 B . 

./ 

0 .. 491 mg/l1ter 
.5 .. 97 I 
1 .. 45 
4.32 centipolsea 
1069 ' 

, Visoosity and density data on some of the solution oomposit10DB 
used in the tests were as follows. 

S :N Ca(N03) --

Temperature °c 
Viscosity in Centipoises 
Sp. Gr. 

--------------.. -.. - .. --------

Acid Feed'Solution 
Alumiawa Hi trate 
Ammo~ Nitrate 
Thorium Nitrate 
Nitric Acid 
pH 

'lemperature 0 0 
Viscosity in Ce~tipoises 
Sp" Gr. , 

190 

6.57 
1 .. 45 

- -~- - .--

1 .. 7 N 
007 11 
301 Ii 
0,,5 N 
Below 0 

. 190 

3693 
1.,421 

250 300 ),0 ~ 
5052 4 .. 82 4.26 3 .. 79 
1.446 1.443 101t4l 1 .. 438 

- . 

25° JOO 35° 400 

':;,,)5 2095 2 .. 63 2035 
1.418 lo~ 1 .. Joll 1.,408 ! 

. 
_# " 0 --l~~ .1--pH ad.~ u£. t.JDont to a pH ... "" ... ~ ... n ..... "'"' ............v ... , 

sity of ~442 and a viscosity ot 3097 at 23°C. 

... ..... __ ...... _"'-. __ , ....... .: __ ,,",_....:I _ ....:1 __ 

Dibutl1 CeJJ..0solve 
~p. Gr. 00835 at 20°0 

VII. NfM4Tll§ 

I~ brief, the apparatus comprised teed systems tor pump1Dg a.nd l18as
uring solvent, feed solution, and scrub solution, and a glass ex~action col
umn. These items and tlleir component parts are described separately. fn;on 
tubing was used. for all connections.. . 
,. 
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'lbe pump was a bellows type pWDP constructed by the CllntO.:1 4b
orator.v macbine shop .. · IS. 0.1 li .. P. BodiDe lUectric Co. motor (Type CRtl.,.2) 
which was e~pped with a variable speed drive ~as connected through gears 
and a cam to give a vertical reciprocating motion of J/t:;11 to a horizontal 
Ketal plate. To this metal plate there were attached three adjustable screws 
which contacted the free ends of' three brass ~'ylphon bellows. These bellowa 
were 11/16" 0 .. 1)0 aDd 27/64" I" Do aDd had 1.9 corr.Jgatiolls each. The ,~rfective . . 
cross section waS 0 .. 25 square inches. The top ends oj' the bellows were fimd 
in place. Thus the height of the adjustment scre,... determined the com~ref:lsion 
of the bellows which it oontacted .. 

1.'be ope.a1Ilg ot each bellows was connect.ed. by glal.iS tubiDg to grou.r.d 
glass cheok val:ves.. These check valves were malia of 10 DIm glass tubi~, which 
had baen thickened at the valve seats.. The cODooction to the pump 'Na~ between 
the two seats. The floats were made of 10 1/2 inch seotions of smaller glass 
tubing and were weighted wi tb mercury whiab W8S see.led in .. 

In the case of the pump for the solvent, the bellows and cl)rmec
tion to the check valve were filled with 8olvent. In the case of the pumps 
for teed. soluiion and scrub solution, in ol'der to prevent. corrosion the bel
lows were tilled with mineral. oU" An inverted U tube which 11'&& tilled with 
oil was connected to -the bellows" The other end of the U tube was t.lllad 
with the aqueous solution to be puaped and connected to the check valve" The 
feed i.nlets of all. three abeck' valves were con~cted .to glass tubes extending 
almost to the floor where they could. be dipped into bottles or other open 
conta1.nera at' the solution to be pumped", 

Feed Syetem for ~olvellt 

A sketoh of the teed s,ystem for the solvent is shown in Fi~~e 10 
The outlet from the check valve on the pump line was cODQ8cted to a tube sealed 
into the upper portion of a 250 cc flask ubich &Elrved as a pressure equalizer" 
Thl.s flask was t'itted with a stopcock (for ventil',g) at the top. • sew\l-1.u. 
glass discharge tube extended to the bottoa" This glass tube was cO:,)D8cted 
to a glass laboratory rotameter (Fischer ~nd torter Goo, water capacity 400-
7000 cc per hour).. The rotameter discharge was connecu.d directl; t..'1rough 
glass and Tygon tubing to the solvent inlet. at tho bottom of' the col'l\lJ.Ul. Regu
lation of the rate was obtained by ad.) ustment of the screw on the ba;J.ows pump_ 

Feed ::',Zstem for Feed ~plution aDd. ~':l"Ub bolution 

Tbe feed eystem was similar for the feed solution and the Dcrub 
solution. . It ~s shown in FigUre II. The o"l.ltlet from the check valve OD the 
pump line was connected through glass and Tj'gon tubing to a glass h'S:laQar which 
was made of 26 IIIfIl glasil tubing and. was 31 em in height. The~ was an overflow 
discharge opening 10 em from the top Of the tube. This discharged through a 
U tube into the pump line on _the intake side of the check valves. The line 
connecting the pump discharge and the header was also fitted with a ~ tu~ 
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D.AGRAMMATIC SKETCH OF FEED SYSTEM FOR SOLVENT 
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FIG. 2 
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DIAGRAMMATIC SKETett OF FEED SYSTE. FOR FEED SOLUTION AND SCRUB ISOLUTION 
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and stopcock whIch was connected by Tygon tubing to a capillary tube d.is
cbargiag into the vessel containing the feed solution .. 

The bottom of the glass header WQ.C COQllected to a glass 2..aborator7 
rotamet6r (Ii'laber and Porter Co.; water CttPl:i.cit'y 400 to 7000 cc p"r bour). 
1'he rotameter disabarge wa' connected th:,,'oCi{h glass and '1'1gon tub:1ng· to the 
extraction columno 

In all. testa prior to Teet No. :31, regul",tlon of the rat'.t was 00-
tal~ed by using the glaDS header as a vented eonatant level feed tank aDd, 
raiai.ag or lowering its position IkS changes in rate were made. Fimr adJl1st.
ments were macte by plnchiDg the T7gon tubing '"vi1.h serew cl.4Dlps .. 

The column wled in Test Bo.. .31 u.d. aubsequent teats was taller tban 
the colWDJls used in previous tests, and the bead room was Insuf'fic:i.ent to 
permit U8e of the glas8 header as a constant leval feed tank. Fer ~ese tests, 
the vent at the top of the header was clo$ed and the overi'low discharge ,was 
also closed.. Regulation of the rate 1Ias .obtai.aed by s'pl1 ttl.,. the rump disabarse 
between the teed line and the capIl.l.ar7 -tuba returning to the vessel contaiA-
ing the feed solution.. Finer adjustments were made by screw c:i..ampl9 on the 
feed line and on the bl"'pass line .. 

Regulation of the flow rate by &.~juiStmeJlt oi: the screw B.t t.ne bel--
10w8 pump was fou..tlQ impossible for feed 80l:J.tion a..nd scrub eolu.ticu.. The 
high viecositl Qf tl;.ese solutions causes ~e clleck valv~s to stick e,t 10. 
rates.. This muee it necessary to pWBP l'.t hiiher l'tttOtil end then b'y~pase acme 
of the llquid~ . 

E.x,t.raction Column 

~everal sizes and types of extraction colUJl!13 were used. These 
are described in detail in bectionVIRot this l"eport~ 

The position of the interface ]:)etween the two l;i.quids in· all or 
the colUIDDB was controlled by USing jacklegso '!'bese jacklegs were tl9rely 
flexible tubes (1'180n) connected at one erd to the rai'i'inate discharse at 
the bottom of the column and connected ",t the other end to a T ~~ whir.h 

'could be raised or lowered to the desired. heigb.~. The sioe connection 01' 
the l' tube was cOtmected to a tube leading to the raft'illata receivroJr.. The 
third openiDg oj' the T tube pointed upwar<J. r.IId was ,'ented.o 

The .glast! helices pacJd.JIi wac from the ~cienti1:lc Glass apparatus 
Co.. The split 6 mm. glass Raschig rings were prepared in the laboratory .. 

VII!. ~Etl.1'J.i 

A" Atetbodp 01' Calcula:tj.on of Extrac14-.2!l Column Da.tl 

Several methods of celculatiou are known f'0't' continuous cuunt8r
current flow extraction.. These methods ar3 aL\ quite complictttedt'o!' systems 
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in which the .twO phases are solu.ble in each otb~r, but a.re lIluch simpler for 
systems .mplo,Yins; illlllliscible liquids.. Further simplification occurs when 
the incoming solvent is free of' the material to be extracted. 

The most comenient methods of calculation are those based on as
sumed stepwise operation in terms 01' the theoretical extraction stage. Con-
tinuous countercurrent flow columns may be considered as consisting of a 
series of perfect batch extraction stages, each of which (except the initial 
st&ge) is fed by partially extracted feed solution of the composition die
cbarged by the preceding &tage, and by solvent of the composition discharged 
py the subsequent stege. 

The simplest methoQ for the calculation of the number of such the
oretical extraction stages is described by Underwood (Industrial Chemist 10; 
129 (1934)) and by Hunter and NaSh (Jour. boco Chem~ Ind .. 51; 2b5T (1932J)~ 
For the special case where the phases us not miscil>l.e and where the inCOming 
solvent is free ,of the material to be extracted; 

E '" 1 
Zn :: "(E)'n .. !' _ 1 . 

where Zn is the fraction UIlextraoted in the r.,tlinate afur the nth stege, 
Xl is the munber of stages, and E is a value which ma,y be called the extra.c
tion factor. 

E:DI 
. 

where D is 
Ulli. t time, 
known, the 

the distribution coefficient, S is the quantity of solvent per 
and Ii 1s the quantity of feed solution per unit time. If Zn ie 
number of stages may be calcula.ted from 

(E-l \ log z· + I, ... log E . 
n :: n ,. 

log E 

The height of each stage {Ii.,!!;. To~.,} 1s obtained by dividing the 
height of the packed section of the column by the number of stagesu 

The above mett.od of calculation was used in tt.is reporto As an 
illustration ot the method of calculation, the calculations for portion 113 
of Test No o 35 are given in detail. . 

!lasic Data. 
Height of extraction section 
Height of' scrub section 
Rate of a~eous raffinate discharge 
Rate 01' solvent per hour 
Distribu~ion coefficient for U from batch data 
Distribution coefficient for Th between solvent 

and scrub solution 
Distribution coefficient for U between solvent 

and scrub solution 

Ilts.5 cm 
92 .. 5cm 

342 cC/hr 
.386 oo/u 

10455 

230 

00158 
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Thorium content of feed solution 
Thorium content of raffinate 
Thorium content ot' extract 
Oramum content of teed. solution 
Uranium content of rarfinate 
E&t1mated thorium content of solvent in 

equilibrium. with mixture of feed solution 
acd scr~b solution contain1hg 11205 gma 
Th per liter 

.Q....y.culations; 

100 gms/ll t~l' 
109 gJIls/liter 

002 mg/11ter 
500 ~liter 

8 JDi/Uter 

70 mg/llte!' 

C,y,gulationa for, Scrub Section of Column . 
Kate of flow 01'- teed solution :; Rate or raffinate Thorium co,nt,nt. of raffiDa:fr! 

: 342 x ~ :; 2,07 cc per hour. 

Rate of flow or scrub solution ': ~te of raffi.Q8.te - rate of feed 

: 342 - 207 :; 135 cc per bo~. 

Estimated thorium content of solvent befo~e scrubbing 

- Thorium. content of raffinate 70 - '-8 --'lit - - x - II.i Ui.6I er. 

Fraction of thorium not scrub~d out : ~~-= 0.OOi?4. 
,:'.. ' .. ~ .' ,','. ' " .... ,',':', . 

Extraction factor, for tborlmn :; 2.30 x ;sl :: 80.5> 

1 (80.:>-1.' 1)· 1 8 I:. 
l'h1mber of scru.bbing stages:: og Q..,oom a - ,08 00::: .l.l25. 

log 80.5 " 

: 0.158 X ~ : 0.0553. 

Fraction of' uranium. Dot removed from extract by scrub solution 

:; 0.02) - 1,,0.2.-.. : 0·0948. 
{0.053)2.325 - 1 ' 

Fraction of uranium returned to extraction section by pcruh solution = O~052.* 
*TMe above assumption that the number or theoretical stages iQ the" aCrUb ae~

tiOD is the r;>arll8 for uranium and, thorium is an 1.lpproximatiotl, but f'hould be 
surf~clently accurate in this case, sinctt with a low extl:act.ion :factor there 
is little difference between the quantity tixtr&cted in Olle stage ah:.4 ~h.ftt 
extracted by an in1'inite number or stagesu Also bherwood has ahowu that 
diff'usioll coetficient~ tor common inorganic and organic materials in the 
usual solvents do not vary widely o. 
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Uranium content of aqueous phase at top of extraction section = U content of 

feed yolume 0& l!!!9. ... ~ (U content of feed vol. of f,!!!l 
volume of raffinate 0.948' volume ot raffina'te 

... U content of raffinate) = 500 x W ~ ~ (500 x -;'0',1 - b) 
342 0.940 342 

: .303 ~ 17 

;; 320 mg per 11 ter. 
Calculations for Extractioll :)ection 2t Co1U111t . 

Fraction 01' uraDiwn left in raffina~ = 31 : O.02S. 

Extraction factor for urentum in extraction section oJ: calWID. = 1 .. 4;; x-l 

:; 1 .. 04;. 

Number of extraction staaes for uranium in extraction section 

1 Il.6~"1 1) 1 1 64; = og \ Of02~" -__ og 0 • :; ,.60 .. 

log 1 .. 645 
HoEATo5o for extrac~oll : ~:2 : 2101 em. 

Another method of calculation was originated b7 Colburn (TrU8. 
A .. l.Ch.E. 35; 211 (1939)). This methOd is based on ·the heights ot over .. all 
transfer Ullits (H. T. U.) 'together with over ... all diffusion coetflciellte for 
trallsfer of the solute between the phases. Report l;o. CE.-)222 shows the math
ematical relatioDShips for thiB method. of calculation a.ud also ahows the deri ... · 

. vatioD of the liYon-Larson equation for h. T .. U. calculations. 

In brief, 

b 
L __ 

U = - .. 102 de BoT... la. 01 Ac 

where h = height of packed section 
c :: concentration of solute in one phase 

A. c = concentration of solut.8 ill one phase minus the equillbrium concen
tration in the same phase corresponding to actual concentration 
in the other phase 

L :: volume rate of flow of the phase expressed above 
K = over-all diffusion coefficient . 
a = interfacial area per unit volume of column 

Ka = over",all capaci t,y coeffioient. 

Over-ail h.ToU. values, based on concentrations in a single phd. 
are often uaed. In this Case 

H. Tn U·OE = R~ J and 

lioToU .. OW = ~ , where 
. ·'OW 
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HTUOE and H'IUow tU'e over-all transfer ,W11 ts based on concelltrations in the 
extracting phase and the ~eed phase J ,respectivel1_ Z is the height of packed 
section, and klOE and .HoiV are the number of ti'ansf'er units as ba.eed on the 
extracting phase and the feed phase. ' 

The l.yon-Larson equation (Report No. CE-3222) for calculation of 
H~T~U. and ,DUmber ot transfer units is a simplified form of Colburn's orig-
inal equation. ' 

HoE =. 1 ln R -_1 .. L - Ui and 
R-I RL-W 

, 
N_ :: a In R - 1 .,. L -.~ where ·vN R _ 1 RL ... IS t 

, 
BOE :: niunber of truster Wl1 ts based on concentrations in the extracting phase 
NOW = number of transter units based on concentrations in the feed phaae 
R = distribution ratio : distribution coefficient multiplied by the ratio 

of the fl~w rate of extraoting phase to that of feed phase = (E ae 
used in the theoretioal stbge method ot calculation) 

L :I loss ratio :I ratio of solute· concentration in the raf'fiaate to the oon
centration in the feed 

::. ;:: ratio of the amOUnt of solute elltering the column in the organic feed 
to the amount leaving in the ratfinate 0 " 

J:L '1'" U~ D1&¥ be calculated from the abOve NoE and Now values by di
viding them into the height of packed section of the column. BTUQE is greater 
than liTUow by a factor of R, but the calculated heights of columns are the 
same by e1 ther methodo 

In those cases where the incoming solvent 1s free of aolute, 

HoE =, 1 ... l.n ~l - 1) !Jr .. 1J, and 
. E - 1), ~ E 12 E 

!low : 9 In El -jl * · ! ] 
where 11 and 12 ;'pl-esent concentrations of the solute in the original feed 
solution and in the raffinateo 

~ince ~ :: Zn, in the expression. 
"'1 . 

Z :. E"';1; 
n, (E)n9"1 _ 1 

- 1 ft' 1 x(n.l) ... 1 11 
NOE - (r;o - ,~ ln ~l ... E)(' E - l' ) + E J 
NOE = 1 In I(E - J.)(E{n .... l) - ,1)+ 11 

, E - 1 LEE - 1 EJ 
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1 En""l ... !, Nm..: 1n .. +-
VJ.:o 1:: .. 1 !; E 

.MoE = -L- 1n En+1 - 1 + l 
&-1 i E E 

Ncs = 'El 1 i. 1n En 

.. n In E 
~OE-'E-l 

-JL Ifl'UQE ... l4o.E 

H"EoTo~ .. : ~ 
Ii 

Il1'UoE n 1n E 
E .. I a 

1&..'TS -1!.. 
n 

=~l 
lnE 

Thus for a1l1 value of E there is a fixed relationship between ~I, 
IiTUOE, and HTUOW, and if E is known }jETS AJ.q' be converted into liTUQE or mUCA,., 
For the same percent extraction, the calculated column heights will be 'the 
same for both the S.t. T .. ~. method of calculation and the HTlJ methOd ot ca! ... 
culation. 

Although they were not used in the design 01' the pilot plaut column, 
BTUm values as well as BETS values were oalculated for most of the experi
ments covered in this report. 

HTUOE and liTUO, may also be calculated from the relationships 

HTUOE = k""aCw~l-X)OU' or B'IUQE : t:~ (approx.i.mate) 

1:lTUow =" C Lw (ly1 ,or B'l'UOW = ~- (approximate) -'s. WaY -OIl • nWa 

where ~ and. Lw represent the flow rates of the two phases in cubic feet per 
hour per square foot, cross section of the toWer, .lEa and 'wa are dimension
less'values t1f the over",all capacity coe.fficient, and ~av and CRav ere aver ... 
age ooncentrations of the solute in the two phaaes, aud 

( ) _ x* ~ X () _ X - X. 
1-1. om - , S'- and 1-1 am ... In 'l:!! 

In (l .. X;) . '1-1 ) 

where X and Yare concentra'tions of the solute in the extracting phase and 
tbe .feed pbase, and X" and }It are the concentrations of the solute in the 
extraoting phase and .feed phase which would 'be in equilibrium witb the actual 
4oncen'tration in the other phaBeo Concentrations are expresB8Q aB lb mols 
per cubic foot .. 
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1(.}::a aDd. 'la. JDIJ3 be caleul.ated froml 

• : lb mols transferred per LOur :: ~1g(Xl - X2) 

: bL~(Yl .. 12 ) 

where S is the crosB-Beetion of the column in square feet ~ ~l and 11 are 
concentrations of the solute at the top of the,eolumn and 12 ~ 12 are con
centrations at the bottom of the/tower. 

W :: KE a ~lm V :: KWaACV¥lm Y 

wliere V is the packed volume of the tower in cubio feet and AcElm andt1cWlm 
are log mean values of (.11* - Xl) and (:12* - 12) and of (Xl - Xl*) and (12 - 12,*) 

_ (Xl* - Xl) - (12* - X2) 
AcElm - In (11* - Xi') .-
" 12,* - -12 

(11 - 11*) - (Y2 - 12*) 

6cWlm = --111 (!l - Il~) 
12 ,- !;t" 

B. Experimental Datj\ 

1" Test on Column with Faokiqs ~upported b;;: bj.!dDles& ~tee1 ~~ 

The first tests on column operation were made with a 16 mm I" D" 
glass eolwan which was packed with five sections of 1/8" gla.ss helices. Be
girm1ng with the lowerseet10n, the heights of these, &Eletions were 22 CUI, 

21 em, 58.5 cm, 21.5 em, a.nd 22.5 em. The packing for each section was ~p
ported on a 48-mesh staiDless eteel scree~" Glass inlet connections ertended 
to the center of the column below each packed section and above tbe top sec
tion. There were outlet tubes at the bot tom of the column and above the top 
packed sectiollo 

The above column was cotm8cted to the feed system so that dibuty1 
cello solve entered below the bottom packed section, feed. solution entered. 
above the lower three sectiona, and scrub solution entered above ,the top sec .. 
tiono The composition of the feed solution wasl 

ThoriWII Iii trate 
ia.luminum Nitrate 
Ammonium Hi trate 
Nitric Acid 

The scrub solution was & 1'4 calcium nitrateo 

3 .. 1 N 
1.7 H 
0,,7 11 
0.,5 N 

Attempts to operate the column were unsuccessful because there was 
so much resistance to two-phase flow through the screeD supports that the 
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cellosolve sOon discharged througb the bottom outlet aDd. the aqueous phaae 
discharged through the solvent outlet at the top er the eolumao This ef'iect 
occurred sYen wi tb very slow rates of flow .. 

A piece of 4C.,.mesh steiDless steel SCI"een was cut round and sealed 
at the ellcl of a 20 I11III glass tube. This screen was then raised and lowered 
in a beaker coutalDi»& clibutyl cellosolve and a lower J.a.yer of aqueoua 8Olu
tioD. (10 vol\1l88 teed solution aDd 6 volumes scru.b solution).. The test showed 
that the screen gave a great deal of resistance to two-phase flolll through !t.P 
,*hen the tube wae fUled with oeUoeolve, the screen could. be bald cona1d.er
ably below the interface with lit-Ue or no flow of aqueous pbaee t.bro\a&b t.be 
screeD. When tb.e tube wu filled nth aqueous phase and then lowered 1nto 
cellosolve, there was very little fl.o. of the aqueous phase through the screeno 

2. 17.e1!!!!:BI!:X tests 0,0. ColwlD with gla@s Support" f'qr. PapJd. 

A two section colwm was constructed of It mm I .. D.. glass tubina 
with g1ass packiQg supports.. These glass packing support a comprised abort 
pieces of 10 mm tubiDg which were drawn down in the oenter, and held in place 
in the 16 mm tube by indentations in the out.er tube. The indentations and. 
10 mm tube supported about 2 .. 5 em height of 6 DIll glass Raschig riDgs, which 
in turn supported 2.3 em height of 1/8" glass helices.. There was a raf'f'laate 
discharge conneotion (to a jackleg) at the bottom of. the column and. a solvent 
outlet at. the top of the column •. The solvent inlet wu 'below the bottom packed 
sectioJ;l, aDd the feed solution inlet was aboVe the top section. 

.. This colUiIID was coanect.ed to the feed oS,Ystem a..ncl oparated for fol'V 

" 

JllillUtes at approximately 600 cc per hour flow of each phase. Phase eeparation· 
was good, and there seemed to be DO resistance to two-phase tlow. The lllter
face moved up and down the column as the jackleg was raised or lowered.. Changes 
in rates of flow bad but lit.tle effect on the poeition of the illterface.. This 
indicated a low re~iataQCe.to tlow. 

1'h1a same column wu used in a test to determine whether perfect 
clarification of the feed solution woula be necessU)'" Using feed solution 
from alumiqlm Jacketed thorium slugs which had been centrifuged but which was 
still somewhat turbid, it was observed that precipi ta te collected in the pack
ing.. Also the rate of flo. decreased rapic:il¥ at the same bead and same Jack .. 
leg setting. Clear solutions are essential for operation of a coJ.umn packed 
wit~ 1/s- (or finer) glass helices. 

3. Extraction Tests on ~ DIll Diameter CO;LUIDIl 

A 16 mm I. Do column with r1... packed sections aIlcl with glaSs iR1p~orts 
for the packing was constructed.. the packing was 1/8" glass helices. Begin-
Ding with the lower section, the height of the packed sections waS 22 om', 24 om, 
58 om, 23 em, and 23 em. There were inlet connections to the center of the 
col.utan below each packed eectionand above the top section" There were outlet 
tubes at thtf bottom of the co~umn aDd. above th2 top packed aection.. 
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The column was connected. to the feed system so that the solvent 
might be introduced below the bottom section or between the second and third 
sections from the bottom. A m1ltture of ,ten parts by volume of feed solution 
and six parts of acrub' solution entered Just above the tbir4 section from 
the bottom. The composition of this mixture of feed 801ution. ar&d scrub solu
tion waa: 

Thorium Nitrate 1094 B 
Jt.l.um1nua Nitrate 1.06 It 
AIDIIODiua Nitrate 0.44 It 
Nitric Acid 0931 • 
Calcium Nitrate .300 B 
Uranium (added. as Ul"8lQ'1 nitrate) 312 mslllter 
_ I M~O 

Batch extraction tests with the above solution showed tbatan equal volume 
of dibutyl oellosolve extracts 6,,", of the ur&n1um.. An equal volume of ether 
extract. 92% of the uraDium. 

Su extraction tests were made on this column with c:l1b1ltl1 cello ... 
solve and one test was made with ether. . 

, billC8 the data from the Hcom teat indicated that ch8.nnelliDg might 
be takiDg place. before any further extraction tests were made the column waa 
operated with colored. solutions to see whether cbi.UUl8J.liDg could be ob.rved" 
Iodine was used to color the aolvent and ~thyl orange waS used to color the 
aqueous phase. 2'lhese observations were made at flow rate. of ISO aDIi 300 cc 
per hour per om: crosa-section area. There ~ noticeable cha..aI:lelllng when 
the aqueous phase waS coll1i1mouso When the solvent phase was co.Q.t.1Du.ous, 
channell:11lg was observed in thoes tests in which tl:e packing had not been 
previously wet with aqueous phase.. There appeared to be ver1' little if aIl1 
channelling in tests where the pacldll8 was first wetted with aqueous phase, 
and then the so~vent phase was made continuous through the pacldD,go In one 
test where the packing had been pre-wetted wi~ aqueous phase, the tlow was 
stopped and the oolumn alloRd to stand for forty hoUl's with the solvent phase 
continuous. Bo obannell..iDg could be observed when operation 1ffi.S resUmed. .. 

As a result of the above observation, the packing was pre-wetted in 
all of the tests where the solvent phase. Wd oontilnlous .. 

beveral tests were made at different flow rates' aDd uaiDg diftel"8nt 
heights of pa~. Some of the tests were with the aqueous phase conti1\U.0U8 
aDd some with the solvent phase oontillUous. In all of the tests, the rafti
nates and extraots were 'collected in several portions in ordar to determine 
whether equilibrium was established during the test. 

The results of the tests, together with calculatiOns to show the 
number of theoretical steps and the height of each theoretioal stage, fIl'8 

shown 1n Tdle 1400 1 0 . 
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lltUBACTIOB DSTS IN 16 14M DIAMEfiIm COLtJM1{ 

'Pe1sht IU Con-1'_ Rate of ' 
,tor of pont:ln- ~queous Phase Ratio ~xtrac. ~ent oj :Percen1 

Teet .Portiol pollec-Pack1DE uous ' i(ce Der hour' bolven1 t10n ~r1- ~xtrac· 
io. No. ~lon 01 Used Phase fl'otal Per em#. to Faotor nate' tioD 

il'ortior: (em) ~queoul ~~A~~l (min) 

1- 1 JO 104 lqueoua 5£4 291 1.08 ' 2.19 .34 .. 0 t:.7 • .3 
2 :30 n .. 592 294 1.07 2.17 58.) 81.2 
3, 30 h It 574 286 loll 2.24 660 7 7& .. 4 
4 .30 It n. 572 28; 1.11 2 .. 24 71.3 77.0 
5 .30 It " 614 305 1.02 2.07 , 65.7 76.8 
6 .30 It It 5gb 293 1.07 2.10 72.3 76.6 
7 30 n a 570 283 1.12 2.28 57.3 81.5' 

2. 1 30 58 II\queous 490 244 ' 1.25 2 .. 53 90 71.2 
2 30 a " 564 291 1.17 2.38 1150 52.0 
3 30 ff .. ;68 293 1.05 2.12 P.75 44.0 
4 30 II II 572 284 1 .. 06 2.16 ~95 37.5 , 30 It .. 574 ,266 1,,07 2.18 1190 39.1 
6 30 n It 560 279 1 .. 09 2 .. 22 205 34.3 

'7 60 It " 312 156 0.98 1,,<}9 185 1IJ.7 
8 60 II n 260 139 0.97' 1.97 165 4702 
9 60 n n 271 13; 1.01 2.05 p.;.5 530 6 ,. 1 30 104 polvent 640 319 0093 lQ89 69 78.0 
2 30 It n 574 286 1 .. 00 2.04 62 80 .. 0 
3 30 II II 540 269 1 .. 09 2.21 56 62.0 
1+ 30 If n 600 298 0.96 1.95 63 79.1 
; 30 It It 576 267 0.99 2.01 67 1806 

4- 1 60 -104 ~olvent 325 162 0.88 1.7& 100 6b.0 
2 . 60 .. II 320 159 0.96 1.96 :n 88.1 
.3 60 ft n 325 162 0.94 1 .. 91 3b 87.9 

.• 801Yent vu 41'bv.t71 oe110H1 .... 

'rheo-
It'et1caJ ~~ ~tages 

1.99 ;2.3 
1.;; (,7.0 
1.)b 7;.4 
1, • .30 80.0 
1.40 74.2 
1.:U 79.4 
1.42 73 .. 2 
1 .. 01 57.4 
0.60 96.6 
0.51 ~.:n 
0.40 ~ 0.42 
0.36 ~1 
0.49 U9 
0.59 9b.4 
0.69 84.2 
1.55 67.3 
1.57 66.4 
1.;8 65.8 
1 •. 61 6405 
1.50 69.2 

. 
1.15 90.3 
2029 45.3 
2 .. 32 44.1:1 

.' 
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CalCULated '211.'1288 for B.:I:tracUon . CalCUlated 'f'aluea tor Scrubblag , 
" 801._nt now ;nov Bat. Batto :lat1llated ~rac. !Per cent ot !horia 4"Oli8J. .now '-10111 0 u \iOnlienl or fDUac.. ~,er cent .IF.er, cent Lo.I rheore- II.E.'l.S4 .&nal.7a18 

Time (00 per hr) 8crub Solveni Aqueoua Phase tlon htracted ill. latfinete tical for Bate of of Scrub !b. Content tton Baao.ed JOt 
for Bate of Aqueou8 Ana.ly111 ot' Baft'1nate Before iractor htrac- htrac- cc per hour h:tract Scrub to ot Sal.ent 'actor b.r Be_ve4 

~orUon Collea- Phase :r.e4 Scrub reed lqu.eou. lhtract1DJp lasia Cor- lU1. Car- tion Uon cc per AI' SolTeni :setor. ScrubblD« 'bJ 
u Ca· '1'b 801u Solu.. !rom ~orrected 'ee4 lead rec'ad !Rota: per CJj2 !h ScrabbtD« ScrubblDg No. tton co per hour rected Stage. . (cm) U 

of IDg per. p.r ~ per 'lon tion miL. itOI' U re- for for lIIg per lIIg peJ ~ 
laeed •• . 

Portion Total. Per cri!- llter liter ~lter ture 1tJ.u:ed D1 scru1> Bcrub lUer 11 tel' ~otaJ hanoul 
(min) taed 8Cnb renuz refJ.u: 'e.ta 8Ild 

and !'h Content 
ecrul 

~ of - - -. Bafflnate 
~ per 11 'e&", 

TES! !lO. 33 
" 

1 be) 352 02 40 48 110 215 131 0.64 1~l;6 306 320 2.34 86.95 87.5 13.05 12.50 1·90 62.3 401 11 290 49 ~31 211- 0.331 295 28.6 83.4 16.6 

2 30 255 (lnterf~ce changed. .ot calcaJ.atecs.) 
: 

3 60 345 60 k5est4 55 lOS 201 138 0.64 1.13 300 315 2·30 98.67 98.73 1·33 1.27 4.57 25.9 390 68 325 9 IJ8 24 0.354 29,2 30·2 96.93 :}.;O1 

4 349 61 0.61 
. -

55 (5est2 59 112 21.1 132 1.19 311 321 2.41 99.36 99·39 0.64 0.61 5.18 22.9 415 13 315 3 132 2J 0.31. 300 27.1 99.00 1.00 

5 15 316 66 (Sest2 58 114 238 138 0.58 1.10 316 332 2.24 99.37 99.40 0.63 0.60 5.62 21..1 416 73 290 2 ~38 24 0.332 305 28.2 99.35 0.65 

TEST 10. 3lJ 
, 

1 60 I.!oo 70 19 54.~ 138 306 94 0.31 1.18 383 406 1.97 95.04 95.32 4.96 4.68 3.55 33.4 470 82 210 32 94 16 0.20 141 56 77.3 22.7 

2 60 423 74 11 50.5 114 268 155 0.58 1.04 317 337 1.74 96.53 96.74 3.47 3.26 4.72 25.1 440 77 286 25 155 27 0.352 117 98.6 78.3 21..1 

3 60 396 69 12 51.2 116 255 141 0.55 1.01 322 342 1.69 96.27 96.49 '·73 3.51 4.80 24.7 399 10 296 16 141 25 0.353 119 98.8 86.6 13.4 

4 60 415 83 17 48.5 120 311 158 0.50 0.85 334 355 1.43 94 .. 91 95.21 5.09 4.79 5.44 21.8 410 12 306 7 158 28 0.385 123 108 94.3 5.1 

5 60 440 77 19 56.0 112 274 166 0.61 0.98 312 331 1.64 93.91 94.26 6.09 5.74 4.12 28.8 430 15 310 1.7 166 29 0.386 115 108 98.52 1.48 

DS! 110. 35 . 
1 60 345 60 6 61 105 a>3 142 0.10 1.08 294 310 1.57 97.96 98.06 2.04 1.94 6.56 18.1 372 65 2~ (0.2 1l!.2 25 0.381 65 87.5 99.692 0.308 

2 60 354 62 7 64 109 214 ll1a 0.65 1.02 303 320 1.49 97.69 97.81 2.31 2.19 6.90 17.2 362 63 326 0.2 Ilia 25 0.386 6s 88.8 99.706 0.294 

3 60 342 60 8 61 109 . 207 135 0.65 1.13 303 320 1.64 97.46 97.50 2.64 2.50 5.60 21.1 386 68 307 0.2 135 24 0.350 6S 80.5 99.106 0.294 

4 60 345 60 8 63 110 211 134 0.65 1.10 306 323 1.60 97.39 91·52 2.61 2.48 5.85 20.3 3SO 61 286 0.3 134 24 0.353 69 81.2 99.110 0·290 

5 60 350 61 1.5 64 109 
J. 

212 13B 0.65 1.09 30} 320 1.59 97.52 91.66 2.48 2.34 6.05 19.6 382 61 286 0.2 138 24 0.362 6s 83.2 . 99.706 0·294 
6 15 348 61 8.5 66 111 215 133 0.62 1.03 309 326 1.51 97.25 97.40 2.75 2.60 6.40 18.5 360 63 266 0.2 133 23 0.369 69 84.8 99.110 0.2"')0 

... 10_,, __ - - ....... ,-'" ........... _A __ ..a #~ ... --, •••• _- _ ........ ~.-- .... _.Ii ....... ~- ... _ ..... it ._ .. 41 ..... ,.." ... .,,,p tllftPitm removal 11&'1 DOt haTe been reached 1n the BCrub lection of the colUIID eTen in portion 5. 

. 'lheore-
tical 

Scrub-
blng 
Stage. 

0.53 

1.01 

1.38 

1.50 

0·37 

0.33 

0.44 

0.61 

0.85 

1.29 

1.30 

1·33 

1.33 

1.32 

1.32 

11.1.1'.8 • 
tor 

'orubblD« 
(GIl) 

115.5 

91.' 

67.0 

61.6 

253 

279 

212 

151 

109-

11.7 

11.2 

69.8 

69.7 

10·3 

70.3 

J 

It'Oh .... 

l>..l' -..q-"''',e 
-iI'. ~ 

<f09.3 

'"" ~ 
~ 
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!fJ.'BLli iO CI 1 (Cont.) 

EXftAOfIOB TESTS 1116 • DIAMBT.ER COL'OMI 

lleight-Time Rate of -
, ' 

for of !contin- Aqueous ~baSI 
Test f'ortioI Collie- ~a.cldne uous I (cc per hour \ 

No .. No. ~on of Used Phaae Total fer om--' 
~ortiOll (em) 

(min) 

6* 1 60 58 ~olvent 356 177 
2 60' ft n 295 147 

7· 1 150 104 bolvent 119 59 
2 60 II It 114 57 
3 ;30 It .. 112 56 

10"· 1 30 104 IAqueous 660 329 
:2 30 H " 650 323 

3 30 If It 610 304 
-

• 801,"11' Wall ".. oel10.01 ve 
:.. .lveIl' Va8 .~ 

ru Co~ .' 

Ratio ~xtre.e !tent oj Percen1 
~olven1 tiOD ~n- Extrac-

to factor nate tion 
It\queou (mg ~J 

IlltAr 

0.96 1.96 33 69.4 
1007 2.17 29 90.7 

0.99 ~.Ol 15 9502 
1.01 2.05 6 <}b. 1 
1.02 2.07 6 90.1 

1 .. 14 i3•1 .17 9405 
1.17 3.4 11 96.5 

'1"JJ3 17.0 8 97.5 

- . 'lime' of" 
Theo- PperaUoD. 

ireticaJ ~~T.~ Before 
~tageB ( em) 5amp18 .. 

Pollectlol 
htart.ed 

2044 42.7 lhr 
2.35 44.3 

3.42 30.4 0 
4.60 22.6 
4,,55 220 b 

1.10 94.5 30 min 
1 .. 26 &205 

10 26 61.3 

-
Remarks 

Column 
l'111ed with 

aqueous 
phase and 
this dis-
placed by 

Isolvent at 
start of 

test. 
Rate co.t 
~tertest6 
to start 
test 7. 
Column 

filled with 
aqueous 

phase at 
start. 

Better ex-
traction b1 
e tl:;;.er wag 

due to 
lngb.er ex-
traction 

~'actor and 
not a 

shorter 
H.EoT.S~ 

.' 

I 

~ 
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40 Tests OD 26 m,!l Piametar Co;Lwm with ::',.pgle ~ectiop 
• 

In order to determine the H .. E .. T.S. and ltTUQE for several types of 
packing aDd at various rates of flow, a DWlber ot: tests were made OD a slaes 
column 26 _ in diameter and. 142 om total. height.. In some of these tests 
the extraction step of the process was studied aDd 1n other tests the sarub-. 
blDg step was stwiied. . 

Beg1.JUliDg at the bottom of the ooluan, the oormeotioD8 aad packiDg 
arra.ngemeDt were as followsl ' 

Centimeters from tests on ~ests OD 
Bottom of ColWllD ExtractioD ' ~crubb11K1: 

" 

000 ' Outlet for raffinate Outh,t fOr aqueous phase i 
(Tbrou,gb a j aokJ.eg) , (Thro'ush a .2 acklea) 

4.0 lw.et tube for solvent IDlet tube tor solveJ1't 
i 

8.0 Bottom of glass support Bottom of glase support 
for paoking for packilJ& 

\ 

1),,0 Bottom of paoldDg Liotta of packiDi 

88.0 .. - Top Of pack1Dg 

8900 -- IDlet tube (through top 
4 

of colWllll) for SCl:Ub 
aolu.t1oll 

~.O -... Outlet tube for aolvent 

l29.' Top of pacld.Qg 

130.;' IDlet tube . (throUgh top 
of colwDn) for feed 

1)5.0 . Out1.8t tube for solvent 

142,,0 Top of column Top oj. column 
. -

The packing support comprised 1nd.eDta.tioDS ill the column which 1RlP"' 
ported a short piece of glass tubing that had beeD drawn dOWD.. This in turn 
supportect fragments of broken glass which supported the packilli. 

The results of the extraction" aDd sorubbiDg tests OD this oolumn ' 
are outlined below .. 
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Extraction teats with dibutyl cello solve 

. These testf~ were all JII&Cle with dibutyl callosolve as the colvent 
and with an aqueous phase of t..he following e~oai tiona 

Thorium .Nitrate 1.94 !t 
Jt.1WDinum Nitrate 1.06 B 
Aauaoniwa Nitrate 0 .. 44 N 
Nitric Acid 0.31 I 
Calcium .Nitrate ' 300 B 
UraDiwa (present as uranyl nitrate) 312 miU1grams per liter 
~ ~~O 

Except that the uranium content is at 8. higher level, the aboVe 
composition corresponds to a mixture of au volumes of b fi csl.ciWll nitrate 
solution (scrub solution) and. ten VOlumes of feed solution of 'the compoaition 
originally contemplated, i .. e G II • 

Thorium Nitrate . 
Aluminum .Hi trate 
Ammonium Ni vate 
Nitric Acid 

3,,1 .til 

1.7 fi 
0.,7 N 
O.,S It 

Qeveral batch extraction tests with an equal volume ot dibutyl cel
losolve on lllized :reed solutioD of the compos! tion ehon above gavEl coned stent 
checks and. an average value of 67.0:£ extraction of the uranium" 

Tests were made at various flow rates and with variou.s kinds of 
column paak.1ng.. During each test, the raffinates and extracts i'J8re collected 
in several portions which were anal,yzed separately in order to determine 
whether equilibrlwn :bad been established. 

For elich tY!J8 of pack1ug to be tested, after the oolumn was cleaned 
and dried' with. acetone 1 t was tilled from the bottom with .sufficient aqueous 
phase to cover the paoking. Then flow of both phases was started and the 
first series of tests made with the aqueous pha.se continuous. After theA 
tests were finished, the ja.ckleg was gradually lowered whUe solvent waS being 
pumped in until the aqueous-solvent interface was below the packed 89ction of 
the col'UlJlD.. Then flow of both phases was adjusted to the desired rates, and. 
tests were made with the solvent phase continuous. Osual.ly, op8l'atj.on was 
continued for approximately 30 minutes before 'observation of data was started" 

The results of the tests, together 'with oalculatioJ18 to 8.h.0\,1 the 
number of theoretical ex.traction stagee and the height of each the oro tical 
stage, are shown in l.'able !too no 

~ 



r.res-1 
No. 

23 

24 

8 

25 

,-,26 

27 

28 

• 

. . 

~ortior: 
No. 

1 
2 
3 
4 

1 
2. 
) 
4 

1 
2 
) 
4 

1 
2 
3 
4 

1 
2 
,; 
4 

'1 
2 
l 
4 

1 
2 
.3 
4, 

T~ or 
Co C .. 
"i.n oj 
POttiOI 

(min) 

\ 
15 
15 
15 

5 

)0 
30 
JO 
10 

45 
45 
45 
30 

60 
60 
60 
15 

15 
15 
15 

5 

30 
30 
)0 
10 

60 
60 
60 
IS 

'l'AlJLE 10 0 IX 
EXUWl5:I,OJ( HSTS Wl'lR DfBtl 

VIm 51 

.,queous Rate 
~1ght per Bour ' Ratio 

lind of of ~ontin- (co), ' polven1 
Packing "'ac~ UOUS 

Total Per oJ 
~te t( 

(om) t'hase .,queoui 
Rate 

5}ilit 6 mm Glass 116.5 iLqueouti 1390 261 1.10 
Raeehig Rings " 11 1370 258 1.15 

II ., II II 1430 269 1.06 
II n n It l4D) 264 1.11 

io-pli t 6 mm Gla~u 116 .. 5 Aqueou:: 6'58 124 1.15 
Raschig Rings II It iS6 142 1.00 

II It II " 774 146 0.99 .. It n tI 800 150 0.98 

~pll t 6 min Glase 122 Aqueoul 540 102 1.19 ' 
Raschig Rings II n ' 5SO 103 1.14 

fI ' n n n 507 95.~ 1.30 
n .. .. It 500 94.( 1.31 

Split 6 DIm Glau 116.5 It.queOUI! 357 67.( 0.99 
Raschie Rings It, II 337 6.3 .. c 1.00 

II A II If 34S 65.9 1•14 
It fI II " 368 69.Q 0.99, 

:)pl1t 6 mm Glas! ll6.5 So1ven1 1535 289 1.02 
Raschig Ringa n • 1524 266 .~ 1,,04 

II a n II 1507 ,;02 1,,00 
n n II II 1560 312 0.,96 

~pl1t,6 11m Glasll 116.5 ~01ven1 8)0 156 0.94 
RaBer.is Rings It It 760 143 1002 

n tt It .. 7b2 147 . 1 .. 00 
n If at It 7;0 141 1 .. 06 

~plit 6 _ Glas&! 116 .. 5 ~olven1 32' 61 . 1.10 
Raschig RiDgs It • Jl5 59 1005 

n It n .. 286 54 0.98 ' 

" " a II 340 64 1.18 

~ COil- feroe~ 
tent oj Extra 

~trao. ~ti ... tiOIl iheo-
tion neate (Baaed lre1.icw 

It'actor (mg pel on Raf·~tagee 
liter) finate 

2.24 80 74.4 1.19 
2 .. 34 54 02.7 1.55 
2 .. 15 70 ' 77.6 1.3t) 
2 .. 26 76 75.0 1.21 

2.33 6:; 79.8 1.40 
2.03 52 1»0' 1.76 
2.00 60 60 .. 8 1.64-
1.96 65 79.2 1.55 

2.c41 57 hI .. 7 1.46 
2 .. 32 43 b6.2 1.60 
2.64 36 88.4 l.W 
2066 29 90.7 2 .. 00 

2 .. 00 55 82,,4 1.74 
2.03 57 bl.S 1.68 
2 .. 32 46 8S~3 1073 
2.01 . 46 65.3 1.95 

2 .. 07 159 49 .. 0 0.55 
2.12 166 it6.8 0.;0 
2.,19 164 47.5 0051 
1.95 166 it6.S 0." 

1 .. 91 144 53.8 0 .. 68 
·2.07 140 55.1 0.67 
2(0) 122 60.9 0.63 
2 .. 16 126, 59.6 0.76 

2.23 90 7102 1,,08 
2.14 80 74..4 1.24 
1099 69 77.9 1.47 
2.)9 '10 71.6 1 .. 26 

UT.4 
(CLUJ NoE 

97.8 O.7b 
75.0 0,,9t-
b4.7' 0.91 
96.3 0.78 

63.2- 0.68 
65.0 1 .. 22 
71.0 1.1) 
75,,0 1.Ob 

8).4 0.91 
6£,,0 1.15 
6f..0 1,,06 
61~0 1.18 

67.0 1.21 
69.3 1016 
67.3 1.10 
59 .. 7 1.35 

212 O.)S 
23) 0~)4 
228 0 • .33 
218 0.,)8 

171 0.4{) 
173 0.46 
141 0.56 
153 . 0.49 

108 0.70 
94.3 0.62 
79.0 1.02 
92 .. 0 0.79 

H'l'U~E 
(em 

150 
119 
128 
149 

132 
95.5 

10) 
108 

l28 
102 
llO 
99.0 

96.5 
101 
106 
86.,5 

310 
.342 
351 
m 
241 
255 
207 
2)6 

167 
142 
ll4 
147 

, 

N 
\.t.) 

G 



~ . 

 
 

. Test 
No. 

17 

1& 

19 

20 

21 

22 

. 

11 

. -

Portior 
No. 

1 
2 
.3 
4 

1 
2 
.3 
,4 

1 
2 
3 
,4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 
5 

Time 
for 

bo11ee-
tion of 
~ortiOl'.l 

(min} 

15 
15 
15 

5 

30 
30 
30 
10 

60 
60 
60 
15 

15 
15 
15 

5 

30 
)0 
30 
10 

60 
60 
60 
15 

15 
15 
15 
15 , 

TABLE NO" Ii (Oont .. ) . 
EXfJiAOTIOJ '!BSTS Wlm DlBU'l'!'L Om.LOSOLVE nr:26 MM DIAf.mTJm COLUMli 

WITH SINGLE PACKED SEOTION 

Aqueous Rate IDlCO~ lPercen1 
~eight per Hour Ratio tttint oj ~trac. 

KInd of of Pontln- ( c) ~olven1 b::rlrac-~fl- tion 
Packing ~ack1nli uoua 

Total I'er cJ 
IRate tc tion nate (Baaed 

(cm) l'hase !aqueoul Factor ~ pel on Rat .. 
Bate :ter) Irinate' 

- ' i 
1/8"Glas5Rel.tC8! 116 •. 5 ~eoul 1320 248 1.18 2,,40 73 76.6 ., n a 1280 241 1 .. 16 2.40 40 67.2 

D· .. ., l272 239 1019 2.4J. 40 67.2 
Q If .. l224 230 1.23 2.51 40 87~2 

~8uGla8sHelicel 116., IAqueoul 600 113 1.25 2 .. 54 33 69.5 

" .. n 760 l43 0.94 1.90 26 91,,7 
It " It 760 14) 0.93 .1.89 42 66.6 . .. If .. 750 l4J. 0.93 1.89 4) fl>.3 . 

IL/b"GlaSaHell.C81 116., fAqueou, 357 67 0 .. 88 1 .. 80 42 86.6 
II It . It 328 62 1.06 2.16 30 90.4 
n " It 298 56 1.19 2.41' 23 92.6' 
ft n • 356 67 0.99 2.01 17 940(. 

It!sltGhSsHel1cea 116.5 1s01ven1 1508 283 0.97 1.98 33 89 .. 5 
It n n 1440 271 1.0~ 2.20 46 85,,3 
II n .. 1440 271 1,,08 ·2 .. 20 47 85.0 
II R It l440 271 1 .. 08 2.20 47 85.0 

~~uG1asBHelice. 116.5 Ibolvem 730 171 1.08 2.20 24 ·92 • .3 
n .. .. 652 123 1.17 2.36 20 93.6 
a u A 754 l.42 1.rn 2.19 25 92.0 
n It It 810 152 0.9) 1.89 20 93.6 

~onG1as &Helice Ii 116.5 Solven1 310 58 0.67 1.77 10 96 .. 8' 
II II ff 403 76 0.91 1.b5 11 9t.5 
n It • 356 67 1 .. 02 . 2007 ') 9£.4 
It tt n 3"n 70 1000 2.0) 4 90.7 

~Gla8sHel1ce. 116 .. 5 [Aqueous l420 267 1 .. 04 2,,12 . 33 69.4 
n n If l428 269 1003 2 .. 09 92 70.6 
It It It 1320 2.4S 1.17 2.71 U3 63.6 
q " II J.4lQ 265 1006 2 .. 17 117, 62 .. 6 
" • p ~ 27' 1..02 2.08 1;JO 58.4 

'fbeo- HE. 1'A 
reticaJ -(em) 
;;,tagea 

1.22 95.5 
1.6) 63.6 
1.62 64.0 
1.77 65 •. 0 

1.95 59.7 
2.85 41.0 
2 .. 20 53.0 
2.17 53 .. 6 

2.34 49.6 
2 .. 35 49.6 
2..42- 48.2 
3.27 35.6 

2.42 48.0 
10 81 6403 
1079 65 .. 0 
1.79 65.0 

2.'7 45 .. 3 
2.50 t.6.5 
~.53 /J:;.O 
3.14 37.2 

4. £.5 25.1 
4023 2705 
4.'1b- 2403 
,.23 22.4 

2.26 51,,6 
1.10 106.0 
0.8, ~ 
0.83 W 
0.75 11.55 

HoE 

0.76 
1.15 
1.14 
1.07 

1.18 
2~O.3 
1.57 
1.55 

1.70 
1.56 
1.50 
2.25 

1069 
1.19 
1.1lS 
1.18 

1.69 
1 .. 63 
1.67 
2.33 

3.45 
3.07 
3.25 
3.55 

1.,2 
0.74 
0.51 
0055 
0 .. 51 

HTU~ 
(em 

153 
102 
:J.U2 
lO9 

'98 
57,:) 
74 .. 0 
7'·0 

66.4 
74.8 
77.5 
51.7 

69.3 
97.8 
Cjb,,6 
9bo b 

69.3 
71 .. 4 
70.0 
50.0 

330 8 
37.9 

. J6.b 
)2.8 

76.,'0 
157 
228 
212 
2.30 

~ 



 

 

. 

Teat 
No. 

12 

13 

14 

1~ 

16 

~ort1oJ: 
No. 

1 
2 
) 

4 

1 
2 
3 

·4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
) 

4 

-Tima 
for 

Collee-
ltion of 

PC:!)D 

30 
,jO 
)0 
10 

60 
60 
60 
20 

.15 
15 
15 
; 

fABLE NO <) .11 (Conto) 
EXruQTION f:biSTS WITH DIBum CEIiLOSOliVE II 26 MM DIABm COL'OMI 

wlm SII'GLI PACDD ReftON 

Aqueous Rate IU Con- ~ereen1 

~elght per Hour Ratio ftent oj ~:xtr&.c. 
lind of , of Contin- ( c) ~olveJlt ~xtrac· Rafri- tion 

. Pacldns Paclt1.Dil uoua 
"l 
!Rate tc tion . Date (Based 

(em) Phase Total Per cit Aqueoul Factor (mgpel on Rat· 
Rate lliter} ({nate' 

J/.L&GlaasHellcel 11605 ~eoul! 6.34 119 1.13 2.29 112 64.2 
II n .. 710 145 0.95 1.93 ' 101 67 .. 6 
n " II 820 154 0.87 1.,77 116 62.b 
n Cl • 822 155 0.91 1.66 127 59.4 

l;.J.EPGlaaeB.el1cel 116 .. 5 ~queOUI 342 64- 0.98 1,,91) 107 65.6 
It ' n " 342 64 0.93 1,,88 87 72.1 
II n II 340 64 1.04 2,,11 80 7404 
It II n 351 66 0.98 2.00 . 82 7) .. 8 

IIl6*Gla.eaHellceI 116.5 ~01ven1 1340 252 1 .. 0) 2.09 14 95 .. ; 
n " n l290 242 loU 2.26 27 91 .. 4 
n It 11 1370 . 258 10 02 2~OS 34 89.1 
n tt D 1285 242 1 .. 1; 2.34 33 89.4 

30 ' ~ltl'Glaaeliel1cet 116 .. 5 ~olveJlt 884 166 0.97 1.96 21 93.3 
11 764 144 1.01 2.06 20 93 .. 6 )0 tI It 

30 It . n II 810 152 0.94 1.91 20 9,).6 
10 It " .. 804 151 1.06 2.15 20 93.6 

60 VJ,&GlassHel1cel 116.; &olvem 325 61 1.03 2.10 13 95 .. 8 
60 " n a 321 60 00 99 2.01 ,- 96 .. 4 . 
60 " " II 378- 71 0.95 1092 ' .3 99.0 
1; It It .. .360 . 66 0.89 1. SO 5 96 .. 4 

- ~~- - i.--

theo- liE. T.~ 
Iretiew (em) 
~tfilgea 

0.84 139 
1. Of; llD 
0.97 120 
0 .. 84 136 

0.98 119 
1.25 9).3 
1.,26 92.5 
1 .. 27 91.8 

';,,31 34.6 
2.37 ,49.2 
2.21 51.) 
2.05 56.0 

3.05 36.2 
2.96 "YJ.4 
3.22 36.2 
20 65 40.6 

',;.41 3305 
4096 2305 
5.99 19 .. 5 
5. '10 20.5 

lioE 

0.54 
0 .. 75 
0.7~ 
0.60 

0.,70 
0 .. 90 
0.82 
0 .. 68 

2,,2') 
1.54 
1 .. 54 
1 .. 33 

2 .. 14 
2.03 
2.26 
1.b9 

2.34 
3.4.3 
4-24 
4.16 

" 

}fl'U~ 
(em 

215 
156 
16) 
194 

168 
130 
142,,-
133 

51aO 
75.7 

' 75,,8 
67.5 

54 .. 5 
57 .. 5 
51#0 
6~ .. O 

49 .. 8 
34 .. 0 
27.5 
2f:..O 

; 

f\.) 
\11 

i  
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In adclitlon to the types of pack111i used iD the abOve tests, aD 
UDsuccessful attempt ¥faa mad.e in '.teat ilo. 29 to' use a packiJ7g prepared by 
mixiDg equal volumes of -10+20 meah coke 111 th 1/b" glass helices. The night 
proportioll8 of this packing were 171 grUB of glass helices and lb4 grams of 
coke. It was reasoned that Iftlch. a mixture of pack1ag would. ,,1ye intimate co~ 
tact in the column, siDCe testa bad shown that the glass was prefereDt1al.ly 
wetted b7 the aqueous phase 1Ih1le the coke was prefereDtial.l.J wetted b7 the 
solYeDt.. Teat 29 aho_d that tt.is mixed pao.k1.ng could DOt be used beca88 
there was 80 II\lch resistance to two-phase tlow tbroush the col.wm that the 
eolvent was pushed out throueh the raffinate diacharge at the bottQJll of the 
col:wm and tbe aqueous pba8e overflowed throueb the extract discharge 11.0 
This occurred at flow rates as low as 300 cc per hour (S6 cc per square cen-
timeter of croea-eecUon)o . 

. solvent mixture coDtaiDi 
to. 

Three . extract.iou tests were made in the 26 DUD col~ l.l8iDg the same 
composition feed solution that was used in the aboVe. tests OD t,1PEls of paek
ing, but using a solvent OOIDpOsed of 45J d1but7l, carbitol &:ad 55$ iaoprop7l 
ether. 

A batch extraction teat with aD equal volume of this eolvent mixture 
ahowed that 1t extracts 83,,3~ of the uranium ~ 0",6"" of the thorium.. 

All three teats in this series were made with the solvent as the 
cODtinuous phase. Althougb all of these tests ware made eatiflfactorlly, it 
was observed that this Bolveat mixture gives appreciable resistance to two
phase flow in the co1U11Jl. This resulted in aD unstable illterface, which fluc
tuated all inch or more at irregular iJltervals but did Dot go low ellOugh to 
cause the solvent to eacape 'through the ratfinate outlet. 

WO t .ore gas blbbles than usual were observed 1D the ,Column during 
this teat, but there is not surri.c1ent evidence to attribute tb1. to reactioQo 

!he results of these tests, together with calculations to sbow the 
height of each theoretical stage, IIl"8 ehown ill table 100 nIo 



. 

'. Time 
for 

Test Portion Collae ... 
No. No" tioD 0.1 

Portiol' 
(min) 

.30 1 60 
'2 60 

" 60 

31 1 30 
2 30 
3 ·30 

32 1 15 
2 15 

" 15 

----

.

TABU 1103 XU ./ 
IXfiACTION 'rESTS "11m MlXTURil! OF Dl:B1l1.'YLOARBIIJ.'OL .A;iJ) lSOPBOPTL ftBER 

II 26 MM OOLtJD WI'fB 11JRiLI PAczmr.BC'lIOB 

Aqueous Rate Ratio u-cOD: Percent 
~eight ConUn- per liour ~olvent IExtrac ... tellt of Extrac-

lUnd 01' 01' uoua !----.9C Rate to tion Raffi- tiol1 
Packing lPaokina Phase Total ~ A.queoull ifactor oate (Based 

<em> Rate . (J1I{;~r on Raf-
liter flnate) 

1/611 Glass iielice. 116.' oo1vent 348 65 0.96 4.bt; 6 9b.l 
R . II It 362 61,) 0.<)6 . '4.76 6 '11.4 
n It " 380 71. 0.84 4.22 , 9&.4 

~811 GlaDs hel1oe. 116.5 ~olvent 790 149 0.99 4.94 17 94 .. 6 
n " It 680 128 1.19 5.96 16 94.9 

" II It 830 156 0.92 4.59 14 95 ... 5 

1/S" Glass Helicel 116., Solvent l4S8 280 1.07 5 • .33 JO 90 .. 4 
n p " 1540 269 1.07 5.32 24 92 .. 3 
If a n . 1540 289 1 .. 05 '.26 24- 9' .3 II! •. 

.' 
~ -
Theo-

retioal ~.& 'I.A 
btages (em) 

2.", 49.') 
2.19 53 .. 2 
2.6b 43.5 

1 .. 69 66.6 
1,,57 74 .. 4 
1.88 62.0 

1.~ 90.4 
1 • .42 02 .. 0 
1043 61.5 

I 

!5 

. ~: 
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AlthoUih this solvent mixture has a better coeffioient for the ex
traction of uranium than dibutll oellosolve iut.s, tbe aotual percent extrac
tion which it ,ave was only s11ghtl1 higher at high flow rates and actually 
lower at the lowest flow rate tt.an values observed. under aim1lal- oonditions 
for dibu.tyl celloaolve extraction (Tests 20, 21, and 22) • 

.atter Test Bo. 32 was complete, operation was coDt1Dued for aeveral 
hours in order to obtain a total of' two gallons of extract for use 111 a sarub 
teat. 

~.91'!!l!Pi. tealS 9-n the removal of tJ:.orig trOJ!1 ao~!eat eXKlcf, bx 
coatacUng with 6 B calc1W1l m~. 

bix 80rubbiug testa were made. Of the,., f'ive were witt. dibutyl 
cellosolve extract aDd one with a a1x.ture of 4SJ d1but,yl oarbitol and 5S~ 
iBQpropyl etber. . 

'1'he tests were made in the 881118 26 _ diameter oolWllJl ul8d for the 
study of the et£eot of kiDd of' packini on the extraction. However, a lower 
OI.ltlet for the solvent was uaed in the sCX'ubb1Dg tests, since the height of 

. pack1Dg employed. was only 7S CIllo 

b11lthetic extraota were used for the tests with dibut.il ce:Uosolye .. 
The extract from Teata .30, 31, and 32 was used tor the scrubbi. teat on the 
solvent mixture of diwVl carb1tol aDd isopropyl ether. Eiabt DOl'lIIPl. Calc1W1l 
"n1tr&.te (pH lo4-106) was uaed aa the scrub solution in all the test80 fbe 
composition of the extracts before acrubbillg, and data from tests on bat.ch 
ecru.bbiug, were as followsa 

Dibutyl Cellosolve 
Dibut7l Carbitol 
Isopropyl Ether 
Nitric Acid 
Thorium 
Uranium 

Percent ot U removed q, 
0 .. 'J7S volume of S H calc.1UJ1l 
nitrate in batch scrub test 

Dlbut;tl 
Q.eUo801ve ~ct 

cao l~ 
None 
Sone 

0 .. 101 B 
312 mg per 11 wr 
312 JUg' per 11 tar 

4093 (average) 

Equilibrium value ~ =~ 0014 (average) 

l"ercent ot Th removed by 
0 .. .)7; vol.uaie ot 8 JJ calcium 
nitrate in batch scrub test 970 3~ 

Enu1l1 .... -.t .. - v··'·.- Tlt.agU8ou, 84: 
"a ...... -.AU,III - Tb ..... ",0 

II1sed 
}ro~yem Eltr!4c! 

None . 
4;1£ 
5;~ 

0.168 I 
S60 me per II tar 
265 mg per 11 tar 

r 

3085 

0,,107 

94.5)$ 

iJ:>.S 
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Column tests viere made with 1/16 t1 helices and with 1/811 helices. 
For each type of packing, tests were made >7itb the aqueous phase cozrl:.inUous 
and also with the solvent phase con'Unuouso 'fhe reoru.lts of the tests, to
gether with calculations to show the numbal' of tileoretical st~ea a.'l(i the 
height of each the!>retical stage, are g1 ven in T~bl.& r~(' .IV;) 

This tabulation shows that with 1/8" glass helices there ia little 
choice be:t.ween operation with the aqueous pha.se con'tinuous or with the sol
vent phase continuous. With 1/16" glass helices ,I \)perat~ .. on with t.he solvent 
phase continuous' gave a much shorter m..'TS. ;'1'. ~~l cases the &1'5 ;filr scrl.!~ 
bing was longer than the HE~ for extracticn at similar flow rates. It is 
presumed that this was because of the high v;ts~osity of the S ~ cal'lium n.."t":' 
trate. . 

/' 
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lenD 

'." •• 

5 

2 

1 

4 

6 

3 

I 

! 
I 

I 
Portl~1I 

10. I 

I 
! 

1 
2 , 
5 

1 
2 

~ 
1 
2 

l 
1 
2 
3 
4 

1 
2 

~ 
5 
6 

1 
2 , 
5 I 

I 
-I 

'1M 
tor 

Col 1 80· 
tlon 01 
Partiol 

(aln) 

60 
60 
65 
50 
14 

30 
30 
30 
30 

60 
60 
60 
60 

60 
60 
60 
60 

60 
60 
60 

·60 
60 
30 

60 
60 
60 
60 
6r:; 

lid Jlel«ht 
ot of SolveD.t 

Pack1ac PackiDC V.eel 
(em) 

1/'" &1'" h4i.11ee. 75 - 'D1lnlt71 
1/8' glue helices • Cello.olve 

I I • .. I , • II I I 

• • • • • 
1/8' Clu. helices 75 CIIl Dlbut;yl 
• • • • nello.olve 
• • .. I I 

I I I I • 
1/8' g'l ••• heUces 75 em Dilnlt71 
• • • .. I ~ell0801ve 

• • • • • , • • • • 
1/8' gl,all heUcel 75 em ~eel "olven • • • • 5iaPAl!511 
" • i , 

155 Iecprow1 
I • I 11 .... ether 

1/16'«1&88 heliee. 75 em Dlbut71 
• , , , l'!ell0801"e • • • , • • • • • • • • • I .. 
• , • • • 

1/16·&1a •• helice. 75 em Dllnlt,.l 
• • • " Cello.olva 
• " " • • • • .. • • • , • I " 

ColltillllOU 
Phu. 

~ 10. l' 

SCHUBBIIG HS!S 01 mE BMOV At Oll' !HOIlUM 
Wlm CA.LCltJ)( JIIJ.'lU.'l'E SOL'O'!101 . 

80.1 veD.t Rate BaUo Ifhor1u Per cen!; of 
per hour Scru.b !boor 1_ Con.en. Orlg1D&l 

SollltiOIl inrac- ot' !horia 
per Bate to ,10n Solven" 

. total Cm2 Solv.Il' 'actor after '0' Bate Scn.bb1ac Scrubbed. SeruDDea. 
_./11ter ., Ollt 

Aqueou. 385 73 0.395 33.6 8.0 97. 144 2.56 
• 415 78 0.366 31.1 8.6 . 97.25 2.75 

: . 41, 78 0·371 31.5 8.2 97.~ 2.6i 
I 41 78 0.3l6 32.0 8.0 97. 2.5 
•• 420 79 0.3 8 31.3 8.0 97.44 2.56 

Solvat 750 141 0.355 30.4 4.4 98.59 l~41 
• 768 144 0.~55 30.4 2,.0 92.65 7.35 
• t~ 141 o. 53 38.5 2 .0 92.30 7.70 , 139 0.)92 33.5 25.0 92.00 8.00 

Solvent 357 67 0.381, 32.4 4.5 98.79 1.21. '. 378 71 0.372 31.6 6.0 98.86 , 1.14 
I 

~~ 72 0.372 31.6 7.5 98.93 1.07 
If 77 0.361 30.7 7.5 98 .• 92 1.08 

·01 vent 305 ~ 0.443 20.6 1.0 99.82 0.18 
"If 365 0.39~ 18 .. 2 10.0 98.22 1.78 
" 

375 71 0.382 17.8 1.0 99.82 0.18 
• 365 69 0.378 17.6 1.0 99.82 0.18 

Aqueou. 374 70 0.382 32.5 45 85.4 14.4 
• 377 ~ 0.~7 32·9 ~g 87.5 12O!-5 
• 355 o. 3 34.3 88.5 11~5 
It 363 68 0.386 32.8 37 88.2 11.8 
• 358 ~Z 0.3ll 32.1 35 88.8 '11.2 
• 3" 0.3 0 30.6 35 88.8 11.2 

l'olvet 400 t' 0.360 30.6 2.2 99.295 0.705 
• ~~ 0.388 33.0 1.7 99.456 0~544 
• 75 0.390 33. 2 1.5 99.520 0.480 
• 382 72 0.388 33.0 1.5 99.520 0.480 • 397 75 0.368 99.680 31.3 1.0 ... 0.320 

I . 

theare- 11rWUII 
tical JI.B.t.r.S Iztrae. 

Stage. (em) tiOIl 
lac tor 

1.03 72~5 0.055 
1.04 . 72.4 0.051 
1,04 71.7 0.052 
1.05 71.5 0.053 
I,! 06 71.1 0.052 

1.24 60.4 0.050 
0.76 . 98.3 o.o~ 
0.70 108 0.0 3 
0.71 106 0.055 

1.21 62.0 ,0.053 
1.l~ 66~0 0.052 
1.07 10.0 0.052 
1.08 69.4 0.051 

2.07 36.3 0.047 
1.37 ,54.8 0.042 ' 
2.18 34•4 0.041 
2.20 34.2 0.041 

0.55 137 O.~ 
0.59 121 o. 
0.60 124 0.057 
0~60 124 0.054 
0.62 120 0.053 
0,63 119 0.050 

1~44 52~2 0.050 
1;48 50.7 . 0;054 

. ,1.52 49~t; 0~055 

1.52 49~4 0~054 
1.65 45.5 0.052 

Oalcal.te4 
Per cellt of 

Vrant_ . 
8cnb'beel 

a. t:- . 

B.r .Jt, 
Ozw . WWt4 

!hear ... !beon-
*"eal. tical 
Stage 8ta.ge8 

5.20 5.50 
4.85 5.10 
4.95 5.20 
5.03 5.30 
4.95 5.20 

4.76 5.00 
4.76 5.00 

. 5.93 6.30 
5.22 5.50 

,.03 5.30 
.95 5.20 

4.95 ,.20 
4.85 5.10 

4.49 4.70 
4.03 4.20 
3.91 4.10 
3.91 4.10 

5.03 5.~ 5.13 5. 
5.39 5.70 
5.13 5.~ 
5.03 5.30 
4.76 5.00 

4.76 5.00 
'5.13 5.1«> 
5.22 5.50 
5.13 5.~ 
4.95 5.20 

)4onN-127 
Dr. II 2091 

'oe B'lU
Je (-

0.111 &74 
0.118 634 
0.118 635 
0.117 639 

.0.120 626 

0.144 521 
0.011 153 
0.061 1110 
0.077 977 

0.1~ 538 
0.1 511 
0.147 ,10 
0.151 96 

0.320 234 
0.231 324 
0.372 202 
0.376 199 

0.061 1238 
0.064 1168 
0.064 1170 
0.066 11,3 
0.072 10 5 
0.073 1030 

0.166 452 
0.162 463 
0~1" ~3 
0.166 451 
0.189 398 

o 

, 
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5" IesH 0.0 2Z mm Diameter Column Operated wi,!.h 89th ~xtractios ~e::t1on and 
~crubb1BS kect~9,!l 

The oq1umn USfld in these teste had an over ... al1 beight of 2;6 om. 
Beginning at Ue bottom of the oolu..mn, the Of.t;09ot1one and packing arrange
ment was as follows: 

Centimeters from 
Bottom of Colump 

0.0 
S~l 
8.9 
1~.2 

13301 
1)5 .. 9 
l.39-~ 1 
l46qO 

2.3b.5 
2.3b.S 

24l.0 
256 

Outlet for rat'f1nate (through a Jackle"). 
Inlet tube for solvent. 
Bottom of glass ~pport tor packiDgo 
Bottom of pack1~g for extraction section. 
Pack.iug was 1/10" glass helices. 
Top of packing for extraction sect1on~ 
Inlet tube for feed solutiouq 
Bottom of gla~s oupport for p&cklug. 
Bottom of pacldl1,g for 'scrubbiQg section .. 
PaCkiug was l/l61' 3lasa helices .. 
Top of packiug 1'01' scrubbing section" 
Inlet tube (t.hrough top ofcolwnn) tox 

scrub 80111t10n. 
OIltlet tube for solveut. 
Top of column.. ~toppered JI'.lth two-hole 

rubber sto,pp~3l.· fH.ted with vent tube e..a<l 
inlet tube f~r scrub 30lutioDo 

The general objeot, of the tests or.. this colwm W'b.S to observe the· 
simultaneous operation of the extraction and eorubbing sections aDd to abaok 
the values of IJ .. Eo'r,,~ft whiob had been d.eterllli.:led 0:1 'the dcgle section 26 WI 

diamet.er column.. . 

Tpst@ on 1:)1e extrAQ:tion' pi naturAl ur~wad Test"! 1'40'0 ll. lit. a.mL...»o 

These thr~e tests were sim1lar exc~.pt for d.it'terenoes in composi ... 
tioQ of the feed. solution and. for minor d1fi'el"sncE£ in operli.tion ot the oolwano 
Test 3.3 was made with .. teed solutiQn.hioh waS below 0 tJI" The pb of the feed 
solutl.on Wall adjusted nth 8IDII.I.ol11 .. for Tes,," !~o" 34 and w1t.h J.iJI'Ie for 'felt 
loG 36" 

There were dU'terenc98 in the IIlbthod ot starUns the operatiun ill. 
the thrae tests. In Test. No. ;J), the calw!\ '!i&S tUled. from the boU.OIll with 
ratf'inate from previous teats •. This "'liS disp.:taced. by 30lvent until t·bs inter
race was in the opEln l:Jectioll ot tube below t!:l.R paollngo Then the t'hlW of 
feed a.ud scrub was started" After ninety miaates operation at poor rate con
trol, -(,he measurement and collection of raf.fiiolate aM extract eampl'Els wd 
started" Rate control was poor during the llo1lection of portions 1 ana 2 
but was fairly goed .for portions .3, 4, ar;.d )" 



... 

• 

.. 31 -

The colUlllD was washed ana dried after 'rest Uo. JJ. The procedure 
in starting Test jjo. 34 was similar to that used in Test Noo J3 except that 
the column WaB tilled at tile st81't with Ii mixture of 10 parts feed pohltion 
ard 6 parts SCl'I1b aolutioll instead of r'lfti.aate. Operation was cOn~d 
for 45 minutes before the measure_nt and collection of samples were started • 

.tn Test 110 .. 35, the col.UJm was atarted wbile it waa etlll. full ,of 
the liquids left trom Test .No .. .34.. the BI:Nb was started tun am then the 
solvent. After about fifteen mimtes tht:. teed 80lution waa started. Oper.
tion was coDti.raled tor about 45 lliDlltea tllfore the measurement. aDd collection 
of samples was started. 

The data for tl:.ese three tests Sl'e tabulated in Table Y aIKi Table VI 
which follow.' Table V lists the compoaitii'D of the feed solutio .. , data. froll . 
batch extractions, data on colWllll ai_ and pack1.ng, etc.. Table n lists the 
flow rates which were obzerved duri.Dg. the tilsts, together with a.ca.l.1ses of 
extracts and rat.tinatea, a1'¥l also abows the results 01' calcula.UoAS \0 detel' .. 
mine the eff'lciAulc1 of the column and the ho~ .. TnS .. 

'.r.ABlE IO~ , 
Data 011 Colwm Construotion and t;;olution CWscteristica for Teate 4foa~ 33,34,. 3S 
r-__ ~ __ ~~"~~ __ ~-' __ ~ __ ~~~~~MD~ __ ~~~-' ___ , _____ ------.r 1 

Feed ~olution Composition: 
Thori\l1l Nitrate 
Al.t~mi num 11 trate 
Ammonium Nitrate 
Calcium. Nitrate 
Nitric Acid 
pH , . 

Test No" 33 

3.1 II 
l .• 7 I 
(1" 7 H 

... -
005 N 

Test No~ J4 

3,,1 N 
107 I 
1,,2 U --

crest Ha,. 35 

3,,1 I 
107 .I 
00 '1 II 
0 .. 9 J 

U (added as ural\Yl nitrate) 
Below 0 I 1.7 ' 1 l~ a 

500 DIg per 11 tel' 500 mg per 11 tel". 500 JDg per U tex 

~crub bolution Composition; 
Ca(N03)2 
pH 

~olvent 

Diameter of Column 

~ea of CoJ.umQ Cross :;iection 

Kind of Packing 

Heigl. t of ¥acJdng for ·E:x.trac- .. 
tion becti~n 

8 B 
Cllo 1.5 

l.'ibutyl 
Ce~10801"e 

27 IIIID 

5 ,<) 2. 
" •• CD, 

1/16" GJ.asa 
Be11cll8 

tJ.8 0 5 ~ 

8 N 8. 
eaQ 1~5 Ca. 1~5 

Dibuty1 D1bu~1 
Celloaolve . Cello.olve 

27 _ 27_ 

'5 .. 72 em2- 5" 72 am2 

l/lil" Gla8. l/l611 Glaaa 
HellC8a Helice. 

118.5 em 
I , 

118,,5 em 
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Table .V (Cont .. ) """ 

Test 1«> .. 33 Test Bo .. )4 Test lto. 35 

Height of ~ac1d.J:tg for ~<Il"\lb 
92.5 em ~ectioJl . 920' em 9205 am 

U KxtractionFactor from 2.0~o~vent VoJ.. 'l.6~pl!~t.V~ ~. 4S5~9lr!a\Vo~ 
Blitch Test.s ~queous i ol. ;.queousVoJ.. .Q.ueou.aVol~ 

U Extraction Factor for o ~crub Vgb Q. ,--. ~cruh Vo1. .. ... 1.~SFJJ.!l V,9l,* 
~Cl"Ub ~olut.ion from bolvent .. 'olveqtVolo • -7~01ventVQl ~. olv.ntVol • 

Thorium Extraction Factor tor 8~crub Vo;L. '!>J:tn ~crub Vol 23OlLtb~ Vo;L. -
~crub ~olut1on from bolvent bolventVol. -bolventVol. olventVol. 

Estimated 'l'horiwl Content of 
bolvent in Contact with 
Aqueous Mixture of ~crub 

US. per liter 70 iii per 11 tel' bolution and Feed Solution 300 RIg per 11 tar -_ 
Containing 1120 S p8 per 
11 ter of Thorium 

.. 
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A compar1son of the data for the above three teata revealll the 
·followi.og outataDd1. poll1.tal 

Ac,.. otrOJli17 acJ.d solDt1ol1.S (below Opll) have a JllU.ch more favorable 
diswlbdJ.OD coetflcieDt tbaIl solutioDS to which auta.c1eut 
a..old.a or l1IIe bas beeD added to 1'81.. the pll to 10' .. 1080 

B4 AdJuat.eut of the pH with UllBoJlia resulta 111 • aore fa"fGl'abla 
diatr1but.ioD coefficient than· adJuatment. with llao 

Co tiohlt:1oaa wh1ch 'ba.,. l1IIdergoue pi adjust.seat with U. &1-
loar au; values tbaD Ull8dJueted solut.ioua or solatiOllll 1Ih1ob 
haft beea adJuted with amaoma.. DUs eften ie of .tftcdeDt 
-.p1tude to reeult 1ft better overall ext.racUo.D for eo1l&U.oua 
adjusted with Ume tbaa for aolutiOllS 8dJuted wi tb ..oJd.&, 
bt.lt the overall. extraction tor solDUo_ adJusted with .u... 18 
below the overall. extraction for UD8dJuted solutiODao . 

Do AdJuatment of the p1:i with either. l1a. or aPUllOAia J'esul:ta 1D & 
lowr tho:riua oonterrt. of the eolvent enteri. the eClUl:'l aeotioD, 
aid alao a more favorable distriblUon coeff101eat for the n
aoval ot thoriUJI by. acrubb1nSo 

2;,@t 08 tbe k!c!'!ctlon 91 ura,atum2)) oil :0.' IA. J6 

rue test .. ahdlar to ~eet 1100 3S except that the t1me of opel' ..... 
tiOD ... much 10.1' (e1gbtT-tour hours aDd torty JDiDutea all compel.'ed 1I1tA 
five hours aDd t:ltteen III1mltee), aDd. the urania coJlteDt of t.be feaQ ... 
00491 mJltgr&1118 of v2'3'per liter illStead of 500 gd)Hgrau of aatwat U 
per· liter,:.'., fbe h1stOI7 of tbia teed aoluUoD ... all followao .DIIr1.Da m:1cl-
8'W11D8rof 1945, aa. aJvarlnum Jacketed thorium carbollate 81qs 1Ib1ob I1ad beeD 
bombarded in·tbe pile _1'8 dissolved 1Il.ld.tric acid aid partJ.alq DInltl'al1zed. 
with ammold.ao The reaulUIII aolu:tioD ... a extI'acted :2 tb ether, aJ:Id tbeA t1:I.e 
l"att:l.Date was allowd to ap aJJ.d produce ad.d1tioDal U .JJ by deoa,y of the Pao 
This raftlDate _s dilJlted aDd deooDtamiDated aDd clarified b) 1Iu02 pl"8c1pi"" 
t.atJ.on aDd cell'tr1tugillo 1'be pit .. then adJuated to 1069 b7 the add1UOJa 
ot ~ .. 

III atarUDs 'leat 100 36. the ooluma, wb1ch had beeD oleaneQ aDd dried, 
was filled with oalo:l._ rd.trate solutio", 8Ild tbia _a dlap1a.ced by dibutyl 
cel10801ve.. The floW of 801'Ub 8olution .. started, anci after about tU..rt7 
m1rmtee tbe flow of feed Sol.utiOD was atarted.. -Jlu.:r1.ag tbe teat tbe.J'e ware 
DWl8I"OUS 1r.regularit1ee in flow, and duriDg the sreater part of tbe teat tba 
raUo of the 8Cl'Ub aolu.t1onto feed solutiOD _s oo.aa1der~ hi&her than the 
deaired 0 .. 60.. 10 doubt the chaDiea in the ratio of scrub solution to feed 
solutioD iDf1ueaced the diet:r1buUon coefficient for uraDiumeztractloD, bu.t 
this effect .. DOt coA81dered in 'the calculationa s1nce batch exvacUoD 
data _1'8 deteraiaed for onl.7 one m1xtw:e, viz .. , ah vo1wles of eCl"ub .oluUoD 
to teD vo~. of teed aolu.tloDc J. 
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!he feed solution as used was sl1ghtl;J turbid J aJ;J.d. fiDe brow col
ored so11ds collected 1D the extraction section of tha col.t.::t..ma dtariD& tale test. 
DiBtribuUon of these solids in the packing indicated cbaru:aeliDg 1D the top 
30 centimeters' wt uot below that. In a(}dit1on to the accl1mW.atioA of bEown 
solids in tha pacJd..Da, there aee_d to be some accn:uaw.at1oD. of fill8 1Ib1te 
material at the veq bottom of the columrl. The Dature or this material w_ 
DOt determined. the qWlD't1ty WIUI IlOt sufficient. \0 cause aD1 DOt.iceable 1"8-
e1stance to flo •• 

A material baleD.ee tOJ:' the teat indicated ve-q good J'eC0V8Z7 of 
urao1um.. This material bal8.J:lce was, 

'11]W ... 11.81' •• ' .Df_ !akl 

UI'ar:d.WIl fed to colwm 
16..,242 z 0.491 '096 100.00 

UraDium recovered 
Total in extract portiou 7024 CJOo9S 
total in raf'fiDat.es 0 .. 44 5.'3 
Total in solutions drained 

troa column aDd. lines at 
elld of test 0 0 045 OoS6 

UraDiWD DOt accourrted for 0.236 ~o96 

The ,extracts from the columri wera passed tbrowrh all alumina ad.fIO",... 
tion coJ.WDD tar collection and. concentration of the U23): This oo1Wll1 waa 
22 IDJI in diameter 8Ild conte.1Ded 40 grams of -100.200 mesh Fisher's cbroaato
graphic adsorption alum1Da.. Adsorption of the 0233 waa virtu.aJ.q a.plete. 
aDd the breakthrougb po1.Dt "ROt reached dDriDS the test. l.'he efflaent 
samples D8ver cOata.irlJd acre than 100 alpha count per miJU.te per Ill. bub-

- sequent leaohba 'or the SGOrptioD col.waD with an alcoholio solutioQ. of Dit.ric 
ac1d gave a yield of 6.1 as of 0233. This diacrep&DC7 of 1 .. 1llil.J.1il'aas (ar 
15.2$) bet_n the 0233 content of the extract alii t.be u233 oout.eJtt of the 
leach1Dgs waa not expla1.bed aDee the ~ssolved residue .fra t.be acborption 
col:waJl was discarded be£ore the discrepancy w_ noticed.. lIowever, a' later 
test which 1s not covered ill this report showel substant1all¥ ooaplet.e ad
sorption fra t.be elttraot &ad subatant1alJ,y complete reoovery 'b7 leach1,;go-

The data tor the operation of the colwDD in Test. No. 36 are tabu
lated ill Table m ... ..tabll fnl 1b1O!i follow" fable VI111.,. tbe ooapol1t1oll 
of the aoluUoDS, data- from batcb extraotioDB J ' and data on the ool.1.uul A88 
aDd pacldug. Table mX-l1ats the flowr«1;.e.J the afMllyses ot tat extract. aDd 
rattinat.es, aQd. also shows t.be reaulta of ca.lcuJ.atioDa to c:ieter..u:. the etn
ciancy of the colwan andths 1l.E .. T".11t\. 

,'~~l~ ... :. / 
:~~ ~:) ';r lit ," 

# ' 

'& 
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tAmE VII 
Data on Column Construction Uld ~olutioD Chera-.:teriatice for Teat llio... .36 
= Feed Solution Compos1tion --

Total Nitrate Concentra~ion 
Thorium Nitrate 
Aluminum Nitrate 
AmmOnium Bttrato 
Calcium litrKte 

~" 
,!;)crub ~OlutiOD Composition 

Calcium titrate 
pH 

~olveDt 

Diamter ot Column 

brae. of ColWlm Cross ~cUon 

lind of PacldDl 

Height of Pack.iug f..:rr Extraction ~ect1on 

Height oi' .Pac1dDB for So.rub ~Ct10D 

U Extraction Factor trom Batch Test 

U Extraction Factor for bcrub bolutiOD 
from ~o1vent 

5.97 B 
,2" J6 III 
1.29 III 
1 .. 29 lj 
1642 .N 
1 .. 69 

0.491 mill:1gi'8Ills/li tel.-

8N 
),,0 

Dibutyl CeJ.losolve 

27 mm 

5072 cra2 

l/16" Glass helicea 

118.S QI 

9205 011 

1" S06 x solvent v0Hu!! 
aqueous vol.wae 

~ 0 .. 225 x solvent volume 

. Thorium ~trQ.ctioD Faoto.r tor Qcrub ~olutioD 4800 x 8crub yolmDe_ 
trom ~olveDt .. solvent volume 

Thorium Content of ~olvent in Contact with 
Mixture of 6 Vol'Q£l88 ~crub :':'olut1on and 
10 Volume.s Feed ~olutioD 

86 :ag/l1ter 
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TaLB 10. VIII 

1lA.'f£ OJ. COLUMB QPJW.!10li lOll !.:.:I. )6 

Celeala'ed 'aluee for .'rac'loll Calnlat.e4 'alu .. for IIcrubbt.DC 

!be ..... 

~ 
,. late of ticu 

"loa Od1-. I'baH 1laoY04 Boftll-
.... Un . co pubo1ll' . V ... bi. 

• t ""_'I, UDC ft .... ,.ua '-tal ,_ pu III 
~ p._. 

1 

2 

) 

-5 

6 

: I 1 

I 

9 

10 

1
11 

: 12 

1) 

116 

15 

16 

17 

11 

19 

II) 

21 

II 22 

2) 

51 

" 60 

60 

60 

60 

60 

177 

16) 

1" 
180 

113 

178 

111 

161 

Icra 

}31 511.0 131 ~1 (1o,'Oalc,aa,e4.11le. cOlldUloll1 co\IJ.d 1lOt. lie OOllitallt 7,0') ~1) 12.Q }bo 0.2 

JIQ. 59.7. 1,.. 66 165 176 .07 1.09 2600 2870 1.64 94.8~ 95.)4 5.16 4.66 4.44 26.7 :572 65.0 850 0.1 176 ·~.8 0.474 66 227 99.115 0.1' 1.20 

)50 61.2 111 i1 181 169 0.9) 1.1) 2800 3060 1.70 96.0 96.31 ).97 ).6) 4.68 25.) )95 69.Q 1660 0.) 169,29.5 0.427 71 205 99.58 0.42 1.0) 

}5O 61.2 11 66 169 181 1.01 1.05 !!600 2880 1.58 91.21 97.54 2·13 2,Il6 6.00 19.11 :570 64.6 2)50 jO.3 ~81 )1.7 0.1190 66 2)5 99.55 0.45 0.99 

)67 91.2 242 72 193 114 o.~ 1.07 2840 JOSO 1.61 91.4' 92.16 8." 7.84 ).58 )).1 392 68.~ 2275 '0.7 174 )0.4 0.444 72 213 99.0) 0.97 0.86 

)65 6}.8 1114 11 189 176 ·10.93 1.02 2800)070 1.54 94.11E 55.31 5.14 4.69 4.86" 24.4 374 65. 2455 0.6 176 30.7 0.470 71 226 99.16 0.84 0.811 

}5} 61.8 1)4 11 18) 170 0.93 1.07 2800 3040 1.61 95.21 95.58 4.79 4.42 4.68 25.) 379 66.1 2430 1.5 170 29.7 0.449 11 215 91'.89 2.11 0.72 

3" 59. 4 104 .65 161 178 1.11 1.13 2560 2780 1.70 95.,~ 96.27 4.06 3.73 4.62 25.6 3115 67.~ 2J45 :2.3 178 31.1 0.46) 65 222 96.46 3.54 0.62 

359 62.« 1}2 65 178 lSl 1.01 1.02 2680 2910 1.54 95.01 95. 47 11.9) 4." 4.94 24.0 )68 64.~ 22110 ~2.3 181 31.6 0.1191 ,68 2)6 96.62 3.)8 0.62 

)52 61.6 1)0 72 1115 167 O.go 1.0) 2840 JOSO 1.55 95.~ 95.TT 4.58 4.23 5.0) 23·5 364 6M 2400 '2.3 167 29.2 0.459 72 220 96.81 3.19 0.64 

)26 57.1 137 77. 184 142 0.71 1.03 3040)280 1.55 95.lIe 95.82 4.52 4.18 5.06 23. 4 .:m 58.~ 2700 1~9 142 24.7 0.425, 77 al4 97.53 2.47 0.69 

l!IlI 50.6 151 76 160 128 0.80 1.18 JOOC 3250 1.78 94.9E 95.35 5.04 4.65 4.00 29.6 )41 59.~ 28)0 2.0 128 22.4 0.:575 76 180 97.31 2.6) 0.70 

JOJ 5).1 123 66. 148 159 1.07 1.a:> !!600 2800 1.81 95.27 95.60 4.73 4.40 4.01 29.6 J69 64.~ 1950 2.1 1!:l9 27.8 0.431 66 a:>7 95.91 4.09 0.60 

29) 51.3 11 " ,72 154 139 O.go 1.18 28110)060 1.78 97.50 97.68 2.50 2.3~ 5.15 23·0 )45, 6o.~ 2140 2.2' 139 24.3 0.402 72 19) 96.95 3.05 0.66 

357 62.5 ',229, 74' 193 164 0.85 0.92 2920):!DO 1.)8 92.1~ 92.83 ·7.85 7.17 lql 25.1 330 57.E 2250 1.7 164 28.7 0.498 74 2)9 97.70 2.30 0.69 

165 375 65.6 193 ., 72 197 118 10·90 0.9) 2840 3120 1.llo 93,211 93.80 6.80 6.a:> 4·97 2).9 347 6o.E 2830 1.1 178 )1.1 0.512 72 .246 98.48 1.52 0.76 

17 

90 

94 

107 

105 

129 

150 

150 

146 

133 

1,2 

15" 

139 

1,4 

122 

151 }66 91.1 1_ 72 192 114 O.go 1.00 28llo J090 1.51 94.51 94.94 5.ia, 5.06 4.87 24.3 365 6,. 2720 1·9 114 )0.) 0.475 72 228 97.,6 2.64 0.67 1,8 

135 I4IiI& 11.7 159 70 2Z7 217 0.96 0.86 2760 3050 1.30 94.2 94.78 5.77. 5.22 6.26 18.9 382 66. 2680 1.5 217 )7.9 0.568 70 213 97.86 2.111 0.68 135 

175 365 6)., 157 13 1~ 111 0.88 1.04 28!0 3.L20 1.57 94.5~ 94.98 50 45 5.02 4.60 25.7 3SO 66.~ 28)0 2.0 171 29.! 0.452 13 217 97.26 2.74 0.67 138 

155 321 56.2 151, 75 176 145 0.82 1.22 12g60 3170 1.84 94.69 95.23 5.11 4.77 3.81 31.0 392 68.~ 2670 2.9 145' 25.' 0.370 75 178 96.111 . 3.86 9.63 147 

111 31) 54.8 195 12 165 148 O.go 1.ll 2&40)050 1.70 ".ll ,).bO 6.87 6.40 ).65 32·5 354 61.S ln5 2.! 1M 25.9 0.419 72 a>1 96~1l ).89 0.61 151 

151t }J5 65.7 102 8J 227 148 0.65 0.9) 3270 35)0 1.40 96.88 97.11 3.12 2.89 7.02 16.9' )48 60.8 2642 2.5 148 25.8 0.4211 83 a:I4 96.99 3.01 0.66 141 

1115 41" 12.4 204 82 2118 166 0.61 0.84 32)Q)5OO 1.27 93.6994.18 6.31 5.82 6.22 19.0 348 6o.! 32)7 2.7 166 29.0 0.477 82 229. 96.71 3.29 0.6) 148 

tit 1" 1141 77.2 2IT 81 261 1110 0.69 0.75 3190)1190 1.13 91.01 91.77 8·99 8.23 6.70 11.7 332 58.C 3313 2.4 180 31.11 0.542 n 260 97.04 2.96 0.63·146 

JlorUoll 
10 • 

1 

2 

3 

II 

5 

6 

7 

8 

9 

10 

11 

12 

1) 

111 

15 

16 

17 

18 

19 

20 

21 

22 

2) 

24 

25 133 Ia5l 19.0 257 5, 273 178 0.65 1.04 3270 JlI90 l.57 92.lil 92.64 7.86 7.36 3.83 30.~ 467 81.5 )565 2.5 118 )1.0 0.)80 83 182 9$.99 ).01 0.67 lJ8 25 

26 1311 4)0 75.) 202 78 245 185 0.76 1.05 )01fQ 3310 1.58 ".4393.88 6.57 6.12 4.15 28.5 450 7M 2990 2.,4 1115 32.4 0.412 78 198 96." ).07 0.66 140 26 

rt 1111 315' 67.4 213 115 2)9 1l.t6 0.61 1.08 3350 3570 1.6) 9).64 94.03 6.36 5.97 3·81 31.1 416 72.E 2870 2,6 1.~ 25.6 0.352 85 169 96.911 3.06 0.64 146 2J 

21 110 )50 61.2 110 s4 215 135 0.6) 0.99 331Q)55O 1.119 94.56 9h." 5.44 5.07 4.94 24.0 )48 6o.s 2120 2.5 135 2).7 0.3go 84 187 97.03 2.97 0.67 1)11 21 

29 160 311 54.4 150 SO 112 129 0.71 1.23 3150)360 1.85 95.2495.53 4.76 4.47 3.81 )0.6 311) 66.9 2900 2.3 129 22.6 0.338 80 162 97.13 2.81 0.70 1)3 29 

30 170 lOS 5).7 1" 113 187 121 0.64 1.a>' 3270 3470 1.81 95." 96.17 4.07 ,.83 4.23 28.0 )68 64.. 2463 2.7 121 21.2 0.330 8) 158 96.75 3.25' 0.68 1)7 )0 

}1 179 292 51.1 162 85 181 111 0.61 '1.21 3350 3560 1.82 95.17 95.45 4.83 4.55 3.go 30.3 352 61.5 2)5) 2.6 III 19.4 0.315 85 151 96.95 ).05 0.69 133' 31 

)2 176 ))2 58.0 120 72 175 157 O.go 1.07 2840 JOSO 1.61 95.78 96.10 4.22 ).go 4.90 24.1 )56 62.. 2270, 1.9 157 27.5 0.442 72 21'2 97.36 2.611 0.68 136 )2 

:U 171 267 1l6.7 126 115 166 101 0.61 1.)6 3350 3540 2.05 96.24 96.44 3.16 3.56 3.77 31.4 363 58.1l 2167 2.6 101 17.7 0.280 85 135' 96.94 3.06 0.11 1)0 33 

)4 179 )21 5lo1r 13) 85 a:» 124 0.61 1.05 3350 3590 1.58 96.03 96.29 3·97 3·71 5.16 22.9, 345 60.2 2507 2.) 124 21.7 0.)60 85 173 91.29 2.71 0.70 1)2 )4 

" 111) 323 56.5 231 7J 112 151 0.86 1.00 2880 31al 1.51 91.77 92.1lo 8.23 7.60 3.98 29.8 32.11 56~6 2890 2.0 151 26.4 0.465 73 22) 91.26 2.14 0.67 1)9 )5 

l)6 go 667 116.1 lEiS 41 (1f0' calCU: atoll atllee t.bh va.. a oleanup trllCUOII at ea4 of ha .) 726 127 2197 4.6 36 
. J 

~+~'.i 
;.e .eo, 

0.l1.eo 

I 

~ .. 
I 
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6. Teats on <kUlc, PeWn for D1@kibuto~ 

References to commercial column extraction installatioD hIlloate 
that it is llama] 1)" DOt worthwhile' to ill8tall elaborate devices to d1stribu.te 

. the dispersed pbase liquid over the area of the colwaD, since seDeral expe
rience bas shown that &004 distribution 1s established aJIIW8¥ atter IIIOveDlnt 
of a dlstance at four to eight colu.mD diameters. In the particular case, 
however, of operatioD ot a colurm iua1de a ceU where the .belPt is lJ.m1tecl, 
it is esaent1al that all of the coluan height operate as c10_11 &8 poaa1ble 
tomaxipmm etflc1eIlCY. !b.erefore, 1D this ,particular case dlatribut10a or 
the aolutiOD 18 desirable. 

CoDt-emplat1J:ag U&8 of a distributor dea:1&D8C1 to malDtaiA a, detlld.te 
head aDd sive' flow tbrougb ama1l orifices, teats were mad.G to determl .. the 
rate of flow of both teed solution aDd. calcium Ai trate solution through II1II8ll 
stainless steel. orifice. of different diameters aDa thiclu'es".. 1'8"'S were 
made 1'01' both vertical aDd horlllOatal flow. III all cases the orifice wa& 

completely .urrOWlded with dlbu:tvrl cellosolve duriDg the teste .. 

Tests wi tb B D Calcium D1 vats t>olution 

Orifice Orifice DireCtioD of verage Head of Rate ot Flow 
Diameter 'Ih1cknes Liquid Flow . Liquid Above co per opening 

0 

0 .. 0,312, .. 00072" erticallyDowDw 2.,8 4 .. 75 
11 p " .. 104 2.28 
fI' " • p 0,,7 Rate tall. to 

at 1 .. 0-1.2 era. 
0 .. 04,68" 0.072- er'tioallyDowDwar 2 .. 8 16 .. 7 

Q .. n II 10 6 11.,5 

" n " It 0.'1 !].1 
Oo0468P 0.25ft ert1callyDowDwar 2,,9 9.10 

It It .. n 1.S S •. sa 
" " II n 0 .. 7 2 .. 11\ 

" " II II 0 .. 6 .. 8. Irr.,euJ,ar .. 
Plow 8\0)'8 aIld 

starts. 
0.0,468" 0 .. 2,n Horizontal 2 .. 9 7090 

II .. n 1.,5 2 .. 52 
n .. II 0 .. 9 0.0. No flo~, 

whatever .. 
O.o.¢&" 0.50" erticallyDowDwar 209 6 0 50 

If • Q It l .. S ~.76 
,It rr " It 0 .. 9 1076 

It It R P' 0 .. 5 2.000,.111&--1 
zero head.) 

!. 
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Tests with B 111 Calcium. Nitrate ~lution (Conto) 

rifice Or:U'iee Direction of 
Diameter 'lh1ckness LiQ.uid Flow 

0.0468" 0.50" Horizontal 
n n n 
ff .. n 

n ft n 

0.0468" 1 .. 00" ert1callj Down 
n n n n 
n n n n 
n n n It 

II n n n 

000468" 1 .. 00" liorizontal 
n ., R 

0.0625R 0.072" ert1ca1~ Downwar 
II It n n 

0 .. 09.38° 0.072" ert1cally Downwar .. It n n 

- --~---- .. _ ..... _ .. _. __ . 

Testa with M1xeg Feed bolut.on 
ThoriQJl\ Ni uste 
Aluminum Hitrate 
AmmOnium Nitrate 
Calcium .N1 tr~te 
pH 

Orifice Orif'ice Direction ot 
Diameter Tt.ickness Liquid Flo. 

0 .. 03125" 0.072" erticall.,y Downwar 
II n R It 

II II n II 

0.0J.68" 0.,25/1 Horizontal 
n It n 

II " II 

n n It 

. :verage Head ° Rate of Flow 
Uctuid AbOve cc per open1D& 
0 ni r . :toe 

2.9 5~40 
1.,5 2.05 
0 .. 7 .. 17 (Flo" irregular) 
0.6 .0 (Uotlow ~te'V8r) 
2,,9 4 .. 34' 
1 .. 5 2 .. 27 
0 .. 9 1./IJ;, 
0 .. 6 1061' 
0., .. 07 (Rate lblls to 

o at 0., 3 ca head) 
2.9 . 2 .. 2.2 
1.,5 0.99 
1.4 . 21,,3 
0.7 13.) 
1.,5 52.0 
0.9 .36.0 

--~- ----- ------

l.94 .N 
1006 II 
0 0 44 N 
J .. Jl2 .N 

108 

:varage Head 0 

Liquid Above 
0 

2 ... 8 ·6.05 
104 3.24-
0.9 0 .. 00 (Flow stops 

at this head) 
209 10 .. 0 
105 3042 
1 .. 2 1.,27 

OoS-0 .. 6 0 .. 0 (Flow 
.' stopped) 

The phenomena of flolfbecoJD1Dg irregul.ar ~nd ceasing at heads allghtly 
AboYI "1" .il ••• idlH" 4ua to the oft.ot of w.rtAot torNI ud ,.& lWD11U' 
action to the jJI'eviow.o obaervation of tberesistance offered by a st.a1nlea& ateel 
screen to t.'WOc'phase flow" 

I 
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From the aboVe results a 0.0468" diameter orifice with a meUl. 
thickness or O.2Su alii with horizontal flow was selected as the beat orif1ce 
to give a flow of about 2 co per hole per minute tor scrub aolu.tloQ aid J CO 
per hole per m.i.a:lte tor a mixtare of teed solution and scrub solUtio.... ~1m
llar flow rates could be obtaimd by the use of Ii wrtical. flow 01"1£108 of 
0.03125" diameter and a thickness of o. mil, or a verti~ flow or1tlce or 
0.0468" diameter and 1. on th1cJmeas. Jio1Iever, atoPP86e of a horlZOllt8l or!
fJ.ce by f'rapel.l\s of 'broken pao.k1llg is coDS1dered. less l1k8q tbaQ atoppap 
of a vertical orifice. ' 

c. Spmmerx of EmarMtBW RAy 

The above ,xper1llelltal elata are SUllll8l.rized in the f'oUod. table. , 
ud graphs. 

Tabl.eI'.lar.ld n.aure III show the relatioD bet_D l1oE..f.~. aIId rate 
or flow for the extracUoll of waDiua b7 dlbut71 cellosolve troa add eOJ:... 
tiona o£ the compasi tiOD ori&111Sl.q contemplated.. Date. for 88 .... al '\rp8a of 
packing are shown. 

Table J and Figure lV aho. the rela:t.ioll bet_n !i .. E.. t.lJ .. aad I'ate 
ot flow for ecl'U.bbiDg thorium trOll d1butyl cello801ve wb10h ~ be6a (lqaiU ... 
brated with aD aqueoua solution of the composlUon onsi IJIIlly coll'tellpi1ateci .. 

Table ~. styes H..E. T.~o date. tor tbe s1mUlt.aJ¥Jou.s operation of the 
ext;raotioD aDCI acrubb1.Ds aectiou. Data are given tor aewral aalut10D ~ 

, sitlona. 

Figure Y Is .ser1es or graphs show1Dg the relation be'ben. \M 
percent of material lett UDextJ'acted and the number or theoretical extraot1oa 
stages £or various valD.ea of tbe e:rlractioJl tac!;mMi.J1c-;a_~-
latlonBb1p between the DUDlber of mU<B aDd. the ~_ _ __ 5_ g__ _ _95 8; .. ' __ 1_0 

Table m ebowa t.be results of calculatlollS to· detend..a tile reClJdnla 
number o£ tbeoretical' aC1"\lbb1. stages to give products ot 88vera! d.egrees 
of pu.r1ty.1n reCard to thorlW1l content. Val:aes are calculated £or three 
1.u1t1al tboriwq{uran1lUi ratios aDd for t.wo distribution onettlc1eat yalwta .. 
Table un ~a a1m1l.&r to table 111 except t.bat it sives 1IWIbe:r of &IU(z.1uteIid 
ot rmaber of tb80reUcal steps.. . ' , 
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'Iable U 

Summary.or HoE .. T .. tl .. Data for Extraction of Uranium by . 
Dlbutyl Celloso1ve from bolutlon' COJrt.ainiDsl 

'.thorium Nitrate 
AlumiDWll lfi trate 
AmIDOaium Nitrate 
Calcium titrate 
Nitric Acid 
D1stribution Coefficient 

A oua Yhaae Conti 
. Kim 01: 1-' ack1JJB Flow Rate of 

AqUej.t'hase B .. E.T4~" 
c br em 

1/16" Glass 26.3 1.46 
Helices 151 123 

65 93 

1/Sft Glasa 237 65 
Helices 14.3 49 

62 45 

bplit 6_ 264 85 
Glass R1ngs 150 75 

98 66 
66 65 

8 

1094 N 
1,,06 N 
0044 .H 
3 .. 00 .N 
0 .. 31 11 
2 .. 03 

247 
149 
66 

271 
139 
71 

300 
1.44 

59 

Ii .. E. '1' .. bo 

52 
39 
22' 

6.3 
43 
25 

226 
156 

65 

\lit 

.~-.---

Table I 

.:;)WJI.IIl8.ry of HoE., i\.S .. Data for ~orubbiDg Thorium from 
Dlbutyl Cellosolve after Extraction of Uranium . 

~ol-v;,ent COJDR9sitioni 
. D1butyl Cel1oso1ve almost ~ 
Nitric Acid 0.101 J 
Initial Thorium Content after Extraction 312 msll:1ter 
Distribution Coefficient for Thozium (aqueous/organic) 85 .. 0 
Distribution Coefficiellt for Uranium (aqueous/organic) 0.14 
Ratio ~crub bolution Volume to ~olvent Volume ca .. 0.:115 

Aaueous Plul Be Continuous Solvent rhase CoDt.1miOus 
Kind of Packillg F101f Rate of Flow Rate of 

bolvent rhue B"E .. 'l' .. S" ~olVe~Phase B"E6~)b. 
cc/plll21iI£ (em} f)c/c ~Lhr (em 

c 

1/16" Glass' 67 121 74 - 4B 
Helices 

1/8n Glass 140 10'1 . 
Belices 78 71 74 70 

i 

\ 
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Table 'U 

~ummarl or Dat. for ~imultaD8ouG Operation 
of Extraction and. :"arubbiQg ~ect1ol1a 

teat jo. 33 )4 35 36 ..-- -
Feed ~olut1on Composi Uon 

1"horium lUtra'te 3.1 Ii ).1 Ii ).1 ,~ ~.36 Ii 
AlwaiDWI 1U. trate 1.7N 1 .. 7 II 107 N 1.29 It 
Ammonium Nitrate 0.7 N 1.2 tl 0.7 oN 1.29 N 
Calcium ~itrate None ·ltone 0.9 li 1~415 N 
Iatric Acid 0.5 .N .... .. - --
pll Below 0 1.7 ' 1,,8 1.69 
" 

Scrub ~olutlon CompoBition 
C8(OO,3)2 8 N 8 N 8 .N SN 
pH ceq 1.5 .ea. 1..5 ca. 1.5 .3.0 

, 

Average :,).ow Rate .queous I'hase 
(ee/ /br) 66 16 61 61 

Ratio ~crub to Feed 0.58 0.5' 0 .. 64 0.81 

Thorium Content of Extract Bef:u-e 
~crubbing <ms/lltel") ca • .300 ca •. 11' ca. 70 ca. 86 

Distribution eoerricieQt for 
Uranium txtrection 2.0) 1.61 1 .. 46 1,,51 

Distribution Coefficient for 
Uranium for ~crubbiD& .!S.ueous 

Organic 0.14 0,,19 0.16 0.2.3 

Distribution Coeff'icieQt for' 
Thorium for ~crubbiac Aqueous 

Organic 
S5 2S0· 2.30 . ;.so 

llird of PacltiDg 1/16" 1/16" 1/16n 1/16" 
lielices Helices Helices Helices 

B.E .. T_~. (em) for Extraction 21 25 19 26 

Hor..To~o (em) for ~crubb1Dg 6~ 109* 71 129 
. , I 

*yt\Y be lower, since 1 t is uncertain whether equilibrium was reacbed. 
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Table III 

Calculated Values for I_bel' or Theoretical ~crubbing &tages 
, to ~eparate Ur&D1um 8Ild 'l'horiwa 

to VariOUG Degree. at Purity of the Uranium 

assumed Uranium P1et.riblltion Coeffioient ~~= -0,,2 ·in all ca._ 
. . _."-.. . 

AsSUDi.ed T1101'io Distrlbutioll 
Coefficient ~~ 85 )00 

.:rhori\l,1ll Batio 1riEx.tract 
Uranium 4 lO 100 4 10 100 

Before Sc:rubbiM 

Number o! ~crub ~tage8 
to give 99 •• U 1.74 2,,01 2 .. 67 1 .. 28 1.47 1.96 

.Number of ~orub ~tage8 
2.26 to give C)9"m U 3.07 .),,34 4.,00 

Number ot ocrub &tages 
to give 99.~ U 4040 4 .. 66 5.34 .3,,24 

Table .an 
Calculated Values for the t;umber of mUm Unit. 

1.0 ~eparlite Uran1wa aDd Thorium. 
to Var1ou.e Degrees of Purity of 'the Uranium 

2.45 2.94 

3.43 ) .. 92 
_ ........ 

Assumed UraAium Diatrlbutloll Coefficient ~que:s = 0 .. 2 in all cases . rga c 

, 

. j • . -i&seum.ed Thorlwa Distribution . I" Coefficient g:ueou.& 
sante 

85 300 _M 
'l'horium Ratio in Extract 
'OrailIum 4 10 100 4 10 100 Before ~CrubblDg 

-
.MoE to give 99. Ol' U 0.1 • 0.228 0.)0) 0 .. 0542 0 .. 062 0.06) 

NOB to give 99099~ U 0.349 0.379 0.454 0 .. 09,7 00104 0.l.25 

0.
606 1°·l3ti .Not to give 99.9999'1» ~ 00 500 00530 O .. 14S 0.166 

--~--
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IX. PERCRI11];0!i Of PR.~~ow.il1t.WDiD 

the entire process tor the isolatioll of U233 from tborium "carbon
ate" slugs which have been irradiated with neutrons compriues five prillcipal 
steps, dz., 

1. ::..olu.tioll of the sluga in nitric acid to form. a solution 
which is 3.23 1'1 ill thorium n1 trate, 1.71 N in alwd.awa 
nitrate, and looo It in nitric acid .. 

2. Adsorption or the .. a233 and the maJ or portion 01' fission 
products on 1l.t02' precipitated in Situ, removal 01' the 
precipitate, aDd. subaequ.ent adJuewllt ot the pH 1." 10'1 - 1.,8 
with ammonia or l.iJae ~ a co:.....!nc;;;",o.Q of the two. 

). Continuous countercurrent extraction of the aolu.tion, 
followed by sarubbi. the th~ium. from the extraot wlth 
calcium. D1 trate in an upper section of the colwlll. 

4. . ~parat1on of the· U2)) from the dibu.ty1 cellosolve extract 
b7 &1'1.1 ODe of "veral methods such as evaporation, strip- . 
pi. with water or ammonium sulfate solu.tion, or adsorption 
on alumina or other adsorbent. The latter method is pre
ferre~ tor the pilot plant scale of operation. 

;.. Final pu.rificatioD by a method depending on the means 
empl~d for the fourth step.. . 

This report deals OMY with the extraotion and scrubbing step.. The 
other steps have been or 8il1 be described. in separate reports. 

In principle, the extraotion step is ver7 dm.ple. The equipmtmt 
comprises a packed column with a lower section for extraction and an upper 
section for scrubbing, together with awdliary equipment for feeding the feed 
and scrub solutions and the dlbutyl cello solve at controlled. rates. There 
muet also be a jackleg or a . controlled pressure taDk for discharge of the 
raftinate from. tbe bottom of the cplumn and an outlet at the top of the column 
for discharge of the extract. 

During operation of the column, the dibut;yl cell080lve is pumped in 
at the bottom and rises to the top where it 1s dischurged. The feed solution 
is introduced in the middle of the column where it mixes with the sJj8nt s'crub 
solution ana then descends to the bottom anci 1e discharged as raf'flnate.. The 
scrub solution if.; added at the top of the column. ..s the d1bu.tll cellosolve 
rises through the lower sectioQ, it eX'tracts the uranium. from the mixture ot 
feed solution and scrub solution. Also 1 t extracts some thorium. After pas6'" 
illg througb Ule lower secUon, the dibutil celloaolve contlJlU88 its ascent 
and. contacts the scrub solution in the upper section of the column.. The scrub 
~Jolution removes substantiall)" all of the thorlW1l from the extra.ct e.rd I'eturna 
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11. to the lower E:ieCUOll" At the same time, the s("TU.b :'Jol.utioll removes a llinor 
portion ot the uranium, returning .it to the lower sect~.OD alsoo thus the 
effective uraDium eontellt ot the aqueous phaee elltering the extraction fiac
t10n 1s allfB78 so=wlui.t greater tban that correspond..lng to a mixture of feeei 
solution and scrub solution in tt.e proport1011a that lire t.'ed to the col.wlm .. 
Tbe yield IlUst be baSed on the uranium content o,r tl.ib fe0-d, bu.t calculatioA8 
to determine the JlWIll:Jer of st84::8S and the helc;ht ::n:each stage must be baee4 
on tlle eftective uraniwa concentration which i.acludes th,~t re.flWced b1 the 
scrub solution" 

.A.s for the design of the column, tbern 6nl DlGliY poas1b1l1t1ea de
pending on thE: d.esired percent extractioll aDc:1 thl! degree of j)11r1t.7 of tbe 
t1na1 product aDd alao on the perm1es1ble head r«;oll., the metl,od of _par"U.l.g 
the uranium. J:rom the solvent, aDd. the CODlpoai tiOD of the aolut10DS eaplOJlKiC' 

On the aa6UlllptioDS that m of the uranlum. is to be ext.l'acud. aJU:i 
that the product alu&ll be 99" purity (baais urwua &l.DQ thoriuJD), the follow
ing colwm des1&,;Jl8, aa shown i.a Table XlV, wou.ld. ci'e the d8siredresulta tor 
the aolutioll compos1 tiona s):;o.no 

Table XIV 
OONeB Ptsj.w 'to Give m Ema!!,\&on JB.4 m !1:'rit:r of p~_ 

.. 
Feed ~lut1on CoII.posi tioDa 

Thorium ltitrate , Jo1 .Ii 3,1 N ~,,36 N 
Aluminwa titrate 1 .. 7 B 1.7 .Ii 1,,29 Ii 
AmIIoDium. 1U. \rate 00 7 a 0.7 .I l"Cij .H 
Celciwa li:tJ:'ate ... - -- lo4i-. it 
BNOJ . 0.' N 0 .. ' "" 

..... 
pH - Below 0 Below 0 1.,69 

~crub bo1u.t1oh CODlposlt1oDa 
CalciUM Ii trate 8N 8tj b I 
pH ca.. 1 .. 5 ca .. 1 .. 5 >:,0 , 

Kind of It ac.kiDi . 1/16" GlaaB 1/s· Glass 1/11;" Glaae 
Helices Helices be1loes 

Oontil810u.1I Phase Solvent Aqueous ao1"eut 

Required Stagesl 
Extraction 'G64 5,,64 6 6 £.8 
tJcrubbiug 2 .. 22 2,,22 1~2J' 

Height of tiect10D8; 
Extraction /J:>o 9 incbes 99 .. 0 il!cbea 90,. ~ inabee 
:icrubbing '30 6 inches 620 4 incbes 620!; in_s 

To~ Pack~d 1.e~t 8 .. 4 fto 13.,' fto 12~t. fto . 

Flqw RatfJB (ce/er/lith 
3b .. 6 

, 
Feed bolu.tion ,u .. 4 3b.,4 
s,crub Solution: fi~9 23,,1 230 0 
J)1butyl Oello.,l". .. 3 61 .. 7 61 .. 4 

,'1 
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fropoeli ~ for mot fJ,&nt !Dstal.4tioD 

"iDee lack of head room itl the cell where the oper&tioa i8 to be 
carried out impo6e5 a limitation OD the height of tle pilot plant col~, it 
iu necessary to design this column to tit U.e cell rather .th6lll to fit tJ.e 
opertlU,ODo Tt.e head room is adequate to give well over 9910 extraction and. 
well over m purity of product for feed 80lutioDIJ at below zero pI:1 a.a or.ig-
1nal~ contemplated. Un!ortunateq, such acid solutions give acid e.xtl'acts . 
which interft;l'8 with adsorption of the uranium on alwDica in the subseCluen't 
utep II and if the alumina adsorption process for ueparatioli of the vaD.lum 
from the solvent iD to be used, pH adjustment of the feed. is neeelulu',_ Ad.
jUDted solutions, of the compoe1tions te~ted to date, will rE:!qu1J'e a greater 
ooltlllu. he I e}", t to i1 va the s_ percent extraction. The available l.eael rOOID 
d.oesnot permit 99~ extraction and. 99~ product purity with adJueted 8011ltiono 

The proposed column for the pilot plant will be made of ;) 1nch f~ex 
ilass pipe.. The main section will be el<.:ven feet 10 height and will consiat of 
an ei~t foot piece and a three toot piece clamped togetbero .tt.he bottoa 
there will be 0 J" X 111 oX 111 '1" for tbesolvent inlet and, the rat.tiDlate dis
cbargeo At the top there will be a Ja X 3ft oX 111 '1' for cU.scharge otth£; solveDt" 
COnDectiolls to these Te s will be by gaaketed stainless steel fla.D&ea" The 
ra!finate will d1sch~ge through aD adjustable heigLt Jackleg conlitructed of 
stainless fteel and Tygon tubingo The feed solutions IUQ scrub 8OlutioIW will 
be introduced through 1/4° st.ainless steel pipe which enter the opeJl top ot' the 
colwm aDd extend. downward to the desired. position where tLe;y discha:rie into 
sta1nless steel distributors. The column will be packeQ with l/J.t,R glass 
helices in two sections. 1be height ot' the extraction secUon iii tabe 68· 
and the hei{)lt of tl:.e scrub section is to br 60"" .. sketch ot the colWIID 1s 
shown in F1gure VII" Its expected performance for two types of feed solutiOIa 
1s shown in Table XVo 

Table 13 
Expected Performance of ~ilot P~t Cola!P 

Composition ot 'eed Solution. 
Thorium N1 trate 301 N 2.,]6 .H 
AlwDiIlWD lU trate 1,,7 N 1~;S It 
Ammonium Nitrate 007 B .1.29 N 
Calcium Nitrate ... - 1 .. 41 ti 
HNOJ 0,,5 l~ -pH Below 0 1,,6<} 

ComPoS! tion or ::icrub Solution~ 
Calcium ~1trate 8.0 N If, .w 
pH cae l~' 300 

Continuous Phaae ~olvent ttolvent 

Flow Rates ('fotal for Column, cc/hr) 
Feed .l;loluUon 1690 17" 
t-crub Soll1tion ~37 1m 
Dlbutyl ~llosolve 3027 2&" 
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I: . FEED SCUlTION INLET V4" PIP! 

SCRUB SOUJTION INLET 1/4· PIP! 

EXTRACT D~ARGE 

RRUB DISTRIIUTOIII SAME AS fEED 
~~ DISTRIBUTOR EXCEPT • 
• ==U::::::::::; NOZZLES DRIU-ED ONLY ONE !1M" 

HOLa. 
TOP COVP PLATE O"ITTED. 
CENTER OfF I01'TOaI OF CUP 
DlltlLLEp THROUGH FOR PiISSAGE 
OF 1/4 PI". . 

'!III' MClCED wmt VII" GLASS HELICES 
,- NClCED WITH "''' GLASS HEUCES 
.- _KED WITH. .... GLASSRINca. 

V".-B- FlED De1'ItIam:III 

g.,. MCKED WITH V,- GLASS HELICES 

J ::aJ- I- fWlKED WITH 1/1 GLASS HELICES . ~===:+-~ .... I" fW*ED WiTH ..... aLASSRINGS r • Vrr PLATE DRIL.L.ED WITH 22 3/Wif HOLES 

, h:L. INTERFACE FLOAT 

COLUMN ASSE .. BLY 
I" .5" 

SOI.YENT INLET 

FIGURE lII[ 

ClOYER AND PIlCKING SUPPOWT 

---------, 

FEED DISTRUBTOR 
~- I_ 

'\ \ 

I 2090 

. IS ! 
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Extrbction ~tages 
~crub btages 
~ercent Extraction 

- 45 co 

Purity of Product (Sasia U aDd Tb) 

8.20 
2o~ 

99.83 
99.69 

x. .R1§9U§9IOM 9F 1jlE WOlll 

, 6.6& 
1019 

97047 
96.71 

This investigation has demonstrated that continuous cOWlwrClU'l"ea\ 
extraction in a_packed. column is a practical method tor separation and l'vi
fication or u2),-. ~ufficlent iDformation is no'll available to conatruct a 
pilot plant. However, the pilot plant which CaD be deaiSDBd on the basia of 
the present 1Dformat1on and. available facilities has two disac1vaatages. The 
most serious or these is that the lack. of sufficient head. room makes l'to nec
essary to operate with the solvent phase continuous.buch a method will re ... 
quire extremely careful control of the interrace height, since 11'. the inter" 
face dropped too low, a large part o£ the coluu contents would 1mmeaiate11 
Adrop out" through the raffinate diachargeo 

'l'he second ctIs&avantage 'or the pIlot plant column 'is that fiDe pack .. 
illg will require almost perfect clarity or ao1utions if contiDUed operatioll 
is to be maintained. 

The pilot plant colWlUl which is pla.r:med will demonstrate extractioll 
as a process and. will give IDformation £01' a full scale column based on the 
same kind of pac.ldng and the &81118 method of operation. It will also give 
information Oil the effect o£ radiation on the· solvent and on the decontamina
tion trom radioactive fission productso It will not give information for the 
design of a colwm with larger packiD&,and desiglli8d for operation with the 
aqueous phase contimoua.. ::'uch a column would require more height, but ita 
advantages would lIorethan compensate for the increased beight. For ultimate 
large scale operation, there seem to be no valid reasons for al13 WUlatural 
restrictions on column heights tor this operation. This procells is subject 
to the same principles that would apply to the des1gn of columns for other 
extraction procees, with one added provision, i.e .. , shielding against radia .... 
tiona One attractive method for this shielding i8 to sink the column in the 
ground. ~uch an install.atlon might consist of an Ollter stainless steel cl.l.1n
drical vessel with to $lspended pump at the bottom tG serve as a sateguard. 
against possible leakage of the colwm, and an illDBr stainle88 steel cyl1n .. 
dr1cal vessel to serve as the colum.n proper.. Tubes introduced through the 
top or the column might serve as inlet and outlet connections, thus decreas1.as 
the possibility ot leakage from cOlUl8ctions on the sides ot the column • 

. 1 

.11. .RECOMMEl(De~IOm. FOR FU±UBE WO~ 

. PtaDS h~ve alread¥ been formulated fo'f fut~e work OD. several as:'" 
peets of ~ problem" These include: '. . r 
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40 ~ilot plant work on the three inch column described·in thia 
report 0 Th:1s will give a d.eJII.onstration on a larger scale 
aDd will give data on decontamination from. tission products 
aDd on the eftect of radiation on the solvent .. 

So l..aboratory extraction tests on solutiollS made from. thorlu.m 
metal sl.u&s trOll which the aluminum Jacket has been diaaolvacl 
wi tb sodium hyclroldde solution. 

c. Laboratory- batch extract.lon tests on varied solut.ion compo.i
tiona in an etfort to obtain higher diatrlbution coetflcleata 
with adJueted pllsolutions. The more promisillg or these c0m
positions will be tested in the laboratory colwm; 

This work will include a study- of other scrubbing solutio .. '! 
and salting agents" W<?rk already in progress on thi,s phase or 
the problem has indicated 'that 11. will be possible to obta1la 
a distribution coefficient of So 0 or more by using a teed. .olu ... 
tion contaimng 3 .. 33 B thoriWll nitrate • .3000 N al.wa1DU1l nitrate. 
and 0067 H mtrie acid in coabinatioD with a scrub aolutioD of 
6 • alUDdIlWD nitrate wbict. has be .. n ild.,!!l~tnd wlth U. to • 
pH of 1 .. '0 It is quite posslble that use ot this solution will 
permit operation with the aqu.eous phase contiruou8 am substi
tution of 1/8" stainless steel helices tor the 1/16n &lasa 
hel:lces in thEI pilot· plant co1umn~ 

Do Laboratory tests on the measurement of the b.E~ To~. of amall 
otainleas steel packiD&. 

In additioQ to the above" before tinal design of a large scale U.D1t, 
tests ahouJ.d be made to _aaure the l:Jv£o T,,~o aDd BTU of' larger pacld..og with 
the aqueous phase cont1woua tor the more prOllising solution compositions .. 

Time might also be profitably spent in an effort to tic an &d.8orb-
eAt which could be regeuerated in place aDd which would not contaai-.te the 
uranium with a11¥ other metallic iapurit,y when it was leached with an acid 
solution of the 801vento Activated carbon and 8ilica gel ~ have possibil
ities along this 11_ .. 

For ultimate large scale operation, water strippiDg 8hould be given 
serious cOllSicieration. It sbou.ld be possible to obtain a high volume· reduc
tion, together with complete stripping, by u.sillg a series of countercurrent. 
water stripp1.Dg stages with recirculation of the maJor portioD ot the water 
in each stage. permit tins only a small fraotion of the water discharged trOll 
each stage to pass On to the .next stage.. . 

111. ACYowV~ 

1'J;le .or".rs o~ thie proble~ are ~reatly in4ebted to "ears" Ward 
14" ~'yerly, ~ • .I" fredef'1ck, .1" R .. No~~, }I .. F" Thomason, and D. leinbe~ger 
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for their assistance OD the anal¥tical phases ot the worko 'Ibis a8sistance 
included Dot oDly a great nuplber of a.oalytic&l determinations but also revi
aion of t.t.e uranium method. am development of a COIIpletel,y new thoriull method 
which is. suitable for the determination of thorium in quantities as low as 
0 .. 1 milligram per llter of extract and possibly even lowero 
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