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ABSTRACT

The contimuous countercurrent extraction of uranium by dibutyl cel-
losolve from solutions containing thorium nitrate, together with nitrates of
aluminum, smmonium, calcium, and hydrogen, was investigated on a laboratory
scals. Thorium was removed from ths dibutyl cellosolve extract by continuous
countercurrent scrubbing with calcium nitrate solution in an upper section
of the column.

The efficiency of several types of column packing was investigated.
The packings whick were studied were 1/16" glass helices, 1/&" glass helices,
and split € mm glass rings. Using different packings, the HETS was deter-
mined for both the extraction step and the scrubbing step at several rates
of flow with the aqueous phase contimuous and also with the solvent phase con-
timious. Bigher rates of flow invariably resulted in larger HETS values. 1n
the case of the 1/16" gless helices, the HETS was lower with the solvent phase
continuous. With the split 6 mm gless rings it was lower with the aqueous
phase continucus, With 1/8" glass helices, there was 1ittle difference in
HETS from the choice of continucus phase.

With the same packing and at similar rates of flow, the HETS for
scrubbing was approximately twlce the HETL for extraction.

The composition of the aqueous phase influsnced not only the dis-
tribution coefficient but also the HETS. HETS values must be regarded as
specific for given conditions of type of packing, solvent composition, ague-
ous phase composition, and rate of flow. :

The extraction of uranium was 99.4% complete in ons test where the
height of packed section was 118.5 cm. The piH of.the solution was below D
and the distribution coefficient was 2.03. At similer flow rates in the same

- apparatus a solution at pH 1.7, which had a distribution coefficient of 1,51,

gave only 94.5% extraction,

The thorium COntent'of the extracts was reduced to values as iot
as 0.2 mg per liter in the upper section of the column. This was a reduc-
tion to 1/350 of the thorium conmtent of the extract before scrubbing.

A mgathematical relationship betwsen HEIS, HTUqgg, and HIUpy was de-
veloped. Hence it is immaterial whether column design 1s based on HETS or
HTU@ ' or HTUOW"

On the whole, countercurrent extraction with dibutyl cellosolve,
followed by serubbing the extract with celcium nitrate, was found to be a
practical method for seperating uranium from thorium and purifying the uranium
to any desired degree of purity.
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I.  IMTRODYCTION

Contimwous countercurrent extraction is one of the proposed methods
for igolation and purification of U233 after its formation by neutron bom-
bardment of thorium and subsequent decay of the The33 and the Pa?®3, Before
the present work was started, extensive investigations had been made on the
batch extraction of uranium from solutions containing high proportions of
thorium using various solvents and various salting agents. On the basis of
this past work, this present investigation was made with dibutyl cellosolve

as the solvent, and oslcium nitrate as e scrub solution. Alumimm and ammo-

niun nitrates were elso present in the solutions.

Up to the present time, the principal object of this investigation
has been to determine the B.E.T.S, (height of a theoretical extraction stage)
and the HIUgg (height of an over-all transfer unit based on extracting phase)
for geveral column packing materials under varied conditions of flow rate
and solution composition. This information was needed for the desigm of a
pilot plant column for isolation and purification of U233,

II, SUMMARY

B.E.T.S. end HIUge values were determined in a laboratory column
for 1/16" glass belices, 1%" glass helices, and split 6 g glass Raschig
rings for flow rates of each phase of 60 to 250 cc per cw® per hour. In the
case of the glass helices, H.E.T.S, values and HIUg, values were determined
for both extraction and scrubbing. In the case 'Of%ha split 6 mm rings, only
the extraction step was investigated. In all cases, values were determined .

with the solvent as the continuous phese and also with the aqueous solution

as the c_ontimoua phase.,

_ A 27 mm diameter laboratory column packed with 1/16" glass helices
and with a 118.5 cm extraction section and a 92.5 cm scrubbing section was
set up and operated in several tests using different aqueous solution compo-
sitions, but with the solvent phase continuous in all the tests. The extrac~
tion of uranium was 99.4% complete in Test No. 33 where the agueous phase
was below O pHi = and the distribution coefficient was 2.03, Natural uranium
at a concentration of 500 milligrams per liter of feed solution was used in
this test. : : '

Test No. 36, which was made with 0233 at o concentration of 0.491
milligraems per liter of feed solution (at a pH of 1.69), gave only 94.5% ex-
traction. This can be attributed largely to the fact that pH adjustmzent
had reduced the distribution coefficient to only 1.506. Since the feed solu-
tion was an old one which had been previously extracted with ether, it is
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 inm Test No. 35 where the pH of *the scrub
solution was approximately 1.5. However, in Test No. 3£, where the pk of the
scrub solution was 3.0, the thorium content of the exiract varied Fretweer 1.1
and 2.9 to average about 2 milligrams per liter,

1I1. CONCLUSIONS

Countercurrent exiraction with dibutyl cellosolve in a prcked col-
umn, followed by scrubbing the extract with calcium nitrate solutiorn in an
upper section of the column, is & practical method for separating uranium
from thorium, and purifying the uranium %0 any desired degiee of pwity.

The effect of radiocactivity et higb radiation levels on dibutyl
cellosolve has not been investigated. HNeither has the purlfication of ure-
nium from radjoactive fisslon products been investigated. Although no trouble
is anticipated from either of these possibilitles, both points will b2z au-
swered fully in pilot plant work which is scheduled for the near future.

The nscessury column height for any extraction precess ig determined
by four factors, viz., the desired percent exiraction, the H,E.T.5.; the dis-
tribution coefficient, and the ratio of selveni phase ito feed phaso. This
investigation has determined the H.E.T.S. {ox several typss of packlag for
use with several solution compositions on which distrioution cosfficicents
have been determined. Thus it is now possitle ic calculate thz requlred
heights of extraction section and scrub secticn ol a eolumn to give any desired
percent extraction and any desired degree cf purification insofer as the pack-
ings and solution compositions which have bsen icvestigated are coucerned.

For eny given packing the H.L,T.S5. is variasble depending on a mumber
of interrelated factors such as sclution composition, viscosity, pH, film
diffusion coefficient, rate of flow, and which phsse is cuntiruous. Conse~
quently, the L.E.T.%. must be considered as specific for the scluticn compo-
sition and flow rate employed.

As the li.L.T.5. varies with differeut rates of flow, tbe KTUQE.alao
varies according to the relation ‘

HfGgp . E-1 o, where E 18 the Exiraction Factor
H.E.T.o. InE
Thus H.E.T.5., BTUpg, end HIUpy are functions of each other, and it is imma-
terial whether H.E.T,&. , HIUgg, or HIUpy is wsed as the basis for cclumn ds-
sign. The resulis are the same.

H.E.T.S. msy be influenced a great deal by the chioice. of ihe con-
tinuous phase in the operation of the column. Witk fine glass packing (1/16
helices) much lower H.E.T.5. velues are obiained vhen the solvent phasa is
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continuous. With 1/8" helices, the h.E.T.S.. values are but 'aliéhtly lower
vhen the solvent phase is contipuous. With larger packing (split é mm rings)
the L.E,T.3, values are much higher when the sclvent phase is comtinuocus.

The above effects can be explaired by assumipg that the interfacial sxea de-

pends on the strength of bridging bsiwsen tho individeal particles of packing
by the phase which wets the packing preferentlally, and on wheiher the dis-
persed phase creeps over the surface of the packing in a honeycomb—l.n.ke struc-
ture, or whether it iravels as individual droplats. ,

Bigher pH of the calclum nitrate scrub solution results in a higher
(aquecus/orgenic) distribution coefficient for Th, but on the basis of a sin-
gle column test this effect is counterbalanced by a.higher EH. I:.,T &, for the
more basic scrub solution.
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page 1258 of this reference, the statement is made that the rate of flow of

. oil in the furfural process of refining 1s 10 to 40 barrels per square foot
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Liquid~liquid Extraction in bpray Towers, Johnson and Bliss, Trans.
A.I.Ch.E. 42; ‘331 (194¢).
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V. REFERENCES TO PREVIOUS WORK WITHIN THE PROJECT

A great deal of work on solvent extraction bas been done within
the project. The following list of references is by mo means a complete
.bibliography of work done on solvent extraction within the project, but it
merely includes those references which have been found directly applicabls
to the present problem,

¥-12 Investigation on Distribution of RO,(NO3), between
Organic Solvents and Water. C, A. Kraus.

CD-459 Contimous Extraction of Beta Gunk with Dibutyl Cello-
solve. Bredecamp, Capps, Galbreath, and Gates.

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

CC-3246 & Pilot Plant for the Purification of Thorium Nitrate, -
" by Countercurrent Extraction. 4. S. Newtom, 0. "Johnson,
W, Tucker, R. W. Figher, and H, Lipkind.

Drawing of Bellows Yump and Laboratory Golumn Used at
Hetallurgicsl Laboratory.

VI. BAW MATERIALS USED

The solvents used were from the following sources:

Dibutyl Cellosolvse Carbide and Carbon Chemical Corp.

Dibutyl Carbitol : Carbide and Carbon Chemical Corp.
Isopropyl Ether Carblde and Carbon Chemical Corp,
Ethyl Ether J. T. Baker Chemical Co,

\

The other materisls used were as follows:

Materiel Form ' Grade Source
/
Aluminum Nitrate A1(NO3) 37980 Heagent J. T. Buker Chemical Co.

General Chemical Co. (verylittle)

Ammonium Nitrate ' NH, NO Reagent J. T. Baker Chemicul Co.

Ammonium Hydroxide Aqueous Soiution Reagent J. T. Basker Chemical Co.

Calcium Nitrate Ca(NO3) 40,0 Reegent J. T. Baker Chemical Co.
Calcium Hydroxide %Oﬁ) Reagent Mallinckrodt Chemical Works

Thorium Nitrate : Th(N03) 4°4H20 Resgent J. T. Baker Chemical Co.

) General Chemical Co. (very little)

Nitric Acid 70% Solution ' Reagent J. T. Baker Chemical Co.
ggy Nitrate U0,(H03) 50 6H0 - Material prepared om project
Trucer Nitrlc Acid Solution - Material prepared on project

Feed Solution for Test No. 36 - bee following paragraph



The feed solution for Test No. 3€ was an old solution whick was
prepared in the early summer of 1945 by dissolving aluminum jacketed thorium
carbonate slugs in nitric acid, adding ammonia to partia%]g neutralize the .
solution, and then extracting with ether to remove the U The solution
had stood for approximately nine months and most of its Pa content had de-
csyed to U233, Just before use, the solution was decontaminated and clari-
fied by KnOs precipitation and centrifuging. Then the pH was adjusted with
calcium hydroxide. As used, the composition was:

- B o

Alumirnm 1.9 N .
Ammonium 1.29 N
Celcium 1.415 N
;ngiun 2.3 N

- , 0.491 mg/liter
Total Nitrate 5,978
Sp. Gr. at 23°% 1.45
Viscosity at 23°C  4.32 centipoises
pH 1.69 ‘

Viscoeity and density data on some of the solution compositions
used in the tests were as followss

&N Ga(liO;)z Solution

Temperature °C - : 19° 25° 30° 35° 40° |
Viscosity in Centlpoisea 6.57 5. 52 4,82 4.26 3.79
8p. Gr. _ .45 | 1.446 | 1.443 | 2.441 | 1.438

Acid Peed Solution
Alumimmn Nitrate 1.7
Amponium Nitrate 0.7
Thorium Nitrate 3.1
Nitric acid 0.5

1

pH . Be

Temperature °C - 19° 25° 30° | 35° 4°
Viscosity in Centipoises 3.93 3.35 2.95 2.63 2,35
Sp. Gr. ‘ 1421 | 1418 | 1.4 | .41 | 1,408

After pR adjustment to a pHl of 1.8 with lime, the above solution had a den-
sity of 1.442 and a viscosity of 3.97 at 23°c

Dibutzl Cellosolve
Sp. Gr. 0.835 at 20°%

VII. APPARATUS

In brief, the apparatus comprised feed systems for pumping and meas-
uring solvent, feed solution, and scrub solution, and a glass extraction col-
umn. These 1tems and their component parts are described separately. Tygon

tubing was used for all connections. _




FPump

The pump was & bellows type pump constructed by the Cllnton Lub-
oratory machine skop. 4 0.1 L.P. Bodine Electric Co. motor (Type CRt1-2)
vhich was equipped with a variable speed drive was connected through gears
and a cam to give a vertical reciprocating motion of 1/t" to a horizomtal
retal plate. To this metal plate there werc attached three adjustable screws
which contacted the free ends of three brass Syiphon bellows. Thees bellows
were 11/16% 0.D. and 27/64" 1.D. and had 15 corrugations each. The :ffective .
cross section was C.25 square inches. The top ends of the bellows were fixed
in place. Thus the height of the adjustment screw determined the compression
of the bellYows w%ich it contacted.

The opening of each bellows was connecled by glass tubing to ground
glass check valves. Thess check valves were made of 10 mm glass tubing, which
had been thickened at the valve seats. The connection to the pump war between
the two seats. The floats were made of 1-1/2 inch sections of smaller glass
tubing and were weighted with mercury which wes seeled in.

In the case of the pump for the solvent, the bellows and connec~
tion to the check valve were filled with solveni. 1ln the case of the pumps
for feed solution and scrub solution, in oxrder to prevent corrosion the bel-
lows were filled with mineral oil. An inverted U tube which was fillsd with
oil was connscted to the bellows. The other end of the U tube was filled
with the aqueous solution to be pumped and connected to the check valve. The
feed inlets of all three check valves were connected to glass tubes extending
almost to the floor where they could be dipped into bottles or other open
containers of the esolution tc be pumped.

Feed System for Holvent

4 sketch of the feed system for the solvent is shown in Figure 1.
The outlet from the check valve on the pump lins was connected to a tube sealed
into the upper portion of a 250 cc flask which served as a pressure aquallzer.
This flask was fitted with a stopcock (for ventirg) at the top. a ssaled-in
glass discharge tube extended to the hottom. This glass tube was connected
to a gluss laboratory rotameter (Fischer und rorter Go,, water cepacity 400-
7000 cc per hour). The rotameter discharge was connected directly through
glass and Tygon tubing to the solvent inle% at the bottom of the colnmn. Regu-
lation of the rate was obtained by adjustment of the screw on the bellows pump.

Feed bystem for Feed Solution and Scrub Solution

The feed system was similar for ihe feed solution and the serub
solution. It is shown in Figure 1I. The outlet from the check valve on the
pump line was connected through glass and Tygon tubing to a glass hsader which
was made of 26 mm glasa tubing and was 31 cm in height. There was an cverflow
discharge opening 10 cm from the top of the iube. 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 7 tube
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and stopcock which was connected by Tygon tubing to a capillary tube dis-
charging into the vessel containing the feed sociution.

The bottom of the glass header wac connected to a glass laboratory
rotameter (Fisher and Porter Co., water cupucity 400 to 7C00 cc per hour).
The rotameter discharge was connected thirovgh glass and Tygon tubing to the
extraction colunmn.

‘

: In all tests prior to Test No. 31, regulution of the rat: was ob-
taired by using the glass header as & vented constant level feed iank ard.
raising or lowering its position us changes in rate were made. Finsr adjust-

ments were made by pinching the Tygon tubing with screw clamps.

The column udéd in Test No. 31 azd subssquent tests was taller than
the columns used in previous tests, and the head room was insufficient to
permit use of the glass header as a constani leval feed tank. ¥Fcr these tlests,
the vent at the top of the header was closed and the over{low discharge was
also closed. Regulation of the rate was obtained by splitiing the pump discharge
between the feed line end the capillary iudve returning to the vessel contain-
ing the feed solution, Finer edjustments were made by screw ciamps ou the
feed line and on the by-pass line. :

Regulation of the flow rate by sdjustment of the screw st the bel-:
lows pump was found impossible for feed solutlon and scrub soluticu. The
high vipcosity of thLese solutions causes the check valvas to stick et low
rates. This makes it necessary to pump #t higher rutes and then by-pass some
of the liquid.

Extraction Column

weveral sizes and types of extraction columnz were used. These
are described in detail in SectionVIIXof +this report.

The position of the interface between the two liquids in ali of
the columns was controlled by using jacklegs. These juckleges were wsrely
flexible tubes (Tygon) connected at one ernd to the raffinate discharge at
the bottom of the column and connected aut the other snd to a T tube which

"could be raised or lowered to the desired height. The side connection of
the T tube was counected 4o a tube leading o ithe reftinate receiveur. The
third opening of the T tube pointed upward cnd was vented.

' The .glass helices packlng wac from the bcientiflc Glass apparatus
Co., The split 6 mn glass Raschig rings were prepared in the laboratory.

VIII. EXPERIMENTS

- &. Methods ot Calculation of Lxtraction Column Dats

Several methods of celculation are known for continuous cuunter-
current flow extraction. These metkods ars all guite complicuted for systems



in which the two phases are soluble in each other, but are much simpler for
systems employing immiscible liquids. Further simplification occurs when
the incoming solvent is free of the material to be extracted.

- 11 -

/ The most convenient methods of calculation are those based on as-
sumed stepwise operationm in terms of the theoretical extraction stage. Con-
timious countercurrent flow columns may be considered as consisting of a
series of perfect batch extraction stages, each of which (except the initial
stuge) is fed by partially extracted feed solution of the composition dis-
charged by the preceding stage, and by solvent of the composition discharged
by the subsequent stage.

The simplest method 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. “oc, Chem. Ind. 51; 265T (1932)).
For the special case where thke phases are not miscible and where the incoming
solvent is free of the material to be extracted:

Z. -g"l
n"(E)nﬂ.'__l.

where Z, is the fraction unextracted in the raffinate after the nth stage,
n is the mumber of stages, und E is & value which may be called the extrac-
tion factor,

=p8 .
E= D-H

where D is the distribution coefficient, $§ is the quantity of solvent'per
unit time, and H is the quentity of feed solution per unit time. 1f 4 is
known, the number of stages may be calculated from .

log( o, 1) - log E
log E.

The height of each stage (H.L.T.b.) 1s obtained by dividing the
height of the packed section of the column by the mumber of stages.

The above metlod of calculation was used in this report. 4s an

- illustration of the method of calculation, the calculatlons for portion #3
of Test No. 35 are given in detail.

Basic Dataz

Height of extraction section 11&.5 cm
Height of scrub section 92,5 cm
Rate of aqueous raffinate discharge 342 ce/nr
Rate of solvent per hour 386  cc/br
Distribution coefficient for U from batch data Lo 455
Distribution coefficient for Th between solvent

and scrub solution 230
Distribution coefficient for U between solvent

end scrub solution ’ 0,158
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Thorium content of feed solution : 180 gms/litez
Thorium content of raffinate - 109 gms/liter
Thorium content of extract ' 0.2 mg/liter
Urandum content of feed solution 500 mg/liter
Uranium content of raffinate ' 8 mg/liter

Ectimated thiorium content of solvent in -
equilibrium with mixture of feed solution
and scrub solution containing 112.5 gms :
Th per liter 70 mg/liter

Galculetions:
tiong for Scrub Section of Column

Rate of flow of fesd solution = Rabe of raffinate sporium conmtont of raffinate

_ Thorium content of feed
S 342 x %%% S 207 cc per hour.

Rate of raffinate - fate of fesd

Rate of flow of scrub solution

[1]

342 - 207.= 135 cc per hour,

Estimated thorium content of solvent before SCrubbiﬁg

- Thorium c;:;qgt of raffinate x 70 = 68 g/ liter.

Fraction of thorium not scrubbed out = Q%%'= 0.0029%.

Extraction factor for thorium = 230 x«;%% 80, 5.

U.
lugber of scrubbing stages = 1°8 (T 0029.@" L - l‘fg 805 - 1. 325,

log 80.5

H.E.T.%. for scrubbing :<23&%3 Z €9.8 cm. v ‘
ease of Effective Uranium Concentration by Reflax from Scrub Seciuion
Extraciion factor for removal of uranium from solvent by scrub solution

= 0.158 % %gg = 0.0553.

Fraction of uranium not removed from extract by scrub sclution
= 0.053 ~ 1,00
T (0.053)23%5 _ 3

= 0.948.

Fraction of uranium returned to extraction section by scruh solution = 00052.“_

*THe above assumpticn that the number of theoretical stages in the scrub sec-
tion is the same for uranium and thorium is an approximation, but should bs
sufficiently accurate in this case, since with a low extraetion faclor thers
is little difference betwsen the quantity extracted in ome stage ai. that
extracted by an infinite number of stages. 4lso Sherwood has showu that
diffusion coefficients for common inorganic and organic materials in the
usual solvents do not vary widely.
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Uranium content of aqueous phase at tbp of extraction section = U contgnt of
foed Yolume of feed » 9:052 (g content of feeq Yolume of feed

volume of raffinate 0.94B volume of raffinste
- 207 = 0.052 207 ‘
- U content of raffinate) = 500 x =% o (500 x &£ - §)
342  0.946 342
= 303 941'7

S 320 mg per liter. .
Calculations for Extraction Section of Colum :
T Fraction of uranium left in -r-af—f—i'na!:'te":mﬂ: 5% = 0.025.

Extraction factor for urenium in extraction section of column

26
1.455 x %2
1.645.

Mumber of extraction stages for uranium in extraction section
= log (l;éﬁé;; e 1) - log 1.645

0.025 s 5.60.
log 1.645

H.E.T.S. for extraction = -5-15%2 z 2.1 cm,

Another method of calculation was originated by Colburn (Trans.
4.1.Ch.E. 35; 211 (1939)). This method is based on the heights of over-all
transfer units (H.T.U, ) together with over-all diffusion coefficients for
tranafer of the solute between the phases. Report io. CE~3222 shows the math-
ematical relationships for this method of calculation and also shows the deri-.
vation of the lyon-Larson equation for L.T.U. calculations. :

In brief,

= _k H m——lL"n
,H’To U. Ka jc2 de
cl Ké
height of packed section
concentration of solute in one phase
concentration of solute in one phase minus the equilibrium concen-
tration in the same phase corresponding to actual concentration
in the other phase
volume rate of flow of the phase expressed above
over-all diffusion coefficient
interfacial area per unit volume of column
over-all capacity coefficient.

where h

[}
| Y

P xe
#ouay

Ka

Over-all L.T.U. values, baused on concentrations in a single phuse
are often used. In this case : '

HsTa U- OE -

2
Nog:
HT.U.gy = ’N%{,, , where
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HTU and H'I’Uo are over-all transfer units based on concentretions in the
* extracting phase and the feed phase, respectivaly Z is the height of packed

section, and Ng; and Ngyg are the number of transfer units as based on the
extracting, phase and the feed phase,

The Lyon-Larson equation (Report No. CE~3222) for calculation of
H.T.U. and mumber of transfer units is a simplified form of Colburn's orig-
insl equation.

.1 R-1sL-1S
Yeg = R-lln"m."" 5y and

z R 1 +L-15
Hoy = iy 1n RIS e
number of transfer units based on concentrations in the extracting phase
number of transfer units based on concentrations in the feed phase
distribution ratio = distributlon coefficlent multiplied by the ratio
- of the flow rate of extracting phase to that of feed phase = (E a8
used in the theoretical stage method of calculation)
loss ratio = ratio of solute concentration in the raffinate to the con~
\ centration in the feed
© = ratio of the amount of solute entering the column in the organic feed
to the amount leaving in the raffinate, -

=
o
=
IR

= .
u

‘ H.T.U. may be calculated from the above Nop and Noy velues by di-
viding them into the height of packed section of the column. HTUgy is greater
. than HTUgy by a fuctor of R, but the calculated heights of columns are the
same by either method.

In those cases where the incoming solvent is free of solute,

NOI‘E“( hl:l-l) o.E.],and

tos = T3 2 u-%u%é%]

where ¥ and ¥, rapresent concentrations of the solute in the original feed
solution and in the raffinate,

Since % = zn, in the expression
- E =1
2y - (E)no-I -1

g

- 1 . plnsl) _ 3 1l
T.E—-._lj in {{(1 - ;)(T_.i.._) é E

. 1 l E - 1)EMD) - 3. l

Noe E - 1 in ("'E";)("_E':'i—"“ ';E
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Thus for any value of E there is a fixed relationship between HETS,
HTUpp, and HTUQy, and if E is known HETS may be converted into HIUgr or HIUgy.
For the same percent extraction, the calculated column heights will be the
same for both the H.E.T.H., method of calculation and the HIU method of cal~
culation. '

Although they were not used in the design of the pilot plant column,
HTUge values as well as HETS values were calculated for most of the experi-
ments covered in this report.

HTUgg and HTUgy may also be calculated from the relatiohéhipe

- lg g
HIUq;, = KEacﬁ;5(1-x)on’ or BIUgg = "1; (approximate)
Ly
HTUqag = Une =
R fga Gwavzléi)gm, or HTUoy Kya (approximate)

where lg and ly represent the flow rates of the two phases in cubic feet per
hour per square foot cross section of ihe tower, Kga and Kya ere dimension-
less values of the over-all cepacity coefficient, and Cpav and Cgav are aver-
age concentrations of the solute in the two phases, and

(1-Kom = E=doe g (1-1)em = i
I (%) ' 1a o)

where X and I are concentrations of the solute in the extracting phase and
the feed phase, and X* and Y* are the concentrations of the solute 1in the
extracting phase and feed phase which would be in equilibrium with the actusl
concentration in the other phase. Concentrations are expressed as lb mols

per cubic foot, '



Slg(Xy - Xp)

SLg(Y; - Xp)
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Kia and Kya may be calculated from:

# = 1b mols transferred per Lour

wvhere S is the cross-section of the column in square feet and Xj and Y; are
concentraetions of the solute at the top of the column and X; and ¥; are con-
~ ceuntrations at the bottom of the’ ‘tower,

W = Kgalgpin V = KyaAgjim V

where V is the packed volume of the tower in cubic feet and Acgim andzﬁc Win
are 1og mean values of (Xj* - Xj) and (X% - X5) and of (Il - 11?) and (Y5 - Y#)

= (Xg% = X3) - (Xp* - Xp)
Aggyy = L -4 2 - %)

Ljﬁ'n -}
_fn - 11*) -~ (I - I»)
Yz - X

. B. Experimental Data
1. Test on Column with Pagking bSupported by Steinless Steel bcreen

The first tesis on column operation were made with a 16 mm I.D.
glase column which was packed with five sections of 1/8% glass helices. Be-
ginning with the lower section, the heights of these sections wers 22 cm,

21 cm, 58.5 cm, 21.5 cm, and 22.5 cm. The packing for each section was sup-
ported on a 48~-mesh stainless steel screen. Glass inlet connections extended
to the center of the column below each packed section and above the top sec-
tion. There were outlet tubes at the bottom of the column and sbove the top
packed section. . ‘

The above column was connected to the feed system so that dibutyl
cellosolve entered below the bottom packed section, feed solution entered
above tke lower three sectiona, and scrub solution entered above the top sec-
tion. The composition of the feed solution wass

Thorium Nitrate 3.1 N
-~ Aluminum Nitrate 1.7 W
Ammonium Nitrate 0.7 N
Nitric Acid 0.5 N

The scrub solution was & N calcium nitrate,

Attempts to operate the column were unsuccessful because there was
so much resistance to iwo-pbase flow through the screen supports that the '




cellosolve soon discharged through the bottom outlet and the aqueous phase

discharged through the solvent ocutlet at the top cf the column This effect
occurred even with very slow rates of flow.
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A piece of LE-mesh stalnless steel screenm was cut round aad sealed
at the end of a 20 mm glass tube. 7This screen was then raised and lowered
in a beaker containing dibutyl cellosolve and a lower layer of aquecus solu-
tion (10 volumes feed solution and 6 volumes scrub solution}. The test showed
that the screen gave a great deal of resistance to two-phase flow through it.
when the tube was filled with cellosolve, the screen could be held consider-
ably below the interface with little or no flow of aqueous phase through the
screen, When the tube was filled with aqueous pkhase and then lowered into
callosolve, there was very litile flow of the aqueous phase through the screen,

2. Preliminery Tests on Column with Gluss Supports for Packing

. & two section column was constructed of 1€ mm I.D. glass tubing
with glass packing supports. These glass packing supports comprised short
pieces of 10 mm tubing which were drawn down in the center, and held in place
in the 16 mm tube by indentations in the outer tube. The indentations and
10 mm tube supported about 2.5 cm height of 6 mm glass Raschig rings, which
in turn supported 23 cm height of 1/8" glass helices. There was a raffinate
discharge conpection (to a jackleg) at the bottom of the column end a solvent
- outlet at the top of the column., The solvent inlet was bslow the bottom packed
section, and the feed solution inlet was above the top section.

This column was connected to the feed system and oparated for forty
mimutes at approximately 600 cc per hour flow of each phase. ¥Fhase separation
was good, and there seemed to be no resistance t¢ two-phase flow. Ths inter-
face moved up and down the column as the jackleg was ralsed or lowered. Chunges
in rates of flow had but little effect on the position of the interface. This
indicated a low resistance to {low.

This same column was used in a test to determine wheiher perfect
clarification of the feed solution would be necessary. Using feed solution
from aluminum jacketed thorium slugs which had been centrifuged but which was
still somewbat turbid, it was observed that precipitate collected in the pack-
ing. Also the rate of flow decreased rapidly at the same head and same jack-~
leg setting. Clear solutions are essential for operation of a column packed
with 1/8" (or finer) glass helices,

3. Extraction Tests on 1( mm Diameter.Co;umn

A 16 mm I.D. column with five packed sections and with glsss supports
for the packing was constructed., The packing was 1/6" glass helices. Begin-
ning with the lower section, the height of the packed sections was 22 cm, 24 cm,
56 cm, 23 cm, and 23 cm. There were inlet connections to the center of tte
column below each packed section and above the top saction. There were outlet
tubes at thé bottom of the column end above the top packed section.



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 mixture of ten parts by volume of feed solution
and six parts of scrub solution entered just above the third section from
the bottom. The composition of this mixture of feed solution. and ascrub solu- .
tion was:
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Thorium Nitrate

1.9, n
Alupinum Nitrate 1.06 B
amponium Nitrate 0.44 R
Nitric Acid 0.31 B
Calcium Nitrate 3.0 RN
Uranium (added as uranyl nitrate) . 312 mgfliter

M below O
Batch extraction tests with the above solut:.on ghowed that an equal volume
of dibutyl cellosolve extracts 67% of the uranium., An equal volume of etker
extracts 9% of the uranium.

S5ix extraction tests were made on this eolumn with dibutyl cello-
solve and ons teat was made with ether. -

. bince the data from the second test indicated that channelling might
be taking place, before any further extraction tests were wmade the column was
operated with colored solutions to see whether channelling could be observed.
Iodine was used to color the solvent and methyl orange was used to color the -
aqueous phase. _These observations were made at flow ratés of 150 and 300 ce
per hour per cmz' cross-section area. There was noticeable channelling when
the aqueous phase was contimuous. When the solvent phase was contimaous,
channelling was observed in thoge tests 1in which tke packing had not been
previously wet with aqueous phase. There appesuared to be very little if any
channelling in tests where the packing was first wetted with aqueous phase,
and then the solvent phase was made contimious through the packing. In one
test where the packing had been pre-wetted with aqueous phase, the flow was
stoppsd and the column allowed to stand for forty hours with the solvent phase
continuous. No channelling could be observed when operation was resumed.

As a result of the above observation, tke packing was pre-wetled in
all of the tests where the solvent phase wus contimaous.

. »everal teste were made at different flow rates and using differsent
heights of packing. OSome of the tests were with the aqueous phase contimuous
and some with the solvent phase contimuous. In all of the tests, the raffi-
nates and extracts were collected 1n several portions in ordesr to determine
whether equilibrium was established during the test.

The results of the tests, together with calculations to show the
mnber of theoretical stages and the height of each theoretical staga, are

shown 1n Tadble o, X
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TABLE HO. I

R

EXTRACTION TESTS IN 16 MM DIAMETER COLUMN

Time ‘Height Rate of - Con- , Time of
i " |  for of ontin- jAqueous Phase Retio Extrac<tent ofifercentf Theo- Pperation |
Test |rortionCollecé-Packing uous - |(ce per hour)Solvent tion fi- Extrac-reticaliE IS | Before Remarks
No. No. [tion ofj Used | FPhase [Total|Per cm| to [Factor | nate | tion [tages| (em) | Sample -
Fortion (cm) queon (mg per Collection
(min) : __liiter) Sterted
le 1l 30 104 |iqueous | 564 291 |1.08 [2.19 {34.0 [ &£7.3 |1.99 | 52.3 0 ‘Column
2 30 " " 592 294. 11,07 |2.17 | 58.3 | 8l.2 | 1.55 | €7.0 filled with
3. 30 " " - 574 286 | 1.11 | 2.24 | 66.7 | 76.4 | 1.3b | 75.4 agueous
4 30 " " 572 285 | 1.11 | 2,24 |71.3 | 77.0 | 1.30 | 80.0 phase at
5 30 n " 614 305 | 1,02 | 2.07 {65.7 | 76.8 | 1.40 | 74.2 start.
6 | 30 " " 585 | 293 [1.07 | 2.3 [72.3 |76.6 |1.31 | 79.4
7 30 LI 570 283 [1.12 | 2.28 | 57.3 | 861.5 |1.42 | 73.2] .
2 1 | 30 58 JAqueous | 490 | 244 |1.25 |2.53 | 90 7.2 |1.00 | 57,4 0 | Column
2 30 e # | 584 291 |1.17 | 2.38 150 52.0 |0.60 |96.6 - Filled with
3 30 " " 56¢ 293 |1.05 }2.12 Q175 44,0 10,50 Pt -1 aqueous
4 | 30 " n 572 | 284 |1.06 |2.16 P95 | 37.5 |0.40 phase.
5 | 30 " " 574 | 2866 | 1,07 | 2.18 [190 39.1 [0.42 P37
6 30 " " 560 279 | 1.09 | 2.22 |205 3.3 | 0.36 1
- 7 60 n " 312 156 0998 1999 185 Aro‘!? 0- 49 : 9
8 60 n " 280 139 [0.97 | 1.97 [165 47.2 10.59 | 9%.4
9 60 " | 271 135 | 1.01 | 2.05 {145 53.6 | 0.€9 | 84.2
3| 1 30 104 polvent | 640 319 {0.93 |1.89 |69 7.0 |1.55 | 67.3 0 Column
2 30 " w 574 266 | 1.00 | 2.04 | 62 80.0 |1.57 |66.4 filled with
3 30 " u 540 | 269 [1.09 | 2.21 | 56 82.0 | 1.58 | 65.8 aqueous
4 30 u 0 600 298 | 0.96 [1.95 | 63 79.1 | 1.61 | 64,5 phase and
5 30 n " 576 | 287 |0.99 |=2.01 |67 78.6 |1.50 | 69.2 this dis-
. placed by
":olvent be-
ore start-
. ing test.
4| 1 | 60 | -104 lsolvent| 325 | 162 [o0.88 | 1.76 |200 |66.0 |1.15 |90.3] O  Rate cut at
2 '] 60 " " 320 159 | 0.96 | 1.96 | 37 €8.) | 2.29 | 45.2 end of
3. €0 b " 325 162 [0.94 }1.91 | 38 7.9 |2.32 | 44.b test 3 to
‘ Watart test 4.

* Solvent was dibutyl cellosolve

m6'[¢p




TABLE NO. VI

DATA ON COLUMN OPERATIOF FOR TESTS BOS. 33, 34, AND 35

Calculated Values for Extraction - ' _ ‘ Calculated Values for Scrubdbing |
’ 0 7 o ntent o T Per cent |Per cent Loas| Thoore.| H.E.T.54S0lvent noid Analysis [Flow Yate] Hetio] Yatimated Er%on of Thorium| re| H.E.T.8.
Time : (cc per hr)| ScrubBolveny Aqueous Phage | tion Extracted |in Barfinat01 tical for Rate of of Scrud| Th Content tion ved t tical for
for |Bate of AqneonsA Analysis ot Baftinat Before actor IExtrac-| Extrac- icc per hour Extract Scrud to | of Solvent | Factor by Removed [Scrub- Porubbing
Fortion}Collec- Phase Peod| Scrud | Peed Lquaou Extracti Basis| Cor- |Basis Cor- | tion tion c per Ar Solven+ Before %orubbing Yy bing (cm)
Yo. tion cc per hour v Ca .| T™ Solu{ Solu. From [Correcte Peed [rected{Peed rected| Stages | (cm) Pfotal per el U | M : Scrubbing Scrudbing | Stages
of | mg per [pgm per per | tionjtion mix- Eor U re-| tor for ng per{mg pelL 1:;5 Based oh
Portion| Total |[Per cz®[1iter Futer iter | ture {fiuxed by scrud scrud 1iter [1iter [Total]l cs Previous
(min) feed | scrud reflux refiux Toests and
and , . Th Content
scrull oo . of
' Raffinate
per liter)
TEST BO0. 313 . . '
1 o ) 352 b2 | 40 |48 |10 |2a5(137 |o.64|2:16 |306 | 320 |2.34 |86.95 87.5 [13.05 12.5 | 1.90 |62.3 [boy| T | 290 | 49 [37 |24 |0.337 295 | 28.6 | 8&3.u 16.6 | 0.53 | 175.5
2 30 25% (Interface changed. lot.calculatod.) | , .
3 60 3”‘5 60 (Sestlt| 55 108 207 1138 0.64 [1.13 300 315 2.30 |[98.67( 98.73 1.33  1.27 | k.57 25.9 390 68 325 9 38 24 | 0.354 292 30.2 96.93 ‘3,07 1.01 91.6
4 55 349 61  |(5est2| 59 n2 |ay|iz2 |o.61|1.19 |31 | 327 2.11 199.36] 99.39] 0.64 o0.61 | 5.18 22.9- msl 73 | 5 | 3 h3z2 |2 Jo.ns 500 | 211 | 99.00 1.00 |1.38 | 67.0
5 15 376 66 |(5est2| 58 114 238 |138 0.58 | 1.10 | 316 | 332 2.24 |199.37| 99.4%]| 0.63 0.60 | 5.62 2.1 me| 713 290 2 38 | 24 |o0.332 305 28,2 99,135 0.65 1.50 61.6
TEST NO. 3l
1 60 Loo 70 |19 [5%.4 138 306 9% [o0.311.18 |383 | Lob 1.97 |95.04] 95.32| 4.96 4.68 |3.55 33,4 |4j0| 82 | 20 | 32 |94 |16 Jo.20 141 56 71.3 22.7 0.37 | 253
2 | 60 | ue3 ™ |11 |50.5 114 268 |]155 |0.58 |1.04 | 317 | 337 | 1.74 |96.53| 96.74] 3.47 3.26 [u4.72 25,1 |uso| 77 | 286 | 25 [i55 | 27 jo.352| 117 98.6 | 78.3 2.7 |o.33 | 2719
3 60 396 69 12 51.2 | 116 255 (1 0.55|1.01 | 322 | 32 1.69 |96.27| 96.49| 3.73 3.5 | L.8o 4.7 399 70 296 | 16 1 | 25 |0.353 119 98.8 86,6 13.4 0.l a2
4 60 | 475 83 17 4.5 (120 |37 |158 |0.50|0.85 | 334 | 355 1.U3 | 9k.91| 95.21 5.09 H.79 |5.44 |2,8 wo| 72 | 306 7 58 | 28 |o0.385 123 108 oh.3 5.7 0.61 | 151
g 60 Lo I 19 56,0 (112 [274 [166 [0.61[0.98 | 12 | 33: 1.64 [93.91| 94,26| 6.09 5.74 |LU.12 |28.8 0| 75 | 310 1.7[166 | 29 |0.386 115 108 98.52 1.48 {0.85 | 109¢
TEST ¥0. 35
1 60 35 60 6 67 105 |23 |142 |0.70]1.08 | 294 | 310 1.57 |97.96| 98.06] 2.04 1.94% |6.56 18.1 372| 65 246 | ¢co.2p42 | 25 [0.381 65 87.5 | 99.692 | 0.308 |1.29 1.7
2 60 354 62 7 64 109 a4 |i1ko |0.65({1.02 | 303 | 320 1.49 | 97.69| 97.81| 2.31 2,19 |6.90 17.2 362| 63 | 326 o.2f1% | 5 |0.386 68 88.8 | 99.706 0.29% |1.30 1.2
3 60 342 60 8 67 109 [207 [135 |0.65|1.13 | 303 | 320 1.64 |97.46| 97.50| 2.64 2.50 |5.60 a.1 386] 68 | 307 0.2J135 | 24 [0.35 68 80.5 | 99.706 0.29% |1.33 69.8
4 60 3u5 60 8 63 110 |21 |13% |0.65(1.10 | 306 | 323 1.60 [97.39] 97.52| 2.61 2.48 [5.85 20.3 380 671 | 286 0.3{13% | 24 |0.353 69 8.2 | 99.710 0.290 ]1.33 69.7
R 5 60 350 61 7.5 | 64 109 |22(138 |0.65]|1.09 | 303 | 320 1.59 |97.52|97.66| 2.48 2.34 ]6.05 - ]19.6 382| 67 286 0.2)138 | 24 o0.362 68 83.2 ) 99.706 0.29% |1.32 70.3
6 15 3ug 61 8.5 | 66 1 |25 ]133 ]o.62]1.03 | 309 | 326 .51 |97.25]|97.%0] 2.75 2.60 |6.k%0 18.5 0| 63 | 266 0.2|133 | 23 |o.369 ) g4.8 | 99.710 0.290 |1.32 70.3

& AN e _ __ sasn

S AL —2ol3 £end calibdan wt bha nbomd 20 4hia bant  and aanilihrinm far tharinm removal mav not have been reached im the scrudb section of the column even in portion 5.
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TEBLE ¥0. I (Cont.)

EXTRACTION TESTS IN 16 MM DIAMFTER COLUMN

Test |FortionCollec-Packing uous

No, No, ftion of] Used | Phase [Total

portion (cm)
imin)

Rate of

[Time MHeignt-
for of ontin- [Aqueous Phas
{cc p

8Yr h

Per om ‘A to

J Con- |
Ratio fxtrac
olvent tion fi-

queocu

actor

nt ofitercen

nate
(mg pex
Mitex)

xtrac
'_tion

tl Theo

etic;LE.’r.&
‘ (cm)

tages

Time of
Dperation
Before

eiarted

Sample
Dollec'tioq

Remarks

68| 1 60 | 58 Lolvent
2 60' n "

150 104 polvent
60 u "
30 " o

- 10%

NV W

30 104 |Aqueous |
w n

356
295

119
12

650

610

-1
147

59
57

304

329
323

0.96
1007

17.0

33
29

15

17
11

89.4
9007

2,44
2,35

3.42
4.60

4o 55
1.10

1.26

1,286

1 hr

Column
filled with
agueocus
phase and
this dis-
Fplaced by
olvent at
start of
test.
Rate cut
ter test 6

to start
test 7.

" Column
filled with
agueous
phase at
start.
Botter ex-~
traction by
jetker was

due to
higher ex-
traction
Fi‘actor and
not a
ghorter

¢ Solvent was ditugy) cellosolve
¢ Solvent was ether

HET,S




ter Column with tingle Section
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4. Tests on 26 mm Di

In order to determine the H.E.T.S. and HTUgep for several types of
packing and at various rates of flow, a number of tests were made on & glass
column 26 mm in diameter and 142 cm total height. ln some of these tests
the extraction step of the process was studied and in other tests the scrub-
bing step was studied.

Beginning at the bottom of the column, the connections and packing
arrangement were as follows: ‘

Centimeters from Tests on  Testa on
] Bottom of Column Extraction crubbing
0.0 | Outlet for raffinate [ Outlet for aqueous phase
(Through & jackleg) (Through a jackleg)
4.0 Inlet tube for solvent Inlet tube for solvent
8.0 Bottom of glass support | Bottom of glass support
for packing for packing
13.0 Bottom of packing Bottom of packing
88.0 u - Top of packing
89.0 - Inlet tube (through top
. of column) for scrub
solution
97.0 ) - Outlet tube for solvent
129.5 Top of packing
130.5 lnlet tube (through top
of column) for feed
135.0 ‘Outlet tube for solvent
142.0 Top of column Top of column

The packing support comprised indentations in the column which sup-
ported a short piece of gless tubing that had been drawn down. This in turn
supported fregments of broken glass which supported the packing. v

The results of the extraction and scrubbing tests on this column -

are outlined below.
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Extraction tests with dibutyl cellosolve

. These tests were all made with dibutyl cellosolve as the colvent
and with en aqueous phase of the following compositions

Thorium Nitrate 1,94 W
Alumioum Nitrate 1.06 B
Agmonium Nitrate - 0.44 N
Nitric acid 0.3L N
Calcium Nitrate 3.0 N

. below O
Except that the uranium comtent 1s at e higher level, the above
composition corresponds to a mixture of six volumes of & N calcium nitrate
solution (scrub solution) and ten volumes of feed solution of the coumposition
originally contemplated, i.e., :

gganium (present as u.raqyl nitrate) 312 milligrams per liter

Thorium Nitrate
Aluminum Nitrate
Ammonium Hitrate
Nitric Acid

e

OO W
AN o) N b
- -]

°

Geveral batch extraction tests with an equal volume of dibutyl cel-
losolve on mixed feed solution of the composition shown above gave counsistent
checks und an average value of 67.0% extraction of the uranium.

: Tests were made at various flow rates and with various kinds of
column packing. During each test, the raffinates and extrscts were collected
in several portions which were analyzed separately in order to determine
whether equilibrium had bsen established,

For each type of pacliing to be tested, after the column was cleuned
end dried with acetone it was filled from the bottom with sufficient aqueous
phase to cover the packing. Then flow of both phases was started and the
first serles of tests made with the aqueous phase contimrous. After thess
tests were finished, the jackleg was gradually lowered while solvent was being
pumped in until ths aqueous-solvent interface was bslow the packed ssction of
the column. Then flow of both phases was adjusted to the desired rates, and
tests were made with the solvent phase contimuous. Usually, operation was
contimed for approximately 30 mimutes before -observation of data was started.

The results of the tests, together with calculations to skow the
mumber of theoretical extraction stages and the height of sach theoretical
stage, are shown in Table No, II,



. TABLE NOo II ,
EXTRACTZON TESTS WITH DESUTYL CELIOSOLYE X 26 MM DIAMTTHR COLUME
WITH SINGLE PACKED SECTION

Tine ~ lAqueous Rate Gon-&ercentf ‘
1 | for ’ Height | per Hour . | Ratio tent offfxtracd
TestportionCollec- Kind of of Lontind___{cc) - polventixtrac4Raffi- s
No.| Ho. [tien of Packing  Packing uous ' ofiate tq tion | nate a)r-(F.c:m) Nog | H1Ugg
Pc:{g'tic)m (em) | Phase | TotallPer cujuqueoudractor |(mg p? (em
min Rate jpiter '
23] 1 }.5 5114t 6 mp Glase 116.5 liqueoud 2390 | 261 [1.10 | 2.24 | 80 97.8 10,76 | 150
2 15 Raschig Rings | v lizjo | 258 [1.15 | 2.34 | 54 75.0 10.9¢ | 119
3 15 " " " v 1430 | 269 [1.06 |2.15 | 70 - . $4.710.91 | 128
4 5 " " " o 13403 | 264 |11 [2.26 | 78 [75.0 | 1.21 | 96.3 |0.78 | 149
24, 1 30 bLplit &6 mm Glass 116.5 Aqueoud 658 | 124 11.15 {2.33 | 63 | 79.6 | 1.40 | 83.2 10,68 132
2 30 Raschig Rings | ] ~6 | 142 |1.00 | 2,03 | 52 |8&3.3 |17 |650][1.22| 95.5
3 30 " " n " 74 | 146 |0.99 | 2.00 | 60 |80.8 |1.64 | 71.0{2.13]103
4 10 " n o [ 800 | 150 10.98 [ 1.95 | 65 | 79.2 | 1.55 | 75.0 1,06 | 108
8 1 45 Pplit 6 mm Glasa* 122 JAqueoua 540 102 {1.19 | R.41 57 £1.7 | 1.46 | 83.4 10.91 | 128
2 45 Raschig Rings [ " n |s550 | 103 |2.14 | 2.32 | 43 | 6.2 | 1.60 | 66.0 [1.15] 102 ]
3 45 . " n " 507 95.4 1.30 | 2.64 | 36 |88.4 | 1.60 | 65.0]1,06]110 S
2 30 n u " " 500 94.0 1.31 | 2.€6 29 90.7 | 2.00 | 61.0 |1.18| 99.0 §
25 1 60 PBplit 6 mm Glasg 116.5 |aqueousg 357 67.¢ 0,99 | 2.00 55 B2.4 | 1.74 | ¢7.0[1.21| 96.5
2 | €0 | Raschig Rings| " mo| 337 | 63.01.00 {2.03 | 57 |18 |1.68 |69.3]1.16]101
3 60 " " " . 348 65.G 1.14 |2.32 | 46 |85.31.73 [ €7.3]1.10 106
L | 15 " " n " 368 | 69.G0.99 |2.0L | 46 | 853 [1.95|59.7|1.35| 86,5
261 1 15 Pplit 6 mm Glasg 116.5[Solvent 1535 | 289 |1.02 | 2.07 | 159 | 49.0 | 0.55 |212 | 0.38] 310
2 15 Raschig Ringsj' L w t1s524 | 266.|1.04 | 2.12 | 166 | 46.8 | 0.50 |33 |0.34] 342
3 15 " L v |1507 | 302 [1.08 {2.19 | 164 | 47.5 | 0.51 |228 |0.33] 351
4 5 n u w |- w 1560 | 312 |0.96 | 1.95 | 166 | 46.86 [ 0.54 (218 [0,38 | 307
271 13 30 pplit 6 mm Glass 116,5Lolvent 830 | 156 |0.94 | 1.91 | 144 53.8 | 0.68 171 0.45 | 241
2 30 Raschig Rings | * n 760 | 143 [1.02 [ 2.07 | 240 | 55.1 | 0.67 |173 | 0.46 255
3 30 " " " e | 72 | 147 {1.00 | 2.03 |122 | 60.9 | 0.83 141 [0.56 207
4 10 L " u " 750 | 141 {1.06 | 2.16 | 126 | 59.6 | 0.76 |153 |0.49 | 236
28 1 60 Pplit 6 mn Glasg 116.5 folventy 325 61 |1.10 |2.23 | 90 | 71.2 | 1.08 |108 [0.70 | 167
] 2 60 Raschig Rings | . 315 59 |1.05 | 2.14 | 80 | 74.4 | 3.24 | 94.3]0.82 | 142
3 60 o " n " 286 5, [0.98 11.99 | 69 | 77.9 | 2.47 | 79.0]1.02 | 114
l" 15 b " n " BAO 64 1.18 20” 70 77.6 10% 9290 00'79 147
I _
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TABLE B0, II (Conmt.)
EXTRACTION TuSTS WITH DIBUTYL CELLOSOLVE IN 26 MM nmmm COLUMN
WITH SINGLE PACKED szcnon

i
{
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| Time Aqueous Rate :
for ' Height per hour Ratio tent o
‘MestPortiontollec- Kind of of [Contin- (cc) bolventlixtrac-Raffi- Theo- HE T.5 HTU
No.| No., f[tion of Packing  packing ucus ate td tion | nate etical -(cm) | Nog (cm?E
bortion ‘ (cm) | Phase | Total|Per cﬁrzqueou actor |(d tages
(min) Rate ’-
. . _ .
171 1 15. *s/e«class&nwl 116 SJAqueoué 1320 | 248 [ 1.18 {2.40 | 73 | 76.6 |1.22 | 95.5]0.76 | 153
2 |15 1280 | 241 |1.18 [2.40 | 40 |[87.2 [1.63 | 63.6 [1.15] 102
3 | 15 o s | v [1272 | 239 [1.29 [2.41 | 40 | 87.2 [1.62 | 64.0 1.14 102
4 5 u J o |1224 | 230 [1.23 |2.50 | 40 | &7.2 |1.77 | 65.8 |1.07 | 109
. 1 | 30 We«alasmeumé 116.5 laqueoud 600 | 113 | 1.25 [2.54 | 33 | 9.5 |1.95 | 59.7 [1.18| 98
2 | 3 m n n | 70| 143 |0.94 {1.90 | 26 | 91.7 [2.85 | 41.0|2.03] 57.3
3 30 " L a 70 | 143 | 0.93 | 1.89 | 42 | 86.6 |2.20 | 53.0 |1.57| T4.0
4 | 20 " o o | 750 [ 141 |0.93 [1.89 | 43 | 86.3 | 2.17 | 53.6 |1.55| 75.0
19| 21 60 [/6"GlassHeliceg 116.5 Aquecud 357 67 |0.88 | 1.80 | 42 [ 86.6 | 2.34 [ 49.8|1.70| 66.4
2 | 6o - T ] 38| 62 [1.06 [2.16 | 30 | 90.4 [ 235 | 49.6 1.5 74.8
3 60 t o " 298 56 1.19 2.41 23 92.6 2.42 4892 ‘1050 7765
4 15 " " o 356 67 | 0.99 | 2.00 | 17 | 94.€ | 3.27 | 35.6|2.25} 51.7
1 20 1 15 h/8"GlessHelicesg 116.5 Solvent 1508 283 | 0,97 | 1.98 33 89.5 | 2.42 | 48.0]1.69| €9.3
' 2 15 a " " 1440 271 | 1.08 | 2.20 46 85.3 | 1.81 | 64.3]11.19| 97.8
3 15 LI " #1440 271 | 1.06 | 2,20 & £5.0 | 1.79 | €5.0|1.16) 9b.6
4 5 n e " 1440 27, | 1.08 | 2,20 47 85.0 | 1.79 | 65.0{1,18| 9.8
21| 1 30 j/£"Glassheliced 116.5 [solvent 730 | 137 | 1.08 | 2.20 | 24 | 92.3 | 2.57 | 45.3|1.69| €9.3
2 30 n " ” 652 123 | 1.17 | 2.3% 20 93,6 | 2.50 | 46.5} 1.63| 1.4
3 30 n n n 754, 142 | 1.07 | 2,19 25 92.0 | 2.53 | 4£.0]1.67| 70.0
A 10 U n " 810 | 152 |0.93 | 1.89 | 20 | 93.6 | 3.14 | 37.2| 2.33| 50.0
22 1 €0 [/8"Glassleliced 116.5 [Solvent] 310 58 | 0.87 | 1.77 10 96,86 | 4.€5 | 25.1 | 3.45| 33.8][
A 2 | 6o e . no 1 403 76 [0.91 |1.65 | 11 | 9.5 | 423 | 27.5[3.07] 37.9
3 60 n " “ 358 67 |1.02 [ 2.07 5 96.4 | 4.7 | 24.3]3.25| 36.b
- 4 15 " " 37 70 11.00 [2,03 | 4 | 96.7 | 5.23 | 22.4|3.55| 32.8
|12 1 |15 pAOGLassHelices| 116,5 LAquaoua,uzo 267 |1.04 |2.22 | 33 | 89.4 | 2.26 | 50.6|1.52] 76.8
g 2 15 . ® o 1428 269 |1.03 |2.09 92 70.6 | 1.10 |106.0 | 0,74} 157
. 3 }5 " o 1320 248 11.17 |2.37 | 113 | 63.8 | 0.83 N4l 0.51 | 228
/; 15 . " * 12420 | 265 [1.06 [2.27 |117 . ]|62.6 |0.83 hs1 |o.55] 212
5 L L b 71 1.02 1208 | 120 }58.4 10,75 55 l0.51)23%




, : : PABLE FD. 1T (Cont.)
EXTRACTION TWSTS WITH DIBUTYL CELLOSOLVE I¥ 26 MM DIAMETER COLUKN
WITH SINGLE PACKTD SECTION

Tine Aqueous Rate [0 Con- [Percen
| _ for Helght per Hour Ratio tent offfxtreac
~ [estportionColiec- Kind of | of ontin~ (ce) Lolventixtrac-Raffi~ | tion | Theo- HE TS |
No.| No. |tion of - Packing Packing uous [Rate t& tion . (Based fretic (cm) | Nog (cuSE
Portion {cm) | Phase | Totel|Per cn?lsqueoué‘actor (mg penon Raf-btuges
J(min) | . ' te inate
| 1 30 yw‘classueuoeé 116.5 jaquecusl €34 | 119 |1.13 [2.29 | 112 [64.2 |0.84 | 139 [0.54 |215
2 | 30 n " u 70| 145 10.95 |1.93 | 101 |67.6 |1.06 | 110 |0.75 |15
-3 30 n " a 820 154 | 0.87 | 1.77 116 | 62,6 | 0,97 [ 120 [0.72 163
4 10 L w b 822 155 | 0.91 | 1.86 127 | 59.4 | 0.84 | 138 [0.60 {194
13 1 €0 €'GlapsHelices 116.5 jaqueous 342 64 |0.98 {1.96 | 107 [65.8 | 0,98 |119 |0.70 |168
2 60 a -on A g 44 64 | 0.93 |1.88 87 | 72.1 | 1.25 93.310.90 | 130
3 60 " w " 340 64 ]11.04 | 2.11 80 | Thoh | 2o26 92.5]0.82 | 142
A 20 " " n 351 66 |0.98 {2,000 | 82 |73.8 |1.27 91.810.68 1133
L] 1 15 [A€'Glasshelices 116.5 polvené 1340 | 252 |1.03 }2.09 14 195.5 {3.37 | 34.6{2.29 | 51.0
2 15 " e " 1290 242 {111 | 2.26 27 191.4 | 2.37 | 49.2|1.54 | 75.7 :
3 15 " n n 1370 | 258 | 1,02 |2.08 3 |89.1 |2.27 51.311.54 | 75.8 &
4 5 1 o “ n 1285 L2 | 1.15 | 2.34 33 189.4 | 2.08 56.0(1.33 | 7.5 ’
15 1 30 [/16'Glaseieliced 116,5 Holvent! 884 166 | 0.97 | 1.96 21 [93.3 | 3.05 | 38.2|2.14 | 5.5
2 30 a o u 764 144 | 1.01 | 2.06 20 |93.6 | 2.96 39.4|2.03 | 57.5
3 30 " -n a 810 152 | 0.94 | 1.91 20 ]93.6 | 3.22 36.2[2.26 | 51.0
4 10 " " n 804 151 | 1.06 | 2.15 20 [93.6 | 2,65 | 40.6|1.69 | €z.0
16 1 60 TliG'Glassﬂelioea 116, 5 polvent! 325 61 }1.03 |2.10 13. 95.8 | 3.47 33.5)2.34 1 49.8
2 60 " n " 321 60 }0.99 | 2.01 5 | 96.4 | 4.96 23.5|3.43 | 34.0
3 60 " n " 378 71 |0.95 |1.92 3 99,0 | 5.99 | 19.5|4.24 | 27.5
4 ’ 15 " u " 360 ’ 68 0.89 1-80 5 9804 5070 2005 4016 %.0
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1n addition to the types of packing used in the above tests, an
unsuccessful attempt was made in Test ido. 29 to use a packing prepared by
mixing equal volumes of -10+20 mesh coke with 1/&% glass helices. The weight
proportions of this packing were 177 grums of glass hellces and lb4 grams of
coke. It was reasoned that such a mixture of packing would give intimate con-
tact in the column, since tests had shown that the glass was preferentially
wetted by the aqueous phase while the coke was preferentially wetted by the
solvent. Test 29 showed that this mixed packing could not be used because
there was so much resistance to two-phase flow through the column that the
solvent was pushed out through the raffinate discharge at the bottom of the
column and the aqueoue phese overflowed through the extract discharge line.
This occurred at flow rates as low as 300 cc per hour (56 ¢c per square cen~
timeter of cross-section). ‘ ,

’ action tests . solvent mixture containi dibutyl carbi-
tol isopropyl ether.

Three extraction tests were made in the 2¢ mm column, using the same
composition feed solution that was used in the above. tests on types of pack-
ing, but using a solvent compoaed of 45% dibutyl carbitol and 55% isopropyl
ether,

4 batch extraction test with an equal volume of this solveat mixture
showed that it extracts 83.3% of the uranium and 0.67% of the thorium.

All three tests in this series were made with the solvent as the
continuous phase. Although all of these tests were made satisfactorily, it
was observed that this solvent mixture gives appreciable resistance to two-
phase flow in the column., This resulted in an unstable interface, which fluc-
tuated an inch or more at irregular intervals but did not go low emough to
cause the solvent to escape through the raffinate outlet.

also , more gas bubbles than usual were observed im the column during
this test, but there is not sufficient evidence to attribute this to reaction.

» The results of these tests, together with calculationa to show the
helght of each theoretical stage, are shown in Table No. I1I,



: TABLE ¥0: XXX '
EXTRACTION 'I‘ESTS WITH MIXTUR® OF DIBUTYL OARBI’I’OL AD ISOPROPYL ETHER
IN 26 MM COLUME WITH SIRGLE PACKED:.SECTION

-

1 Time Aqueous Rate Ratio | - U Con- |Fercent,
for Height | Contin-| per Hour SolventlExtrac-jtent of |Exirac-| Theo-
Test |PortionjCollec~ Kind of of uous ce Rate to| tion [Raffi- | tion |[reticalH.E 1S5
No. No, |[tion of Packing Packing |- Phase |Total Pe£ hgqueousglFactor | nate (Based [btages [ (cm) |-
Portion (cm) i - em Rate (g per]on Raf-
(min) liter) |finete)
30 1 60 EL/E." Gless Heliced 116.5 |bolvent| 348 65 0.98& L.bE 6 96.1 2.35 | 49.5
‘2 60 L a " 362 65 0.96 | 4.7 b 97.4 2.19 | 53.2
3 60 " " e 3 | 71 0.84 422 5 | 96.4 2,68 | 43.5
3 1l 30 [/8" Glass heliceeL 116.5 | Solvent| 790 149 0.99 4e94 17 9.6 1.69 | 6b.8
2 30 a o “ 680 128 1.19 | 5.96 16 94.9 1.57 | 7.4
3 - 30 " " v | 83 | 15 0.92 | 4.59 | 1 95.5 | 1.€8 | 62.0
32 1 15 [1/8" Glass Belioe:l 116.5 | Solvent|1488 280 1.07 5.33 3a 90.4 | 1.28 | 90.4
2 15 n ©on " 1540 | 289 1.07 5.32 24 92.3 1.42 | 82.0
3 15 " u . |1540 | 289 1.05 | 5. 2 9<.3 1.43 | 81.5

v
N
-~
]
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although this solvent mixture has a better coefiicient for the ex-
traction of uranium than dibutyl cellosolve hus, the actual percent extrac-
tion which it gave was only slightly higher at high flow rates and actually
lower at the lowest flow rate than values observed under simllar conditions
for dibutyl cellosolve extraction (Tests 20, 21, and 22).

- 26 -

After Test No. 32 was complete, operation was continued for several
hours in order to obtain a total of two gallons of extract for use in a scrub
test. .

scrubbing tests on the removal of thorium from solvent extract by
contacting with & N calcium Qtrgta.

bix scrubbing tests were mede. Of these, five were witl. dibutyl
cellosolve extract and one with a mixture of 45% dibutyl carbitol and 55%
isopropyl ether. a

The tests were made in the same 26 mm diameter column used for the

study of the effect of kind of packing on the extraction. However, a lower
outlet for the solvent was used in the scrubbing tests, since the height of

. packing employed was only 75 cm.

synthetic extracts were used for the tests with dibutyl cellosolve,
The extract from Tests 30, 31, and 32 wes used for the scrubbing test on the
solvent mixture of dibutyl carbitol and isopropyl ether. Eight pormal calcium

nitrate (pH 1.4-1.6) was used ag the scrub solution in all the tests. The

composition of the extracts before sorubbing, and data from tests on batch
ecrubbing, were as followsi

: Dibutyl ' : Mized
Cellosolve Extragct volvent Extract
Dibutyl Cellosolve ca. 1008 ‘ kions -
Dibutyl Carbitol ~ None 45%
Isopropyl Ether fHone 55%
Nitric acid 0.101 N : 0.168 N
Thorium \ 312 mg per liter 560 mg per liter
Uranium i ‘312 mg per liter 265 mg per liter
Percent of U removed by .
0.375 volume of 8 N calcium
nitrate in batch scrub test  4.93 (average) 3.85
U_agqueous ) . ,
Equilf.brium value T solvent 0.14 (average) 0,107
Percent of Th removed by
0.375 volume of & N calcium _
nitrate in batch serub test 97.3% 9. 5%
Th _aqueous '
Equilibrium value m 85. ‘ 46.5
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Column tests were made with 1/16" helices and with 1/8" helices.
For each type of packing, tests were made wiih the aqueous phase continuous
and also with the solvent phase contimuous. The results of the tests, to-
gether with calculations to show the number of theoretical stuges and the
height of each theoretical stage, are given in Tsble fio. IV, :

This tabulstion shows that with 1/8% glass helices there is little
choice between operation with the aqQueous phsse contimous or with the sol-~
vent phase contimvous. With 1/16" glass helices, operation witn the solvent
phuse contimuous gave a much shorter HETS, ir 211l cases the HITS for serub-
bing was longer than the HETS for extracticn al similar flow rates. 1t is
presumed that this ‘was because of the high v-.s:os..ty of the & # cal:ium ni-

trate
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SCRUBBING TESTS ON THE EEMOVAL OF THORIUN
WITH CALCIUM NITRATE SOLUTION .

!
i
|
[
|
|

| Time : ‘ Calcul ated
Seraud t for Kind Height _ Per cent of
Zest |Portion| Collec- of ‘ of Solvent {Contimmous|Soivent Rate| Ratio Thorium | Per cen: of Uraniunm .
Xo. No. [tion oo Packing Packing]  Used Phase per hour | Scrud | Thoriuy Content Original Theore- Uranius Scrubbed Boe |H0,,
Portiorn ' (em) Solution| Extrac— ot Thorium tical |H.B.?.S} Extrac-l __Omt:.. | (.3
(min) ‘ per |Rate to | tion Solvent : Stages (em) | tion By By
, Total] emZ | Solvent | Factor after Fot ‘ Tactor One - Inﬁ.nit{
Rate Serudbding|Scrudbed| Scrubved Theore{Theore-
: Xg./1iter{ out out $ical | tical
’ Stage | Stages
. L
5 1 60 [1/8" glass heiices| 75 cm [Dibutyl Aqueous | 385 | 73 0.395 | 33.6 8.0 97.u4 2,56 1.03 | 72.5 | 0.055| 5.20]5.50 | o.111] 67%
2 60 Q/s' glass helicea! . Cellosolve " 151 78 0.366 | nn.a 8.6 197.25 | 2.75 1.04 | 72,4 0.051 4,85] 5.10 | 0.118] 634
3 65 "o . n " :n 13| 78 0.371 | 3.5 8.2 97.37 2.6 1.0 | N.7 0.052 ) 4.95] 5.20 | 0.118] 635
50 CI " ’ " " wh | 718 0.376 | 32.0 g.0 |} 97. 2.5 1.05 | 1.5 0.053| 5.03]5.30 | 0.117} 639
5 14 . " " " . w20 | 79 0.368 | 31.3 8.0 97.4k4 2.56 1,06 | 7.1 0.052| 4.95} 5.20 | 0.120] 626
2 1 30 |1/8" glass helices 75 cm |Divutyl | Solvent | 750 jil1 0.355 | 30.4 b4 98.59 1.1 1.24 | 6o.4 0.050| 4.76]5.00 | 0.2M4] 522
.2 3 |°* " . . cono.oxve“ . 768 [1ls 0.355 | 30.4 2-3.0 92,65 7.35 0.76 | 98.3 0,050 ] 4,76} 5.00 | 0.088) 853
z 30 (* . " " B * 1 1% ha 0.k53 | 38.5 k.0 92.30 7.70 o.70 j108 " '} o0.063] - 5.93] 6.30 | 0.068J1110
30 " " " o . » 7 139 0.392 33.5 25.0 92,00 8.00 o.71 |06 0,055 5.22] 5.50 0.077] 917 .
1 1 60 F/S' glass helices| 75 cm | Didutyl Solvent | 357 | 67 0.381 32,4 4,5 98.79 1.2 1.2 62.0 . 0,053 2,03 5.30 0.139]| 538 3
2 6o |* o n * |rfellosolve | ® 31 N 0.372 | 3.6 6.0 98.86 . ]| 1.14 1.1k | 66.0 0.052 «95]5.20 | 0.145] 517 f
ﬁ 60 | * . . .. . 83 )72 | o0.3712 | N.6 7.5 98.93 1.07 1.07 | 70.0 0,052 | U4.95|5.20 | 0.147 gm
6 |°* . . =] " g8y 17 0.361 | 30.7 7.5 98.92 1.08 1.08 | 69.L 0.051 | u4.85]5.10 [ 0.151| k96
L) 1 60 |1/8* glass helices| 75 em ed Solvent %ol vent 305 | 58 0.443 2.6 1.0 199,82 0.18 2.07 36.3 0.047 4,491 4,70 | 0.320] 234
2  |* * . | 2R Y 3 ol 3651 69 | 0.392 | 18.2 10,0 |[98.22 [ 1.78 1.37 | 5%.8 | o.ou2| u4.03|4.20 | o0.2R1] 324
3 6 |- . . 531.q)mw1 " 3| n 0.382 [ 17.8 1.0 99.82 0.18 2,18 | 344 0.041 | 3.91| %10 | 0.372] 202
¥ 6o | * ‘ ‘ ? ether ? 365 | 69 0.378 | 17.6 1.0 99.82 0.18 2.20 | 3u.2 o.0m1 | 3.91]%.10 | 0.376] 199
6 1 60 [1/16"crase h’elicesk 75 cm | Didutyl Aqueous { 374 | 70 0.382 | 32.5 45 85.4 UM 0.55 137 o.g;z 5.03 | 5. 0.061 j1238
2 60 | . . * | cfellosolve | * 377 P 0.337 32.9 39 87.5 12.5 0.59 |128 0. 5.13 | 5. 0.06%4 |1168
i 60 | " " . . , 355 | 67 o.403 | 34.3 36 88.5 11.5 0.60 |i2u 0.057T1 5.39]5.70 | o.06%]1170
60 | * » " " " . 363 | 68 0.386 | 32.8 37 88.2 11.8 0.60 |12y 0.054 | 5.13|5.4b0 | 0.066 uz} ‘
5 60 | . " . " b 358 | 6 o.3z7 32.1 35 88.8 11.2 0.62 |120 0.053 | 65.03|5.30 | 0.072|1045
6 3 |° . . " . " 350 | 6 0.360 | 30.6 35 88.8 11.2 0.63 [119 0.050 4,76 15.00 [ 0.073]1030
3 1 60 [1/16"glass helices| 75 cm | Didutyl Solvent | 400 | 75 0.360 | 30.6 2,2 99.295 | 0.705 1.4 | 52,2 0.050 1 4.76]5.00 | 0.166] u52
2 60 |* . " " Cellosolve. Y 392 | T4 0.388 | 33.0 1.7 99.456 | 0.54k 1.48 50.7 0.054 | 5.13] 5.4 | 0.162] 463
ﬁ o |°* .o . . " %0 | 75 | 0.3%0 | 33.2 1.5 [99:.520 | o.4g0 | 1.52 | 49.5 | 0.055 | 5.22]5.50 | 0.166] ¥53
. 22’ : . . : * 382 | 12 | 0.388 | 33.0 1.5 |99.520 | o.ug0 | 1.52 | w9k | o.o54 | s5.13|s.u0 | 0.166] w1
. | " 391 {18 0.368 | 31.3 1.0 99.680 | 0.320 1.65 | 5.5 0.052 | 4.95)5.20 | 0.189| 398
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5. Tests on 27 mm Diemeter Column Operated with Both Extraction Leztion and
Scrubbing Section

The column used in these tests had an over-all height of 25 cm.
Beginning at the btotiom of the column, the crnae2ctione ana packing arrange-
ment was as follows:

Centimeters from
Bottom of Columng

0.0 Outlet for raffinale (through a jackleg)
5.1 Inlet tube for sclvent.
8.9 Bottom of glaes suppori for packing.
15.2 Bottom of packiug for extraction section.
Packing was 1/16" glass helices,
123.7 Top of packing for extraction section.
135.9 Inlet tube for feed solution.
139.7 Bottom of glass gupport for packing.
146.0 HBottom of packing for scvrubbing section.
Packing was 1/16% zlass helicas.
23k.5 Top of packing for scrubbing section.
3.8 Inlet tube (through top of column) for
scrub solution.
241.0 Cutlet tube for solvent. 7
256 Top of colump. toppered with two-hole )

rubber stopper fiitted with vert tube aad
inlet tubs for scrub solution,

" The general objeét of the tests or thiz column was to observe the
similtaneous operation of the extraction and scrubbing sectiors and to check
the values of H.E.T.o. which had been determized oa the cingle section 26 mm
diameter column, '

Tests on the extrggtion'of natural ufgg;um, Tests Nos. 33, 34, and 35.

These three tests were similar except for differeaces in composi-
tion of the feed solution and for minor differ ences in oweration of the coliuan.
. Tesi 33 was made with a feed solution which was below O gB. The ph of the feed

- solution wes adjusted with ammonia for Test No. 34 and with lime for Test
No, 36.

There were differences in the method of starting the operativm in
the thrze tests. In Test No. 33, the colura was filied from the bottom with
raffinate {rom previcus tests. This was displaced by solvent until the inter-
face was in the open section of tube below the packing. Then the flrw of
feed and scrub was started. after ninety minutes operation at poor rate con-
irol, ‘the measurement and collection of reffinate and extract samples was
started. Rate control was poor during the colilection of portions 1 and 2

but was fairly gocd for portions 3, 4, ard 3.



The column was washed end dried after Test Ho., 33. The procedure
in starting Test bo. 34 was simiiar to that used in Test No. 33 except that
the column was filled at the start with a mixture of 10 parts feed solution
and 6 parts scrub solution insteed of ruffinate. Operation was contimued
for 45 mimites before the measurement and collection of semples were sterted.
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In Test No. 35, the column was started while 1t was still full of
the liquids left from Test No. 34{. The scrub was started first and then the
solvent. after about fifteen minutes the feed solution was started. Opera-
tion was contimzed for about 45 mimites tnfore the measurement and collsction
of samples was etarted.

The datu for these three tests are tabulated in Table ¥ and Table VI
which follow. Table V lists the compositicon of the feed solutions, data {rom -
batch extractions, data on column slze and packing, etc. TableVl lists the
flow rates which were observed during the tosts, together with analyses of
extracts and raffinuates, and also shows the results of calculations to deter-

- mine the efficiency of the column and the h.%,T.H. ,

TABLE NO. ¥
Data on Column Construction &nd Lolution Cherscteristics for Tests Nos. 33,34,& 35

e

Test No., 33 Test No. 34 Test Bo, 35

Feed Solution Composition: :
{ 3an

Thorium Nitrate 3.1 N 3.1 N
Alupirum Nitrate 1.7 B | L7 1.7 N
Ammonium Nitrate 0.7 N 1L.28 | 07N
Calcium Nitrate -~ - 0.9 M
Nitric acid o C.5 N - --

| Below 0 1.7 1.8

pi .
U (added as uranyl nitrate) (500 mg per litex |500mg per liter [500mg per liten

4

bScrub Solution Composition:

Ca(NO3), - . 8N 8N ! 8y

pH , ca. 1,5 ca. 1.5 ca. 1.5

bolvent Mibutyl | Dibutyl - Dibutyl
A Cellosolve | Cellosolve | Cellosolve

Diameter of Column ‘ 27 mn 27 mm 27 ma

area of Column Cross Section 5.72 e® 5.72 co® | %72 n
Kind of Packing 1/16" Glaes | 1/16" Glass | 1/16" Glass

Hellcuas Helices Helices

Height of Packing for Extrac-|
tion bveoction 118.5 cm 118.5 cm 118.5 em
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Table ¥ (Cont.)

Test No. 33 | Test No. 34 |Test No. 35

Height of Packing for Sorub ‘ _

Section . 92.5 cm 92.5 cm 92.5 om
U Extraction Factor from >olvent Vo;ﬂ volyventVol.jy Vo

Batch Tests Z'OB{queousVol. -6 aqueousVol. 433 aqueousVol
U Extraction Factor for 0.14x25Tub Vol, |y ;a0 Sorub Vo 15&%@9_!_9_1__

Scrub Solution from Solvent|™* >olventVol.| ° >0lventVoll ° olventVol,
Thorium Extraction Factor for| g, Scrub Vol. berub Vol 30, borub Vol,

ocrub Solution from Siolvent SolventVol. SolventVol, olventVol.
Estimated Thorium Content of |

Solvent in Contact with

Aqueous Mixture of Scrub -

Solution and Feed Solution |300mg perliter . 70 ng per 1iter

Contalning 112.5 gms per
liter of Thorium

1).5mg per liter
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A comparison of the data for the above three tests reveals the
~ followling outstanding points:

A. Strongly acid solutions (below Opli) have a much more favorable
distribution coefficient than solutions to which sufficient
ammonia or lime has been added to ralse the pH to 1.7-1,8.

B, &djustuent of the pH with ammonia results in s more favorable
distribution coefficient than adjustment with lime.

C. Solutions which have undergons pH adjustment with line give
lower HETS values than unadjusted solutions or solutions which
have been adjusted with ammonia. This effect is of suffieient
sagnitude to reasult in better overall extraction for solutions
adjusted with lime than for solutions adjusted with ammonia,
but the overall extraction for solutions adjusted with lime 1is
below the overgll extraction for unadjuated solutions,

D. Adjustment of the pii with either lime or ammonia resulta in a
lower thorium content of the solvent entering the scrub section,
and also a more favorsble distribution coefﬁcient for the re-
moval of thorium by scrubbing.

Test on_ the Extraction of U;m:.‘l.\.mnz”}7 Tagt No. 36

This test was slmilar to Test No. 35 except that the time of opera~
tion was much donger (eighty~four hours and forty minutes as compared with
five hours and f:lfteon mimites), and the uranium content of the feed was
0,491 milligrems of U<33 per liter instead of 500 milligrams of natural U
per liter:. The higtory of this feed solutlion was as follows. During mid-
sumner of 1945, sowe alumimum jacketed thorium carbomate slugs which had been
bombarded in the pile were dissolved in nitric acid and partially neutralized
with ammonia. The resulting solution .was extracted -%3% ether, and then the
raffinate was allowed to age and produce additional U by decay of the Pa.
This raffinate was diluted and deconteminated and clarified by MmO, precipi-
t;tiﬁ:e and centrifuging. The pii was then adjuated to 1,69 by the addition
o 1

In starting Test Mo, 36, the column, which had been cleaned and dried,
wae filled with celcium nitrate solution, and this was displaced by dibutyl
cellosolve. The flow of scrub solution was started, and after about thirty
mimites the flow of feed solution was started. During the test there were
mmerous irregularities in flow, and during the greater part of the test the
ratio of the scrub solution to feed solution was considerably higher than the
desired 0.60. No doubt the changes in the ratio of scrub solution to feed
solution influenced the distribution coefficlent for uranium extraction, but
this effect was not considered in the calculations since batch extraction
date were determined for only one mixture, viz., six volumes of scrub solution

to ten volumes of feed solution,.

s



The feed solution as used was slightly turbid, and fine browm col-
ored solids collected in the extraction section of the column during the test.
Distribution of these solids in the packing indicated channeling in the top
30 centimeters but not below that, In sddition to the accumulation of bxown
solids in thLe packing, there seemed to be some accumulation of fime white
material at the very bottom of the column. The nature of this materisl was
not determined. The quantity was not sufficient t0 cause any noticeable re-
sistance to flow.

Sy -

A material balence for the test indicated very good recovery of
uranium. This materiel balance was:

Milligrems Percent of Totul

Uranium fed to column ‘ :
mzz.z x 0.491 7.96 : 100.00

Uranium recovered . o
Total in extract portiona T.-24 90.95
Total in raffinates . 0.44 5.53

Total in solutions drained
from column and lines at
end of test 0,045 0.56

Uranium not accounted for 0.236 2.96

The .extracts from the column were passed throggh an alumina gdsorp-
tion column for collection and concentration of the U233, This column was
22 mm in diameter and contained 40 grams of ~100+200 mesh Fisher's chromato-
graphic adsorption alumina. Adsorption of the U233 wap virtually complets,
and the breakthrough point was not reached during the test. Ths effluent
~ samples never contained more than 1.0 aelpha count per mimte per ml, sub~
sequent leaching of the adsorption column with an alcoholic solution of nitric
acid gave a yield of 6.1 mg of UR33, This diacrepancy of 1.1 milligrams (or
15.2%) between the U233 content of the extract and the U233 contenmt of the
leachings was not explained since the undissolved residue from the adsorption
column was discarded before the discrepancy wus noticed. However, a later
test which is not covered in this report showed substantially complete ad-
sorption from the extract amd substantially complete recovery by lsaching..

The data for the operation of the column in Test No. 36 are tabu-
lated in Table VII and Tablé VIII which follow. Table VII lists the composition
of the solutions, datu from batch extractions, and data on the column size
and packing. Table VI1I.lists the flow rates, the analyses of the extracte and
raffinutes, and also shows the results of calculations to determine the effi-
ciency of the column and the H. EoT &.‘,y




TLBLE VII -

Data on Column Consiruction and Solution Characteristice for Test o, 36
“Feed Sclution Composition

Total Nitrate Concentration
" Thorium Nitrate

Aluminum Nitrate

apmonium Nitrate

Calcium Nitrute

- 35 -

Kad

o

N
FBBRY
R R

pH 1.69

U233 0.491 milligrems/1itex
Scrub Solution Composition » |

Calcium Nitrate ' 8 H

pH 3.0
Solvent | " Dibutyl Celiosolve
Diamter of Column ' 27 mm
srea of Column Cross Section ' | 5972 ca
Kind of Packing 1/16" Glass helices
height of Packing for Extraction Section | 115.5 <m
Height of Packing for Somb bectibn 92.5 em
U Extraction Factor from Batch Test 1.506 x %
U E}t:;;c::;;:ei‘:ctor for h@rub 601uti.on 0.225 x ic;::nzg%a?m

scrub volume
solvent volume

Thorium mxtraction Factor for Serub Solution 480.0 x

from Solvent °

Thorium Content of Solvent in Contact withk :
Mixture of 6 Volumes Lcrub Lolution and 8€ mg/liter
10 Volumes Feed Solution .



TABLE ¥0. VIII

!

P .

DATA OF. COLUMH OPERATION FOR ?BST M. 36

Calculated Yalues for Extraction Calculated Yalues for Scrudbbing
Tine tal Flow [Bati tio Content of rac-| Per ;one [Per cent Loss Ratio timated]
for |Rate of Aqusoud Analysis of Raffimate [(cc per hr 1vent |Aqueons Phasd tion | Extracted |in Raffinate Scrud |Thorimm
Pertion|Celleo- Phase . Before Pactor to [Content vingl Portion
il e R EC - e e e it Lo i @7 e
Portion|fetal | Por per al * 1iter [tion|tion . for for i Before
{atn) per mis Feflux scrub Borubbing
reflux e/11ter
l .
1 58 m 58.0 138 [ (Not calculated since conditions could mot be constant yet) 13 72.00 360 |o0.2 1
2 L 3 9.7 | 1 66 165 | 176 P.o“{ 1.09 |2600] 2870 |1.64 |9u.8M95.34] 5.16 | k.66 | W ub | 26,7 372 65.0 850 [o0.1x 176 'Fo.s 0.L74 66 227 99.85 0.15 1.20 17 2
3 60 3% 6.2 | 11 n [ | 169 Jo.93[1.13 [2800| 3060 |[1.70 96.01 96.37| 3.97 [ 3.63 [4.68 [ 25.3 [395] 69.0f 1660 [0.3 [169 .[29.5 |o0.427 n 205 99.58 0.2 1.03 | 90 3
'Y 60 350 6.2 n 66 19| 122 .07]1.05 |2600| 2880 |1.58 |97.27197.%%| 2.73 | 2.46 | 6.00 | 19.8 370| 6.6 2350 0.3 & [51.7 | 0.4g0 66 235 99.55 0.U45 0.99 94 -}
5 60 361 64,2 | 242 72 [193 | 17% [0.90[1.07 (2840 3080 [1.61 {91.%7192.16( 8.53 [ 7.84 ‘[ 3.58 | 33.1 392 6a.4 2215 [o.7 [av [30.4 | o uu 12 a3 99.03 0.97 0.86 | 107 5
6 60 365 €3.8 | 1w N [189 | 176 Jo.93|1.02 [2800| 3070 |1.5% |94.86/95.31 S.Ab | W.69 |U.86 | 2u.h | 37| 65.3 2455 0.6 1176 [30.7 | 0.470 n. 226 99.16 0.84 0.88 | 105 6
7 60 353 61.8 | 134 n s3] 1o j0.93]1.07 |2800] 3ok ]1.61 ]|95.2]95.58| U.79 | W.u2 Ju.68 | 25.3 |379] 66.1 2430 }1.5 J170 |29.7] 0.ulg n as 97.89 21 0.72 | 129 7
] T? 339 59.4 | 104 65 161 | 178 froaa|1.23 [2560] 2180 [1.70 |95.9W96.27| u.06 [ 3.73 |u.62 | 25.6 |385| 67.4 235 2.3 178 |31.1 { 0.463 65 222 96,46 3.54 0.62 | 150 8
9 163 | 359 62.8 | 132 68 [178 | 1, Jr.o1 |1.02 |6e0| 2910 [1.54 |95.07]95.u7| k.93 | ¥.53 |u.94 [ 240 368 6%1 2% [2.3 15 (5.6 0.49 68 216 96.52' 3.38 0.62 | 15 9
10 1% 352 6.6 | 130 12 [185 | 167 [0.90 | 1.03 zqu %80 |1.55 [95.8995.77| u.58 | u.23 |5.03 | 23.5 |364| 63.9 2uoo [2.3 [167 |29.2]| 059 | 72 220 | 96.81 3,19 0.64 | 146 10
11 180 3% 57.1 | 137 1 lsw | 12 [o.78 [ 1.03 |30u0| 3280 |1.55 |95.u8l95.82| u.52 | u.as | 5.06 | 234|335 s8.4 2700 |2.9 huz |ou.7|oues.| 77 208 97.53 2.47 0.69 | 133 1i
12 113 | 28 %0.6 | 1% 76 160 | 128 |0.80|1.18 [300c| 3250 |[1.78 |94.9695.35| 5.04 | L.65 | ¥.00 [ 29.6 [3m| 9.9 2830 |[2.0 [128 Je2.u|o.375 | 716 180 | 97.37 2.63 |o.70 | 132 12
13 178 307 53.1 | 123 66  [148 | 159 r.07]|1.20 |2600 260 |18 95.2795.60| 4.73 | u.¥o /| L.01 | 29.6 369 644 1950 [2.7 159 [27.8 | 0.431 66 207 95.91 4,09 0.60 | 1su 13
i Jare |93 | 3| N 72 154 | 139 [0.90 |1.18 |28lof 3060 [1.78 |97.50(97.68| 2.50 [ 2.32 [5.15 | 23.0 [3u5| .60.3 Ako (2.2 [139 [b.3[o.b02 [ 72 193 | 96.95 | 3.05 [o0.66 | 139 16
15 1.63 357 62.5 ',229 % 193 | 164 0.85(0.92 [2920[ 3200 [1.38 (92,15 92.83] 7.85 | 7.17 | %71 | 251 330 57.6 2250 |1.7 [16u |28.7| 0.u98 T 239 97.70 2.3 0.69 | 13b 15
6 (165 [3m5 | es.6 | 193 12 hor | 118 0.9 [0.95 |esuo] m20 [1.%0 [93.2093.80] 6.80 | 6.0 |v.97 |23.9 w7 60.d 2830 |12 fars maa)omz | 72 |26 | esus | 152 Jo6 | 122 16
17 Jise |366 | 64 | 1% 12 192 ) a4 [0.90|1.00 [28%0| 3090 |1.51 |9u.5f9u.gu 5.49 | 5.06 |u.87 au.3  1365| 63.7 2120 1.9 17y J3o.; o.b75 | . 72 228 | 97.36 2,64 |o.67 | 138 17
18 135 PN 7.1 | 1% 0 227 ] @7 |o.96 ]| 0.86 |2760] 3050 |1.30 |9u.2394.78| 5.77 | 5.22 | 6.26 | 18.9 382 66.7 %80 1.5 |27 [37.9]0.568 10 213 97.86 2.1y 0.68 | 135 18
19 1715 365 63.9 | 157 13 |98 | 11 |o.88 |1.04 |2880) 3120 |1.57 9b.55 9u.98 vs.hs 5.02 | 460 | 25,7 |380]| 66.4 2830 |2.0 [an1 |29.8] 0.lis52 73 a7 97.26 2,74 0.61 | 138 19
20 1% 3a %.2 | 132, 15 lir6 | 145 lo.82]1.22 |2960] 3170 |21.84 |9u.69)95.23] 5.11 | B.77 | 3.81 | 3.0 392 68.4 2670 |2.9 |14s5 ‘|25.3 | 0.370 75 178 96.14 | "3.86 0.63 | 14y 20
a 1 n3 su.8 | 195 72 (165 | 148 [0.90 | 1.13 |28l0| 3050 |1.70 |93.13 93.00| 6.67 | 6.50 |3.65 [ 32.5 [3s8] 61.d 1005 2.8 [aue [25.9 0.119 12 201 96.11 3.89 0.61 | 15 a
22 154 315 65.7 | 102 g5 |227 | 148 [0.65]0.93 [3270| 3530 |1.bo |96.88]97.11] 3.12 | 2.89 |7.02 16,9 |3u8| 60.g 2642 |2.5 |1us [25.8 | 0.u2u 83 20k 96.99 3.01 0.66 | 1m1 22
23 15 ny T2.4 | 204 s2 |28 | 166 [0.67|0.8u [3230] 3500 [1.27 {93.699u.18| 6.31 [ 5.82 [6.22 [19.0 |[3us| Go.d 3237 |27 |66 [29.0 077 | 82 229 96.71 3.29 0.63 | 1us 23
'ah 136 |wa | M2 | 28 m |21 | 180 [0.69|0.75 |3190] 3¥90 [1.13 [91.0191.77| 8.99 | 8.23 [6.70 |17.7 |332| SB.0 333 |2.4 180 [31.k]o.5%2 [ @ %0 | 97.0% | 2.96 |o0.63 | 1u6 2
s |13 |w | 19.0 | 257 83 |213 | 118 [0.65|1.08 [3270| 3490 [2.57 |92.1492.64| 7.86 | 7.36 | 3.63 [30.9 (u67T( &1.5 355 {2.5 (178 [31.0(0.380 | &3 182 | 96.99 | 3.00 [o0.67 | 138 >
% (138 luso | 15.3 | 202 18 |2v5 | 185 [0.76 [1.05 |3080| 3310 |1.58 [93.43]93.88) 6.57 f 6.12 | 4.5 | 28.5 |uso| 78.6] 2990 |2.4 |r&5 [32.4| 0.2 | 76 198 | 96.93 | 3.01 |o.66 1ho. 2%
2 18 ”5' 6.8 | a3 85 |39 | 146 [o.62 [1.08 [3350| 3570 |1.63 |93.64/9%.03] 6.36 | 5.97 |3.80 [31.1 |wm6]| 72,6 2870 [2.6 146 |25.6 | 0.352 85 i69 96.94 3.06 0.64 | 146 ¥4/
2 [0 |30 |62 e & |as5]135 [0.63|0.99 [330| 3550 (1.9 [9%.55/9h.93) 5.M | 5.07 [U.gh |20 | gug] 6.5 M0 2.5 135 |25.7(0.390 | s | 187 | 903 | 2.97. |o.67 | 238 =
9 160 m su.b | 1% g0 [182 | 129 Jo.71 [1.23 3150 3360 [2.85 |95.24195.53) k.76 [ u.u7 |3.87 | 30.6 |383| 66.9] 2900 |2.3 |19 [22.6] 0.338 80 162 97.13 2.87 0.70 | 133 2
30 170 308 53.7 | 133 s3 |87 | 12 [o.68|1.20 ‘[3270[ 3470 |2.81 |95.93|96.17( b.07 | 3.83 |u.23 | 28.0 |368 6.9 2463 [2.7 ha |a.2 0.330 83 158 96.75 3.5 - [o0.68 | 137 30
n 179 292 5.1 | 162 85 [& | n1 Jo.61 1.2 3350 3560 |1.82 |95.17]95.45) u.83 [ 4.55 |3.90 |30.3 [352] 61.5] 2353 [2.6 amx |19.4]0.:5 85 151 96.95 3,05 0.69 | 133 n
32 176 332 s6.0 | 120 12 115 | 157 [0.90 |1.07 [28lo| 3080 [1.61 [95.78[96.10| u.22 | 3.90 [M.90 |21 |396| 62.2] 2270 (1.9 (157 [27.5(0.uk2 72 212 97.36 2.64 0.68 | 136 32
33 n 267 uw6.7 | 126 85 [166 | 1010 fo.61 [1.36 |[3350] 3540 }2.05 |96.24[96.%4| 3.76 | 3.56 |3.77 | 31.4  |363| 584 267 2.6 [0 f17.7] 0.280 85 135 - | 96.94 3.06 o.n |13 33
3 179 327 532 | 133 85 |203 | 124 lo.61 |1.05 |3350] 3590 [1.58 |96.03)96.29f3.97 | 3.70 [5.16 [22.9. |3u5y 60.2l 2507 |2.3 hau [22.70.360 85 173 97.29 an o.70 | 132 3
35 |183 |32 5.5 | 237 13 h12] 192 |o.86 |1.00 [28%0] m2 |1.50 |91.T7[92.%0| 8.23 | 7.60 |3.98 | 29.8 »3_2}’; 56.6| 2890 |2.0 a5y |26.u|o0.u65 | 73 223 | 91.2%6 2.7 |o0.67 | 139 35
36 90 667 116.7 168 u7 (Fot calculated since this was a clesnup fraction at end of test.) 126| 127 ] 297 |u.6 3
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6. Te Orific D: ibuto

References to commercial columm extraction installations imiicate
that it is usually not worthwhile to instull elaborate devices to distribute
- the dispersed phase liquid over the area of the column, since general expe-
rience has shown that good distribution is established anyway after movement
of a distance of four to eight column diameters. In the particular cuse, -
however, of operation of a column inside a cell where the height is limited,
it is essential that all of the column height operate as closely as possible
to maximum efficiency. Therefore, in this particular case diatribution of
the solution is desirable.

Contemplating use of a distributor designed to malntain a definite
head and give flow through small orifices, tests were made to determime the
rate of flow of both feed solution and calcium nitrats solution through small
stainless steel orifices of different diameters and thicknesses. Tests were

" made for both vertical and horizoatzl flow. In all cases the orifice was

completely surrcunded with dibutyl cellosolve during the tests.

Tests with 8 H Calcium Nitrate volution

Orifice - Orifice Direction of javerage Head of] Rate of Flow
Diameter Thicknes Liquid Flow ‘| Liquid Above | cc per opening
Opening (cm) | per pigute
0.03125" 0.072" WV erticallyDownwar 2.8 4oT5
n v n " n 1.4 2.28
" ' woo " " 0.7 (). Rate falls to
‘ o &t 150‘1.2 m.
0.0468" 0.072* NerticallyDownward] 2.8 16.7
. " " " 1.6 11.5
\ ". u " “ 0.7 1.7
0.0468" 0.25" NerticallyDownward| 2.9 .70
" . n " n 1.5 5.58
" : n " " 0.7 2,18
" " ' " " 0.6 0.8, Irregular.
Flow stops and
. . starts,
0. 04680 0.25% | - Horigzontal 2.9 7.90
" o " 1.5 2,52
LI » n 0.9 0.0, No flow
whatever,
0. 04687 0. 50" ‘?’ erticallyDownward 2.9 6,50
# " " " 1.5 2.76
O ] : n n [ ] 0°9 l°76
" : n . " 0.5 2,00; . {Drains to
zero head)
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Tests with & N Calcium Nitrate Solution (Cont.)
[ Orifice | Orifice Direction of |iverage Head off Rate of Flow
Diameter | Thickness - Liquid Flow Liqguid above cc per opealng
B Openi cm) | . per mimte
0.0468E0 0.50" ’ Horizontal 2.9 5.40
" a o 1.5 2.05
o b n 0.7 0.77 Flow irregular
n J n ) 0.6 0.0 (No flow whatever
0.0468" 1.00° Werticalli Downward] 2.9 4o34
[ 4] [ ] n 1] 105 2927
] n ] % 0.9 1.46-
" " " u 0.6 1.61
f n n n 0.5 1.07 (Rate fulls to
o 0 at 0.3 om head)
0,0468"" 1.00¢ - Horizontal 2.9 R, 22
. " " 1.5 0.99
0. 0625" 0.072" WNertically Downwar L4 . 21.3
] n n 0.7 ) 13.3
Q. 0938" 0.072" Nertically Downwar 1.5 - 52,0
" . n n 0.9 36.0
Tests with Mixed Feed bolution :
Thorium Nitrate - X.94 N
Aluminum Nitrate 1.06 N
smmonium Nitrate Ooddy N
Calcium Nitrate 3.312 N
jolit ' 1.8
Orifice Orifice Direction of  |average Bead of] Rate of Fiow
Diameter | Thickness Liquid Flow Liquid above cc per opening
Opeping (cm) per_mimte
0.03125% 0.072" Wertically Downward 2.8 -6.05
" o (1] n 1.4 3.24
" n n . n 0.9 0.00 (Flow stops
' ‘ at this head)
0.0468" 0.25" Horizontal 2.9 10.0
" a " 1.5 3.42
L " u - Ll.2 1.27
" : " .. ’ 0.5-0.6 0.0 (Flow
‘ " stopped)

‘The phenomens of flow becoming irregular snd ceasing at heads slightly
above sere is oonsidered dus to the effect of surface foress and is a aimilar

action to the previcus observation of ibs resistance offered by a steinless steel
screen to two-phase flow..

/



’ -%- .

From the above results a 0.0468" diameter orifice with a metal
thickness of 0.25" and with horigzontal flow was selected as the bsst orifics
to give a flow of about 2 cc per hole per minute for scrub solution and 3 ce
per bole per mimite for a mixture of feed solution and scrub solution, sim-
ilar flow rates could be obtained by the use of a vertical flow orifice of
0.03125" diameter and a thickness of 0,072", or a vertical flow orifice of
0.0468" diemeter and 1.0" thickness. However, stoppage of a horizomtsl ori-~
fice by fragments of broken packing is considered less likely than stoppage
of a vertical arifice. -

: The above experimental date are summarized in the followilﬁ tables
and graphs.

Table IXand Figure 11I show the relation between H.E.T.5. and rate
of flow for the extraction of wranium by dibutyl cellosolve from acid solu~
tions of the composition originslly contemplated. Data for several Yypes of
pack:lng are shown,

Teble X and Figure IV show the relstion between H.E.T.5. and rate
of flow for scrubbing thorium fram dibutyl cellosolve which has beén equili-
brated with an agueous solution of the composition originully contemplated.

Table XIX. gives H.E.T.H. data for the simultanecus operation of the
extraction and scrubbing sections, Data are given for several sclution compo~
. sitions. ' .

Figure V is a series of graphs showing the relation between the
percent of material left unextracted and the number of theoretical oxtraotion
stages for various values of the extraction fa
~ lationship between the mumber of HIUgg and the £-

Table XII shows the results of calculations to-determine the required
mmber of theoretical scrubbing stages to give products of several degrees
of purity in regard to thorium content. Values were calculated for three
initial thorium/uranium ratios and for two distribution cnefficlent values.
Table XIII is similar to Table XII except that it gives mumber of mm instead
of number of thooretioal stages. -
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Tsble IX

Summary of H.E.T.b. Data for Extraction of Uranium by
Dibutyl Cellosolve from SHolution Conteining:

Thorium Nitrate 1,94 N
Aluminum Nitrate 1,06 N
Ammonium Nitrate 0.44 N
Calcium Nitrate 3.00 N
Nitric acid . 0.31 N
Distribution Coefficlent 2.03
Aqueous lhese Continucus Seolvent e _Co. ous
Kind of Packing | Flow Rate of Flow Rate of
: Aqueous _Yrhase H.E.T.G, Aqueous_Phase B.E, T.5.
oo/ cuf/hr (cm) co/om®/hr fem)
1/16é" Glass 263 146 247 52
Helices 151 123 149 39
. ' 65 93 66 22
1/8" Glass 237 65 271 63
Helices 143 49 139 43
' 62 - 45 7 25
Split 6 mm 264, 85 300 226
Glass Rings 150 75 h VA 156
98 - 66
66 65 59 65
Table X
-Summary of H.E.T.&. Data for Scrubbing Thorium from
Dibutyl Cellosolve after Extraction of Uranium

solvent Composition: :

- Dibutyl Cellosolve almost 100%
Nitric Acid : g 0.101 B
Initial Thorium Content after Extraction 312 mg/liter
Distribution Coefficient for Thortum (agueous/organic) 85.0
Distribution Coefficient for Uranium {aguecus/organic) 0.14
Ratio Lerub bolution Volume to oolvent Volume ca. 0,375

: Agueous Phase Continuous Solvent rhase Contimuous .
Kind of Packing | Flow Rate of Flow Rate of '
| Solvent thase| H.E.T.S. Solvent Phase H.E.T.S,
ce/em</hr (em) ¢/cn</hr {om)__ \
1/16" Glass’ 67 121 74 ~ 4B
Hellces
1/8" Glass 140 107 .
Helices 78 7 74 70

<.
i
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able ‘XI

oummary of Data for Simulteneous Operation

of Extraction and Lcarubbing tectiona

Test No. 33 34 35 36
Feed Lolution Composition
Thorium Nitrate 3.1 N 3.1 N 3.1 i 2,36 N
Aluminum Nitrate 1.7 N 1.7 N 1.7 N 1.29 N
ammonium Nitrate 0.7 N 1.2 N 0.7 N 1.29 N
Calcium litrute Noxe "jione 0.9 N 1.415 N
Nitric sacid 0.5 N - - -
pH I Below O 1.7 1.8 1.69
Scrub Solution Composition |
Ca(N03), , . BN 8 N 8 N 8 N
can 1-5 -cao 195 ca. 1.5 340
Average Flow Rate 4queous Phase '

(ce/em*/nr) €6 7 61 61
Ratio Scrub to Feed 0.58 0.55 0.64 0.81
Thorium Content of Extract Before .

Serubbing (mg/liter) ca. 300 ca., 115 ca. 70 ca., 86
Distribution Coefficient for :

Uranium Extraction 2,03 1.67 1.46 1.51
Distribution Cosfficient for A

Uranium for Scrubbing --&---—-—-0rg e 0.14 0.19 0.16 0.23
Distribution Coefficient for - ~ _

Thorium for Scrubbing AGueous 85 280 230 - 480

Organic ‘
Kind of Packing 1/16" /16" 1/1€n 1/16"
Helices Helices Helices | Helices
H.E.T.5. (cm) for Extraction 21 25 19 26
H.I.T.5, (cm) for berubbing 62» 109 n 129

*Muy be lower, since it is uncertaiun whether equilibrium wes reached.
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Table XA1I
Calculated Values for Number of Theoreiical Lerubbing Stages
to Leparate Uranium and Thorium
to Various Degrees of Purity of the Uranium

assumed Uranium Distribution Cpefficient ﬁg—gﬁ - O,Z.in all cases

[assuned Thorium Digtribution | ‘

Coefficient u%mz 85 300

%ﬁﬁ Ratio in Extract 4 10 100 A 10 100
Before $ecrubbing
Number of Lerub Gtages g
to give 99.8 U 1.74 2,01 2.67 1.28 - 1.47 1.96
Number of Scrub Stages _ .
to give 99.99% U 3.07 | 3.34 |4.00 | 2.26 |2.45 |[2.94
Number of Serub Stages
to give 99.9999% U 4o 40 4. 66 5.34 3.24 3.43 3.92
Table 111
Calculated Values for the Number of RIU(E Units
' to Separate Uranium and Thorium
to Various Degrees of Purity of the Uranium
assumed Uranium Distribution Coefficient %};:—-%i—“: = 0,2 in all cuses
[sesumed Thorium Distribution
. Aqueous :
Coefficient ’Ggfga_nfc' 85 300
Thorium 3 . A
Uranium Ratio in Extract _

@ Before dcrubbing 4 10 100 4 10 A00
Ngg to give 99.0% U 0.198 | 0.228 |0.303 |0.0542 [0.062 |0.063
Nop to give 99.99% U 0.349 { 0.379 | 0,454 10.0957 [0.104 |0.125
NOE to give 99.9999% U 0.500 | 0.530 09606 0,138 0.145 | 0.166
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I, DESCRIPTION OF PROCESS RECOMil:DED

: The entire process for the lsolation of U?33 from thorium "carbon-
ate® slugs which have been irradiated with neutrons comprises five principal
steps, viz.,

1. solution of the slugs in nitric acid to form a solution
which is 3.23 N in thorium nitrate, 1.77 N in aluminnn
nitrate, and 1.00 N in nitric acid.

2. A&dsorption of the Pe' 233 gnd the major portion of fission
products on Mm0,, precipitated in situ, removal of the
precipitate, and subsequeni gdjustmént of the pH 1o 1.7 - 1.8 -
with ammonia or lime or & co._.inaw.un of the two.

3. Continuous countercurrent extraction of the solution,
followed by scrubbing the thorium from the extract with
calcium nitrate in an upper section of the column.

4. ©eparation of the'0233 from the dibutyl cellosolve extract
by any one of several methiods such as evaporation, strip-
ping with water or ammonium sulfate solution, or adsorption
on alumina or other adsorbent. The latter method is pre-
ferred for the pilot plant acale of operation.

5. Figpal purification by a method depending on the means
employed for the fourth step. _

This report deals only with the extraction and scrubbing step. The
other steps have been or will be described in separate reports.

In principle, the extraction step is very simple., The equipment
comprises a packed column with a lower section for extraction and am upper
section for scrubbing, together with auxiliary equipment for feeding the feed
and scrudb solutions and the dibutyl cellosolve at controlled rates. There
must also be a jackleg or a.controlled pressure tank for discharge of - the
raffinate from the bottom of the column and an outlet at the top of the column
for discharge of the extract.

During operation of the column, the dibutyl cellosolve is pumped in
at the bottom and rises to the top where it is dischurged. The feed solution
is introduced in the mlddle of the column where it mixes with the spent scrub
solution and then descends to the bottom and is discharged as raffinate. The
scrub solution ie added at the top of the column. 4as the dibutyl cellosolve
rises through the lower section, it extracts the uranium from the mixture of
feed solution and scrub solution. 4lso it extracts some thorium. after pass-
ing through the lower section, the dibut;l cellosolve continues its asceat
and contacts the scrub solution in the upper section of the column. The scrub
solution removes substantially all of the thorium from the extract and returns
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it to the lower section. at the same time, the scrub solution rcmoves & minor
portion of the uranium, returning it to the lower sect.on also, Thus the
offective uranium tontent of the aqueous phass entering the extraction sec-
tion is always somevhut greater than that corresponding to a mixture of feed
solution and scrub solution in tke proportions that are fed to the column.
The yield must be based on the uranium content of the feed, but calculations
to determine the number of stages and the height of each stege must be based

on the effective uranium concentration which includes that refluxed bty the
scrub solution.

48 for the desiyn of the column, therv are msny poasivilities de-
pending on the desired percent extraction and th: degree of purity of the
final product and also on the permiseible hesd rcom, the metiod of separating
the uranium from the solvent, and the composition of the solutions employed.

On the assumptions that 99% of the uranlum is to be extracted and
that the product shali be 99» purity (basis uraniur anu thorium), the follow~
ing column desi;ns, as shown in Table XIV, would gire the desired results for
the solution compositions slown.

Table XIV .
Co sl to Give 99% Extraction 9% Pvrity of Product

Feed Solution Composition:

Thorium Nitrate . 3.1 N 31N . J.36 N

Aluninmum Nitrate 1.7 N 1.7H 1.29 N

Ammonium Nitrate 0.7 N 0.7 N 1.9 N

Calcium Nitrate - - 1.4a B

HNO4 ) 0.5 N 0.5 i -

P ] Below O Below O 1.69
Scrub dolution Composition: .

Calcium Nitrate 8 N 8 N & N
pH ca. 1.5 ca, 1.5 3.0
Kind of Fecking 1/16* Glass | 1/87 Glass |1/1€" Glass

Helices Helices hielices

Contimious FPhase Solvent Aqueous Solvent
Required Stages:

Extr_action 5. 6‘ Se 64 £.£8

Scrubbing 2,22 2,22 1.235
Height of Sections: ' 4

Extraction ' 46.9 inches| 99,0 inches | 90.5 inches

Scrubbing 53.8 inches 62.4 inches 62.% iuches
Total PECked llei&lt 854 fto 1305 fto 120& .fto .
Flow Rates (cc/c;:nz/hr)a ,

Feed Solution 4l.4 36.6 36.4

Scrub Solution, éé‘a 23.1 23.0

Dibvutyl Cellosolve o3 61.7 . 6l.4




-3 “ ™
(o} 0] fo ot t_lnstallation

bince lack of head room in the cell where the operatiou is to be
carried out imposes a limitation on the height of the pilot plant column, it
is necessary to design this column to fit thLe cell rather than to fit tie
operation., The head room is adeyuate to give well over 99% extraction and
well over 99% purity of product for feed solutions at below zero pH as orig-
inally contemplated. Unfortunately, such acid solutions give ucid extractis.
which interfere with adsorption of the uranium on alumina in the subsequent
step, and if the alumine adsorption process for separation of the uranium
from the solvent is to be used, pH adjustment of the feed is necessary. Ad-
justed solutions, of the compositions tezted to date, will require a greater
colum: height to give the seme percent extraction., The available lLead room
does not permit 99% extraction and 994 product purity with adjusted solution.

The proposed column for the pilot plant will be made of 3 inch Pyrex
glass pipe. The main section will be elcven feet in height and will consist of
an eight foot piece and a three foot piece clamped together. 4t the bottom
there will be s« 3" x 1% x 1" T for the solvent inlet and the raffinute dis-
charge. At the top there will be a 3" x 3" x 1% T for discharge of tke solvent,
. Connections to these T's will be by gasketed stainless steel flanges. The
raffinate will discharge through an aedjustable heigit jackleg constructed of
stainless steel und Tygon tubing. The feed solutions aud scrub solutions will
be introduced through 1/4" stainless steel pipe which enter the open top of the
column and extend downward to the desired position where t.ey discharge into
steinless steel distributors. The column will be packea with 1/1t" glass
helices in two sections. The height of the extraction section is to be 68%
and the height of tlhe scrub section is to br 60", & sketch of the column is
shown in Figure VII. lts expected performance for two types of feed solution
is shown in Table XV,

Table XV ‘
Expected Performance of Pilot Plant Column

Composition of Feed Solutioni

Thorium Nitrate 3.1 0N .36 N

Alumimm Nitrate 1.7 N 1.29 N

Ammonium Nitrate 0.7 N 1.29 N

Calcium Nitrate = 1.41 B

BNOB ' Ogs E‘ Core

B : Below O 1.69
Composition of Scrud Solution:

Calcium Hitrate _ B.0 N 6 b
pH ca: 1.5 3.0
Contimmous Phase : Solvent solvent

Flow Rates (Total for Column, cc/hr) :
Feed Solution : 1890 1755
Lcrub Solution 1137 1050

Dibutyl Cellosalve 3027 2855
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Z=————— FEED SOLUTION INLET 14" PIPE Dr. # 2090

SCRUB SOLUTION INLET 1/4" PIPE

EXTRACT DISCHARGE

SCRUB DISTRIBUTOR SAME AS
'L DISTRIBUTOR EXCEPT: FEED

NOZZLES ORI NLY .
—2 NoZZL LLED ONLY ONE 3/64

TOP COVER PLATE OMITTED.
ORILLED THRGUGH FOR_PRSSAGE
OF WPHFE. ,

COVER AND PACKING SUPPORT

< 1/4” PIPE DRILLED
O WITH /18" HOLE

| | . _ _-L
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Extruction Stages 8.20 . 6.6
Scrub btages 2.48 1.19
Percent Extraction 99.83 97.47
Purity of Product (Basis U and Th) 99.69 ' 96.71

X, DISCUSSION OF WORK

This investigation has demonstrated that contimious countercurrent
extraction in_a_packed column is a practical method for separation and puri-
fication of U233, sufficient information is now available to construct e
pilot plant. However, the pilot plant which can be designed on the basis of
the present information and available facilities has two disadvantages. The
most serious of these is that the lack of sufficient head room makes it nec-
essary to operate with the solvent phase conmtinuous. Such a method will re=
quire extremely careful control of the interface height, since if the inter-
face dropped too low, a large part of the column contents would immediately
“drop out® through the raffinate discharge.

The second disadvantage of the pilot plant column is that fine pack-
ing will require almost perfect clarity of solutions if contlmied operation
is to be maintained.

The pilot plant column which is planned will demonstrate extraction
as a process and will give information for a full scale column based on the
same kind of packing and the same method of operation. I1t will also give
- information on the effect of radiation on the solvent and on the decontemina-
tion from radioactive fission products. It will not give information for the
degign of a column with larger packing.and designed for operation with the
aqueous phase contimious. Such a column would require more height, but its
advantages would more than compensate for the increased height. For ultimate
large scale operation, there seem to be no valid reasons for any unnstural
restrictions on column heights for this operation. This process is subject
to the same principles that would apply to the design of columns for other
extraction process, with one added provision, i.e., shielding against radig-
tion. One aettractive method for this shielding is to sink the column in the
ground. Such an installation might consist of an cuter stainless stesl cylin-
drical vessel with c suspended pump at the bottom te serve us & safeguard
against possible leakage of the column, and an inner steinless steel cylin-
drical vessel to serve as the column proper. Tubes introduced through the
top of the column might serve as inlet and outlet connections, thus decrsaaing

the possibility of legkage from conmections on the sides of the columa.
: a

X1, nn'coggmmrmu: FOR_FUTURE WORK

Plans have already been formnlated for future work on several ase-

‘pects of the problem. These 1ncludo
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A, Pilot plant work on the three inch column described in this
report. This will give a demonstratlon on a larger scale
and will give data on decontamination from fission products
and on the effect of radiation on the solvent.

B. Laboratory exti'action tests on solutions made from thorium
metal slugs from which the alumimum jacket has been dissolved
with sodium hydroxide solution,

C. Laboratory batch extraction tests on varied solution composi-
tions in an effort to obtain higher distribution coefficients
with adjusted pHsolutions. The more promising of thess com-
positions will be tested in the laboratory column,

Thls work will include a study of other scrubbing solutions
and salting agents. Work already in progress on this phase of
the problem has indicated that it will be possible to obtain

a distribution coefficient of 5.0 or more by using a feed solu~
tion containing 3.33 N thorium nitrate, 3.00 N salumimum nitrate,
and 0.67 N nitric acid in combination with a scrub solution of
6 N aluninum nitrate whick has been adliustnd with lime to a
pH of 1.3. It is quite possible that use of this solution will
permit operation with the aqueous phase contimious end substi-
tution of 1/8" stainless steel helices for the 1/16" glass
helices in the pilot plant column, ;

D. Laboratory tests on the measurement of the h,L.T.5. of amdl
stainless steel packing.

In addition to the above, before final design of a large scale unit,
tests should be made to messure the H.E.T.L. and HTU of larger packing with
the aqueous phase continmuous for the mare promising solution compositions.

- Time might also be profitably spent in an effort to find an adsorb-
ent which could be regenerated in place and which would not contaminute the
uranium with any other metallic impurity when it was leached with an acid
solution of the solvent. 4activated carbon and silica gel may have possibil-~
ities along this line. . -

For ultimate large scale operation, water stripping should be given
serious consideration: It should be possible to obtain a high volume reduc-
tion, together with complete stripping, by using a series of countercurrent
water stripping stages with recirculation of the major portion of the water
in each stage, permitting only a small fraction of the water discharged from
each stage to pass on to the next stage. '
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for their essistance on the analytical phases of the work. This ussistanoce
included not only & great. mumber of analytical determinations but also revi-
sion of the uranium method and development of a completely new thorium method
which 1s suitable for the determination of thorium in quantities as low as
0.1 milligram per liter of extract and possibly even lower.
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