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1.0 ABSTRACT

Celcium hydroxide slurries, approximately 360 g of calcium
hydroxide per liter of water, effectively removed impurities
from Thorex process solvent (42% tributyl phosphate in Amsco
123-15) which had been used in nonradidactive putse column’ stugies,
go that 1t could be reused in extraction columns. Contact '
between solvent and slurry was made in mixer settlers. The
volume of waste from this recovery process was 1% or less of
the volume of solvent treated. An equipment dlagram and a
flowsheet are glven.

2.0 INTRODUCTION

The obJjective of this investigation was to determine the feasibility and ad-
vantages of semicomtinuous treatment of used Thorex solvent with calclum hydroxide
prior to its reuse in the extraction process. In the nonradidective pulsé column
studies when Thorex process solvemt, 429 tributyl phosphate (TBP) with a hydro-
carbon diluent, Amsco 123-15, was reused without purification, decomposition
products of the TBP and other impurities in both the TBP and the diluent caused
the formastion of solid particles of insoluble material at the solvent-aqueous
interfaces in the process contactors.(1,2) This solid-particle layer tended to
hide the interface, cause flooding, concentrate radloactivity and carry it over
in the product, and otherwise make columm operation unsatisfactory. Iaboratory-
scale batch treatment of solvent with a calcium hydro?ide slurry was effective
in removing these impurities from the Thorex solvent, 354) and earlier purifi-
cation systems for other TBP-hydrocarbon solvent mixtures used countercurrent
extraction of the used solvent with sodium hydroxide or sodium carbonate solu-
tions.(5,6) Such systems would not adequately remove the solid-impurity formers
from Thorex solvent,(3s4) sinee the acid deficiemt Thorex flowsheet makes the
solvent quality more critical then for some similar processes,such as Purex.

The studies reported here were made in a 6=1n.-1.d. vertical mixer-settler

| contactor with a design processing capacity of 18 liters/hr; this was cne-temth

the size which would be required for the 200-kg/dsy Thorex pilot plant. Studies -
were made to evaluate the equipment used and to establish an optimm flowsheet
for the purification process.

The advice and assistance of J. Savolainen, who was responsible for the
chemical development of the calcium hydroxide solvent tweatment, and of W. R.
Winsbro, who designed the contactors used, 1s recognized and appreciated.

3.0 EQUIPMENT EVALUATION

The experimemtal studies included evaluation of the equipment suggested
for this process by the Process Design Section engineers (see Sec. 9.1). Com-
parisons with possible alternmative systems were mnot attempted. Semicontinuous
rather than batch operation was recommended because it permitied smaller equip-
ment, smaller holdup volumes, and treatment of more solvemt per unit wdight of

—————
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calcium hydroxide, so that both waste voluﬁtr’fﬁ solvent losses were smaller.
Calcium hydroxide requirements were about 1 g or less per liter of solvent for
the mixer-settler contactor gystem compared to about 20 g per liter for batch

treatment.

3.1 Recommendations for Plant Applicatioms of Caleium Hydroxide Solvent

Treatment

If the ¢alcium hydroxide slurry treatment of solvent is to be appliéd iIn a
production plant, studies to select an optimm type of comtactor would be justi-
fied. Possible alternate comtactors which could have advantages include: (1) a
pulse column which would give cantimuous operatiom, (2) separate mixer and settler
units, vhich would give a wider range of throughputs without excessive carryover
of calciwm hydroxide slurry, and (3) a jet mixer loop or similar comtactor which
would use a pump to eliminate the use of an agitator. Altermates (2) and (3)
with a centrifuge would give very flexible systems in respect to the holdup time,
flow rate,and agitation variations possible.

Since the mixer-settler comtactors require periodie¢ shutdowns for racharggng,
feed and product holdup facilities would have to be provided for using them in
a solvent recovery system for a contimious solvent extractiom process. The time
for recharging, the charge lifetime, and the solvemt input rate to the extraction
columme would determine the capacities required for holdup facilities and the
solvent recovery system. An extra comtactor amnd spare centrifuge could be in-
cluded with a piping system to make the solvent recovery cempletely comtinuous,
but the holdup tanks séem simpler and e¢heaper.

3.2 Mizxer~Settler Contactor

The mixer-settler contactor as designed performed well with only minor
alterations (see Sec. 9.1l). The vessel (see Fig. 3-1), which was similar to a
Rushton contactor for two liquids, combined mixing of the calcium hydroxide
slurry with the solvent and settling out of the s0lids in one vessel to give a
relatively solids-free solvent product.
at the bottom, passed through the agitated mixing regiom into the baffled settling
section, over a sawtooth welr, and out at the top. The design called for an

- average contact time of 1l hr in a single comtactor, a solvent velocity of 2.5
cm/min, agitation at 400 rpm, and a solvemt processing ocapacity of 18 1liters/hr.

The used solvent entered the contactor

The mixer-settler contactors could be scaled up by keeping the seme height
and solvent flow per unit area, with larger baffles, agitators, and body dlameters.
The use of a higher feed rate per unit area of ¢ross sectiom, with g longser column
to maintain the l-hr comtact time, intreased the carryover of emtradned solids

and should be avoided.

Rate of Operation. Satisfactory operation was possible for rates up to

double the design rate of 18 liters/hr

The rate of operatiom of a caleium hydrox-

33e slurry solvent recovery system is limited by either (1) the comtact time re-
quired for the slurry to adequately remove impurities from the solvent, or-(2)
the solvent velocity which must be low enough to give tolerable emtraimsent of
slurry particles out of the conmtacting volume and out of the settling region

overflow.
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The min contact time to adequately remove solvent impurities was 1 hr
in a single ¢ _ . Two contactors were used in series (instead of ome con-
tactor with double the residence time), with auk~hr residence in each, to give
a two-stege removal of solvent impurities and thus greatly in¢rease the charge
life. The two stages also decreased the probability of chammeling or short-
circuiting of solvent. The design settling velocity of slurry particles was
2.5 cm/min. Operation for velocities up to 5 cm/min was practical; higher rates
caused excessive carryover of solids in the comtactor products.

Most of the operation of the solvent recovery system was for rates mbar the
design rate of 18 liters/hr. This design rate, which is 50% of the maximm rate
as limited by either comtact time or solvent velocity, appears to be a practical
value for normal operation. The mixer-settler contactors required 5 in. or less
of solvent gravity head to maintain operating flow rates (ses-Sec. 9.3).

Agitator Speed. Operation with five agitator impellers at 40O rpm gave
excellent miting with no evidence of chenneling. The agitetion requiréments
would be different for a differemt comtactor gecmetry. Agitator speeds of 200
rpm or less gave vigibly poor turbulénce and contacting. Speeds of ha'p Tpm or
more seemed to increase the carryover of solids in the form of fine particles
dispersed in the solvent. There was no apparent increese in contactor efficiency
at speeds above 4LOO rpm, although tests specifically intended for checking this
point were not made. The use of a mmber of impellers on a single vertical shaft
in a long contactor was better than a single impeller in a larger diameter con-
tactor because (1) there 1s less chance of chamneling through a series of mixing
zones, (2) the higher upward velooities Afd in keeping the calcium hydroxide
slurry in suspension and give better mixing, and (3) less power is réquired
since power requirements depend on the fifth pewer of the agitator diameter.

3.3 Bolvent Clarification Equipment

The solvent leaving the second comtactor normally comtained about Q.02 wt %
solids, which resulted in formation of interfacial solids in the extraction column
if the solvent was reused without further clarification. If radioactive solvent
had been processed, the entrained solids would probsbly have comtained a major
part of the product solvent radicactivity. A centrifuge was more effective than
a Tilter for dependably removing these solid particles.:

Centrifuge. The Sharples supercentrifuge used as a comtinuous clarifier
gave a golvent product free of visible suspended material for flow rates up to
406 liters/hr. Above this rate, the maximm capacity of the cemtrifuge bowl to
discharge solvent was reached before the breakthrough of solids became serious.
The Sharples supercemtrifuge was used because of availability; a slower-speed mnd
larger-diemeter type of centrifuge would probably give adequate clerification
and would be more practical for pilot plant or plant use.

Filter. A sintered stainless steel Starr filter operated well for all the
Thorex solvent processed. The head required for operation of the filter was
found to be a linear function of the flow rate and varied from 2.4 to 4.3 £t of
solvent to pass 22 liters/hr. It was not a simple function of filter cake
buildup or time. During operation with Purex solvent (see Table 9-2, charge 15),

AR
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vhich was 30% tributyl phosphate in Amsco (hydrocarbon) diluent, the filter
would not permit reasomable flow rates. These results indicated that a centri-
fuge is to be preferred for solvent clarification.

Wash Columm. Bubbling the second comtactor product solvent through 18 in.
of water in the water wash columm did not adequately remove the emtrained solids.
A dilute nitric acid wash (approximately 0.1 M) dissolved the solids and allowed
undesirable components to redissolve in the solvent,

?-I-.O CAICTIUM HYDROXIDE CHARGE

In laboratory s'tudies( 2,3) o slurry of finaly divided, solid calctum
hydroxide was found to be effective for purifying Thoréx solvemt. Aqueous
solutions of calcium hydroxide were mot effective, probably because of the-low
solubility of this hydroxide in water. Finely divided calcium hydroxide low in
calcium carbonate was desirable,and Beker and Adamson reagent grade calcium
hydroxide powder was found satisfactory. Use of old calcium hydroxide that was
partially converted %0 calclum carbenate resulted in entraimment of solids in
the contactor overflow and poor product solvent quality.

k.1 charge Composition

Liquid-1iquid contact of an aqueous slurry of calcium hydroxide with the
solvent was found to be the most efficiemt method of using calcium hydroxide —
for Thorex process solvemt purification and recovery. The optimum slurry compo-
sition was 330 to 400 g of calcium hydroxide per liter of water with ebout 30%
of the comtacting volume eccupied by the aqueous phase. The aqueous slwrry
vas dispersed by agitation into the contimous solvent phase.

The initial procedure, suggested from leboratory studies, was to disperse
dry calcium hydroxide in solvent. Contacting,with agitation,of 60 g of calcium
hydroxide per liter of solvent for 1 hr removed many of the undesirable solvent
impurities. Operation of the mixer-settler comtactors with the 60 g of dary
calcium hydroxide per liter of solvent permitted carryover of excesslve amounts
of calciwm hydroxide as small particles in the solvent leaving the caatactor.

Tt was observed that addition of water to the comtactor during operation caused
an increase in the calcium hydroxide particle size and gradual}y reduced the
carryover of solids. The need for adding water was at first thought to be due
to the inadequacy of the wetting columm for water-saturating the fresh solvent
vhich was being treated, "but - for used solvent,whish should be water=-paturated,
similar results were obtained. When 600 ml of water was slowly added to & new
slurry charge in the comtactor before use, the carryover of fines was delayed,
but not prevented. One liter of water added to a mew slurry charge in a con~-
tactor coalesced the calcium hydroxide slurry imto pellets (up to 1/8 in. diam.),
which were useless for solvemt treatmemt. Neither comtimuous nor intermittent
addition of water during operation was satlsfactéry for contimmous operation of
the solvent recovery system, since the difference between too much and too
little weter was small. :

When sufficient water was added to the slurry rapidly, the slwrryof calcium
hydroxide in solvent was converted to an aqueous-phase slurry. Liquid-liquid

T




-6 -

contacting of this aqueous phags with solvent was found to effectively remove
golvent impurities. The charge make-up procedure was changed to slurrying
calcium hydroxide in water and putting this aqueous slurry into the contactors.
From 330 to 400 g of caloium hydroxide per liter of water was found to be an
optimum aqueous phass composition, Less calcium hydroxide permitted the formation
of large volumes of emulsions which tended to completely fill the contactors,
vhile more calcium hydroxide gave a thicker slurry which 414 not mix well with
the solvent. The organic phase must be continuous to prevent emmlsion formation,
and this limited the fraction of the contacting valume to be ococupied by the
aqueous phase, As much of the aquecus slurry was used as wag prectical to in-
crease the amount of calcium hydroxide charged and thus the charge life., The
optimm compromise of these conflicting demands was to bave the aqueous slurry
equal to about 30% of the contacting volume. )

k.2 Charge Life

The life of a contactor charge of calocium hydroxide is determined by the
first to be reached of three possible limits; these are:

(1) Reutrelization of the calcium hydroxide by the nitric acid in the sol-
vent., A calcium nitrate solution 1s not effective for solvent pmrification.

(2) Decreased effectiveness of the caloium hydroxide for removing nonredio-
active solvent Impurities uniil the product solvent is not satisfactory for
columm operation,

(3) Decreased decontaminmation factors for radicactive materials until the
radlcactivity of the product solvent exceeds the specified maximum allowable.

Thorex column operation produced used solvent that is 0.00% N acid. One
kilogram of calcium hydroxide would neutrelize 7000 liters of this 0.00% N acid.
Limiting neutralization to 50% of the first contactor charge seems desireble.

For 0,00% N acid, this limit would result in recovery of 1700 liters of solvemt
for each kilogram of calcium hydroxide used. This would be a 330-hr or 2-week charge
life at the design operating rate of one contactor volume per hour. '

The longest period of cperation for a single charging of the contactors
produced 1200 liters of product solvent, equivalent to 66 hr at 18 liters/hr.
The first contactor was still removing most of the solids-forming impurities,
although a slight decrease in its effectiveness was noticeable after 810 liters
(45 hr at 18 liters/hr) had been processed. Since the first contactor continued
to remove most of the undesirable impurities, it is believed that the two ocon~
tactors in series should have a lifetime of at least several times 45 hr and
would probably have the 330-hr life determined by neutralization if the redio-
activity removal does not demend a shorter charge life. The lifetime of a cal-
cium hydroxlde charge for effective decontamination of a redicactive solvent
was much shorter (probably approximately one-tenth as lomg; see Sec. 6.0)
than the lifetime for effective removal of solids-forming solvent impurities.
Therefore, if decontamination is important, the replacemsnt of calcium hydroxide
charges more frequently than necessary for removal of nonredicactive solvent
Impurities may be desireble.

Yy
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5.0 REMOVAL OF SOLVENT DEGRADATION FRODUCTS

The aqueons calcium hydroxide slurry treatment, under the conditionms
described, consistently reduced the concemtration of solvent degradation
products to such a level that the solvent could be reused in the Therex process
extraction colmms. Extraction columm operatiom would have been very difficult
or impossible with the untreated solvent.

A maximmm concentration of 50 ppm of mono- and dibutyl phosphates wes
tolerable in the solvent used in the Thorex process, but no satisfactory method
of measuring such low concentrations of tributyl phoephate decompositiom pro-
ducts was known. Other undesirsble organic impurities were presemt in such low
concentrations thet iscletion and identification of them was not feasible. By
means of an empirical solvent quality test that was developed (see Sec. 9.%),
solvent product semples were shown to be usually "good” or "excellent.. Some
"fair" or "poor" guality products resulted—when the nonoptimum operating condi-
tions were being imvestigated (see Table :9-2). By the seme tests, the solvent
feed to the recovery system ususlly was rated "poor" or "very poor;, with some
rated "fair". Product solvemt tests were usuvelly made once every hour or
oftener; feed solvenmt tests were made omce every few hours.

In Thorex plenmt operation, pretreated Amsco 125-90W will be used as the
diluent. It comtains less aromatics and other hydrocarbons that deccmpose to
solids formers than does Amsco 123-15, the diluent for most of the solvemts -
treated in the evaluation tests of the caleium hydroxide slurry process equip-
ment. The Thorex plant operation will involve repeated reuse of the solvent,
which will be re-treated with ecalcium hydroxide slurry every time it passes
through the extraction columm. Because of these factors, the ealcium hydroxide
slurry treatment should be more, instead of less, effective for Thorex plant
conditions than for the experimenmtal studies reported.

The golvent would not be expected to remain free of solids formers through-
out the whole solvent cycle. The nitric acid in the extraction colums will
cause decomposition of TBP to DBP and MBP and will oxidize or nitrate components
of the diluent. This is why re-treatment of the solvent as part of the solvent
cycle 1s considered necessary. Use of a good quality pretreated diluent (such
as Amsco 125-90W) and use of a caleium hydroxide solvent treatment systen could
be expected to minimize troubles from solids formation in Thorex Plant extrac-

tion columms.

6.0 REMOVAL OF RADIOACTIVE IMPURITIES

The caleium hydroxide slurry treatment removed radloactive materials from
TBP-hydrocarbon solvent. Decontamination of Thorex plant solvent would probably
be better than the factors of 3 to 160 obtained for the solvents treated because:

(1) In the solvemts treated Amsco 123-15 was the hydrocarbon diluent,
while the Amsco 125-90W which will be used for Thorex plant operations
contains less aromatics and other components which decompose into solids-
forming materials.

(2)"/ The diluents were not pretr?ated,vhile in Thorex plant operatioms.
pretreated diluents will be usedi?) _
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(3) Repeated cycles through extraction colwmiis and the time the solvent
studied stood in drums imereased the probability of irreversidble tie-ups
of radiocactive materials with seolvent degradation products.

() The solvenmt radicactivity spectrum would be mmech different in a radio-
active Thorex plant where solvent weuld be processed scom after leaving
the C column. ’

After the tests were mnde, the Chemical Development Sectiom showed that
diluent pretreatment is necessayy to remove srumatics and to remove comstituents
vhich are wnstsble to oxidizing and nitreting eonditioms. The resulting oxida-
tion and nitratiom produects, which will Irreversibly tie up radicective ions,
cen be removed Yefare the 4 is mtxed with TBP, but are diffiocult to remove
from a TBP-diluent mixture,\</

6.1 From Purex Firgt Pranium Cyele Solvemt

A solvent recovery test using Purex Pilot Plamt first wranium cycle waste
solvent (304 TBP, 70 Amsco 123-15) was eaxrried cut. Beta decomtamination
fagtors of about 15 were obtalned after 22 liters of product had been processed,
6 after 200 liters, and 3 after 40O liters. The gammn decemrtamination was
about 3 throughout the run (see Table 9-3). Operatiocm wis at 1B liters of
solvent flow per howr and with a 400-rpm agitater speed. This solvenmt, which
contained unpretreated Amsco 123-15, had been recycled through the Purex Pilot
Plant a mmber of times and held In drums for 2 to 6 weeks before being.::: .
treated with ealeclwm hydroxide. Samples of feed, first ¢omtactor product, and
final product were taken at approximately heanrly imtervals, amd selected samples
vere analyzed for beta and gemme activitys The additiom of merewric nitrate to
the slurry charge at sbout 240 liters (between periocds of operatiom) had mo
significant effect on deeomtamination. It was expected to aid in removing any
free lodine present.

There is evidence that scme of the astivity 1s concemtrated in small liguid
or sollid particles im the solvent. These particles, which may be peptized by
diluent degradation products, may result in nophomogensous activity dletributions
in solvent which has not been distwrbed for a few days or weeks. "hese factors
and operating discomtimiities can expliain the variations in results of activity
analyses. The system wae Bperated and sampled for a period ef abowt 11 hr,
starting on Jan. 23, 1953. The test was suspended for 4 weeks im order to
permit further laboratory studles on decomtamination aids. The system was
run another 11 hr, starting Feb. 24, 1953. Overnight shuwtdowns and changes
from one feed drum to another ocowrred in both the llehr periods.

Decontamination factors as high as 1000 had been cbtained in laboratory-
scale studies on solvent treated batehwise with oglolum hydroxide slwrries
immediately after it had left the Purex C colwii. " For the investigation
described in this report, the solvent feed was held 2 to 6 weeks before being
processed. It 1s possible that immediate treatment would give better decontami-
nation factors because; (1) éuring the stamding period the rutheniim and gir-
conium may exchange with or cambine chemically with complex degradetion products
of the diluent before the caloMien hydroxide treatment has a shmisge to decomtaminate
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the solvent,* or (2) the calcium hydroxide might be more effective in removing
some of the short-half-life activities, such as iodime, than it is In removing
the long-half-1life materials.

Beta activity analyses for the Purex Pilot Plamt ICW stream corrected to
Jan. 8, 1953, and for the product solvent are tabulated in Tables 9-L and 9-5.
In the product solvent, 85% of the beta activity is due to ruthenium and 124,
to zirconium. )

A sample of the contents of the first comtactor after the run was completed
was dissolved in nitric acid and found to have a beta activity of about 7 x 1
¢/min per gram of calcium hydroxide. The wet centrifuge cake had a beta activity
of 2 x 105 ¢/min per gram and its weight was about 0.03% of the weight of the
golvent cemtrifuged. By using average activities for the feed and product streams,
it was possible to calculate an activity material balance which checked within
20%; this 1s good agreememt, considering the approximations involved.

6.2 From Thorex Solyemilr 5 7 T

Used Thorex procese solvent (ICW) that was radioactive when returned after
being processed in the Purex Pilot Plant solvent recovery system (sodium carbonate
vash and centrifugation) was treated in the calcium hydroxide slurry treatment
system. The radicactivity was reduced by factors of 20 to 160 (see Table 9-6).
The material causing the radioactivity was not ildentified.

The calcium hydroxide slurry tends to remove any thorium or ureniwm which
1s not stripped out in the pulse colume (see Table 9~T). Normal operation would
reduce thorium to below 10 mg/liter and ursnium to below 0.3 mg/liter. Operation
vhich resulted in high losses to the ICW stream could require recovery of thorium
or uranium from the solvent recovery system waste.

7.0 WASTE VOLUME AND DISPOSAL

When the calcium hydroxide slurry will no longer decontaminate solvent,
1t can be dismolved in place in the contactor to give an aqueous waste whose
volume is much smaller than that from a sodium carbonate recovery system. The
acid dissolution in situ (see Sec. 9.3) eliminates the use of f1lters or the
transfer of the calcium hydroxide slurry through valves or lines.

The solvent-recovery system would be started up and operated umtil 1700 1iters
of solvent per kilogrem of calcium hydroxide in (th® recavery system (or whatever
volume per charge had been selected) had been processed. Then aglitation would
be stopped, the solvent decanted hy vacuum from above the aqueous slurry, the
slurry dissolved in nitric acid, and the acldified waste discharged to a radlo-
active waste system. The organic material remaining with the acldified aqueous
golution could be separated by a phase separator, but the concemtration of
golid-impurity formers in the solvent would be very high, and it would not be
returned to the used solvent for comtactor feed. ‘

*#\ spimilax effe/ct is demonstrated when part of the thorium becomds wmetdippeble
if the organic thorium stream (product of the extraction-scrub colum) of the
Thorex process is not immediately stripped.
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The waste per contactor charge of calcium hydroxide would include about
10 liters of acidified aqueoms’>waste, about L liters of crgmuic material comtafming
lerge emowmts of solvent degradation products, and the solides removed by the
centrifuge, probebly in the form of an acid solution imto vhich the centrifuge
cake was dissolved. All these wastes would comtain concenmtrated solvent degra<
. datiém products and radioactive fissiom products. The total waste volume would
" be about 30 liters for each two contactor charges. Frem the expected charge life
(see Sec. 4~2), the waste volume would be less than 1% of the volums of solvent
treated. Thus the calcium hydroxide slurry solvent recovery process could give
1/5 to 1/20 of the waste volume of the Thorex sodiwum carbomate process. This
would be an important saving in the overall process waste volume.

L

8.0 REFERERCES

(1) A. T. Gresky, M. R. Bennett, S. Se. Brandt, W. T. McDuffee, J. E. Savolainen,
"Progress Report: laborstory Development of the Thorex Process," CRNL-1367,
pr. 30, 31, 38, 39, 42 (Dec. 17, 1952). ’

(2) A, T. Greskw, M. R. Bemtt’ Se Se Brandt, We T. mfﬂe, Be. Go Ryle, Je Eo
Savolainen, R. P. Wischow, "Laboratory Development of the Thorex Frocesst
Progress Report - October 1, 1952 to January 31, 1953," ‘GRNI~1518, pp. 4O-4T
(July 1k, 1953).

(3) A. Te Gresky, M. Ro'Bemtt’ Se S. Brandt, K. L. Mattern, W. T McDuflee,
: J. E. Savolainen, R. P. Wischow, "Laboratory Development of the Thorex Fregess: P
Progress Report, September 30, 1952," ORNL~1431, pp. 5355 (March 16, 1953).

(4) A. T. Greeky, M. R. Bemnett, S. 5. Brandt, W. T. McDuffee, B. G. Ryle, J. E. .
Savolainen, R. P. Wischow, "leboratory Development of the Thorex Process:
Progress Report - February 1, 1953 to July 31, 1953," ORNL-1610, pp. 66-67
(April 9, 1954).

(5) cC. V. Ellison, "Comtinuous Solfent Recovery Process Using Pulse Contacting
Colwms," (RNL-1224 (Marehilh, 1952).

(6) J. M. Chendler, D. O. Derby, "Terminal Report for the CRNL Pilot Plant |
Investigations of the Pwrex Process,” CRNI~1519, pp. 91«04 (Feb. 8, 1954} -

<




"

[ 2

- ll =

9,0 APPERDIX

9.1 Equipment System

The golvent recovery and purification system consisted of two contactors
in geries for intimately mixing solvent with a calcium hydroxide slurry, and
accessory equipment (see Fig. 9-1). ‘This was one of two types of solvent recovery
systems proposed for the Thorex Pilot Plant., Pressure drops were small and the
system was designed to operate with gravity flows throughout. The two-contactor
system was installed in Cell A, Bank A, Building 3505. A similar system with
only one contactor was used for preliminary studlies.

Vertical Mixer-Settler Contactor., This contactor was devised by Process
Deslgn Sectlon personnel (see Sec. 9.2) to combine mixing of the calclum hydroxide
glurry and settling out to give a relatively sollds-free solvent product 1ln one
vessel., The vessel was similar to a Rushton contactor for two liquids, although
countercurrent flow to give more than one stage per contactor was not used for
this golvent treatment. The similarity permitted the use of Rushton contactor
design experience with respect to optimmum baffle and agitator design.

The body of the mixer-settler calcium hydroxide-solvent contactor used
(see Fig. 3-1) was a 48-in. length of 6-in.-1.4. pyrex plpe. Glass was used
to permit easy observation of the operations, but stalnless steel would probably
be used for an operating plant. The solvent feed entered the tip of a stainless
steel cone which closed the bottom of the contactor. The solvent flowed up
through the contactor into an enlarged conical section of stainless steel where
suspended solids were allowed to settle out. The solvent then discharged over
a sawtooth welr and out of the contactor. :

Baffle and impeller dimensions were selected fram recommended Rushton con-
tactor design. The impeller diameter was 2.5 in., or about 40% of the contactor
diameter. The longitudinal baffle width was 5/8 in., or about 10% of the con-
tactor diameter. The agitation was by five turbine type impellers located, re-
spectively, 1, 9, 17, 26, and 35 in. above the bottom agitator ghaft bearing.

The shaft of the agitator was a 5/8-in.-diam. stainless steel rod. In pre-
liminary tests made with four impellers on a 3/8-in.-diam, shaft, as called for
in the original design, insufficient mixing was obtained and an additional
bearing support was required for the slender shaft. Since the 5/8-in.-diam.
shaft operated satisfactorily, larger diameter rods were not tested. Observa-
tion of the 5/8win.-diam. shaft indicated that & 1/2-in.-diam, shaft would haye
permitted excesslve whipping.

The information and assumptions from which the mixer-settler contactors
were designed was discussed in a memo which 1s abstracted as Sec., 9.2 of this

report,

Centrifuge. The centrifuge, used because of availabillty, was a 21,000-rpm
electrically driven laboretory modsl Sharples supercentrifuge with a bowl
1-3/4 in, diameter and 8 in. long. This unit developed 13,000 g at design speed.
The bowl permitted operation with a range of heavy-phase takeoff rates; this
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rate was set at zero to give a comtimuous clarifier action with bulldup of
solids in the bowl. The weight of solids wes determined by welghing the bowl
containing cake drained free of liquids and subtracting the weéight of the
¢lean, ceke~-free bowl., The cake was removed by dissolving it in nitric acid.
This left an oily orgenic residue which was removed with a brush.

Filter. The filter, which was sometimes used alohg with the water wash
colurm in place of the cemtrifuge, was & sintered stainless steel Starr filter,
5-5/8 in. diameter, 6 in, long, and of an unknown porosity. The filtration area
vas about 1.3 £t°,

Weter Separation and Wetting Colwrme A 36-in.-long, 3-in.-i.8. pyrex pipe
was used &s a wetting colunm end water separator, 1.e., to saturate the new solvent
with water and to prevent excess water from entering the contactors. A conventional
type of phase separator would probably be used for plant operations.

Wash Colurm. A 36=-in.-long, 2~-in.-isd. pyrex pipe was used as a wash columm
for solvent leaving the filter. This columm furnished a visible check on the
filter performance. :

Feed System. Feed flow was maintained by a gravity head, controlled by a
needle valve, and measured by a flowrator. Two 55-gal stainlese steel drums
equipped with a level-gage glass supplied feed storage capacity. These drums
were located in the top cell level and were filled through externmal commectioms
from drums on top of the cell. The 8alibrated flowrator measured feed rates of
0 to 72 liters/hr.

9.2 rBas:i.s for Mixer-Settler Contactor Design¥*

In the Thorex solvent recovery system, a caleium hydroxide slurry will be
contacted in a semicontimuous batchwise mermer with the used solvent.

Slurry Preparation. A calcium hydroxide suspension comtaining 60 g of
calcium hydroxide per liter is prepared fram fresh water-saturated solvent and
charged to a vertical contactor vessel. Stripped solvent requiring refinement
is then fed up through this comtactor at a velocity below the iInterface settling
velocity for the suspension. It might appear that this velocity would be quite
low, since the ASTM specifications for hydrated lime call for a particle size
such that 85 wt % will pass through a 200-mesh screen (mesh opening of Tk M).
Fortunately, however, these small particles agglamerate when contacted with
water-saturated solvent, so that an interface settling velocity of the order
of 3 cm/min is obtained with a newly prepared suspension. Therefore & solvent
velocity of the order of 2.5 cm/min is expected to be safe for design purposes.
Although the solvent fed to the comtactor will be saturated with ‘water, indica-
tions are that the calcium hydroxide particles will pick up very little additional
water during operation. However, any additional water picked up, plus the added
agglomeration produced by solids pickup, should emsure progressively safer per-
formence with a velocity of 2.5 om/min. _

# This section was abstracted from "Ca(CH), Contactors for Thorex Solvent Re-
covery System,” ORNL CF-52-10-26, by W. R. Winsbro (Oct. 3, 1952). This memo
discusses the information and assumptions from which the contactors were de-
signed and does not represemt the final operating theory.
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As the solvent moves upward through the contactor, a mmber of differemt
adsorption processes take place: (1) solids-forming Impurities are removed;
(2) any residual radicactive contamimation leaking past an upstream silica gel
column in the system is removed; (3) the nitric acid contemt of the solvent 1s
neutralized; and (4) there may be same dehydration of the solvemt. Currently
available information indicates that the process of neutraligzation will limit
the duration of the operating cycle for the comtactor (the solvent will be ebout
0.002 N in nitric acid). Tentative plamns call, for arbitradtly terminating the
contactor operating cycle when 50% of the celcium hydroxide charged has been
neutralized.

Contact Time. Preliminary laboratory data indicate that & solvent-slurry
contact time of 1 hr is ample for the above-mentiomsd processes to take place.
To obtain an average residence time of 1 hr in a single comtactor, a c¢ontactor
suspension volume equal to the hourly volumetric processing rate of the solvent
ig required. However, such a design only ensures that the average residence
time will be 1 hr, and there is a good probability that some solvent will pass
through the contactor with a residence time considerably below aversge. This
probability is combatted more effectively by using two comtactors (each with a
contact time of 1 hr), in series than by using a single contacter vith a 2-hr
contact time.

~ Length of Operat cles The duration of tha operating cycle for this
dual contactor unit will be limited to that required to meutralize half the
calcium hydroxide in the first comtactor and is readily calculated to be 17 days,
from the relation _ ‘

(V) (60 g Ca(E)o/1iter)(0.50)

Cycle opef'atim time = 137 g Ca((H),/equiv) (F)(0.002 equiv/1iter) 2k Bx/day)

vhere V 1s the contactor volume in liters and F is the solvenmt feed rate, in
liters per hour, vhich for a comtact time of @ hr equals V/0.

60 x 0. = 30 x 500V _ = ATV _
T 005 E T - = . = 1Tv/E - %‘7% = 17 days

Waste Disposal, After 17 dasys of cummlative operation, dboth contactor umits
will be shut down and charged with fresh calcium hydroxide suspemsion. The spent
suspension will be drained from the comtactors to filtratiom units where the
solvent will be recovered from the solids. The ¢aleium hydroxide filter cake
will be dieposed of by dissolving with 8 M nitrie acid and then flushing to a
drain for radiocactive materials. Laboratory studies have indicated that the
radioactive waste volume discharged from the calcium hydroxide system will b
1600 timos mmaller than that frem the Sausticsods adh extraction systems(2r3)
an obvious advantage of the caleium hydroxide contactor system.

Other Solvent Recovery Equ nt. Three other ltems of equipment will be
included in the main flow stream of the Thorex solvent recovery system:

1. Upstream from the contactor will be located a siliea gel column to ‘reicve -
the bulk of the radiocactive contamination from the solvent, thus reducing
the operating activity level of the contactors. ,

e
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2. Downstream from the contactors will be located a Micrometallic stainless
steel filter (porosity H, 5 ) to remove suspended solids from the refined
solvent.

3+ Beyond the filter there will be located & simple twoephase comtactor coluum
where the solvent will be conmtacted with water. This water saturator will
furnish a visible check on the extent of the elimination of the solid im-
purity and will restore the water comtent of the solvent, which is essential
to the performance of the electromagnetic flowmeters that will be used to
control process flow.

Features to Improve Comtact. At some point near the top of the comtactor,
a solid-liquid interface exists where the finer particles of calcium hydroxide

drop out of the rising solvemt. Such a unit would be subJect to solvent channeling

or short-circuiting. Chanmeling effects can be readily overcome by positioning
a low-gpeed shaft mounted with several impellers in the suspension zone of the
cell., Turbine type impellers with a diameter from 35 to 40% of the comtactor
diameter will be used. The height-to-diameter watio of the contactor will be
large, and i1t will be necessary to locate the agitator shaft eoaxially with the
contactor. For such a geometry, several longitudinal baffles must be spaced
about the immer wall of the comtactor to obtain agitation free of swirl. Four
such baffles, having a width of 7 to 8% of the tank diameter, will be used.

Features to Improve Separation. By including agitator equipment in the
contactor to solve the problem of solvent chammeling, & problem of establishing
solid-liquid separatiom at the top of the conmtactor i1s e¢reated. For this reason
it 1s desirable to avold the use of excessive agitation in the contacting zone.
The operating speed of the agitator thus becomes a variable having an optimm
value. It 1s expected that a speed between 200 and 40O rpm will prove adequate.
To promote good solid-liquid separation &t the top of the combactor, despite tur-
bulence in the contacting seetion proper, the following items have been provided:

l. A conical ammflar haffle at the top of the comtacting zome, Just beyond
the upper extremity of the longitudinmal baffles. The periphery of this
baffle fits tightly against the c¢ontactor wall and will eliminate the
upward velocity which the top impeller imparts to the suspension im the
region above the impeller and near the comtactor wall. The width of ‘this
ring is important, since & wide ring would reduce solvent through
rate materially (owing to the limiting design velocity of 2.5 min), but
a narrow ring would not completely eliminate excessive vertical veloclity
components above the plane of the baffle.

2. Radial baffles; to eliminate all residual swirl carrying over above the
ammler baffle. These baffles will be welded to the extermal circumference
of a short section of pipe located about the agitator shaft, and will extend
all the way to the comtactor wall. Solvent leaving this section should be
essentially free of all excessive vertical and horizontal velocity compo-
nents relative to the main flow velocity.

3. A conical section of enlarged cross section at the top. A slope of 60°
from the horizontal i1s the minimm that can be used In this sec’qion and yet
obtain good solid drainage back into the conmtactor. A cross-sectional
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enlargement ratio of 3 was arbitrarily selected fer thils section. A
mmber of 60° conical partitions located within the emlarging section
further improve the efficiency of clarificatfom.  Thege extend throughout
the entire height of the seetion and are so spaced that the total cross
section for flow is broken down imto a mmber of anmilar passages of
approximately 1.0 in. width. Solvemt passing through the section is thus
forced to pass through a mmber of nerrew ammuler charmels which diverge
at a 60° angle. Within such a passage, clariffed selvemt quickly moves to
the upper surface and the selids te the lower surfope, wifk the result that
the two phases are thus able 1o flow vovisterewrrently te eash other at
maximm velocity. The settling rate im such «hwmmels has been dbserved,
in lsboratery studies, to be abeut twies that in a vertical sheamel. Com-
bining this factor with the eswms-eectional area facter gives an overall
geparation factor for the ammiler partitiemed enlargememt sectiom of 6.

Scale Model Comtactor. The comtacter seetion praper of the scals model
will be 6 ¥, in dlameter and 48 in. lomg. It will be of pyrex glass sc that
the comtacting performance of the unit cam be dbserved. The selvemt processing
capacity of the model will be of the order of 4 gph.

9.3 Procedures ,

In the calcimm hydroxide slurry solvent reeovery system, pressure drops
vere smell and the equipment was arranged to require only grawity flow threwghout.
Operation was mostly on a ome-shift basis with overnight amd weekend shutdowns.
Operating procedures are given fer the finn) equimment zaresgement (as described
in Sec. 9-1); slightly differemt procedmres were used e prelimimary investi-
gations with a less complete recovery systen. ‘

Cherge snd Startup Progedures. In charging and ghartup, normal) operating
procedure was used except For the step of adding the aquesus calefwm hydroxide
slurry. Solvenmt was fed through the wetting and water separator colum to the
first comtactor at the operating rate of 18 liters/hr. Whem the first comtactor
vag ome~quarter fMll of solvemt, the agitater was started amd a wniform slhwry
of 1.8 kg of ealeium hydroxide In 5 liters of water was added through a fumnmel
and a le-in.-i.d. pipe vwhich discharged imto the ecttactor top. The second
contactor vae charged similarly, and the emtire eystem was fil¥ed at the normel
solvent feed rate. : :

The solvent recovery sySVsmt.was chut dosm by stopping the solvent feed
flow, the agltator moters, and the centrifwge motor if the centrifuge was in -
‘use. Operation was resumed after this type of shartdown by reversing the shut-
down procedure. ' The calcium hydroxide would redisperse throughout the con-
tactor within 1 min after flow of solvent end agitation were resumed.

- Operating Procedures. Normel operatiom of the recovery sysbém between
charge changes was simple; the experimemtal prooedwre required perioedic checks
of the feed solvent flow rate, wetting and wash colwm fntexrface levels, and

the product flow rate amd pericdie takimg of semples. The wetting and wash
columm interface levels were comtralled by the dyvafn valves aad water admission
valves. Manifolding gave albtermate paths foir the sseond cufttaobor produst to
pass through the cemtrifuge to the product tank, through the wash tolum to the
product tank, or through the filter amd then the wash eolmm to the product tank,

4y
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The pyrex glass pipe used and the open comtactor tops made possible direct
visual observation ¢f operating conditions. In a radiocactive plant, radiation
monitoring of the second contactor product stream would probebly reveal any
faulty operation of the recovery system. Poor contacting efficiency or excessive
carryover of solids would result in large increases in product solvent activity.

Charge Dissolution and Removal. The spent calcium hydroxide slurries were
simply and easily dissolved in place in the comtactors by the addition of
dilute nitric acid. A calcium hydroxide charge in the first—contactor which -
had treated 1200 liters of solvent was dissolved by adding l- and 2-liter incre-
ments of about 4 N nitric acid until 10 liters had been added. The temperature
rose 24°C above the initial temperature during the dissolution; this was of the
magnitude to be expected from the heat of neutralization of the calcium hydroxide.
With the agitator going, the reaction between the acid and slurry proceeded
rapidly without significant gassing or foaming. About 2 liters of solvent was
in the contactor before the acid was added. The orgenic phase became an opaque
black and was increased to about 4 liters by material released during the
dissolution of the calcium hydroxide. The charge in the second comtactor did
not contain much of this dark organic meterial, and the solvent phase was
semitransparent after slurry dissolution was complete.

Flushing with water, or with dilute nitric acid followed by water, was used
to clean the system for mew charges. The contactor drain valves or linee plugged
during operation and about 15 psig of back air pressure was required to unplug
them. This difficulty could be minimized by imtroducing the acid at:the bottom
of the contactor through the lines in which plugging might occur. Concentrated
acid would probably be used to reduce waste volumes.

Pressure Drop Measurements. The pressure drop through the contactor was
measured by means of a Tygon tubing f£illed with solvent and comnected to the
contactor drain valve. With the drain valve open and the tubing free of alr
bubbles, the height of the liquid level in the tubing above the contactor liquid
level gives a pressure difference in inches of solvent. '

The pressure drop through each comtactor was 2.5 to 4.0 in. of solvent for
steady-state operation and 3.5 to 5.0 in. during startup. Air locks and
syphoning caused flow difficulties in this part of the system. Since larger
units may also have open-top contactors, there will be components depending on

gravity flow vhich should be designed with vents to avold these difficulties.

The filter was equ_ipped with a 3/1+-:Ln.-1.d. pyrex pipe gage glass to deter-
mine the pressure drop through a filter.

9.4 Product Solvent Quality Evaluation.

Experimental studies indicated that up to 50 ppm of mono- and dibutyl
phosphates was tolerable in Thorex process solvent, but a satisfactory method
of measuring such low concentrations of TBP decomposition products could not be
found. Other orgsnic impurities, such as diluent oxidation or nitration pro-
ducts, were present in such low concentrations that isolation and identification
were not Peasible. Since the above factors made absolute impurity concentration
measurements impractical, an empirical solvent quality test was developed. This
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test required shaking 20 ml of solvent faor 30 sec with 20 ml of safurated
calcium hydroxide solutiom, filtered Just before use, in a 100-ml graduste.

The time required for complete separation of the phases and the appearance of
the aqueocus-organic imterface were noted. A solvent with a settling time of
less tham 120 se¢ and with no more than a few mmall shreds of solid impurities
at the imterface was satisfactory for pilse columm operation. ILonger settling
time or more solids indicated that the solvent could not be depended on to
glve satisfactory comtimuous pulse columm operatiom. In the arbitrary series
of ratings (see Table 9-1) establisched in an attempt to make the empirical test
quantitative, a product of the solvenmt recovery system rated "fair" was useble
for Thorex pulse columm operatiom, but the recovery system should produce "gaod”
solvent.

The Thorex flowsheet specifies "acid deficiemt” colm-operartins conditions.

Use of a dilute acid in the test in place of the calciwm hydroxide solution
might result in a more valid test of quality for solvent to be used in an acidic-
flowsheet process.

9.5 ‘.L‘a.buJated Results

The solvent recovery operetioms for the various caleiwum hydroxide charges
used are summarized in Table 9-2. Because analyses to give mmerical values
for concemtrations of solid impurity formers were not practical, the only method
of expressing the removal of these materials was the qualitative shake test
(see Sec. 9-4).

The ta.bulated results for removal of radioactive impurities in the solvent
(see Tables 9-2 through 9-7) are discussed in Sec. 6.0.

-
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Table 9-1 Solvent Quality Ratings for an Empirical Shake Test
Quality Coalesence Interface Appearance Behavior of Thorex
Rating time (sec) Extraction Columms with Solvemt
Very poor ——- Thick layer of solids covering Operation at normsl rates pro-
the interface bably impossible
Poor -— Solids: eailly detectable - Operation for extended periods
T of time would probably have
to be at below normal flow
rate
Fair 120 or less Only smell shreds of solids Normal operation probably
visible practical
Good 120 or less No solids detéctable; phases Operation would not be handt-
or interfaces hazy capped by solvent quality a)
Excellent 90 or less No solids detectable; both

phases and the interface
clear

Operation would not be ha.nd'(l-)
capped by solvent qualtiy'‘®

(a) "Good" and "excellent" quality would not give observable differences in columm operation
because exposure to column conditions would quickly reduce "excellent" quality solvent
to "goods?

-96'[-




Table 9=2

Sunmary of Solvemt-Recovery Operations

Feed solvent: 42% or 30% TBP with Amsco 123-15 diluent; feed was
"very poor” or "poor" according to ratings established
in Table 9-1

Charge
No.

Slurry Charge

Ca(CH)
(kg)®

Feed
Flow rate
(11ters/nr)

Amt. of
Product
(1iters)

Product
Quality
Tests a)

Remarks

1.1k

1.14

1.1k

1,14

1.1k

1.1k

1,1k

1.1k

(lﬁgrs)
0

0065

0.15

0-51

10-30

~mp

L)

18«22

22

22

22

470

330

60

None

140

100

10

Loo

Fair

Fair

Good

Fair

Fair

Good

Good

HoO added at various times
( 4 liters total); charge
discarded when slurry be-
came very coarse and gave
poor product

1.5 liters of H,O added
after excessive fines
came over

Excessive carryover of fines;
stock Ca(CH)o found to con-
tain large amounts of Ca.C03

All ca((H), aggregated into
coarse pebbles useless for
solvent treatment

New Ca(CH),, ocarbonate-free,

used; very rapid carryover
of fines near end of run

Slwrry tended to aggregate
but kept in suspension by
vigorous agitation; then 1t
broks up and fines were
carried over

Ca((H), aggregated and
dropped down

Contimous addition of HpoO0 to
contactor top used to control
slwrry particle sizej varying
Hy0 rates required; charge
drained to permit processing

e ‘-
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Table 9-2 (contimed)

w4 o

Charge
No.

Slurry Charge

ca(OH)
(kg)

0
(112%1‘3)

. Feed
Flow rate

(11ters/hr)

Amt. of
Product
(1iters)

Produst
Quali
Test sa )

Remarks

10

13

1A, B

154, B

1,1k

114

1.8

1.1%

1.8

1.8

0.80

18

22

22

16-58

(mostly 22)

18«24

8o

250

None

None

260

1200

470

Good

Good

Good

Excellent

Good

of solvent with new
Amsco=125 diluent without

mixing

Ca(CH), aggregated and dropped
dowm ,

large amounts of HoO regquired;
later foumd Th and U content
of feed to be very high

Very stable emmlsion formed;
contactor operation impossible

Semistable emlsions formed;
contactor operation {mpossible

System operated well; Starr
filter used; system shut down
to permit installation of
two~contactor system in radio-
active cell

-Tc -

System operated well; filter
used for about half of rum,
centrifuge for other half

Feed was pilot plant Purex
solvent (30% TBP); filter

appeared to be plugged

(a) See Table 9-1; the quality listed is the most prevalent result obtained.



Table 9=3

Gross Beta and Gamma Decontamination of Purex

Solvent from Calcium Hydroxide Slurry Treatment

Feed: used solvent (ICW) fram Purex Pilot Plamt Run HCP-20
Slurry: 1.8 kg of caleium hydroxide in 5 liters of water for each contactor

Time After | Vol. of | B Activity (103 c/m/m1)(2) 7 Activity (103 o/m/ml
Startup Product First Contace B ' First Contacs Pro= | 7
(br) (liters) | reed | tor Overflow | Product| DsF+| Feed tor Overflow | duct |D.F.
A. Etarted 2 weeks afber Purex Pilot Plant Run HCP-20
0 0 T e em | == | 32 73 135 [2.7
1 22 15.5 1.98 0.945 15 381 152 138 |2.7
2 Lo awne - S R 153 137 |2.7
3 58 13.5 2.19 1.09 13 388 162 139 |2.7
L 76 ~—a- R wean | aee | 381 167 138 |2.8
5 9% 17.1 3.57. L75 | 10 | --- --- e
7() 142 15.3 5449 2,50 6 | ~=- -—- S Pl
10 208 16.6 7.10 2,74 6 | === -—— e | ooee
B. Started 6 wesks after Purex Pilot Plant Run HCP-20 without changing
shory dharge left from Paxt A
1.5 254 10.0 8,17 2.63 L | 60.1 20.4 1.9 |L.0
2.5 278 14,6 g ceem | ame [ 7902 - S P
3(b) 302 . 3.38 2,15 | ame | w-- 30.6 21.5 |me=
5.5 350 11.6 . 2,19 5 |78.5. P 22,9 3.k
8 386 ‘rar o Tk aman | omm | amm 39.7 | e e
9 410 7.02 4.9t 456 | 1.5 | 78.5 39.6 2h,1 |3.3
10 434 eman . 5,42 | ame | wme ——e con |ma-
11 458 6.76 L.79 6.23 1.1 | 77.7 38.4 25.9 |3.0

(a) Made with 11% geometry.

(b) Feed drum changes and overnight shutdowns.

el
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Table Gk

- Radiochemical Anagses(a) of

Used First Cycle Solvent from Purex Run HCP-20

Source of Purex ICW Solvent Activi‘ty(b)
Radicactivity (c/m/ml) (% of Gross B)

Gross B 607 x 103 100

Ru B 465 x 103 76.5

Zr B 43 z 103 7.1

N 8 10,5 x 103 1.7

TRE B ——— -

Ip 9h.2 x 103

15.5

(a) Average analyses for some semples taken by the Pilot Plant and

reported to them as corrected to Jan. 83.1953.
(v) Counted at 10.2% geometry.

Table 9~5

Radiochemical Analyses of &

Purex SO!Lvenb(a) After Treatment with e Calcium Hydroxide Slﬁrry

Proguct Solvemt Activity(")

Source of
Rediocactivity (¢ /m/ml) (% of Grass B)

Gross B L4.48 x 103 100

Ru B 3.82 x 103 85.2

Zr B 0.556 x 103 2.k

™ B 0.126 x 103 2.8

TRE B 0.00k x 103 0.1

I -—- -

(a) Analyses of used solvent as fed to the comtactor (i.e., after
edditional decay period following Pilot Plant rum) are not

available.

(b) Reading taken on March 5, 1953; counted at 10.2% geometry.
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Table 9«6
Decontamination of Radlocactive Solvent -
by Calcium Hydroxide Slurry Treatment

Cutie Ple Readi?é Average Gross g| Approximate
at epen surface(®)| Activity(b) Decontamination
(zor /) _ (c/m/m1) Factor
Run No. Feed | Product Feed | Product
la 100 0
b , 210 | 12(e) oo(c)
2a 60 0
b 19000 | 120 160

(a) Activity of mass of solvent.
(b) Average of detdrminations on several 20- to 30-ml samples.

(¢) Accuracy of counting poor for the 1b product level of
actiﬂtyo

Table 9-T

Removal of Thorium and Uranium by Calcium
Hydroxide Slurry Treatment

Thoriwm Concentration (mg/liter) | Uranium Comcentration (mg/liter)
Used Solvent Feed Product Used Solvent Feed Product
175 5-22 1.5 0.1~0.34
146-160 612 13.5-14.5 0.19~0,21
61 1 0.8 0.2
19 1-6+ 0.5 0.2-0.31
13-15 2-6 0.5-0,29 0.13-0.43
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