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A solvent extraction process was developed to produce 

high purity Sr"^ from an irradiated uraniiim reprocessing 

waste solution. The extractant is D2EHPA diluted with TBP 

and Shell Spray Base. 

The process uses an acetic acid-acetate buffered aq­

ueous phase which is coxmtercurrently contacted with the 

D2EHPA organic phase. Calcium emd some Ce^^^ extract with 

the Sr^^; extraction of other contaminants (Zr^^, Nb95^ 

Ru , and inert lead and iron) is prevented by adding 

either DTPA or EDTA to the feed solution. Decontamination 

from calcium and Ce is provided by back extraction of the 

Sr" into an aqxieous IM citric acid solution. 

The process was used to isolate and pxirify about one 

megacurie of Sr°^ for subseqxJient use in the fabrication of 

thermoelectric power generators as part of the Systems for 

Nuclear Auxiliary Power (SNAP) program. 



WALLACE W. SCflULZ, JOHBT E. MENDEL, and GERALD L. RICHARDSON 

HajQford Atomic Products Operation, General Electric Co., Richland, Wash. 

SOLVENT EXTRACTION RECOVERY AMD PURIFICATION OF STRONTIUM-9O 

This liquid-liquid extraction process uses: 

^ A n acetate buffered aqueous phase containing DTPA or EDTA 

to sttppress extraction of contaminemts. 

^ A citrate bxiffered strip solution to partition Sr" from co-

extracted inert calclxjm and fission product rare earths. 

A solvent extraction process has been developed for the recovery of Sr°^ 

from Hanford Purex plant crude Sr°*̂  concentrate solution (Table I). It Involves 

extraction of Sr̂ *̂  into di(2-ethylhexyl) orthophosphoric acid (D2EHPA) diluted 

with tri-n-butylphosphate (TBP) euad Shell S|pray Base. The process was used in 

the Hanford Hot Semi works (HSW) plant to produce approximately one megacxirie 

of highly purified Sr°^ for use by the Martin Company in fabrication of thermo­

electric power generators as part of the Systems for Nuclear Auxiliary Power 

(SNAP) program. 

This article describes the laboratory experiments which formed a basis for 

the chemical flowsheets used in the HSW. The production runs made in the HSW 

and the chemical flowsheet modifications that were necessary because of equip­

ment limitations in the HSW have been sumoarlzed by Bums and others (l). 

Process Description 

The solvent extraction process described in this article was designed to 

produce a Sr^ product meeting certain purity specifications. These specifi­

cations evolved through discussions with the Msirtln Cotnqpany and were established 

specifically to permit the use of Hanford Sr^O product in SKAP-7 (2) 

generators. Specifications for radiochemical purity imposed by shielding 
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requirements called for a product containing less than 0.00^5 curie of hard 

gamma (^2 MBV.), less than 0.015 curie of Intenoediate gamma (1-2 MEV.), and 

less than 0.15 cxirle of soft gaaana (0.2-1 MEV.) per gram of Sr°^, respectively. 

F6r the composition of plant cmde Sr°^ concentrate listed in Table I, these speci­

fications correspond to required decontamination factors cf about 500 to 5000 for 

Ce^^^, about 80 to 3000 for Zr95„Nb95^ and 10 to 200 for Ra^^^.E^lO^^ j^ ̂ g ^^_ 

ther specified that of the cations (excluding sodium ion) present in the product, 

not more than 25 wt. ̂  shotild be stable Isotopes other than stable strontium 

isotopes. 

The chemical flowsheet developed to isolate Sr^ meeting these requirements 

is shown in Figure 1. Principal featiires of the flowsheet are: 

9 Strontium and Inert calcitm are extracted with D2EBPA from an aqueous 

feed solution buffered at pH k.J. 

# Addition of either tetrasodium ethylenedlaminetetraacetate (iS&i^&VSA) or 

pentasodlxam diethylenetriaminepente«,cetate (RacDTPA) to the feed solution 

serves to suppress almost completely the extraction of iron, lead, and 

fission product Zr°^-Nb^^ and Ru-̂ °°-Rh"̂ °°. Some decontamination from 

fission product rare earths is also achieved by the use of these 

complexing agents. 

0 An aqueous citrate solution is used in the scrub section of the extrac­

tion column to remove most of the extracted sodium ion from the organic 

phase and to reduce entralnment of feed solution. 

# Strontium is stripped into IM citric acid in a partition column. 

Decontamination from co-extracted Inert calcium and fission product 

rare earths is obtained In this step by operating at pH 1.5 to 2.0. 

0 A n eleven-fold increase in strontium concentration over that in the 

original crude concentrate is achieved by proper selection of aqueous 

and organic phase flow ratios. 

U'U J u o '-I 
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Solvent extraction feed solution is prepared from crtid.e Sr^ concentrate 

by adjustment of acidity and addition of buffering and coimplexing agents. The 

acid adjustment consists of neutralizing the crude concentrate with NaOH to a 

pH of k.J. The acetic acid-sodium acetate system serves as a convenient system 

to supply the required buffering. Acetate concentrations of O.k to 0.5M are 

sufficient to maintain pH within the necessary limits when the flow ratios shown 

in Figure 1 are used. 

AqueouB solutions of either Haî EDTA or NacDTPA are added to provide 0.05 to 

0.10 mole per liter of free complexing agent. Free complexing agent is defined 

as that concentration of agent present in excess of the concentration required 

to complex the iron and lead in the solution assuming formation of 1:1 complexes. 

Theoretical 

Separation of various actlnides, lanthanides, and fission products by 

solvent extraction processes which utilize the liquid Ion exchange characteristic 

of D2EHPA have been described (3>^j5)' In general, trivalent cations are more 

efficiently extracted than are divalent cations, which, in t\im, are more effi­

ciently extracted than monovalent cations. 

In many insteuaoes the extracting cation associates with dimers of D2EHPA. 

Extraction of a divalent cation, such as Sr"*""'", may then be represented by the 

following reaction: 

where (HR) is dimerized D2EHPA, M*~*" is the extracted ion, and the subscripts 
2 

refer to the aqueoua and organic phases, respectively. Using concentrations 

rather than activities, the equation for the distribution coefficient (ic) of the 

divalent ion can be derived from Equation 1: 

(2) ^ " [n^*J [H^J^ 

Uf U vJ '̂̂  ̂ ' ̂ -' 



The degree of separation of cations J^ and M^ (charges not specified) which 

can be obtained in a solvent extraction process is a ftinction of the ratio of 

their respective % ' s . In some cases the degree of separation can be increased 

by addition of a complexing agent which forms more stable complexes in the 

aqueous phase with cation H^ than with cation >^. If cation I<̂  reacts with 

ligand L to form a 1:1 complex of the type J^L, then, as a first approximation, 

the distribution coefficient of I^ can be shown (6) to be given by the expression: 

K - KI (3) 

o 
where K is the distribution coefficient in the absence of complexing agent, 

k-jj is the conditional stability constant (7) of the complex J^L, and [L'] repre­

sents not only the concentration of the free llgand but the concentration of all 

species of the complexing agent not bound to the metal. A similar expression 

involving the conditional stability constant for the complex M^L can be 

written for the distribution coefficient of cation M„. 

The distribution coefficient of a divalent cation forming a 1:1 complex 

with ligand L is then obtained by combining Equations 2 and 3: 

Theoretically, it is possible to determine Kg^ and k-ĵ  experimentally, after 

which K^ can be predicted for any condition of solvent loading, acidity, and 

ccffliplexlng agent concentration. This approach to the design of chemical flow­

sheets for D2EHPA solvent extraction systems is now being investigated in this 

laboratory. A more empirical approach was followed In the work reported in 

this article, however, because of the need to define a satisfactory chemical 

flowsheet in a short time. 

w-o-J 
I '•-' '• 
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As is apparent from Equation 4, extraction of a divalent ion such as Sr"*"*" 

is directly proportional to the square of the free D2EHPA concentration and 

inversely proportional to the square of the hydrogen ion concentration of the 

aqueous phase. Both of these variables are of importance in the design of a 

satisfactory chemical flowsheet for the extraction of Sr̂ *̂ . The free D2EHPA 

concentration is determined by the extent to which the solvent is loaded with 

all extracting cations, including sodiimi. Flow ratios must thus be selected 

such that the K^ of the desired extracting cation is not reduced below design 

requirements. 

In both the extraction and partition steps of the flowsheet shown in 

Figure 1, transfer of cations to or from the organic phase is accompanied by a 

corresponding transfer of hydrogen ions from or to the aqueous phase. Control 

of aqueous phase pH between rather narrow limits is necessary to maintain 

desired % relationships. Mixtures of organic acids and their sodium salts 

were used for pH control in this work. 

Experimental. 

Materials. 

Typical plant-produced crude concentrate has the composition shown in 

Table I. Also shown is the composition of the laboratory-prepared concentrate 

used in the majority of the experimental studies. Chemical flowsheets used in 

preparing batches of crude Sr^O concentrate from Hanford Purex plant acidic 

waste have been described by Bray and Van Tuyl (8). Inert strontium isotopes 

and Sr"9 are also present in the crude concentrate so that the total strontium 

concentration is about 0.0025M. 
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Although not indicated in Table I, plant concentrate contains, in addition 

Ikk to Ce , stable and radloactivfe isotopes of other rare earths as well as of 

yttrium produced in the fission of Ir^^. Most of the radioactive isotopes have 

half-lives shorter than that of Ce-̂ ^̂  (258 days), while those with longer half-

lives either emit lower energy gamma rays or are pure beta emitters. As a 

consequence, Ce-̂ ^̂  is the only Isotope of the yttrium-rare earth group of 

importance in the separation and decontamination of Sr^^ from crude concentrate 

solution. Lanthanum nitrate was added to the laboratory-prepared concentrate 

to simulate the behavior of rare earths other than cerium. 

The D2EHPA (ifelon Carbide Chemicals Co.) contained about 91.5̂ 6 D2EHPA plus 

\mdetermined amounts of mono(2-ethylhexyl) phosphoric acid euad pyro esters. 

Traces of iron were also present. A solvent composition of 0.3TM D2EHPA-0.2M TBP-

Shell Spray Base was \ised throughout. It was prepared by diluting the as 

purchased D2EHPA with appropriate volumes of TBP (Commercial Solvents Co.) emd 

Shell Sjpray Base (Shell Chemical Co.). Dilution with an inert kerosene-type 

hydrocarbon such as Shell Spray Base was necessary to Improve hydraulic proper­

ties of the solvent in the sieve-plate ptilse columns of the HSW. TBP was 

added to the solvent to promote solubility of the extracted cations in the 

organic phase (5 ) • 

Stock solutions of 1.3M Na^EDTA and 1.05M NacDTPA were obta;ined from the 

Dow Chemical Co. All other chemicals used were of reagent grade quality. 

Except in those experiments with actual plant concentrate, the extraction 

and decontamination of strontium was followed with the aid of the radioactive 

isotopes Sr®5^ Qe^^^, Ca^5^ Fe59, Na^a, Zr95-Nb95, Ru^O^. ^106^ ^^ EU152-15\ 

Sodium-22 was obtained from Abbot Laboratories; the other isotopes were ob­

tained from Oak Ridge National laboratory (ORNL). 

file:///mdetermined
file:///ised
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Determination of Distribution Coefficients. 

A stauidard 10-mlnute contacting period (mechanical stirring) at 25-26°C. 

was allowed for attalimient of equilibriimi. Phases were separated by centrlfu-

gation. The pH of the equilibrium aqixeous phase was measured. Ifaless other­

wise noted, eqiaal volumes of aqueous eind organic phases were used. 

Flowsheet Test Proced\ire. 

Chemical flowsheets were tested with feeds prepared both from actual plant 

concentrate and frcaa laboratory-prepared concentrate in 12-stage mixer-settlers. 

These \inits were Hanford-deslgned versions of a type developed at the Knolls 

Atomic Power Laboratory by Coplan and others (9). 

In testing the flowsheets, mixer-settlers were operated with the particxilar 

feed, scrub, and organic solutions required until a steady state in the effluent 

streams was reached. Flow rates were maintained either with metering pumps pr 

by a syringe-drive feed system. Samples of the effluent streams were tsiken 

hourly and analyzed to determine when steady state was reached. Waste losses 

and decontamination factors were computed from analyses of steady-state effluent 

streams. 

MLxer-settlers were operated under extraction column conditions with seven 

extraction and five scrub stages. Only five of the 12 mixer-settler stages 

were used in partition column runs. In testing chemical flowsheets with feeds 

derived from laboratory-prepared concentrate, separate mixer-settler runs, each 

with a different radioisotope added to the feed, were made for each flowsheet 

tested. 

Analyses. 

In those solutions which contained only one radioisotope the concentration 

of this Isotope was determined by gamma scintillation counting or, in the case 

file:///inits
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of Ca^5^ by beta counting techniques. More involved procedures were required 

for analysis of solutions derived from plant concentrate. In particular, because 

of the bremastrahlung radiation produced by Sr°9 and Sr^O ±n such solutions, it 

was necessary to remove radioactive strontixam before the concentration of other 

radioactive constituents could be determined. Separation of radioactive 

strontium was accomplished by addition of inert Sr(N02)2 to an aliquot of solu­

tion followed by repeated precipitation of Sr(N02)2 with fuming HNO^. The 

concentration of other radioactive constituents was then determined by ajialysis 

of a portion of the supernatant liquid with a 256-cha3anel gamma-energy-pulse-

height analyzer. A different procedure (on a separate portion of the solution) 

involving successive precipitation of the strontium as Sr(N0Q)2 and SrCOo 

was used to determine the total concentration of radioactive strontium. 

Results and Discussion. 

Distribution Coefficients. 

Extraction Column-

Distribution coefficients of various constituents of crude Sr̂ *̂  concentrate 

from feed solutions containing either Naî EDTA or Na^DTPA are presented in 

Table II and Figure 2o To obtain these data 100 ml. portions of laboratory-

prepared concentrate were diluted to 135 ml' by addition of 35 ml. of sodium 

acetate-Na^EDTA (or NacDTPA)-NaOH solution. The composition of the additive 

solution was selected in each case to prepare 0.45M sodium acetate and O.19M 

Na^EDTA or 0.15M Na^DTPA solutions at pH's in the range 3-5 to 5.5. Portions 

of these latter solutions were contacted with one-fifth voltame portions of 

solvent. 

Distribution coefficients for iron, ruthenium, and zirconium (Table II) 

with Naij.EDrA added to the feed solution were all uniformly low at all 

f D J .. u 
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equilibrium aqvieous phase pH's in the range 2.9 to 5.4. Because no radio­

active lead Isotope of sufficiently long half-life was available, a systematic 

attempt to determine distribution coefficients for lead was not made. However, 

X-ray fluorescence analyses of seme of the organic solutions obtained in the 

experiments listed in Table II indicated lead was extracted to about the same 

extent as iron. 

With either Naĵ ÊDTA or NacDTPA added to the feed, the cerium K^ decreased 

as pH increased. Distribution coefficients for Eu-'-52-154 (.̂he radioisotope used 

to determine the behavior of rare earths other than Ce) from solutions contain­

ing Nâ î EDTA also decreased with Increased pH, and, over the pH range investigated, 

were less than those of cerium. Thus, the extraction behavior of Ce-̂ ^̂  limits 

the degree of decontamination from radioactive rare earth Isotopes obtainable 

in the extraction coltmm. 

For the conditions used (Figure 2) EDTA and DTPA have about the same effect 

on the strontiiam K^. However, at approximately equal concentrations, DTPA 

coniplexes cerium more strongly than EDTA. This observation is in agreement 

with the resiats reported by Catsch (lO). The effect of addition of NacDTPA 

on the distribution coefficients of other constit\aents of crude Sr^^ concen­

trate was not measured. It was assumed from tab\ilated stability constants (7) 

that these would be complexed to at least the same extent as by the addition 

of NahEDTA. The validity of this assumption was substantiated in subsequent 

HSW runs with feeds containing DTPA, 

Data in Figure 2 Indicate that operation of the extraction column with 

high pH (pHj^5) feeds is desirable to minimize contamination of the Sr̂ *̂  

product with Ce ̂ . However, complexing of strontium by either EDTA or DTPA 

begins to occur at about pH k and increases at higher pH's. The choice of a 

bv,j 
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suitable feed pH must thus be a compromise between the need for satisfactory 

extraction of Sr^ and maximum decontamination from Ce . A feed pH of 4.7 is 

considered optimum and is so specified in the chemical flowsheet. 

Calcium distribution ceofficlents were higher than those of strontium for 

all cases studied. Hence, essentially all of the inert calcium in the crude 

Sr" concentrate is extracted with the strontium. 

Distribution coefficients for sodium between solvent and aqueous solutions 

of the composition O.5M sodium acetate - O.5M NaN02 - O.IOM Na^EDTA - 0.05M 

Sr(N0o)2j adjusted to pH's in the range 3«0 to 5.5 with HNOo, were measured 

(Figure 3)-

Because of the high concentration of sodium ions in the aqueous feed 

solution, the organic phase at the feed point of xne extraction column can be 

almost 50^ loaded with sodium even though the sodiiam K̂^ is considerably smaller 

than either the strontium or calcixam K̂^̂. For example, for the flowsheet 

conditions shown in Figure 1, the organic phase at the feed point of the ex­

traction column contains about 0.13 mole per liter of sodium. Unless somehow 

removed in the extraction colimin, almost all of this sodium will transfer from 

the or^mic phase to the aqueous phase at pH's below 2.5 in the partition column, 

hydrogen ion, equivalent to the decrease in organic phase sodium concentration, 

must be supplied from the aqueous phase to preserve electroneutrality. This 

puts a heavy burden on the buffering capacity of the aqueous partitioning 

solution, particularly so if small flows of the partitioning solution are 

used. Partial removal of sodium from the organic phase prior to partition 

column operation is accomplished by using 0.6M citric acid adjusted to pH 2.6 

with I9M NaOH as an extraction column scrub stream. 

u L V,' 
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Partition Colxamn 

In the partition column IM citric acid is used to separate Sr^^ from co-

extracted Ce-̂ "*̂  and inert calcium (Figure 4), Solutions of the composition 

IM citric acid - O.OIM Sr(N0o)2j •^ citric acid - O.O5M Ca(N02)2^ and IM citric 

acid - O.OOO5M Ce(N02)3, after addition of 19M NaOH to adjust pH to the desired 

value, were used to obtain distribution coefficient data. In agreement with 

earlier ORNL results (H), partitioning is most effective in the pH range I.5 

to 2.5. Any complexing of Ce-̂ ^̂  and calcium by citrate ions which occurs in 

this pH range is not sufficient to impair the favorable K^ relationship between 

these elements and Sr° . Provided sodium has been adequately removed from the 

organic feed solution in the extraction coliann, IM citric acid furnishes 

sufficient buffering capacity to operate the partition coliamn in the desired pH 

range with an organic flow four times the aqueous flow. 

Flowsheet Demonstrations 

Feed solutions for extraction coliamn mixer-settler runs (Tables III and IV) 

were prepared by addition of 310 ml. of 1.74M sodium acetate - O.73M Na^EDTA -

1.0 to 1.2M NaOH solution to a liter of concentrate. Prior to feed make-up, 

plant concentrate was diluted two to five times with a synthetic concentrate 

of the composition l.OM HNO3 - O.OO5M Sr(N03)2 - O.OO3M Ca(N03)2 - 0.01 to 0.02M 

Fe(NOQ)o - 0.01 to 0.03M Pb(N0o)2' Iron and lead concentrations of this latter 

solution were selected so as to be equal to those in the undiluted plant con­

centrate. Certain of the organic product solutions from extraction column 

mixer-settler runs (Flowsheet 1, Table III) were used as feed solution in 

mixer-settler partition column runs (Table V). 

The effects of increased feed pH on Ce-̂ ^̂  decontamination and of scrub 

composition and pH on the sodium concentration of the organic product observed 

'-' c J 



-12-

In extraction colxamn mixer-settler rxans parsilleled closely those to be expected 

from batch distribution data. Note also that xinder the same flowsheet conditions 

similar waste losses and decontamination factors were obtained regardless of 

whether the feed solution was prepared from plant or laboratory concentrate. 

The greatest disparity was noted in the behavior of Rû Q̂ -Rh-'-Oo and Zr95.Nb95. 

Part of this discrepancy is attributed to the difficxilty of obtaining reliable 

analyses for small concentrations of these two constituents in the presence of 

90 l44 
high concentrations of Sr and Ce . Another reason may be that chemical 

species of ruthenium and zirconium in plant concentrate are different from 

those in the radioactive tracer solutions used with laboratory-prepared concen­

trate . 

Flowsheet 1 conditions listed in Table III are essentially those specified 

in the process chemical flowsheet (Figure l). Required decontamination from 

Rû 06_gj;̂ 106 gj^^ ZxP^^m^^ was obtained in the extraction column with EDTA as the 

complexant xander these flowsheet conditions. However, the over-all (plant con-

, l44 
centrate to citric acid product solution) Ce decontamination factor was about 

850, 3-4 times lower than required to meet, routinely, radiochemical purity 

specifications. HSW experience indicates the desirability of adding NacDTPA 

rather than Naij. EDTA to the extraction colxamn when using feeds having high 

Ce-̂ ^̂  concentration. In the only such rxan made in the HSW all purity specifi­

cations were met in a single extraction and partition cycle. 

Additional Purification Cycles 

If necessary, either an ion exchange cycle or an additional solvent 

extraction cycle may be used to provide additional decontamination from Ce-'-̂  

and other contaminants (Figure 5)- Both methods employ the citric acid parti­

tion colxjmn prodxict solution as feed. Technology for the ion exchange resin 

• b J V. x '•i 
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procedxire has been developed by Bray (12); the flowsheet shown in Figure 5 is 

adapted from his work. 

Distribution coefficients were determined for strontixam and cerixm (Fig-

xire 6) between solvent and a slmxilated partition colxamn product solution of the 

composition 0.035M Sr(N02)2 -0.0075M Ca(N03)2 - 0.0003M Ce(N02)3 - l.OM citric 

acid. Portions of this latter solution were adjusted to pH's in the range 2.0 

to 5.0 by addition of I9M NaOH. In some cases I.3M Na|̂ EDTA was added to obtain 

solutions containing 0.1 mole Na^EDTA per liter. 

The pH range 3-5 to 4.5 is optimum for extraction of strontixam farom partition 

colxamn product solution. However, even at this pH range, the strontixam K^ is 

not much greater than one. Hence, the organic flow must be at least eqxaal to 

the aqxieous flow to recover strontixam adequately. It is also apparent that 

addition of a complexing agent such as Nâ ÊDTA is required to obtain any 

appreciable decontamination from Ce in this pH range. 

In the solvent extraction flowsheet shown in Figxare 5; 0.2M HNO^ is used to 

strip strontixam from the organic phase. Alternatively, partition colxamn 

conditions (Figure l) can be used to remove strontixam from the organic phase. 

144 This latter method provides even fxirther decontamination from Ce 
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Table I . Composition of Crude Sr^ Concentrate Solution 

Solvent extract ion process feeds were prepared from 
the crxide concentrate 

Typical Plant Concentrate Laboratory Concentrate 
Component 

UNO3 

Fe(N03)3 

Pb(N03)2 

Ca(N03)2 

Sr90 

Ce^^^ 

Zr95-Nb95 

Rul°6.j^l06 

M curies/liter 

0.80 

0.025 

0.020 

0.005 

17-24 

40-260 

0.5-40 

0.1-2.0 

Component 

HNO^ 

Fe(N03)3 

Pb(N03)2 

Ca(N03)2 

La(N03)3 

Sr(N03)2 

Ce(N03)3 

ZrO(N03)2 

RuCl^ 

M 

1.0 

0.10 

0.004 

0.003 

0.0025 

0.0025 

0.0001 

0.001 

0.0000! 

Ub 
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Table II. Extraction Colxamn Distribution Coefficients 

Test solutions were 0.I9M Naj,EDTA and 0.5M sodixam acetate 

Distribution Coefficient 

El 

2.9 

3.6 

4.4 

4.9 

5.4 

Ca 

577 

1770 

500 

27.3 

1.7 

Fe 

0.0006 

0.0009 

<0.0002 

<0.0001 

0.0014 

Ru 

0.0003 

0.0012 

0.0024 

0.0010 

0.0006 

Zr 

<0.0001 

0.0017 

Co.0002 

0.0038 

Eu 

8.75 

0.274 

0.0763 

0.0074 

u u J t ^ _i_ v../ 



-17-

Table I I I . These Extraction Colxamn Flowsheets Were Tested 
in Mixer-Settler Ifciits 

Scrub Composition 

Flowsheet 

1 

1 

2^ 

2b 

3 

3̂  

Concentrate 
Source 

Lab Prepared 

Plant 

Lab Prepared 

Plant 

Lab Prepared 

Plant 

Feed 
pH^ 

4.7 

4.7 

4.2 

4.2 

4.2 

4.2 

NaNOj 
M 

0.0 

0.0 

0.5 

0.5 

0.0 

0.0 

Naî EDTA 
M 

0.0 

0.0 

0.02 

0.02 

0.0 

0.0 

Citric acid 
M 

0.6 

0.6 

0.0 

0.0 

0.6 

0.6 

pH 

2.6 

2.6 

3.5 

3-5 

3.6 

3.6 

^ All feeds were 0.41M sodixam acetate and 0.15 to 0.17M Naiĵ EDTA. 

^ Relative volxame flows of feed, ext rac tant , and scarub were 1 .0/0 .2l /0 .04; 
in a l l other runs r e l a t ive flows were 1.0/0.24/0.05. 

\ j ^ ' \j 



-18-

Table IV. Extraction Colxamn Flowsheet Performance 

Flowsheet 

1 

1 

2a 

2 

3 

3 

Concentrate 
Soxirce 

lab Prepared 

Plant 

Lab Prepared 

PlR,nt 

Lab Prepared 

Plant 

Aqueous 
Raffinate 

pH 

4.5 

4.5 

4.0 

4.2 

3.8 

3.5 

Na in Organic 
Product 

M 

0.007 

0.07 

0.004 

^ Sr 
Loss 

3.9 

0.68 

1.7 

0.74 

0.01 

0.96 

Decontamination Factors 

Cel^^ 

19 

19 

14 

10 

4 

2 

Rul06.i^l06 

1040 

250 

925 

Zr95-Nb95 

600 

1620 

2300 

920 

^ Decontamination factors for Fe59 and Eu^52-154 ̂ gj.g 20,000 and 200, respectively 
for these flowsheet conditions. 

'-J u J L .. U 
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Table V. Partition Colxamn Flowsheet Performance 

Relative volxame flows: Organic/aqueous : I.O/O.28 
Partition Solution : IM citric acid 

Organic Aqueous Decontamination 
Feed Product 9̂  Sr J^^ctors 
Soxirce pH Loss Ce^^^ Ca 

lab Prepared 2.0 3.6 45.3 12.4 

Plant 1.8 4.8 42.9 
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Figure 1. This chemical flowsheet was used to recover and purify 
about one megacurie of Sr-'"-̂. 
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Figiire 2. Distribution coefficients for Sr and Ce between O.37M 

D2EHPA and Extraction Column Feed Solutions. 

DTPA is sxaperlor to EDTA in suppressing extraction of cerium. 
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Flgure 3. Distribution of sodium between 0.37M D2EHPA and aqueous 

acetate solution is much lower than strontium distribution. 
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Flgure k. Distribution coefficients of Ca, Sr, and Ce between 0.37M 

D2EHPA and IM citric acid. These data were xxsed to define 

partition column conditions. 

u o J > i-'-̂  



1.0 1.5 2.0 2.5 3.0 3.5 

Equilibrium Aqueous Phase pH 



-2k-

Figure 5. Either of these flowsheets can be used to obtain additional 

purification of Sr̂ '̂ . 
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Figure 6. Partition column product solution, after pH adjustment and 

addition of NaLEDTA, is a suitable feed for a second solvent 

extraction cycle. 

Distribution coefficients were determined with O.37M D2EHPA 

solution. 
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