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1.2 HW-72666

Five units were involved: a small, 5-watt (electrical) Weather Bureau
Unit, two 10-watt SNAP-7 units (SNAP, an acronym of systems for nuclear
auxiliary power) and two 60-watt SNAP-T7 units for the Navy and Coast
Guard. The two smaller SNAP-T generators each required 40, 700 curies
of sr20 and the two larger units 245, 000 curies for a total of about
650, 000 curies. 'The work locations for the units are:
5 watt unit - Axel Heiberg, Northern Canada (a weather station)
10 watt unit - Minna Bluff, McMurdo Sound, Antarctica (a weather
station)
10 watt unit - Curtis Bay, Maryland (a flashing light navigation buoy)
60 watt unit - Gulf of Mexico (a Navy boat-type weather station)
60 watt unit - Chesapeake Bay (a 250-watt flashing light navigation
buoy)

Hanford's contribution to the general program consisted of (1) recov-
ery of a crude strontium concentrate from Purex Plant waste(7) (see
Figures 1.2and 1.3) (2) purificationof 72 kilocuries of this crude material
by ion exchange in Hanford's High Level Radivuchemistry Cells, (28) (3)
purification of 740 kilocuries of Srgo by solvent extraction in the Hot(zs)

Semiworks, and (4) design and fabrication of product shipping casks,

shown in Figures 1.4, 1.5, 1.6, and 1. 7.

The Oak Ridge National Laboratory prepared, on an interim basis,
the strontium titanate pellets for use in generators designed and built by
the Martin-Marietta Corporation. It was necessary to meet tight sched-
ules in the overall program to assure delivery of the two Arctic units

durir accessible periods in 1961,

This report describes the laboratory stu es, radioactively cold
development studies and radioactively hot development-recovery activities
involved in the Hot Semiworks operations. Details are presented on the
D2EHPA (di-2-ethylhexl phosphoric acid) extraction process successfully
used in Hanford Hot Semiworks and the development studies on solvent
extr :tion, »>n exchange and precipitation leading to the recovery and
purific tion of nearly a megacurie of Srgo during the Hot Semiworks

Interi  Program.





































2.4 HW-72666

Effect of Ion Charge and Size - In general the larger the cha: =2 on

the metal cation the greater the magnitude of Keq as expressed by

Equation (2): that is to say, quadrivalent ions are extracted more strongly
than trivalent ions which in turn are extracted more strongly than divalent
ions, etc., A partial list of the affinity cf metal ions for D2EHPA is

Zr(IV) = Ce(IV) > Y >Eu > Fe(Ill) > Pm > Ce(IlI) > La > Ca > Al > Mn(II) >
Ru(Ill) > Sr > Ba > Na > Cs. 180)

Dyrssen(17)

(the lanthanide and actinide ions) log Keq appears to vary inversely with

has pointed out that for the trivalent ions of Group III

ion radius. There is a similar correlation for the alkali and alkaline earth

(1)

ions. In all of these groups, the smaller the metal ion the more strongly

is it extracted.

It should be noted that U02++, Pu02++, and Np02++ are by far more
strongly extracted than other divalent cations. (1) These cations appear to
hold a unique position in the affinity series. It is also of interest that U02++
is extracted at high nitric acid concentrations by forming complexes

analogous to the UOz(NO3)2—TBP complex, (3)

- Kinetics of Extraction - No systematic study of the extraction

kinetics of metal ions intc D2EHPA -containing phases has been made.
Results obtained at both HAPO and ORNL indicate the reaction between
strontium and D2EHPA is complete within about a minute. Recent work at

HAPO indicates that rare earth ions extract more slowly than strontium ions.

T ¢traction of ions undergoing hydrolysis, such as Fe(IIl), Zr(IV),
and AI(III), can be especially slow. Up to several hours may be required

(3,9a,9¢,98) 'pne pack extraction

to attain equilibrium at room temperature.
of these ions with nitric acid is also exceedingly slow. Effective removal
of iron and aluminum from the solvent within a practical time requires

the use of alkaline solutions or solutions containing complexing agents.

Effect of Diluent Modifier - Diluent modifiers such as TBP may

also have an effect on the D2EHPA extraction of metal ions. Depending on

the particular metal ion, the diluent modifier may either increase or





































(4)
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In Equation (21}, (Ln) represents nct only the concentration of free
ligand but the concentration of all species of the complex 3 agent
not bound with Sr' ' or other rr al ic ;; that is, (Ln) includes the
concentraticns of the various protonated species of the ligand.
{(For example, in the case of EDTA, (Ln) represents the combined
concentrations of the HY~3, H2Y-2, HBY-I, and H,Y species in
addition to the free Y_4 ligand.) The relative concentrations of the
protonated and unprotonated ligands depends on the acidity (pH) of
the solution; and, in consequence, the extent of complexing of Sr+
by the ligand Ln is pH dependent. This dependency on pH is
expressed by using conditional stability constants rather than
thermodynamic stability constants. A more complete description
of conditional stability constants and their uses is given in Reference

21.

From Equation (21}, at any given pH

(SrL_) = K! (sr") (L ). (22)

Substitution of this value of San and the analogous values of SrLl,

SrL,, etc. intc Equation (20) gives

2)
{(sr),
Sr EY = — T T IT
{Sr )+K'1(L1)(Sr )+K'2(L2)(Sr Y+...+K!'YT XSr )
n -1
(Sr)
= ° : (23)

(sry 1 FKIUL) + KiLg) +... + KL ) ]

f, as has been assumed earlier, the only species of strontium
present in the organic phase is the complex Sr(HR2)2, then by
~q' ion (3)

(Sr), [Sr(HR2)2 ]

)= (Sr++) = SrKd.

(Sr
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ions react with the various complexing ligands. The sample flowsheet
calculation shown below illustrates how (Ln) values are calculated.

Sample Calculation of Strontium Evtraction Flowsheets

With the above correlation for estimating strontium distribution ratios,

it is now possible to determine the feasibility of a given flowsheet to quantita-
tively extract strontium. The following steps can be used for this purpose:

(1)

(2)

(3)

(4)

Determine the feed composition, including the concentration of
both the extractable ions (strontium, calcium, sodium, etc.) and
those ions which will be essentially completely complexed by
ligands (iron, lead, cerium, etc.). If a scrub stream is used,
assume that it is stoichiometrically combined with the feed to
establish the total concentration of ligands and metal ions entering

the extraction section at the feed point.

Select a feed pH. This will. normally be in the range of pH 3.5 to 5,
high enough to prevent extraction of undesired, complexed metals
(such as iron or cerium) but not high enough for sodium extraction
to depress strontium extraction. If the system is adequately
buffered (see Page 2. 23), the equilibrium pH will be essentially
the same as the feed (or combined feed plus scrub) pH.

Select a solvent concentration and a solvent-to-feed flow ratio.
Assume that the more extractable ions, and only these ions
(such as calcium and strontium), are completely extracted.
Calculate their concentrations in the product solvent and use the
values to determine the free D2EHP concentration in the product
(Equation 13). This will be the minimum value of free D2EHP

in the system.

Assume that the equilibrium sodium concentration in the aqueous
phase at the feed point is the same as the stoichiometric sodium
concentration in the combined feed plus scrub. This will be
approximately true if sodium extraction is minimized by selection
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SECTION 3. ATORY ..UDIES
W. W. Schulz, J. E. Mendel

INTRODUCTION AND SUMMARY

Bench-scale investigations conducted to aid in the development of
technology required for satisfactory recovery, purification, and packaging
of Sr90 in the Hot Semiworks (HSW) are discussed in this Section. Batch
and continuous countercurrent extraction studies performed with crude con-
centrate solutions to develop and demonstrate chemical flowsheets for the

D2EHPA extraction and purification of Srgo, Ce144 147 a

, and Pm re
described in detail. The worx was carried out in close cooperation with
the pilot plant wor« described in Section 4. Also discussed are results
obtained in studies of the tail-end cation exchange resin purification of

the solvent extraction Sr90 product from Ce144, as well as on precipitation

and filtration of the Sr90 product.

SOLVENT EXTRACTION STUDIES

EXPERIMENTAL

Matarialg

Synthetic and Plant Crude Concentrate Solutions - The composition

of the synthetic crude concentrate used in the majority of the laboratory
extraction studies is listed in Table 3.1. Three different one-liter

batches of actual, full-level plant concentrate of the composition shown
in Table 3.1 were used in several continuous countercurrent extraction

runs.

The following points are of significance with respect to the composi-
tion of the synthetic concentrate:
(1) The concentrations of HNO, and Fe(N03)3 were based on analyses
of plant concentrate produced early in the sr90 recovery program.

Batch 3 of the plant concentrate was typical of this material.







(2)

(3)

(4)

(5)
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Subsequent improvements in the plant procedure used to prepare
crude concentral resulted in material containing less HI ; nd
Fe(NO,);. Batches 1 and 2 were typical of this latter concentrate.

Inert strontium isotopes as well as Sr89 and Sr90 are also present
in the crude concentrate so.that the total strontium concentration

is about 0. 002! e

Although not indicated in Table 3.1, plant concentrate also conta s
calcium and barium. Concentrate processed in the HSW was about
0.005M Ca(NOB)2 and 0. 0004M Ba(NO,), (cf. Table 5.1, Appendix).
The synthetic concentrate used in these studies was 0. 0025M
Ca(NOj), and did not contain barium.

Plant concentrate contains, in addition to Ce144, stable and radio-

active isotopes of other rare earths as well as of yttrium produced
in the fission of U235. Lanthanum nitrate was added to the

synthetic concentrate to approximate the bulx organic phase loading
of the fission product rare earths other than cerium. The extraction
behavior of these other rare earths was followed radiometrically

with trace concentrations of Eu152-154.

For convenience, zirconium and ruthenium were added to the
synthetic concentrate as ZrO(NO3)2 and RuC13. The exact « emical
species of radioactive zirconium and ruthenium in plant concentrate

are not known,

All batches of plant concentrate appeared visibly clear when received.

" sequent centrifugation of sm: . portions revealed, however, the presence
of white solids believed to be Cez(C204)3, in Batch 1 and brown solids, -
"":ved to be hydrous ferric oxide, in Batch 2. No solids were found in
atch 3. Before use in continuous countercurrent extraction runs, Batches
1 12 were adjusted to about 1.0M HNO4 by addition of 15. 7M HNO4 and
then digested 2 hours at 65-75 C. This treatment dissolved the brown solids
but not the white solids. The acidified concentrates were not centrifuged

before use in mixer-settlers.
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FIGURE 3.1

Comparison of DTPA and EDTA as Complexing Agents
for Cerium and Strontium

With either EL . A or DTPA added to the feed, the cerium ...;
decreased as pH increased. Distribution coefficients for Eul 52-154 (the
radioisotope used to determine the behavior of rare earths other than
cerium) from solutions containing EDTA also decreased with increased
pH and, over the pH range investigated, were less than those of cerium.

144 limits the degree of decontamina-

Thus, the extraction behavior of Ce
tion from radioactive rare earth isotopes obtainable in the extraction

column.

EDTA and DTPA had about the same effect on strontium EZ.
However, at approximately equal concentrations, DTPA complexed

A€C-GL RICHLAND, waSH.
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Solution I

Component, M
Sr(NO3), 0.0019
Ca(NOg), 0. 0031
Fe(NO3), 0.021
Pb(NO.,) 0. 004

3’2 5
Ba(NO3)2 9.1x10
NaNOj 1.11
ZrO(NO3), 8.6x10°6
RuCl, 1.3x10°9
Ce(NO3), 9.5x%10753
La(NO3)y 0.00019
Acetate 0. 482
1 DTA 0. 042
EDTA -
DTPA ---
pH 5.0
Radiation Dose, r 3Solids pH

0 None 5.0
1.92 x 107 None ---
2.50 x 107 - .-
7.43 x 107 -—- ——-
5,00 x 10 —-- —--
7.5 x xog - ---
8.0x 10 Trace ---
2,60 x 108 .- .-
3,72 x 108 ~15 vol% =---
5.90 x 108 ~15 vol% 8.0
(a) Aque: /organic ratio was 5/1

(b) After extraction contact
(c) Aqueous/organic ratio was 1/1

Solids

None
None
None
Trace

TABLE 3.6

RADIOLYSIS OF SYNTHETIC FEED SOIL.UTIONS

pH_

4.30
4.52
4,72
6, 42

Strontium

in Solution

100%

101.5

100
93.3

0. 00169
0.0028
0.074

0. 0035
7.4x10°5
1.26
7.35x10°6
1.18x 1075
8.1x10°3
1.7x1073
0. 45

0.18

4.30

St romf‘au,m

Iron(a)

Equilibrium
Aqueous pH

E? E°
—'a —a
7.86 <0, 00029
7.30 <0.00029
10.0 0. 00031
4.0 1.90

4,30
4.32
4. 50
5.63

Solution II1

0. 0054
0.0030
0.0186
0.0011
0. 00045
0. 50 w
- —
w
0.075
4.6
Ceriu{r&) Equilibrium
pH_ EQ Aqueous pH{c)
4. 60 0. 059 4,20
4.60 0.198 4. 32
4.7 0,210 4. 32
4,88 15.0 4, 40

9992L-MH
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TABLE 3.7

BOIL-DOWN OF EXTRACT )N COLUMN AQUEOUS WASTE

Volume, Concentration Bo. ng Density
ml Factar pHE@25C Point, °C g/ml _@25C
350 1.00 4. 50 104, 1 1,092
300 1.17 -—- 105.1 ---
250 1.40 4. 60 105.3 1.129
200 1.75 4. 65 106. 1 1.159
150 2.33 4.72 107.0 1.204
125 2.80 4.82 108.1 1. 249
100 3.50 4,92 109.8 1,304
75 4. 67 5.20 112.1 1,398
50 7.00 --- 113.0 ---

The waste solution was free of solids both at boiling temperature
and at 25 C when concentrated to 75 ml. Crystalline solids precipitated at
boiling temperature at some undetermined point between this volume and 1e
final volume of 50 ml. These solids were not identified but were thought
to be NaNO3. There was no evidence of any precipitation of iron as the

hydroxide.

First Cycle Partition Column - Distribution Ratio Data - Distribu-

tion ratios of strontium, calcium, and cerium between extractant and

1. OM citric and tartaric acids as a function of equilibrium aqueous phase
pH are given in Figure 3.3 and Table 3.8. The variation in distribution of
strontium and cerium with citric acid concentration is also shown in

Figure 3. 3. Distribution ratios of strontium and cerium between extractant
and other candidate partitioning agents, monochloroacetic and dichloroacetic
acids, are also shown in Table 3. 8.

CECCE RICHLAMD. WatH































FIRST CYCLE EXTRACTION COLUMN MIXER-SETTLER RUNS

3.25

TABLE 3. 11

WITH SYNTHETIC CONCENTRATE

HW-726

Feed: Synthetic concentrate (Table 3. 1) made 0.18M EDTA and 0.41M
acetate and adjusted to pH indicated by addition of 3.1 ml of l.’TSM
NaOQAc - 0.74M EDTA - 1.0 to 1. 2M NaOH per 10 ml of concentrate.

Scrub: Composition indicated

Resulting solution spiked with appropriate radioactive tracer.

Extractant: 0,368M D2EHPA - 0.2M TBP - SSB

Flows: As indicated
Run 1 Run 2(2) Run 3(b) Run 4
Flowsheet No. 1 2 2 3
Feed pH 4.7 4,2 4,2 4.2
Extractant )
Treatment(¢ Unwashed Washed Washed Unwashed
Scrub Composition
NaNO3, M 0.0 0.5 0.5 0.0
Citrate, M 0.6 0.0 0.0 0.6
EDTA, M 0.0 0.02 0.02 0.0
pPH - 2.6 3.6 3.6 2.6
Relative Flows
Feed 1,0 1.0 1.0 1.0
Extractant 0.27 0.21 0. 21 0,27
Scrub 0. 054 0. 040 0, 040 0.054
Sr Loss, % 3.8 1.7 <3.5 <0, 01
ce!*? pr 9 13 1 4
Zr-Nb95 pF 580 2310
Ru!%® pp 1040 930
** Na in Organic
Product 0. 007 0.07 --- 0.004
Raffinate pH 4.5 4.0 4.0 3.5

(a) Decontamination factor for Fe®d, Csl37,
3.3 x 104, 200, and !.2, respectively.

(b) Solvent irradiated to a total exposure of 1.77 x 107 r before use

(c) See page 3.4 for washing treatmen:.

AfCGE RICHLAND WasSw

Run 5 Run 6
4 5
4.2 4,2
Washed Washed
0.5 0.0
0.0 0.0
0.02 0.0
3.6 ---
1.0 1.0
0,27 0.25
0.054 0.0
0, 01 -
14 13
3.9 4.0

Eul52-154 and Bal33 were >2 x 104,
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TABLE 3.12
FIRST CYCLE EXTRACTION COLUMN MIXER-SETTLER RUNS
WITH PILANT CONCENTRATE
Feed: Acidified plant concentrate (diluted with synthetic concentrate
in some cases) adjusted to acetate and EDTA concentrations and
pH indicated by addition of 310 ml NaOAc-Na4EDT.A—Na0H
solution per liter of concentrate.
Scrub: Composition indicated
Extractant: 0.368M D2EHPA - 0.2M TBP - 558
Flows: Feed/Extiractant/Scrub:: 1.0/0.25/0.05
Run 1 Run 2 Run 3 Run 4 Run 5'2)
Flowsheet No. (b) i i 1 2 3
Concentrate Baich I\'o.(c) 2 2 3 2 1
Percent Activity Levelld) 12 40 100 12 100
Feed Composition
Acetate, M 0. 40 0. 40 0. 37 0.40 0.45
EDTA, M 0.15 0.15 0.16 0.15 0.10
pH 4.7 1.7 4.7 4.3 4.2
Scrub Composition
NaNO;, M 0,0 0.0 0.0 0.5 0.0
Citric Acid, M 0.6 0.6 0.6 0.0 0.6
EDTA, M 0.0 0.0 0.0 0.02 0.0
pH 2.6 2.6 2.6 3.6 2.6
Sr Loss, % 0.73 0. 68 1.6 0.03 (10.0)
ce!4t pr 15 19 3.0 1 2.0
ZrNb95 DF 1600 1620 920 675
Rul® pF >140 250 i S
Raffinate pH 4.5 4,5 4.3 4.2 3.5

(a) Washed extractant used in this run; unwashed extractant used in all other runs,

(b) Flowsheet numbers correspond to those in Table 3.11.

(c) Batch numbers correspond to numbers in Table 3. 1.

(d) As explained in text, in some runs plant concentrate was diluted with synthetic concentrate.

ALC-GE BICHLAND wasH






3.29 HW-72666

TABLE 3. 14

M. A\TURE PULSE COLUMN 1B COLUMN RUNS

Run | Run 2 Run 3 Run 4 Run §
tBF Source Batcl mac((a) Batch Con(act(a) MixerASettler(b) Mixer-Settler(C) Mixer-Senler(d)
1BX Composition 1.0M 2. 0M 1.OM 1.0M 1.0M

Citric Acid Citri¢ Acid Citric Acid Citric Acid Citric Acid

Aqueous/Organic
Fiow Ratio 0. 234 0. 147 0. 234 0. 234 0.234
Flow, Combined
Phases, 150 150 100 104 140

gal/hr sq {t
Pulse Frequency,

cycles/min 78 78 86 95 86
IBF H*, M 0. 248 0. 293 0.328 --- 0.334
IBW H', M 0. 304 0. 340 0. 346 --- 0.352
1BP pH 2.5 2. 25 1.75 .- 1.85
% Sr Loss il.5 0. 50 0.30 .- ---
Ca DF .- - 505 12 --- ---
Ce DF .- 324 11 9 55

(a} The IBF (0. 004M Sr - 0.008M Ca - 0.005M Ce and traced with either sr85 or cel44 was

prepared by batch contacts ol extractant and appropriate aqueous phases.

{b) Organic product streams from mixer-settler extraction column runs with synthetic con-
centrate using conditions of Flowsheet 3, Table 3. {1,

~

{c) Same as (b) except IBF was spiked withorganic product from mixer-settler extraction column

Run 5 (Table 3.12) with plant concentrate.

Organic product from mixer -settler extraction column run with laboratory concentrate using
conditions of Flowsheet 1, Table 3. 11.

(d

~

TABLE 3.15

COMPARISON OF LABORATORY ANI "7 ~*“3TITION COLUMN RESULTS

tBX: 1.0M Citric Acid
Aqueous/Organic Flow Ratio = 1.0/0.23-0. 26

Mixer-Settler Miniature Pulse Column HSW Sr-4 HSW SR-5
% Sr Loss 3.6 -4.8 0.3 1.0 0.2
Ca DF .-~ 12 9 19

Ce DF 44 10-55 55 72
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4, Oxidize Cel‘l’4 in HNO3 oluti  from ..ep . to the tetravalent
state with KMnO, and batch extract .o a D2EHPA-TBP-_sB
solution. (An alternative approach involving separation of
trivalent cerium and promethium by D2EHPA extraction was
briefly investigated. )

5. Adjust the aqueous phase from Step 4 to 0.25 - 0. 5M citric acid
at pH 1-2 and batch extract Pm!47 and other rare earths from
manganese(ll) and calcium.

6. Strip extracted Pm!47 from the organic phase in Step 5 with
1-2M HNOj.

Only steps 1, 4, and 5 of the above flowsheet were investigated in
the laboratory. It should be noted that the final flowsheet used in HSW
Run Sr-7 to recover Sr90, Ce144, and Pm 147 differed somewhat from that

: presented here (cf. Section 5, p. 5.23 ).

Coextraction .of Strontium and Rare Earths from Concentrate -

Batch Frtraction Data - Laboratory-prepared crude concentrates of three

\

\

! different compositions (Table 3. 16) were used. These solutions differed

principally in Ce(NO3); and La(NO,), (stand-in for other rare earths in
plant concentrate) concentrations. At the time of these studies there was
considerable uncertainty as to the concentrations of the various rare earth

‘ ions in plant concentrate; Solution 3, was believed to be the

‘ closest approximation to actual plant crude rare earth composition. The

j Sr(N03)2 concentration of this solut 1 was also increased from 0. 0028™M

| to 0.0072M to correspond to that prevailing in HSW operation when the 1BP

stream was recycled to the extraction column. Iron and lead concentratic 3
of these solutions corresponded to values found for plant concentrate and
were lower than those used in earlier laboratory studies (c_f. Table 3.1,

p 3.2).

™ ttraction column feed solutions (0. 5M acetate and either 0.05M
F™DTA or 0.05 to 0. 1M EDTA) at pH's in the range from 2 to 4 were
prepared from the various laboratory concentrates. In all cases the con-
centrate was diluted to 1. 34 times its original volume. Portions of the
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Step I Adjust 1BP to pH 3.0 and load to approximately 5!

column capacity.

Step II  Wash with two column volumes of 1. 0M citric acid at

pH 3. 0.
Step III Wash with water.

Step IV Elute with 3. 0M NaNOgj.

A detailed description of the run and the results are given in Table

3.30. The cerium decontamination factor for the run was over 300,

Test with Plant Concentrate - The 1BP from a mixer-settler parti-

tion column run with plant crude concentrate (Table 3. 13) was loaded on an

ion exchange column, washed, and eluted. The results of this test are shown

in Table 3,31. Results from an identical run using synthetic solutions are

also included. Behavior of the plant solution on the ion exchange column

was similar to that of the synthetic solution.

TABLE *® 30

NN EXCHANGE COLUMM TUDIES -

CERIUM DECONTAMINATION DEMONSTRATION RUN

Column Dimensions: 1.0 c¢m diameter, 61 cm long, 47 ml bed volume.

Loading Cycle : Feed Composition: 0.
0.0075M Calcium
0.
1
0

Flowrate: 2.
Throughput: 3.

0625M Strontium

00017 Cerium

.O0M C..rate
.T™ Sodium

PH 3.0
0 ml/min-cm?

9 bed volumes (resin loading was

21.4 g Sr/liter)

Wash Cycle: Wash Composition: 1.
Flowrate: 2.

Throughput: 2.

OM Citric Acid, pH 3.0

0 ml/min-cm?

0 bed volumes, followed by 3.7 bed

volumes water

Elution Cycle: Elutriant

Composition: 3,

oM NaNO3 pH adjusted to 11.0
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PRODUCT PE..CIPITAT ION

STRONTIUM CARBONATE PR®CIPITA TINN

Several strontium compounds, SrSO4, SrC9O4, and SrCOg3, were
considered as final solid forms for HSW Sr90 product. Factors such as
ease of formation, filterability, ease of drying, and stability to radiation
led to the choice of SrCOg as the product form.

Precipitation of SrCO3 from three different types of solution
containing strontium was studied. These solutions were (a) HNOg solutions
such as might be obtained in two cycles of solvent extraction, (b) NaNOg
solutions such as might be obtained after tail-end cation exchange resin
treatment, and (c) citric acid solution such as might be obtained in a single

cycle of solvent extraction.

Finely divided, difficultly filterable solid was formed when SrCOgq
was precipitated from either HNOg or NaNOg solution by addition of Na2CO3
solution. No precipitation condition leading to the formation of readily

filterable precipitates was found.

Precipitates with good filtration characteristics were produced
from either HNOg or NaNOg solutions by using NH,OH and CO, as
precipitating agents. Similarly, readily filterable precipitates were
formed when either NaHCOg3 or KHCOg was used as the precipitating agent.
The particle size of the solids formed with the latter precipi’ its was

~eater tI 1 40-50 mesh; the solids were retained readily without filter

aid on Type J '"Regimesh''* filter screen.

The most satisfactory procedure found for precipitation of SrCOg3
from HNOg or NaNOg solution involves adding either NaHCOg or KHCO3
to the neutral, hot (80 C) solution until the HCO3-/Sr** ratio is two or

*Trademark of Aircraft Porous Medium Corporation.
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Greater than 95% of the zirconium ext: ct with no complexing agent
present, but only about 8% or less extracted with the citrate feed. The e
results indicated little chance for success in extracting impurities away
from strontium; accordingly, the remaining runs were designed to extract

strontium away from the impurities.

Runs 17, 18, and 19

These three runs used Feed 4 and demonstrated the effects of
operating at a higher feed pH (3.5 to 4. 3) and the effects of using the sodium
form of D2EHPA as the solvent. Under these conditions, strontium, cal-
cium, and lead extracted almost completely, together with about 70% of
the iron. The use of the sodium form of D2EHPA gave waste stream pH's
as high as 6.2 as a result of sodium-hydrogen ion exchange. Although
the feed was stable, there was some indication that ferric hydroxide was
precipitating in the column, as might be expected at the high waste pH with
only acetate ion present as a stabilizing ligand. Intermediate samples
ta n to obtain a pH profile of the column showed that the pH at the feed
point in these and most of the other runs was approximately the same as
the feed pH (+ 10%). The use of either acid or sodium D2EHPA had a sig-
nificant effect on the pH only in the bottom 3 to 6 feet of the column, the

effect decreasing with increasing aqueous to solvent flow ratio.

Runs 20 and 21

These two runs, using Feeds 5 1d 6, demonstrated the effect of
HEDTA as a complexing agent for iron, lead, and zirconium. In its absence,
70 to 100% of these elements extracted; but when present at 0. 066M in
excess of stoichiometric requirements, 2ss than 10% of the iron, lead,
and zirconium extracted. The solvent, which had been used in earlier runs
in the absence of iron complexants, actually contained less iron when
leaving than it had on entering (0. 21 g/liter reduced to 0. 06 g/liter). HEDTA
was also effective in dissolving ferric hydroxide formed inadvertently in
the feed makeup. The '"DTA had no effect on strontium and calcium

extraction.
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The poor cerium DF perfoir ince wx itributed to four factors:

1, Failure of the feed adjustment pH meter at the start of the run
required the use of a low: more conservative pH in the first
cycle to insure adequate strontiu extraction (pH was controlled
indirectly by monitoring the 1AW pH).

2. Failure of the normal feed pump required the use of the auxiliary
feed pump, which in turn preven | the use of the backcycle con-
cept demonstrated in Sr-4.

3. The same columns, tanks, and pumps were used in both cycles
with only a brief time available for decontamination between cycles.

4, " e Cel44/5r90 ratio in the feed was 40% higher than in Sr-4.

As a result of all these factors, a short rework run, described under
"Sr-5 Product Rework' below, was required to purify the cerium contam-

inated product.

Despite the cerium contamination problem, Run Sr-5 demonstrated
that the ion exchange column could be replaced by one or more additional
cycles of solvent extraction. This, together with the development of the
backcycle concept, permitted increasii the run size from about 200 kilo-
curies of Srgo, as limited by ion exchange capacity, to nearly 500 kilocuries

of Srgo, now limited by product storage capacity.

Sr-5 PRODTICT REWORK

The flowsheet used to rework the product of Sr-5 is shown in
Figure 5. 6. This run also processed about 13 kilocuries of sr90 from
2300 liters of an aqueous waste solution. The two feeds were not blended
but were processed consecutively with appropriate flow adjustments between
feeds to compensate for the wide differences in strontium concentration.
DTPA was used for the first time as the complexing agent and was added to
both the feed and the scrub. Nitric acid was used to strip strontium from
the solvent. The concentration and flow rate were adjusted to just provide
a stoichiometric exchange of hydrogen ion with strontium and sodium.
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Ampl..
Date Inch Operating
12- 12-60 0.5 80
12-12-80 0.5 80
12-13-60 0.5 80
12-16-60 0.8 70
12-16-60 0.8 60
12-17-60 0.8 .-
12-17-60 0.8 60
12-20-60 0.8 50
12-21-60 0.8 50
1-3-61° 0.8 6
i1-4-61 0.8 6
1-4-61 0.8 76
i-11-61 0.8 50
1-11-61 0.8 39
i-13-61 0.8 39
1-13-61 0.8 39
1-17-6t 0.8 65
1-17-63 0.8 71
1-18-61 0.8 70
1-20-61 0.8 62
1-25-61 0.8 49
1-27-61 0.8 49
2-1-81 0.8 70

. Percent based on composition of the [AF

. The solvent entered in the sodium form tn these runs

Normal

Instab,
Thres.

70

70230

€5
60

5
38

70

749
249
*80

Volume Velocit
GPH/ 12
TuiT, Terub | EXr, Scrub

780
780
850
780
790

400
660
1020
1050
a70

860
ago
1060
1080
1000

1060
180
780
830
810
800
810
K00

140
140
240
150
150

70
160
210
230
610

610
630
440
430
380
440
180
180
220
190

190
190

3
b, Total M DZEHPA - 4M (Sr+ Ca s Fe + Pb+ Zr)
c
d

. 0.08M HELTA added

MWoYL NNG W~

ALk LAMAN NNNDO OLdsd DALLWL

- KNWO O~ O

12
15
09
19
i9

58
19
0y
15
20

inter-
face

Bottom
Bottom
Bottom
Bottom
Bottom

Bottom
Bottom
Bottom
Bottom
Bottom

Bottom
Rottom
Bottom
Bottom
HBottom

Bottom
Hottom
Bottom
Haotton
Bottom

Bottom
Bottom
Botiom

TABLE 4.3 (contd.)

Produet Composilion { IAP)3

-0 CWDEDE® OO ~Tdwd =13l od
PO ODUNRD® REOON PODOY VDO W

—

PO VEEWW WWWWR QUWEOW WWRwW
WD D AL E D A bk ke bads Bhbwd

————

10%

24
83
97
86

No. pH . 5r = Ca

{140)
94

(190}

(52}
(45)

(1)
89

97
113
117
108

126
120
96

M“Free’
Mia D2EHPA
0.092 0.28
0.061 0.30
0.19 0.32
0.064 0.3}
on Q.31
0 14 0.33
.- 0.29
0.16 0.2%
0 i4 0.31
0.095 0.3
0,046 Q.31
0.096 0.32
0.061 0,32
0.075 0.33
0.13 0.32
0.10 0.217
0.058  0.26
0.006 0.29
0.054 0.27
0.043 026
0,036 0.7

10.006  0.27

.

I1'v

PO A

NEN WOWw~ o
VLwE NCWBr ©

w

999¢L-MH
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AB| 4.5
CERIUM ACTION RUI
Run No.: 71 72 73 74 75 76
Pulse Ampl.,in.: 1A 0.8 0.8 0.8 8 0.8 0.8
1B 1.0 1.0 1.0 1.0 1.0 1.0
Freq., Cycles min: 1A 70 53 53 82 70 70
IB 70 64 64 64 56 56
Volume Velocity: 1A Extr, 540 930 950 730 730 740
1A Scrub 210 330 350 390 390 380
1B 200 290 300 390 390 390
Flow Ratio, A/O: 1A Extr, 2.5 2.9 2.8 1.3 1. 1.3
1A Scrub 0,37 0 29 0 4t 0.20 0.2l 0.19
1B 0.25 0 0 0.21 0.2 0. 22
Interface: 1A Bottom Bottom Bottom Bottom Bottom Bottom
» 1B Top Top Top Top Top Top
Cartridge No.: 1A 6 6 6 6 6 6
1B 2 2 2 2 2 2
. b ¢
Feed No. 24 24 24 252 25 25
Feed pH 3.1 3.5 3.8 -0 ~0 ~0
Scrub No. 12 12 12 13 13 13
Strip Composition IMHNO; IMH 5 IMHNO3 IMHNO; IMHNO; 0.5M HNOg
0.IMNHOH QIMNHOH 0.15MH,0,
1APY. % Cerium 71 69 71 40 48 <22
% Strontium 100 107 104 -- -- --
1AWd: % Cerium <15 <12 <1% 67 79 79
% Strontium <10 <10 <10 -- - -
1BPY:  %Cerium 74 62 62 51 21 3
%Strontiwm 122 99 110 - - - --
1BWY: % Cerium 0.3 0.2 0.2 0.5 0.9 <0.1
% Strontium <4 <3 <3 - - .-

Notes: a., 0.012M KMnO4 added to oxidize cerium
b. 0.1M NaCry0, added
c. 0. NH4)28268 added
d. % \F

ALC-CT BICNLAND, WASH
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TABLE 5.6

Sr-7T DETAILED RUN SUMMARY

A 2A _3aA A
Operating Conditinns: Fxtr.  ~ 5- Extr Soruh B Exte ST

Volume Velocity

goh/f2 TUs0 340 370 520 280 310 1040 720 820 1040 550
Aqueous/Organic

Filow Ratio 2.6 0.16 0.28 1.0 0 1¢ 0. 20 0. 52 0. 906 0.22 1.3 0. 20
Pulse Amplitude, 1n. 0.8 10 0.8 1.0 0.8 1.0 o8
Typical Pulse Freq..

Cycles/Minute 50 3% 25 40 a?
Run Length, Hours 25 i28 K1} 33 15
Aqueous Effiuent pH 2

27
V7

4-4.2

P
i w10

Analytical Results: I1AF 1AP-1BF IBP-2AF 2AP-2BF 2BP Ce-Feed Ce-Product Ce-Waste -3AF 3AW

Kilocuries
sr90¢ 178
Celdd n62
pmid? 19
Curic/Curie 590
Celdd 1.4 -
ZeNp9S 0.17 .-
Rul06 <0.004 .

(110 3 107 68
4 (319) 304 4.5 o
) {477) 24 2.5

(460) 348 344 176
{330) 4.7 16 5.
(60 i - {57

0.014
<qx 10t
<103

u. 047 0.031 .- - 0,042
<3x 104 «5%x10°4 .- - - --
<2x 103 <7 x j0-%  -- -- -- .-

Gram/Gram Strontium:

Calc¢ium .0 & -- 0.20° .- 0. 086 .. .. . ..
Barium <0,08 .- — 0.86 - 0.34 - - .- ..
Manganese - .- - - - - 4.6 .-

Strontiwn Isotope Composition {Atom Percent): 599 « 57, 5, Srb8 = g1.7, sr87 2 0.3, sr

i~ \A-v.\,} s M'"'—L

/{JLLJ\’C";' el Adbn € &DF:‘&?

SRLL

el Ry 79 % G«L;%/ch.

2., F23 t 2T r—-} e Ke ~-‘}

iB BXIFTT 7 Rrd
550 180 240
0.1% 1.5 0.23
I 0.8
a3 o
i8 31
-- 4.t
$AF 4AP-4BF
259 252
60 -
0. 230 --
<4 x 105 --
<6x 1073 .-

A

3]
280
0.48
10
60
53
1.9
SAF
07 284
16 21
0. 148 0.075%
ax10% «7x10°9d
2x 107 <1073
- 0.22
. 0.25
.. 0.14

S5AP-5BF 58P
272 251
Q 0.5
0.034 0.00178
<2x 103 <ix10-4
<4 x10°3 <5x 104
.- 0.028
-- 0. 048
- 9,009

61V

999¢L-MH














