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1.0 Abstract

A process Is presented for the isolation of radioactive slreonlum from

solutions of pltttonlum, uranium and fission products based on extraction with

tbenoyltriflttoroaeetone (TTA) inbenzene.
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2.0 Introduction esns^assssansw

Tbenoyltriflxwrcacetcne* (known throughout this study as TTA) Is one

of a series of chelating cofflpaunfls developed by J. Beid, M. Calvin and co

workers at the University of California laboratories. The reaction of TTA

with various metals la as follcvst

MBn + nBBs 5± mb^ tit

where tie refers to a octal of valence state n and BBS refers to the acidic

end form of the TEA molecule, tine mechanism of the reaction le a combination

of hydrogen replacement and coordinate bonding. Both the chelating agent and

the metal chelate have a negligible solubility in the aqueous phase and can

be extracted with an organic solvent such as benzene. Other solvents, e.g.,

toluene and carbon tetrachloride, have also been found satisfactory. Among

the first detailed Investigations of the complexlng action ofTTA, with elgnlf1-

oant application to the isolation of a specific radioactive element, were those
3.4 «.made by Crandall and Thomas In their chelate process for plutonium. -"^ 0»

physico-ehealcal studies made by these workers included a general classification

of U, Pu, Th and the significant fission elements according to their extract-

ability from 0.585 BBO3 using 0.02M TTA. The list la as follows:

1. Zr** 6. Item 11. Cein

2. Pu1* 7. Cb* 12. Pu111

3. Ep 8. ylH 13- Pu*71

4. <*& 9. m* 14. Sr11

5. tP 10. Th17

Separation of the various metals can be accomplished by appropriate variation of

the TTA and acid concentrations.

5—g-ft-e-<?fc
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The Idea of using TTA as a coaigletxing agent for Zr is not new, Investiga

tions having been toads independently by Perlmon, Comnlck, Zebroski and workers

at the University of California, and ssftribers of the radioisotopes section of

Oak Bldge Rational laboratories, including A. Bupp> A. Broldo and I. Hhitney.

She use of TEA for other separations have Included processes for Pu, Pr, Ca, 6c, Ba

and Ac.

In tbs Isotopes Bevelopmsnt Section at Oak Bldge Bational Iioboratory,

radioactive slreoatam is prepared in the following ananer. Irradiated uranium

slngB are dissolved In nltrlo acid and tbs dilute solution is then sent through

an 2B-X resin adsorption column. 52xe Bircomiuav containing some plntonlum,

colxeiblra, ruthenium and traces of rare earths, is subsequently elated from

the colwaa with 0.5$ oxalio acid* Because of the presence of oxalates, the

chelation of sirconium with TTA is oarkedly Inhibited in such solutions. In

this report, the detailed investigation of such extraction process variables

as TTA and acid concentrations* tes&erature and equilibration time, both in

the presence and absence of oxalates is described, and a process is presented

for the separation of the zirconium from-the remaining iavurities. It is

recxsuanded that this process be used for the preparation of all radioactive

Zr shipments*
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3*0 Summary

A chelate process utilising thenoyltrlfluoroacetcne has been developed

for the separation of radioactive Zr from Cb, Pu, Bu, Ce and other rare

earths, and O. Essentially, the process Is as follows. (1) Extraction of

the zirconium from nitric acid solution at a pH of 0.3 using 0.03M thenayl-

trifluoroacetone in benzene. (2) Scrubbing of the organic extract with a

solution (0.5&! Bd, 0.01M HBgOH'HKL, and 0.03M Tfe&g) to remove Cb and Pu»

(3) Bilution of the organic extract, using benzene, to 0.007M thenoyltrifluoro-

acetone. (4) Stripping of the Zr with 1/4 volume of either 6.0M BSOg, 6.0M

BC1, 0.05M BIT, or a mixture of 0.1X3 BgCgOK and 2.022 BMOg.

The presence of free oxalates markedly inhibits the formation and extrac

tion of the zirconium chelate. Boiling the solutions with excess permanganate

does not completely destroy the sirconium-oxalate complex, but the subsequent

addition of excess Al(E0g)-j effectively complexes the oxalate and increases

the chelation of zirconium. Therefore, to extract zirconium ecegpletely from

solutions containing oxalates, boil with pewsanganate end add excess altaairum

nitrate and heat before carrying out the above TTA extraction procedure.

Two flowsheet runs were made with radioactive zirconium from Clinton sources.

A Zr yield of SO.Cjtwas obtained when oxalates were destroyed with K&SftOj,, This

yield was increased to 99$ in another run made in the presence of excess aluminum.

Tracer experiments indicated the chelation of less than 0»1$ Bu and Cb, and

negligible amounts of Ce, U, and Pu.
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4.0 Chemistry of Zirconium

If zirconium always occurred in solution as the plus four ion, the chela

tion with TEA would obey the following reaction:

Zr***4 +4 BEe ** ZrEsjt +^B*

and the equilibrium constant, thernodynamieally, would be expressed

where Ej,/Q Is the distribution coefficient for the zirconium activity (benzene/

aqueous) end HKe refers to the enol form of the TEA. However, there is suffi

cient evidence that the Zr*"17 occurs only In concentrated acid solutions,

hydrolysis preceding in the following manner:

a^t*-(SSKoh)41*^Zr(CE)g+I]^±* ZrO(OH)*^2*(0B% *9*
I. Perhaan's group studied this problem using TEA to extract semi-micro

quantities of Zr from HCl0jv solutions. From 2.0-0.413 acid, the hydrogen ion

dependence was 3.6, meaning that there was 0.4 hydroxyl group per zirconium

ion. At lower acidities hydroxyl groups appeared to be increasing to two or

three, m these experiments SaClCfy was used to aalntaln constant ionic strength

while varying the hydrogen ion concentration. The TEA dependence at 2.OH

hydrogen ion was also found to be approx±&g9tely fourth power. A closer examina

tion of the hydrolysis and complex formation of zirconium is underway at the

present time by B. E. Connick and co-workers at the University of California

10
laboratories.

The oxides of zirconium are practically insoluble in any acid, requiring fus

ion with such agents as KBBCj, for solution. Tois,together with the fact that

Zr hydrolases in dilute acid solutions resulting in the plating out of Insoluble

colloidal activity, makes toe previous tostory of the zirconium very important ia

tracer experiments.
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5.0 Investigation of Process Variable

The investigation of the effect of hydrogen ion, TEA concentrations and

agitation time were conducted with the viewpoint of establishing the optimum

process conditions• The length of agitation time designated does not repre

sent complete equilibrium, although this variable was studied through a 24-

hour period. Bo effort was made to maintain ionic strength in studying the

effect of hydrogen Ion, this effect having been rather well established by

Connlck, Zebroeki and Perhanu These data have little physical chemical signif

icance.

5.1 Effect of Bydrogen Ion, TEA Concentration, and Equilibration Time on
the Chelation of zirconium "~

The effect of hydrogen Ion concentration on the formation of the

zirconium chelate was found difficult to determine in dilute acid solutions

because of the formation of colloidal zirconium activity In solutions containing

less than 0.3ft hydrogen ion. As much as 50$ of the activity frequently plated

out on the walls of containers or on the stirrer used to mix the phases. With

macro quantities (10""**M) of sireonyl nitrate In dilute acid solutions the

formation of collaical zirconium could be observed by the Tyndall effect, and

by low material balances when both phases were analyzed eolorimatrically.

Table 5.1-1 shows that the fonaatlon of the chelate decreases rapidly ss the

hydrogen ion concentration is Increased above 0.5 molar. This point was selected

as the optimum acid concentration for -0x0 extraction of the zirconium chelate.

Zirconium was found to chelate readily at any TEA concentration above 0.0U3

(See Table 5.1-2). At 0.03H TEA approximately 99$ of the zirconium, with only

traces of the contaminating elements,was extracted. Two significant factors

influenced the selection of the optimum TTA concentration (0.03H) to be useds

(1) the maximum zirconium with minimum extraction of contaminating elements and

(2) the degree of dilution of the TEA that sust be made in the final stripping
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step to make possible the recovery of the zirconium from the TXA-benzene.

It was subsequently found that the zirconium could be re-extracted from

O.OOfM TEA-beszene vhieh Indicated a dilution of a factor of three at 0.0332

TEA.

The effect of stirring time la indicated inTable 5*1-3- These data show

that equilibrium is reached essentially within one hour, with little additional

chelation (from a process point of view) occurring after 40 minutes.

Table 5*1-1

Effect of HBO- Concentration on 2r Chelation

Aqueous Phases Zr Activity in Ht&U
Organic Phase: Equal vol. 0.03M TEA-benzene

Equilibrium timet 30 min.
Tetm?. 25°C. + 1°

Bel. Zr. Cone.* at

Equilibrium
Org. Aq*
ftfr.) W.)

Zr. Distribution
Coefficient (Org./Aq.) Remarks

93

83

70

15

36

37

6.2

2.3

1-9

Bo evidence of
colloidal activity

headings determined from 5 ml. solution on gamna solution counter.



Table 5.1-2

Effect of TEA Concentration on Zr Chelation

Aqueous Phases l.Cfi W0~, purified Zr
tracer **

Organic Phase: Equal*vol. TTA-Beszane
Agitation Time - 20 min.

CBBL-105

Bun

Sb.

TEA
Cone.

Bel. Zr Cone.-"- at

Equilibrium
Org. Aq.
(Mv.) (Mv.)

Zirconium Distribution
Coefficient

(Crg./aq.)

1 0.005 8.0
1

75.0 0.11

2 0.01 26.0 62.0 0.42

3 0.03 83.0 5-0 16.5

4 0.05 80.0 5-0 16.0

5 0.5 79-0 9.0 9.0

^Readings taken on gamma counter given in Hv. and Zr
Activity for 5 nl of solution.
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'US-

Effect of Eonillbratlon Time on Zirconium Chelation

Aqueous Feeds BB0~, Zr Tracer
Solvent: Equal volnme 0.0381 TTA-Bensene

Bun

Bo. Stirring Time (li)
Equilibrium

Pff

Zr. Bisi. Coeff.
Qrg,/Ao.

Initial
Acidity e°c

1 60 0.1B 1.27 0.5BT BBO3

2 60 0.25 11.58 0.3®" BHO-j

3 20 0.35 0.72 0.35H BS30; 27°C

- 40 - 1.93 -

m 60 HI 12.53
-

as 8o es 6.10 as

- 100 -
9.10 -

- 120 ea 12.04 -

4 20 0.4 5.^5 0.5M HBO3 32°C

- 4o •a 4.11 *

66 - 2.3fc -

5 20 0.4 3.83 0.5MHC1 32°C

- 40 tm 4.18 -

"*
60 - 4.14 0.5& Ed 29.5°

6 20 0.4 3.00 a* 29.5°

- 4o *-. 4.03 -

7 20 0:4 0.79 O.^SJ ECl 29.5°

-
40

" -
3.U aa
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%2 Removal of Pu and Cb in Scrub Stop

The chelation ehemlstry of plutonlum was thoroughly investigated

by Crandall and Thomas."* The results of their work showed that essentially
ell of the plutoniua extracted could be removed from the organic extract

by scrubbing with a solution that is O.OUi SBgCaTBCl, 0.003M Fettg and 0.5K

BBL Bos Fedfi reduoss the Pa37 (the only valence state appreciably extracted

from 0.5M acid,0.03S TTA) to Pu111 which Is readily strippsd with 0.5tt acid.

A recheok of these conditions was node,using Pu tracer, with the elimination

of greater than 99*0$ of the Pu.

5.3 Stripping of Zr-Chelate from m-Bensane

Stripping experiments (See Table 5.3-1) indicate that the Zr chelate

could be broken and the zirconium re-extracted from 0.1SI TEA using fairly con

centrated acids. With 6.0B HBO*, recovery In this step was approximately

99-0$.

Additional studies indicated that Zr could be re-extracted at higher

TEA concentration if coMplexing agents such as BF or EgCgPfc were used.
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StriPPliw of Zr Chelate from TTA-Benezene

Organic Phase: Zr chelate in benzene
Aqueous Phase: Equal volume acid
Stripping Time: 20 minutes

TTA Cone. Stripping Medium Bist. Coeff.
Org./Aq.(n/D

0.001 EgO 81.0

0.001 IN BHO3 0.04

0.01 2.CMBB03 0.03

0.01 6.0M HHO3 0.05

0.01 9.6M BB03 O.OO6

0.01 0.1M HgCgO^and 2.0M BBO3 0.01

0.03 Bop 248.6

0.03 0.1M EC1 118.65

0.03 0.5NBC1 133-08

0.03 1.CMBC1 106.8

0.03 6.CNBC1

0.03 0.03M HgCgO^ 4.2

0.03 0.1N B2C2O4 1.1

0.03 0.5K BP 0.09

1.0 HgO 170.O

1.0 0.5MBBO3 182

1.0 l.CM HHO3
3.OM HBO3

60.4

1.0
48.6

1.0 8.CM HBO3 50.0

1.0 0.0W BBO3 11.5
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5*& Chelation of Zircraaiua^Yon^Salate Solution

The presence of oxalates in the Zr tracer markedly inhibited the

-4
extraction of Zr. The presence of 10 M oxalate reduced the chelation of Zr

by a factor of ea. 100. In one series of experiments three extractions were

conducted with TTA benzene t& which (1) oxalates were absent, (2) the feed

was made 0.03N in oxalic add and (3) 0.031! oaalic add was added end then

destroyed by boiling the solution with EttaCfe. All three feeds were then ex

tracted at a pE of 0.0 usingGO 3*2 TEA. The respective distribution coefficients

were 2.29, 0.006 and 1.37.

5.41 variation of Chelate Foraatlon with, Bfrdrogen Ion and TEA Con-
cenirations, Temperature,and Equilibration Time In Oxalate
SolutioW;

Aside from the generally low distribution coefficients ob

tained in the presence of oxalates, the most significant indication is the

effect of increasing hydrogen ion. Distribution coefficients using 0.5$! TEA

varied from 0.4 at 1.0M BHO3 to greater than 20.00 at 80OM add (see Table 5.4-1)<

The effect of temperature in the range of 10°-40°C was not appreciable^ being

less than a factor of 4. (See Table 5*4-3). Scouting experiments on the effect

of equilibration time Indicated that zirconium chelation increasedahaost

linearly for at least one hour. Complete equilibrium would probably be obtained

at the end of much longer stirring times due to the slow breakdown of the

oxalate complex in strong acids (See Table 5«4-4).
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Table 5.^1

Effect of Hydrogen Ion on Zirconium Chelation from Oxalate Solutions

Aqueous Phase: Zr tracer in 0.5N BHO3
Solvent: Equal volume 0.5M TTA Benzene

Equilibration Time: 10 Minutes

Temperature: 28°C

Bun

Bo.

pH
of Aqueous
Phase

Zr Activity Extracted
MT/5ml*

App. Zr. Dist. Coeff.
Org./Aq.

1 0.04 116 2.0

2 0.01 1 102 1.56

3 0.30 84 1.04

4 0.46 82 1.12

5 0.67 48 0.52

6 1.10 30 0.30

7 2.19 6 0.058

8 3.90 12 0.128

9 5.U5 16 0.190

1-A«* 0.0 B» »3 0.48

3-A«« 2.0 R«* 104 1.66

5-A** 8.0 B»* 232 38.66

* Activity determined by 5ml. of extract on gamma solution counter.

•» HBO - Cone, molee/liter.

\
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Table 5.4-2

Effect of TEA Concentrations on Zirconium Chei^ ^ p^^ fift1,^_

Aqueous Feed: Zr tracer in 0.5B HBO,, pB-0.65
Solvent: Equal volume TTA Benzene 3
Equilibration Time: 20 Minutes
Temperature: 27°C

Zirconium Activity Extracted IApp. Zr Diet. Goofff)
K^/Sal* Org./Aq.

6

2

11

26

72

106

114

119

0.050

0.016

O.096

0.24

0.84

1.50

1.78

1.90

* Activity determined by measuring 5ml. of extract on
ganma solution counter.
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Table £.4-3,

Effect of Temperature on Zirconium Chelation from Oxalate Solutions

Aqueous Feed: Zr tracer in 0.5N HHO,, pH 0.65
Solvent: Equal volume O.34 TEA-Benzl
Equilibration Time: 5 Minutes

Run

Bo.

Temperature
Degrees

C.

Zirconium Activity Extracted
Mv/5ml*

Zr. Dist. Coeff.

Org./Aq.

1

2

3

4

10

20

30

40

40

59

82

103

0.40

0.64

1.00

1.52

* Activity determined by measuring 5al. of extract 04gamma solution counter.

*i

\
s

v
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Effect of Eqdlibration Time on Zircon^ t*~,*t±{m ft™ ft-,^ m^—

Run
Bo.
*

#S

1-A

1-B

2-A

2-B

3-A
3-B
4-A
4-B
5-A
5-B
6-A
6-B
7-A
7-B
8-A
8-B
9-A
9-B

10-A

10-B

11-A

11-B

12-A

12-B

Aqueous Feed: Zr tracer in 0.5B BHO
Solvent: Equal volume of 0.5M TTA Benzene
Temperature: 27°C

Equll.
Time

(minutes)

Zirconium Activity Extracted
Organic
Mv/3ml«**

App. Zr. Dist. Coeff. |
Org./Aq.

1/2
1/2
3
1

2

2

3
3
5
5

10

10

15
15
20

20

30
30
40
40
50
50
60
60

2

5
3
6
4
8

5
17
9
25
21

38
22

46
30
56
42
70
46
88

72
96

118
128

0.018

6.046
0.026
0.058
0.036
0.072

0.046
0.170

0.084
0.26

0.20
0.^2
0.22

0.52

0,30
0.70
0.46
O.92

0.54
1.36
0.92
1.64
1.56
2.06

*pB»3.45 for A

**pH«2.00 for B

—Activity **»„*»* *, a*,*^ , ^ ot ^^ m^ ^^^^

\
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5.42 Destruction, of 3xaJLateB vlth Potassium Permanganate

It was shown in section J.k that oxalates had a marked

inhibiting effect on the chelation of zirconium. The addition of per

manganate to hot zirconium oxalate solutions apparently destroyed the

oxalic acid. It was necessary, however, to heat the solutions for one

hour with a two-fold excess of permanganate and 0.5M nitric acid to get

rid of the zirconium oxalate complex.

5.43 Improvement of Zirconium Chelation by Addition of Excess
Aluminum Bltrate

The treatment of zirconium in oxalic acid-oxalate solutions

with permanganate apparently destroyed most of the free oxalates but there

was evidence that residual traces of a zircoaium-oxalate complex still

existed. It was found that chelation of zirconium took place more rapidly

after the addition of excess Th or Al ions, to complex the residual oxalate.

Since traces of Th react with TTA under the extraction conditions it was

decided to use aluminum. It was found possible to increase zirconium

chelation by a factor of 10 even in the presence of 0.5$ oxalic acid when

a 1.0M excess of Al(H03)3 was added to the solution (see Table 5«^5)*

Spectrographic analyses indicated no aluminum chelation under the process

conditions.
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Table 5.^-5 aVaaaVMHa
Effect of Al(K03) 3 on Chelation of Zr from SoKrt [bnsContaining Oxalates

Aqueous Feed: Zr-Osalate Tracer, BHO3
Organic Phase: Equal volume TTA-Benzene

Bun

Bo. PB
Oxalic Acid

Concentration

<m/l)

A1(H03)3
Concentration

TTA

Concentration

(m/1)

Zr Diet.

Coefficient

Org./Aq.

1.0 0.65 10-* 0.0 0.02 0.004

2.0 0.1 2X10"1* 0.0 0.03 0.12

3*0 1.8 2xl0_1* 1.0 0.03 1.42

4.0

•

0.1 2X10"14 1.0 0.03 2.02

5*0 0.1 2X10-1* 1.0 0.05 3.13

6.0 0.1 0.055M (0.556) 1.0 0.05 1*3

7*0 0.1 0.055M (0.9)6) 1.0 0.03 1.2

8.0 0.1 0.055M (0.356) 1.0 0.03 0.5H

9.0 0.1 0.055M (O.536) 0.25 0.03 0.15

\ -
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5.5 Chelation of Cb, Ce, Bu, Al, Th, U, and Pu under Conditions of
Optimum Zr Extraction

Cb, Ce and Bu tracers in 0.5M BBO3 were extracted with 0.03M TTA

in benzene. Results Indicated that the extraction coefficient for Zr was

approximately a factor of 1000 higher than that for each of these elements

under these conditions (see Table 5*5-1)* The oxidation state of the Ce

tracer used was in doubt but additional work with this element gave little

TV TTT
evidence of greater extraction of Ce than for Ce***.

The extraction of uranium and thorium has been Investigated in detail

by D. C. Overholt. Ho uranium extraction of either element occurred under

the conditions observed for maximum zirconium chelation. Overholt has

found that the optimum conditions for uranium chelation are at a pH of 2.0-

2.3 with TTA concentrations of the order of 0.5 M. A study of aluminum

chelation was also made under similar conditions. Results indicated only

traces of this element were extracted from solutions that were 2.5 M Al(SJQj_.

vt
A sample of Pu that had been oxidized electrolytieally was used to

determine the percent of this element that would react with TTA under the

optimum conditions established for isolating Zr (0.03M TTA, pB 0.2).
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Table 5*5-1

IIIComparison of Zr Chelation with Cb, Ce and Bu

Aqueous Phase: 0.50 HHO , individual tracers
Organic Phase; Equal volume 0.03M TTA Benzene
Equilibration Time: 15 Minutes

OBKL-105

• . 1
Bo.

Tracer

Element

distribution of Activity
ff.t Equilibrium (beta c/m/al)

Organic Aqueous
Distribution

Coefficient

Org./Aq.

Cb 1-A 40 7.59x103 ca.5.2xl0'"3

Cb 1-B 30 8.04xl03
.9

ea.3*7x10 J

Zr 2-A 1.22xl03 8.64xl02 1.4

Zr 2-B l.OxlO3 9.0X102 1.1

Ce*11 3-A 5 5X105 ca. 10""

Ce111 3-B Bkgd. 2.5xl05 0

Ru 4-A 50 5-lxlO5 ca 10"1*

Ru 4-B 1200 1.22X106 l.OlxlO"3
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6.0 Flowsheet Separation of~i from Clinton Irradiated Slugs

An irradiated uranium slug was dissolved in BB0_ acid by the members of

the Operations Division and passed through an Ion exchange eoluana. Zirconium

along with some Cb, Pu and rare earths was eluted with 9J» oxalic acid and

used as a source of activity to demonstrate the separation process discussed

in this report.

Twenty five milliliters of acid solution containing Zr, Cb, Pu, and

traces of rare earths were added to a flask fitted with a reflux condenser

and made l.CM in BH0-. A three-fold excess of the stoichiometric amount of

KMnOh necessary to destroy the oxalic acid was added and the mixture boiled

gently for 1 hour. Following this treatment the excess permanganate color

was destroyed using 30J» hydrogen peroxide end the solution again boiled to

remove the slight excess of peroxide (This step would also reduce any

extractable form of Ce or Pu). Upon cooling to room temperature the solution

was contacted with 0.03M TTA in benzene for 30 minutes. The organic phase

was then drawn off and washed for 30 minutes with a solution that was 0.01M

in hydroxlamine hydrochloride, 0.5M in BC1, and 0.03M in FeClg. (This step

io the procedure developed by Crandall and Thomas in the chelate process for

Plutonium for the reduction of Pu17 to Pu111 which will then strip frcm the

TTA benzene layer leaving the Zr behind). Finally, the organic extract was

diluted to 0.007 M TTA, using benzene, and the zirconium was then stripped

with 6.0M BC1 with a yield of ca. 8o?6.

Another run similar to the above was made with the addition of one more

step. Following the treatment of the solution with permanganate to destroy

oxalates, an excess of aluminum nitrate (ca. l.OM) was added. This step

removed the effect of residual traces of oxalates resulting in a higher

(99.0£) yield.
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7.0 Recommendations

Demonstration of the process discussed in this report has shown that

zirconium can be prepared essentially free of plutonlum and other activity,

and it Is recommended that this process be used by the radio-Isotopes section

in preparing large quantities of this element for shipment.
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