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The Separatlon of Zirconium and'hafnlum “%ag}mu‘ﬁ;Q;L\

by Extraction with Thenoyltrlfluoroacetone ‘5é§?\%;fﬁgfxt
) ‘V“f"fm, NG

E. Ho Huffman and L. J. Beaufalt ™ %7 oy \\::5
Radiation Laboratory, University of California. " v, ~J

Berkeley, California Coggyt Uy,

October 7, 1948 Tree

ARSTRACT
Distribution ratios for zirconium and hafnium have been
found for extraction from 2 M perchloric acid with thenoyltrifluoro-
acetone of varying concentration and the equilibrium constants for
the extractions determined.
Two extractions with 0.025 M thenoyltrifluoroacetone of a
solution containing 599 as much zirconium as hafnium yielded 27¢% of

the ori:inal hafnium with a content of less than 2% zirconiume.
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4 This paper is based on work done under the ausplces of the Atomic
ENergy Commissione - v ot

The synthesia of thenoyltrifluoroacetone has recently been

reported'by'Reid'and‘Calving'and'a'study'of'the'extraction'of'itS"

2 ......

zirconium'chelate'intO'benZene'reported-by Connick-and<McVey5;' The-

S Re E. Connick and W. H. McVev, The Aqueous Chemlstry of erconlum,
UCRL—lOl, Mareh 1, 1948, A

work reported in this paper on the separation of zirconium and haf-
-nium by means of this g-diketone was undertaken at thé sugzestion
of M. Calvin and G; Te. Seaborg; A study has been made of some dif-
ferences iﬁ the extractions of zirconium and hafnium by benzene solu-
tions of thenoyltrifluorocacetone {(referred to as HT in equations and
tables) from aqueous 2 M perchloric acid and the result s applied to
a successful separation of these elements;

It is believed that the zirconium is principally in the form

of-Zr*4'in-2‘M'perchloric-acidué"The'complexing'of-zirconium‘by'the

* ‘W He Reas),’ Thesis, University of ¢alifornia,  1948. - -

diketone is negligible in the aqueous phase and the only important
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) specigs in the benzene phase is ZrT,. 3 The reaction then is ex-
pressed by the equation |
zr™ + 4 ®HT = gZrr, + 4 W

and, assuming constant acid concentration, the equilibrium constant

by

log x = log XTI - 410g [#1] = log R - 41og [mm]

where R is the extraction coefficient.
Values for R and K have previously been de’celc'minos-d:5 for zirconium
using trace amounts of radiocactive Zr95.

The determination of values for R and X for both zirconium
and hafnium; using macro quantities and concentrations for which the
zirconium ion has been shown to be a monomer iﬁ 2.0 M perchloric
acid4, has been carried out in this work in the thenoyltrifluoroace-

tone concentration range of 4 x 1073 to 3 x ZI.O'2 for zirconium and

102 to 7 x 10-2 for hafniumo.

Experimental

Materials; -~ Thenoyltrifluoroacetone of‘99;5§purity was oo~
tained from M. W; Davis and H., Re Lehman of this laboratory. Weighed
amounts were dissolved in reagent thiophene-free benzene to give
solutions of the desired concentrationse.

Zirconium solutions were prepared in a manner similar to that
of Connick and McVeys. Recrystallized ZroCl, °8H,0 was dissolved
in 2.0 M perchloric acid to prepare a sﬁock solution of approximately

009 M zirconium.



UCRL-194
B

Tracer zirconium solutions were prepared frbm carrier~free
.Zr95 in 57 oxalic acid which was received from the Isotopes Branch,
' .United States Atomic Energy Commission. This solution was made about
10 M in nitric acid and carrier zirconium added from fhe above =tock
solution. The solution was purified by the following treatment5;
A small amount of O.1 N potassium permanganate was acdded to precipi-
tate manganese dioxide which carriep the radioactive columbium but
not zirconium. This precipitation was carried out three times to
remove both oxalic acid and columbium; Therzirconium solution was
then diluted to about 1 M nitric acld and extracted with 0.02 M
thenoyltrifluorocacetone in benzene, and the benzene phase washed
twice with 2 M p@rchloric acid. The benzene solution was removed
to a platinum dish and fumed with sulfuric acid with the addition of
small amounts of 309 hydrogen peroxide to destroy organic matter; It
was then diluted and zirconium hydroxide precipitated with ammonium
hydroxide. The precipifate was dissolved in hydrochloric acid and
the zirconlum hydroxide precipitated twice more to remove sulfate. i
Concentrated hydrochloric acid was then used to dissolve the hydroxide
and this solution diluted to 6-7 M hydrochloric acid to precipitate |
ZroCcl, °8H,0. A weighed amount of this salt was then dissolved in 2 M
perchloric acid to give a stock solution approximately 0.003 M in
zirconium.

Hafnium Solutions Were pr~pared from hafnium dioxide which
contained 0.49 zirconium. A weighed amount was warmed with concen-
trated nitric acid and a small amount of 48% hydrofluoric acid in a

platinum dish until a clear solution was obtained which was then
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!evaporated to near dryness. About 0;5 ml of conecentrated sulfuric
~acid was added and fumed for 5-10 minutes; The preparation of
'Hf0019°8H20 then followed the method given above for tréoer
ZroCl, °8H, 0, beginning with dilution of the sulfuric acid solution.
Tracer Hflsl_solutions were prepared in the same way, using hafnium
dioxide obtained from the Isotopes Branch, United States Atomic
Energy Commission. )
. Analysis. - Colorimetric analyses were made with a Beckman

spectrophotometer by G. Iddings who adapted the following method

from that: of Liebhafsky~and~Winslow5 to correct for the effects of

5"Hw'Liebhafsky'and'Eu'Winslowy'Jw'Am;~Chemu'SOcz'§9;~1776 (1938)

the organic substances and perchloric acid present. One-half ml.

of saturated alizarin is added to a 25 ml. volumetric flask and then,
in order, 10 ml., 95% ethanol, 4 ml. 2 M perchloric acid including
that to be added from the sample, 1.0 ml. 0.02 M thenoyltrifluoro-
acetone in benzene including that to be added from the sampie,
benzene or aqueous phase sample containing 25-90 pg. Zr or 25-125
18 Hf, and 1 ml. 2 M hydrochloric acid. After mixing add ammonium
hydroxide carefully until the red color just appears and allow to
stand for 5 minutes. A4dd 1 N hydrochloric acid until the red color
disappears and then 0.10 ml. 7 M hydrochloric acid. Make to 25 ml.
volume with 95¢% ethanol and allow to stand for 4 hours before taking
the spectrophotometer reading. Standard curves prepared by this
procedure show that the zirconium and hafnium are colorimetrically

equivalent, on a mole basis, in contrast to previous results®.
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Radioactive analyses of zirconium were made using micropipets
-'to obtain samples containing 500-1500 counts per minute. The samples
were evaporated on platinum discs undér an infra-red lamp and counted
in a Geiger counter, first with an aluminum absorber of 30 mg/bﬁz.
and then with one of 150 mg/bmz.; The difference in the two counts
gives that of the zirconium .alone without the count of the active
columbium which had grown in. The ratio of count to weight was
obtained by evaporating a larger sample of the stock solution,
igniting to zirconium dioxide and welighing.Hafnium radioactive
analyses were made in a similar manner but counted without absorbers.

mxperimental. - For the determination of extraction coefficients
micro-pipets were used to obtain approximate weights of zirconium or
hafnium from the stock solutions and the volume made to 5 ml. with
2 M perchloric acid. Five ml. of a benzene solution of thengltri-
fluoroacetone was then added and the mixture. shaken for 80 minutes,
alﬁhgugh équilibrium was found to be reached within 40 minutes for
these amounts. Aliquots of the benzene and aqueous phases were then
taken for analysis;

Results

Table I gives the results found for zirconium on the distri-
bution ratios and equilibrium constant. Columns one, two and three
give, respectively, the molar concentrations of diketone added, the
micrograms per ml; of zirconium in the benzene phase and the micro-
grams per mle in the agueous phase at equilibriume. The free dike-
tone concentration, not allowing for solubility in the aqueous phase,

is obtained by multiplying the molar concentration of zirconium found
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"in the benzene phase by four and subtracting the product from the
~molar concentration of diketone added. This answer is then multi-
plied by 0.974 to correct for solubility in 2 M peréhloric acid4
and to obtaln the diketone concentration in the benzene phase.
In column four are given the activity coefficients for these correct-

8d- diketons concentrations. - These also represent the activity - - - -

coefficients of the chelate®. Column five gives the diketone
activities found by multiplying the cor—ected concentrations by the
corresponding activity coefficientse The distribution ratios in
columm six are obtained by multiplying the ratios of values from
columns two and three by the activity coefficients of column four.
Table II gives similar results for hafnium.

The depehdence of the extraction coefficients on the diketone
activities for zirconium and hafnium are given in the figure. The
straight lines are drawn with a slope of four and corresponding to
the average values found for the equilibrium constants.

A good separation of hafnium was carried out on a soluﬁion
in 2 M perchloric acid containing 22.9 mg.hafnium and 13.6 mg.
zirconium in 150 ml. Two extractions were made with 150 ml.
pertions of 0,025 M thenoyltrifluoroacetone and 6.31 mg. hafnium
recovered in the agueous phase. The zirconium present in the aqueous
phase was then too small to be determined by a combination of colori-
‘metric and tracer Hflsl analysis. Spectrographic analysis, made by

Je Conway and M. Moore of this laboratory, showed the presence of
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" less than 2¢ zirconium based on the hafnium present. Calculations

from the curves show that about 14 zirconium should be present.

Summary
Distribution ratios for zirconium and hafnium have been
found for extraction from 2 M perchloric acid with ﬁhenoyltrifluoro—
acetone of varying concentration and the equilibrium constants for
the extractlons determined. N
Two extractions with 0.025 M thenoyltrifluorocacetone of a

solution containing 59¢ as much zirconium as hafnium yielded 27% of

the orizinal hafnium with a content of less than 2% zirconium.
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