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ABSTRACT

The distribqtionhratios and equilibrium constants.for the extrac-
tioh‘of:zirconium and hafnium from 4 M‘perchloric acid with various
combinations .of fluorinated B-diketones and_organic solvents have been
" determined. The separation»factors,.Kir/KﬁF,_found for this acidity
were: _thhenoyltrifluoroacetone in‘benzene, 25; Z—thenoyltrifluorg-.-
.acetone in o-dichlorcbenzene, 16; benzoyltrifluoroacetone in benzene,
18;uisovaleroyltriflﬁoroacetone in benzene, 13; isovaleroyltfifluoro-

acetone in n-hexane, 13.
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EXTRACTION OF .ZIRCONIUM AND HAFNIUM WITH-
VARTOUS FLUORINATED B-DIKETONES

E. H. Huffman, G. M. Iddings, R. N. Osborne and G. V. Shallmoff
. Department of Chemistry and Radiation.laboratery -
University of Callfornla, Berkeley, Califoernia

Aprll 5, l95h

Thevfraetional.separation;of zirconium-and hafnium.hy chelatiohe

.extractlon w1th benzene ‘solutions of various P-diketones has been

reported previously.lb3 These studies have ‘been . extended in the present

(1) E. H. Huffman and L. _J,,Beaufait, J. Am. Chem. SOC.‘,'Z}_, 3179
(1949). | B .

.(2) B. G. Schultz and E. M. Larsen, J. Am. Chem. Sac., 72, 3610
(1950)-

(3)"E‘".'M. larsen and G. Terry, J. Am. Chem. Soc’.',v:(__S_,‘v156O (1953).

work to other fluorinated B<«diketones ahd.to,other.soivents. In erder to
uee more concentreted:solﬁtions of zircohium and hafnium, and-hence to |
-increase -the usefulness of the-fractionetion,method; b M perchioric‘ecid
‘has heengused_in_these studies ihstead-of Z‘M‘acid,.as.in the'previeus
-studies. The'concentration.ef zirconium or of hafnium may he aslhighuas
0. Oh M 1n 4 M perchloric acid and 8till be completely extracted, show1ng
that the metal ion is either monomerlc or that the monomer and any polymer
establlsh equlllbrlum rapldly. Attempts were also made, in the case of
2-thenoyltrlfluoroacetone, to . extract 0. 09 M zirconium from 5 M perchlorlc

ac1d, a condltlon whlch also allows complete removal of zirconium. from the

aqueous-phase, but‘pre01p1tates formed~at,the organ1Caaqueous lnterfaces



e UCRL-2536

for the higher concentrations.ofldiketone;and eonsistent data could not
be obtained

The metal ion. spe01es for zlrconlum and. hafnlum is malnly M for

the monomers in 2 M, or stronger, perchlorlc ac1¢,h and the extractlon

A

(h) R E. Connlck and w H Reas, J. Am. Chem, Soc. , 73, 1171 (1951)

reaction may be expressed as

M 4 uk - MK, + wgt . R ¢

At constant acid concentration: the equilibrium constant is then
log K' =log R -klog [EK] - - . . 1 (2)

where R is the extraction coefficient, [MKA]/<M+h), and [HKJ»is the
dlketone act1v1ty. Tne equlllbrlun constants ootained using.hvgﬁpereh;oric
ac1d cannot be compared dlrectly to thosel_-3 obtained us1ng 2 M perchlorlc
acid because‘the act1v1ty coefflclents of the,metsl 1on speC1es at the twow
dlfferent 1on1o strengths 1s.not known. B | | | | |
- Tne dlketonesAand solvents'for wnrehye#treetion:oata‘nere obtained
were 2- thenoyltrlfluoroacetone (HTTA) in benzene end.inro-dichlorobenzene,
benzoyltrlfluoroacetone (HBTA) in benzene -and 1soraleroyltr1fluoroaoetone
(HITA) in benzene and 1n n-hexane,” Interterence in the form of prec1p1-
tation at the organlc-séueons 1nterface nes enEOuntered nhen extractlons
were trled w1th HTTA in hexone (4—methyl‘2mpentanone) and w1th 2 naphthoyl-
trlfluoroacetone (HNTA) 1n‘benzene It 1s probable that satlsfactory data

for these comblnatlons of reagent and solvent could be obtalned at elther

a higher temperature or with lower concentratlons of zlrconlum° The highly
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fluorinated B-diketone 1-(3,4=dichlorophenyl)«k,4,5,5,6,6,6=heptafluoro=
1,3+-hexanedione exhibiped'no»appreciableyextraction.ofyzirconium fromvk!M

perchloric acid into.a 0.250 M solution of the reagent in benzene.. .

EXPERIMENTAL

Materlalso-—The 2= thenoyltrlfluoroacétone, 2-naphthyltrifluoroacetone
and l-(3, -dlchlorophenyl)—h 4 5,5,6 6 6~heptafluoro-l 3 hexanedlone were
obtained from the Dow Chemical Company and the benzoyltrlfluoroacetone and
isovaleroyltrifluQroacetone were obﬁained.from-M,.Calvinvof ﬁhié;laborétory.

The thenoyltrifluoroacetone~was_recrystallized-twicerfrom.bénzenévto
.obtain.a product of 99. 3% purity, the‘2nnaphthoyltriflnoroacetonéawas
recrystallized twice from ethanol to .0btain 99. O% purlty and the iso= a
valeroyltrifluorcacetone was dlstllled at a.pressure of 62 mn. . to obtain
a .fraction boiling at 78°-80° and having a purity of 99.2%. .The'benzoyl—
trifluoroacetone, 98.7% pure, and the substituted hexanedione, 99.2%
pure, were used'without further purification. Weighed-amounts of these
reagents were dissolved in the selected solvents .to make known volumes
of stock solutions. The purities were determined by potentlometrlc H
titration of aliquots added to 50% ethanol, using 0.1 M sod1um.hydrox1de
(carbonate-free) andva.nltrogen;blanket to keep .out .carbon dioxide.

The solvents-usedeere reagent grade thiopheneﬁffeé'benzene; n-hexane,
stated by.the manufacturer (Phillips Petroleum) to be 99 mole percent
mlnlmum and o-dlchlorobenzene, stated by the manufacturer (Eastman Kodak)
to be 964%.. | o

Zirceonium and hafnium éolutions werelpfepéred frnm theif oxi&es,
These were warmed with about 1 ml. of concentrated sulfurlc acid and a

.

little hydrofluoric acid and then fumed until clear solutlons were obtalned
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After dilutien the hydroxides .were precipitated with-amponium hydrokxide,
the precipitates dissolved in hydrochlorie acid and the hydroxides again
.precipitated to.rem.o%fevsulf.ate° Concentrated hydrochlorlo acid 'was then
used to . dissolve the hydroxides -and thls solutlon was diluted to 6-7 M
hydrochlorlc acid. to prec1p1tate Zr(Hf)OCl 8H O Welghed amounts of
these salts were dlssolved Ain h M perchlorlc aCld to obtaln stock
.solutlons approx1mately Q. Oh M in metal ion, Spectrographlc.analyses-
,showed the zlrconlum to contaln 0 6% hafnlum.and the hafnlum to contaln
0. 3% zlrconlum | | -
Analyses.--Both the organlc and agueous. phases were analyzed for

:metal content after extractlona Colorlmetrlc analyses were made w1th a

Beckman Model DU spectrophotometer u31ng the allzarln method of Llebn
5

1

hafsky and Wlnslow as modlfled to correct Tor the effects of the

(5) H. Licbhafsky and E. Winslow, J. Am, Chem. Soc., 60, 1776 (1938).

vorgenlclsubstences and perchlorlc aCId present, andlu51ng the approprlete
B~d1ketone where thenoyltrlfluoroacetone is called for in the modlflcatlon,
h Extractrons.n-The dlstrlbutlon coeff1c1ents between the organlc
solvents and h M perchlorlc a01d for HITA were obtalned by'equlllbratlng
.a solutlon of known concentratlon of the dlketone 1n organlc solvent w1th
.an . equsl.volume of ac1d The concentratlon of dlketone in the aqueous.
.phase was then determlned by the absorptlon at 284 mi. ;. the peak in its‘
absorptlon curve. The molar extlnctlon COéfflClentvat‘thlS wave-length
is 280"’ The dlstrloutlon coefflclents found, expressed as proportlon

.in the organlc phase, were O 990 for benzene and O 976 for nmhexanea

s
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The corresponding values for the other diketones -had.been obtained-

in .a similar manner and found to he: :HTTAabenzene;6 0.979; HITA=-o=-

(6) W. H. Reas, Thesis, University of California, 1948. -

7 7

dichlorobenzene, 0.979; HBTA-benzene, >0.995.

(7) T. E. Hicks, California Research and Development Corp., Livermore,

California, private communication.

The chelation-extraction equilibrations were carried out by mixing‘
5 ml. of the perchloric acid phase containing the zirconium or hafnium
with'S m17 of the organic phase containing the diketone. The mixtures
were -then shaken for at least 90 minutes, as .equilibrium Vas_found.to,be
reached in not more than 60 minutes for any diketone-solvent combination.

Aliquots of the organic and aqueous phases were then analyzed.

RESULTS
.The -data .obtained and the values calculated for,the distributionv
_ratios.and-equilibrium_consfants ére given in Tables.T .and IT. :Tﬁe
‘,caiculﬁtions were made aSvpreviously‘reported,l allowing for thé
solubilities of the free diketones in L M~perchlori¢ acid, as g;veh.above.
The activity,coefficientsvusedvih determining[HK].and.R in the tables

were assumed to be eqﬁal to .those given by King and Reas8 for HITA. This

(8) E. L. King .and W. H. Reas, J. Am.. Chem. Soc., 73, 180% (1951).
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'approximgtionvprobablylinvolvesnamsmalluerror,. The greatest error in
this:respept‘wquld be -expected at the highest concentrations of diketone
for the hafniﬁm_extractions,using-HITA in n-hexane, where both‘thg
vreagent-andcsolvent,différ_from_th@se.used in ebtaining the activity
coefficients:. Even here the resuits.arefin_gooduagreeﬁent witthhe,
expected straight line.

The data of Tables .I .and II aré plotted,in.Figures‘l, Z.andi3. The
stréightvlines'are~draWn,withaa slope of four and corresponding to .the
ayverage values found for the equilibrium constants. 1In only one case,
that for zireconium.extraction with HTTA in.o=dichlorobenzene (Figure 1),
_dqes_the.slppezgf the pldtted,data¢app§ar to. .be other than four. In this
ig§tance the slope appears to be greater than four, but since the
’cgrrngdeingﬁdata for hafnium extraction .are in agreement with the
gxpected Slope~it is likely that chance experimental deviations‘account
.for the result.

The separation factor (Kir/Kﬁf) for HTTA=benzene, calculated from
the average values given in the tables, is 25. This is comparable to

1,3

the factor previously found using 2 M‘perchloric acid.™ The corres-
ponding_vaiués,for the Othef diketone-solﬁentvpairs are all ibwér; being
l6,for'HTTAAOedichlofobénzené, 18 -for HBTAebenéene,,13_for.ﬁITAébeﬁz¢ne
and 13 fof HITA-n=hexane. The-distribﬁfion,fatioé,for fhevextraciign |
" of the metal-ITA chelates into nehexane are higher than those for
éxtractionkinto.benzéne,:thcugh thé'reversé situation_was,found.to'hoid
for the diketonés,theméelves, |
This work was done under the auspices of the U. S. Atomic Energy

Commission.
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, Table I
: ‘Zirconi’urA_Axvl - o
Diketone- (HK). -~ (M%) (mKy) '*’[HK]; =
Solvent moles?z. moles/£. moles/4. ry(moles/s.)
© HTTA- o.osoo' 10.0352 . 0.00955 . . 0.0115
benzene- - : e o
0750~ .0291 . .0153 . . .
.160._ .ozlz. .ozbu,ﬁ__ L0177,
.150;j: .00910.  .0322 .0205
175 .00711 .0372 .0251
.225 .00175 .0k66 .0363
.250 .000348  .0480' ' .0542
250  .000150 .0435 ~  .0702
HTTA- o.osdo o.ozBo _ .00650. .. 0
0-CL,® : - '
100 .0183. . .0162 .0335
.15021, .oo819j ‘ 0260 .04333.
.200 | .00149 .0328 .0637
.225 .000500 = ,O3uk .0800
.250 .000132  .0346 ;103
HBTA- 0.0493  0.0371 | .00515 0.0280
bénzene ‘
‘ .100 .0284 .0143 0413
.1ko 018k 0234 .OlL5
197 .00709 .0324 .0637
.2ko .00201 .0387 0797
.300 .00050%  .0L08 a2k
.340 .000154  .0k15 .156

0.269
1921

950

3hh
5.13

25.8

131

3001,:

0.228

.859

20.8
64.3

2k2

0.136
486

18.0

73.5

2kl

0.80 x 10

UCRL-2536

vy (M) Kk

1.6 x 107
1.6
0.96
1.94

1.3

1.5
1,51_H i”
1.2

1.5 Ave.

0.68
0.87

3.0 Ave.



Diketone‘-'

Solvent

HITA-
benzene

HITA-

n-hexane
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Table I, cont. ‘

(HK) (arth)
moles/£. moles/s.
10.0579 0.0316. -~

116 .0218
.186 .00978
.278 .00117
.348 .000285
:‘ o.o6ob -0.0285
120 | ,0159j\
.180 .00530
.180 .00580
.20 - .000983
-300 .000240
300 .000271

(MKy) 0 [HK]
moles/ 4.

.o.oouslt‘ 0.0371
.0165 - .OhTH
.0292 LOBLT

-.0382 .113

- .0383 AT
.00761 ‘,‘ 0.0282

V-Ol98 ..038u
0303 .05kT
-0309 .0526
.0360 ° .0871
0360 137
.0373 .133

(moles/z ) T(MKu /(M"'l*

0. 1&7
125

2.82

29.8 -

119 -

0.261

1.21
. 5.%5

5.10

3k.1

135
124

UCRL~2536

K'

0.78 x 10

1.k

1.6
1.8

l‘.)-l- Ave.

x 107

O O WU
- -

= ow wm
O W v

5.2 Ave.
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Table ITI -

-, Hafnium -
Diketone- ( ) (M) ] 'R
Solvent moles?l moles 4. moles/s. y(moles/4s.) Y(MKL)/(M+h) XK'
HTTA- . . 0.0400 0.0379 - 0.00405 0.0229 0.105 3.8 x 10
benzene S
.0700  .0337  .0104 .0272 .302 5.5
L1k - L0158 .0246 ©.0392 1.5 6.4
.170 .00950  .0300  .OKTO .3.03 6.2
180 .00825  .0315 .0506 3.65 5.6
190 .00666 ©.0330 .05k k76 5.6,
200 .00k82 .0335 o612 6.59 k.7
.2305{ .00206  .0390  .0675 17,8 8.6
.250{ | .0010k  .0375 ~.0908 33.6 4.9
.300 .000255  .OkLT - .119 150 7.5
- 5.9 Ave.
BITA- © 0.0500 0.0366  0.00k00  0.032%  0.106 9.6 x 10"
0-C1l,® - - .100 0291 .0115 o506 378 5.8
125 o5t o190 L0532 646 8.1
150 .0198 .ozl .0598 1.02 8.0
.200 L0106 0272 .0833 - 2.40 5.0
.250' .00398  ,0346 .101 8.02 7.7
.400 000250 .00l .206 14T 8.2
| | | 7.5 Ave.
HBTA- 0.100 0.0347  0.00766 0.0656 0.209 1.1 x 1oLL
benzene
200 .017h .02k6 .09k2 - 1.31 1.7

- .250 .0106 .031k4 .11k 2.71 1.6
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Table IT,"cont.
Diketone- (EK) (M) (MKL ) - [HK] R
Solvent moles/4. moles/4. moles/4. y(moles/s.) Y(MKLL)/(M+ ) XK'
HBTA< ‘Oﬁéhof“§xo.bozuéf‘?o.o392"’ :"50,163* Co At 2.®”x>lOR
benzene ' . :
(cont.)- .hoo .000978 . ..0403 - .209 36.0 - 1.9 -
R Te .000672 - .0393  .2hy o 50.5 - 1.4
.500 .000277 .0k32 - .279 - 133 2.2
1.7 Ave.
HITA- 0,1;6 0.0300  0.00952 0.0717 0.298 1.1 x 10"
benzene e E : . wl
.232 .0135 .0272 112 1.8k 1.2
-3”8,, .00310 .0370 175 10.6 1.1
.579 000245 .0405  .3hk 138 0.99
| | 1.1 Ave.
HITA= . 0.0600 0.0348  0.00348 0.0432 0.0961 2.8 x 10t
n-hexane .
' .10k .0306  .0115 .0539 . 0358 k.3
.156 0250 .0201 L0695 .789 3.4
180 L0167 L0268k L0677 1.48 7.0
.2k0 . .008k45 0345 "j .0922 3.78 5.2
.300 .00382 039k 126 ' 9.37 3.7
,3§4- .00153 oL0k35 165 29.1 3.9
416 o L000615  .0432 _ " °297, ,, 61.5 3.3
.520' .000190  .0440 .286 . 197 3.0
4.1 Ave.
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Figure 1.

Dependence of distribution ratios

on 2-thenoyltrifluordacetdne
activities: 0, zirconium; A, hafnium;
solid lines,' benzeneA; broken lines,

o-dichlorobenzene.

UCRL-2536
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Figure 2.

MU-7345

Dependence of distribution ratios
on benzoyltrifluoroacetone

activities in benzene: O, zirconium;

A, hafnium.

"UCRL-2536
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Figure 3.

-1.4 -1.2 -l0 -08 -06 -04

LOG [HK]

MU-7346

Dependence of distribution ra;cios '

on isovaleroyltrifluoroacetone
activities: O, zirconiuﬁ; A, hafnium;
solid lines, benzene; broken lines,

n-hexane.
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