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ABSTRACT 

The distribution.ratios and equilibrium constants for the extrac-

tion .of-zirconium and hafnium from 4 ~ perchloric acid with various 

combinations.of fluorinated t3~diketones and organic solvents have been 

determined. The sep~ration factors, KZ,r/KffF 1 found for this acidity 

were: .2 ... thenoyltrifluoroacetone in benzene, 25; 2•thenoyltrifluord-

.acetone in o·dichlorqbenzene,- 16; benzoyltrifluoroacetone in benzene, 

18; .. isovaleroyl trifluoroacetone in benzene, 13; isovaleroyl trifluoro-

acetone in n-hexane, 13. 
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The fractional separation of zirconium and hafnium by chelation~ 

extraction with benzene solutions of various t3-diketones has .bee·n 

reported pr.eviously.l·3 These studies have been extended in the present 

(1) E. H. Huffman and L. J. Beaufait, .J. Am. Chern. Soc.,71, 3179 

(1949) . 

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

(1950). 

(3) E'.'M. Larsen.and G. Terry, J. Am. Ghem. Sac._, 75, 1560 (1953). 

work to other fluorinated t)•diketones a~d to ather solvents. In order to 

use more concentrated solutions of zirconium arid hafnium, and hence to 

.increase the usefulness of the fractionation method, 4!:! perchloric El,cid 

has been us.ed in these studies instead of 2 !:! <~,cid,. as . in the previous 

studies. The concentration . of zirconium or of hafnium may be as ·high as 

Oo04 M in 4!:! perchloric acid and still be completely extracted, showing 
'· ,. . . : . . 

that the metal ion is either monomeric or that the monomer and any polymer 

establish,equilibrium rapidly. Attempts were also ~e; in the case.of 

2-thenoyltrifluoroEl,cetone, to extract 0.09 !:! zirconium from 5 !:! perchloric 

aCid, a condition which also ·allows complete removal qf zirconium from the 

aqueous phase, but precipitates formedat.the organic-aqueous interfaces 
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for the higher concentrations of diketohe and consistent data could not 
' :... ' '.: 

be obtained. 

The metal ion. species for zfrc.Onituri- and hafnitim- is .mainly· -Mt~ for 

the monomers in .2 _!':!, or stronger, perchloric acid,4 and ~he e~~raction 

(4) R. E. Connick and W. H• Reas, J. Am. Chern. Soc., 73, 1171 (1951). 

reaction may be expressed as 
·;.r 

(l) 

At constant acid concentration· the equilibrium constant is then 

log R - 4log [HK] {2) 

where R is the extraction coefficient, [MK4] ( (M +4 ), and [HK) is the 

diketone activity. The equilibrium constants obtained using 4 ~ perchloric 

acid cannot be compared directly to those1- 3 obtained using 2 !':! perchloric 

acid because the activity coefficients of the metal ion species at the two 

different ionic strengths is not known. 

The diketones and solvents for which extraction data were obtained 

were 2-thenoyl trifluoroacetone- (HTTA) in benzene and in .a-dichlorobenzene, 

benzoyltrifluoroacetone (HBTA) in benzene and isovaleroyltrifluoroacetone 

(RITA) in benzene and in .n-:';texane. Interference in the form of precipi-
·.,, 

tation at.the organic-aqueous interface was enco1).ntered when extr~;~.ctions 
. ~ j •• - } - •• 

were tried with HTTA in hexane (4-methyl,2-pentanone)_and with 2-naphthoyl-
! .)_ .. ; . . ' ; . . ~·: --~~- . ~ ,. . . ' '. : -' ; •.. : .- ' . . i • • 

tri:fluoroaceto,rie. (HN'I'A) _in benzene. J;t is probable that satisfactory data 
-~ r -' _r •. . . -~ ! ,.. ! • _' ~ - •.. 

for these combinations of reagent a~d solvent could be obtained at .either 

a higher temperature or with lower concentrations of zirconium. The highly 



fluorinated t)....diketone l .... (3,4-dichloropl).enyl)•4,4,5,5.,6,6,6-heptafluoro"" 

l, 3-hexanedione exhibited no. appreciable extraction of, .zirconium from 4 M 

perchloric acid into .a 0. 250 M solution of the reagent in benzene •. 

EXPERIMENTAL 

Materials,--The 2-thenoyltrifluoroacetone, 2-naphthyltrifluoroacetone 

and l-(3 1 4~dichlorophenyl)-4,4,5,5,6,6,6-heptafluoro-l,3-hexanedione were 

obtained from the Dow Chemical Company and the benzoyltrifluoroacetone an~ 

isovaleroyltrifluoroacetone were obtained from M. Calvin.of this laboratory. 

The thenoyl trifluoroacetone was recrystallized twice from benzene to 

obtain a product of 99,3% purity, the 2-naphthoyltrifluoroacetone was 

recrystallized twice from ethanol to obtain 99-0% purity and the iso~ 

valeroyltrifluoroacetone was distilled t:1-t a pressure of 62 nnn .. to .obtain 

a fraction boiling at 78°-80° and having a purity of 99. 2f1/o. . 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.ma.ke known volumes 

of stock solutions. The purities were determined by potentiometric 

titration of ali~uots added to 50% ethanol, using.O.l M sodium hydroxide 

(carbonate-free) and a nitrogen blanket to keep ,out carbon dioxide. 

The solvents used were reagent grade thiophene-free benzene,.n-hexane, 

stated by the manufacturer (Phillips Petroleum) to be 99 mole percent 

minimum and c.-dichlorobenzene, stated by the manufacturer (Eastman Kodak) 

Zirconium and hafnium solutions were prepared from their oxides. 

These were warmed with about .l ml. of concentrated sulfuric acid and a 

little hydrofluoric acid and then fumed until clear solutions were obtained. 
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After-dilution the hydroxides were precipitated with.aitliiloilium hydroxidej 

._the preaipitai;.es;dis·SG!lved in hydrochloric acid and the hydroxides ·again 

precipitated to .remove-sulfate. Con-centrated hydrochloric! acid'was theri 

used to dissolve the hydroxides and this solutionwas diluted to 6=7 ~ 

hydrochloric acid to -precipitate Zr(:ijf)OC12 ?8H2o. Weighed amounts of 

these salts were dissolved in 4 !i perchloric acid to obtain stock 

solutions approximately 0 .Q4 M in . metal ion. Spec·trographi c analyses 

showed the zirc.onium to contain o.&{o hafnium and the hafn,ium to contain 

0. 3"/o zirconium. 

Analyses. -·Both the organic and aqt1eous phases were analyzed for 

metal co11tent after extraction~ Cqlorimetric analyses were made-with a 

Beckman Model DU spectrophotometer using the alizarin .method of Lieb"" 

h~~~ya~d ~~nslow5 as modified1 to .correct _for t:qe effects of the 

,-

(5) H. Liebhafsky and E. Winslow,_ J. Am. Chern. Soc."' 60, 1776 (1938). 

organic substances and perchloric ~cid present, and using the appropriate 

t3-diketone where then,oyltrifluoroacetone is called for in the modification. 
,-

Extractions .a..•The dis.tribution ,coefficients between the organi-c 

solvents.al)d 4 !i perchloric a,cid for HITA.were obtained by equilibrating 

a solution ,of known concentration,of the diketone in organic solvent with 

.an equal v:olume of aCid. The .cQncentration.of diketone in the aqueol],s 

pnase was then determined by the absorption .at ·.284 ID)J.. _,. the peak in its 

absorption curve. The molar extinction coefficient at.this wave length 

is 280. The distribution coefficients.found, expressed as proportion 
'•': 

in tb,e organic phae;e1 were 0.990 for benzene and 0.976 for n-hexane . 
. :!.' 
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The corresponding values for the other diketones had been obtained· 

6 
in . .a similar manner and found to.be:- .HTTA ... benzene, 0.979; HTTA-o• 

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

dichlorobenzene,7 0.979; HBTA-benzene, 7 >0.995. 

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

California, private connnunication. 

The chelation-extraction equilibrations were carried out by mixing 

5 ml~ of the perchloric acid phase containing the zirconium or hafnium 

with 5 ml. of the organic phase containing the diketone. The mixtures 

were -then shaken for at least 90 minutes, as ,equilibrium was 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 distribution 

ratios and equilibrium constants are given in Tables.I and II •. The 
. 1 

calculations were made as previously reported, allowing for the 

solubilities of the free diketones in 4 !:!perchloric acid, as given above. 

The activity coefficients used in determining[EK].and R in the tables 

were assumed to be equal to .those given by King and Reas8 for HTTA. This 

(8) E. L. King and w. H. Reas, J. Am. Chern. Soc., 73, 1804 (1951). 
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appro~i~tion probably involves a,smt:l.ll error. Th~.greatest error in 

this .respect woll,ld be expected at i;.he highest concent:r~tions of diketone 

for the hafnium_extrCJ.ctions .using HITA inn-hexane, where both the 

reagent -and solvent .differ from tho.se used in obtaining the activity 

coefficients; Even here the results are in good agreement with the_ 

expected straight line. 

The data qf Tables I and II are plotted in Figures 1, 2 and 3. The 

straight lines Cl.:re drawn .with a slope qf four and corresponding to the 

average values found for the eq_uilibrium -cq:n,stants. In only one case, 

that for zirconium extraction with HTTA in a'"'dichlorobenzene (Figure 1), 

doe!? the .sJ,.ope c;>f the plotted data app~ar t0. be .other till:m four. In this 

instance the slope appears to be greater than four,-but .since the 
/_·, 

cprresponding ,data for hafnium .-extraction are in .agreement with. the · 

expected sl-Ope it is likely that chance .experimental devi~:~,tions account 

for the result. 

The separCJ.tion.factor (Kz/l<fff) for HTTA..;-benzene, calculated from 

the average values given in tl].e tables, is 25; This is comparable to 

the factor previously found using 2 _!i perchloric acid~l,3 The corres ... 

pondi:qg values.for the other diketone-solvent pairs are all lower; being 

16 for BTTA ... o ... dichlorobenzene, 18-for HBTA-benzene, 13 fqr HITA ... benzene 

and 13 for HITA·n--,hexane.. The distribution .ratios i'or the extraction 

of the metal-ITA chelates into n,.;he:x:ane are-higher than tb,qse for 

extraction into.benzene, though the reverse situation was found to hold 

for the diketones themselves. 

This work was _done under the auspices of the U. S. Atomic Energy 

Commission. 
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Table I 

Zirconium. . ;·: 

Diketone- (ffi<) .. cw4f (MK4.) 
,. [HK] ·. R 

Solvent moles/£. moles/ t.- rr).oles/ £ ... r(moles/ £.) r(MK!j)/ (W4) K' 

HTTA- 0.0500 0.0352 0.00955 .. 0.0115 0.269 1.6 X 107 
benzene· 

.0750 .. 0291 .0153 .. 0~34 ~521 1.6 
' 

.100 .0212 .0204 .0177 ,.950 0.96 
. ;~ ... 

. 150 .00910 . .0322 .0205 J.44 1.94 

.175 .00711 .0372 .0251 5.13 1.3 

.225 .00175 .0466 .0363 25.8 1.5 
-.'I 

.250 .000348 .0480' .0542 ' 131 1.5. . ··l 

.250 .000150 .0435 .0702 300 1.2 

1.5 Ave. 

HTTA- 0.0500 0.0280 0.00650. 0.0?31 0.228 0.80 X 10 6 

o ... cL2<r> 

.100 .0183 .0162 .0335 .8.59 0.68 

.150 .00819' .0260 .0433, 3,.,05 0.87 
··' 

.200 .00149 .0328 .0637 20.8 1.3 

.225 .000500 .0344 .0800 64.3 1.6 

.250 .000132 .0346 .103 242 2.2 

1.2 Ave. 

HBTA- 0.0493 0.0371 0.00515 0.0280 0.136 2.2 X 105 
benzene 

.100 .0284 .0143 .0413 .486 1.7 

.140 .0184 .0234 .0445 1.22 3.1 

.197 .00709 .0324 .0637 4.32 2.6 

.240 .00201 .0387 .0797 18.0 4.5 

.300 .000504 .0408 .124 73.5 3.1 

.340 .000;1.54 .0415 .156 241 4.1 

3.0 Ave. 



; ' 
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Table II ,· 

Hafnium . 'l. 

Diketone- (HK) (M+4) . (MK4) [HK] R 
Solvent .. molesf~r. moles/£ . . moles/ P,. y(moles/ P,.) y(MK4)/(~4 ) K'· . . . . 

HTTA-. 0.0400 0.0379 .· 0.00405 0.0229 0.105 3.8' X 105 
benzene 

.0700 .0337 .0104 .0272 .30~ 5-5 

.140 .0158 .0246 .0392 1.51 6.4 

.170 .00950 .0300 .0470 .3.03 6.2 

.180 .00825 .0315 .0506 3.65 5.6 
i 
I 

.190 .oo66o .0330 .0541 4.76 5.6. 

.200 .00482 .0335 .0612 6.59 4.7 

.230 .00206 .. 0390 .0675 17.8 8.6 

.250 .00104 .0375 .0908 33.6 4.9 

.300 .000255 .0417 .119 150 7-5 

5.9 Ave:. 

• .. .. 4 HTTA- 0.0500 0.0366 0.00400 0.0324 0.106 9.6 X 10 
o-012~ .100 .0291 .011·5 .0506 .378 5.8 

.125 .025l .0170 .0532 .646 8.1 

.150 .0198 .0214 .0598 1.02 8.0 

.200 .0106 .0272 .o833 2.40 5.0 

.250 .00398 ~0346 .101 8.02 7-7 

.400 .000240 .0401 .206 147 8.2 

7.5 Ave. 

HBTA- 0.100 0.0347 0.00766 0.0656 0.209 1.1 X 10 4 

benzene 
·.200 .0174 .0246 .0942 1.31 1.7 

.250 .0106 .0314 .114 2.71 1.6 
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Table n; .. cont; · 

Dike tone- (HK) (w4) (MK4)·· !.,·,· .. [HK] R 
Solvent moles/ P,. moles/£ . . moles/ P,~ y(moles/ P,~) y(MK )/(M+4) K' 4, ····· ·.· 1! ; <:.:--; \' .. ;;,· :\ \1. :··. ·, .. :.~ ··_;· ·. 4 
BBTA.:.: ' o.~ 34o ;!< :; ·• o. oo248 • · o. 0392· · .. ;··o.H)J' l4;,lC. :' ·;.;, 2.0'x 10•· 
benzene 
(cont.). .400 .000978 .0403 .209 3ELo " 1.9 

·.440 .000672 .0393 .244. 50:5 1.4 

.500 .000277 .0432 .279 133 2.2 

1.7 Ave. 

RITA- 0.116 0.0300 0.00952 0.0717 0~298 l.l X 104 

benzene 
.232 .0135 .0272 .112 1.84 1.2 

.348 .00310 .0370 .175 10.6 l.l 

.579 .000245 .0405 .344 138 0.99 

l.l Ave. 

RITA;;. 0.0600 0.0348 0.00348 0.0432 0.0961 2.8 X 104 

n-hexane 
.104 .0306 .0115 .0539 .358 4.3 

t 

.156 .0240 .0201 .0695 .789 3.4 

.180 .0167 .0264 .0677 1.48 7.0 

.240 .00845 .0345 .092? 3.(8 5.2 

.300 .00382 .0394 .126 9·37 3.7 
(:,.; 

~- .. ; ~' .. 

. 364 .00133 .0435 .165 29.1 3.9 ... .. ... i,, .. "':""", 

.416 .000615 .0432 .207 61.5 3.3 
). . . ' ·'' 

.520 .000190 .0440 .286 197 3.0 

4.1 Ave. 

. ) ~-. .. ·,· ... ';. ::•.-' ·--

. ' ; ~; .[ . ; . 
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P'igure 1. Dependence of' distribution ratios 

on 2-thenoyltrifluoroacetone 

activities: o, zirconium; ~, hafnium; 

solid lines, benzene; broken lines, 

a-dichlorobenzene. 
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Figure 2. Dependence of distribution ratios 
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activities in benzene: 0, zirconium; 

b., hafnium. 
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