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ABSTRACT 

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 Oo025 M thenoyltrifluoroacetone of a 

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

the ori~inal hafnium with a content of less than 2% zirconium. 



1 This paper is based on work done under the auspices of the Atomic 
Energy commission. . . . . . . . . . . . . . . . . . ......... . 

The synthesis of thenoyltrifluoroacetone has recently been 

reported· by· Reid· and· Calvin2. and· a· study· of· the· extraction· of· its··· 

~J·.· c·.· Reid· and·l''l'.· Calvin,· MDDC-1405· (BC·-7·5}, ··August· 15·,· 1947·.· · · · · 

zirconium· chelate· into· benzene· reported· by Connick and McVey
3

·• The· 

3 R·· E. Connick and ~oJ. H· .McVey, The Aqueous Chemistry of Zirconium, 
· UCRL-101, ·March 1, 1943 ~ 

work rAported in this paper on thP. sAparation of zirconium and haf-

nium by means of this ~-diketone was undertaken at the suggestion. 

of M· Calvin and G. T· Seaborg. A study has been made of some dif-

ferences in the extractions of zirconium and hafnium by benzene solu

tions of thenoyltrifluoroacetone (referred to as HT in equations and 

tables) from aqueous 2 .M perchloric acid and the re suJt s applied to 

a successful separation of these elP.ments. 

It is believed that the zirconium is principally in the form 

of· zr:+-~. in· 2· .M' perchloric· acid·}·· The· comp1exing of· zirconium· by· the 

:4. · w·.· H'• Reas·, ·Thesis·,- University· of· california·,· 1948·.· · 

diketone is negligible in the aqueous phase and the only important 



3 species in the benzene phase is ZrT4 • p 

. - I" 
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The reaction then is ex-
... ~ .... 

pressed by the equation 

C<...ASSIFIC.A'ft.:)N CANC~LL7D &Y !.UTllO;t;TY 
and, assuming constant acid concentration, theoequil·i~r.i).ll!t:re.:ons:bant 

BY THE DECLASSWICATION COM.•:ITTEJ6: 

by 

log K = 1 lzrTJ og_,;;;:;;;;;;--....,_,___...,. 
~r +4J. 

4log [m] - log R - 4log (?~ 

where R _is the extraction coefficient. 

Values for R and K have previously been determined
3 

for zirconium 

using trace amounts of radioactive zr95 • 

The determination of values for R and K for both zirconium 

and hafnium, using macro quantities and concentrations for Which the 

zirconium ion has been shown to be a monomer in 2.0 M perchloric 

acid4 , has been carried out in this work in the thenoyltrifluoroace

tone concentration range of 4 x lo-3 to 3 x 10-2 for zirconium and 

lo-2 to 7 x 10-2 for hafnium. 

Experimental 

Materials. - Thenoyltrifluoroacetone of 99. 5%pll"ity was ob

tained from M. w. Davis and H· R. Lehman of this laboratory. Weighed 

amounts were dissolved in reagent thiophene-free benzene to give 

solutions of the desired concentrations. 

Zirconium solutions were prepared in a manner similar to that 

of Connick and McVey3 • Recrystallized ZrOCl~ •8H2 0 was dissolved 

in 2.0 M perchloric acid to prepare a stock solution of approximately 

0.09 M zirconium. 
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. Tracer zirconium solutions were prepared from carrier-free 

zr95 in 5 fa oxalic acid which was received from the Isotopes Branch, 

United States Atomic En~rgy Commission. This solution was made about 

10 M in nitric acid and carrier zirconium added from the above xtock 

solution. The solution was purified by the following treatment3. 

A small amount of 0.1 N potassium permanganate was added to precipi

tate manganese dioxide which carrie» the radioactive columbium but 

not zirconium. This precipitation was carried out thrPe times to 

remove both oxalic acid and columbium. The zirconium·solution was 

then diluted to about 1 M nitric acid and extracted with 0,02 M 

thenoyltrifluoroacetone in benzene, and the benzene phase washed 

twice with 2M pPrchloric acid. The benzene solution was removed 

to a platinum c1.ish and fumed with sulfuric acid with the addition of 

small amounts of 30% hydrogen peroxide to destroy organic matter. It 

was then diluted and zirconium hydroxide precipitated with ammonium 

hydroxide. The precipitate was dissolved in hydrochloric acid and 

the z ire onium hydroxide precipitated twice morP to remove sulfate. 

Concentrated hydrochloric acid was then used to dissolve the hyd.roxide 

and this solution diluted to 6-7 M hydrochloric acid to precipitate 

ZrOC1~"8H~O· A weighed amount of this salt was then dissolved in 2M 

perchloric acid to give a stock solution approximately 0.003 M in 

zirconium. 

Hafnium solutions WPre pr,...pared from hafnium dioxide which 

contained 0.4% 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 ne:::r dryness. About 0.5 ml of eoncentrated sulfuric 

acid was ac"~ded and fumed for 5-10 minutes. The pr,paration of 

HfOC L, •!JH., 0 
"-> 

then followed the mPthod given above for tracer 

ZrOCl:>. •8H0 0, be[;inning with dilution of the sulfuric acid solutLm. 

Tracer Hf18l solutions were prepared in the same way, using hafnium 

dioxide obtained from the Isotopes Branch 1 United States Atomic 

Energy Commission. 

Ana lys 5.s. - Colorimetric ana lys0s were made with a Beckman 

spectrophotometer by G. Iddinc;s who adapted the following method 
r::: 

from that· of Liebhafsky· anc.· Wins1ovr) to· correct for th!"l· pffects 0f 

5 
· · · H·.· Liebhafsky· and· E-.· Winslow:,· J·.· Am·. Chem.· Soc·.· 60, 1 '776 ( 1938). 

the organic substances and pr->rchloric acid present. One-half ml. 

of saturated alizarin is added to a 25 ml. volumetric flask nnd then, 

in ordl';r, 10 ml. 95% 
I 

ethanol, 4 ml. 2 1'1 porchloric acid including 

that to b0 add.ed from the sample, 1 .. 0 ml. 0.02 !'I thenoyltrifluoro-

acetone in benzene including that to be added from th~ sample, 

benzene or aqueous phase sample containing 25-90 )lg. Zr or 25-12 5 

;ug. Ef, and 1 ml. 2 M hydrochloric acid. After mixing add ammonium 
I 

hydroxide carefully until the red color just appp,ars and allow to 

stand for 5 minutes. Add 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 spectrophotomPt er r..,.adin3. Standard curves prApared by this 

procedure show that the zirconium and hafnium are calorimetrically 

equivalent., on a mole basis 1 in contrast to previous re:-sultsS. 
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Radioactive analyses of zirconium w~re made using micropipets 

to obtain samples containing 500-1500 counts p~r minute. The samples 

WPrP evaporated on platinum discs under an infra-red lamp and counted 

in a Geiger counter, first with an aluminum absorber of 30 mg/cm2. 

and then with one of 150 mg/cm2 •• 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 weighing. Hafnium radioact·ive 

analyses were made in a similar manner but counted without absorbers. 

~xpPrimental. -For the detPrmination of extraction coefficienm 

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 pArchloric acid. Five ml. of a benzene solution of thaxultri

fluoroacetone was then added and the mixture shaken for 80 minutes, 

although equilibrium 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 ml. in the aqueous phase at equ:tlibrium. 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 answ~"r is then multi

plied by 0.974 to correct for solubility in 2 M perchloric acid4 

and to obtain the diketone concentration in the benzene phase. 

In column four are given the activity coefficients for these correct

ed· dike tone· concentrations·6·• ·These· also represent the activity· 

!3. E··· v.· King and· W·.· H··· Reas,· U·. C··· R· L·· RC-69,· July 1947. 

coefficients of the chelate3. Column five gives the diketone 

a~tivities found by multiplying the cor··ected concentrations by the 

corresponding activity coefficients. The distribution ratios in 

column six are obtained by multiplying the ratios of ~lues from 

columns two and three by the activity coefficients of column four. 

Table II gives similar results for hafnium. 

The dependence 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 SPparation of hafnium was carried out on a solution 

in 2M perchloric acid containing 22.9 mg.hafnium and 13.6 mg. 

zirconium in 150 ml. Two extractions w0re made '':ith 150 ml. 

portions of 0.025 M thenoyltrifluoroacetone and 6,31 mg. hafnium 

recovered in the aqueous phase. The zirconium present in the aqueous 

phase was then too small to be determined by a combination of colori

metric and tracer. Hf181 analysis. Spectrographic analysis, made by 

.J. 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 1% zirconium should be present. 

summary 

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 59% as much z'irconium as hafnium yielded 27~ of 

the ori.:;inal hafnium with a content of less than 2% zirconium. 



Table I 
Zirconium 

(HT)B (pg zr/mt) (pg zr/ml)w Act.coef. Activity Dist. log i)r~·_l 
addea B of HT and of HT Ratio 
· · · · · · ·· · · · · · · · · · · · · · · · · · of· zrT in· benzene· · R · · 

4 - "l IHT_ 

o-.oo5 6·.50 181 0.999 o·.o0460 o·.o359 -2 .3372 
.01 37.0 80.0 .997 ·.00814 .0461 -2.0894 
.01 43 * 136 * .997 .00783 .0316 -2.1035 
.015 81.0 56.7 .995" .0110J 1.42 -1.9551 

.015 86.8 75.3 .995 .01085 1.14 -1.9646 

.02 101 19.3 .990 .Ol50Z 5.18 -1.8233 

.• 02 115 39·.5 .992 ·.01445 2.89 -1.8401 

.02 35.7 5.00 .988 ·.o1772 7.05 -1.7515 

.02 104 41.0 .991 .01490 2.53 -1.8268 

.02 178 123 .994 .01180 1.44 -1.9281 

.02 224 235 .996 .00988 0.949 -2 •. 0052 

.02 135 * 108 * .993 .01361 3.04 -1.8661 

.03 126 5.33 .982 .0235 23.2 -1.6289 

.035 173 3.42 .979 .0261 49.6 -1.5834 

.04 120 0.940 .973 .0329 125 -1.4828 

,.. Ana1Jsis by count of racl_ ioact i ve zr
95 

log R K 

-1.4449 8.02 X 107 

-0.3363 10.50 
-0.5003 8.20 
0.1523 9~39 
0.0569 8.23 

-0.7143 10.17 
0.4 612 6.63 
0.8482 7.15 
0.4031 5.13 
0.1584 7.43 

-0.0227 9.96 
0.4829 8.86 
1.3655 7.61 
1.6955 10.67 
2.0969 10.69 

c:: 
Q 

I ft ::;. 
I ....., 

(0 
~ 
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Table II . . ·• .......................... . ' ... ···Hafnium····················.· ... . .. . ...... 

. -
(HT)~ Cpg Hf/ml)B (pg Ff/ml)W Act.coef. Activity Dist. log ~'HTj log R K 
adde · of HT and of Hr Ratio 
. . • , -· 4.. • • . • . . . • • . . . . . . . . . . ' . of FfT· · 'in benzene· · · R · · · · · · · · · · . .......... . ......... 

4 ~~ J 

0.01 15 .• 0 296 0.996 o·.oo<J37 0.505 -2 .. 0283 -1.2967 6.55 X 106 

·.015 41.0 234 ·.993 ·.0136 0.174 -1.8665 -0.7570 5.12 
·.02 73.8 212 :.988 .0177 0.344 -1.7520 -0.4634 3.50 
.az 83.0 202 .988 ·.0174 0.406 -1.7595 -0.3915 4.43 
.02 89.0 282 .988 ·.0173 0.312 -1.7620 -0.5058 3.48 
.02 70 * 270 * .988 .0177 0.258 -1.7520 -0.5884 2.63 
.025 132 148 .989 .0212 0.882 -1.6737 -0.0545 4.37 

.• 03 184 90.5 .981 .0247 1.99 -1.6073 0.2989 5.35 
.03 221 .128 .982 .0240 1670 -1.6198 0.2304 5-.12 
.• 03 205 *. 135 * .980 .0252 1.49 -1.5986 o·.l732 3.69 
.04 238 3lc.8 .973 ·.0329 7.29 -1.4828 o·.8627 6·.22 

§ 
.04 272 66.7 .974 ·.0321 3.97 -1.4935 0.5988 3.74 ::u 
.04 261 * 79·* .974 .0324 3.22 -1.4895 0.5079 2.92 I t-' 

1-' I 

.05 233 19·.o .964 ·.0420 11·.9 -1.3768 1.0755 3.83 1:\) 1-' 
l (.!) 

.• .05 266 .19.0 .965 ·.0414 13.5 -1.3830 1·.1303 4.60 II'» 

·.05 260 19·.0 .965 .0416 13.2 -1.3809 1.1206 4·.41 

·.06 320 20.0 .958 ·.0492 15·.3 -1.3080 1·.1847 2·.61 

·.06 272 9.67 .9·57 .0502 26.9 -1.2993 1.4298 4·.24 
_ ___:. 06 292 13·.3 ·.957 ·.0499 21.1 -1.3019 1.3243 3.40 

.-06 324 15·.0 .958 .0191 20.7 -1.3089 1.3160 3'.56 

.06 321 * 19·.o * ·.958 .0492 16.1 -1.3080 1.2068 2.75 

.08 263 2.16 .943 .0382 115 -1.1662 2.0607 5.32 

*Analysis by count of rac1 ioactive· Hf1
8
1. 
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