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ABSTRACT 

A carrier-free ~eparation of hafnium from several hundred 

milligrams of rare earth oxides by anion exchange from saturated HCl 

solution is given. The procedure is completed in 4-8 hours and is 

suitable for remote control work. 

Reagents: 

Dowex-1 x 8, 50-100 mesh, chloride form; washed carefully to remove all 

impurities 

HCl, reagent grade irQ.n free: 6 N, ;12N) gaseous 

Yb
2
o

3 
obtained from Oak Ridge National Laboratories, Stable Isotopes 

Division, for various separated stable Yb isotopes 

Experimental: 
100-300 mg Yb

2
o

3 
were bombarded with alpha particles in th~ Crocker 60" 

cyclotron to ~~oduce radioactive Hf and Lu isotopes. The oxide was 

removed fromJ target block by remote control inside a 4" thick lead cav~, 
transferred to a 50 ml test tube, and disso~ved in 15-45 ml hot con-

centrated HCl. The solution was saturated with HCl gas, then loaded iml• 

mediately onto a 3mm x 10 em Dowex-1 column, pre-e~uilibrated with con

centrated HCl. HCl gas was passed through the li~uid at the top of the 

/ 

oolumn. The column was washed with saturated HCl until about 125 ml were 

collected. Hf was then eluted with 10 ml 6 N HCl into a 15 ml polystyrene test 

tube,* after which the solution was evaporated to a very small volume by 

heating the tube in a 60° water bath with the aid of an air jet. 

* The "gyro" polystyrene centrifuge tubes were obtained from Solar Electric 
Mfg. Co., San Francisco, California 
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A procedure for a carrier-free separation of hafnium from several 

hundred milligrams of rare earth oxides (Yb and Lu in this case) was needed 

for beta spectroscopy being undertaken,at this laboratory. The end-product 

hafnium had to be radiochemically pure and "mass-free"; that is, contain: 

less than 10~ ~ of mass. Since the half-life of the isotope of interest 

(Hfl7l) is 12 h~urs, a procedure was required that could be completed in 

less time than this. 

DISCUSSION 

Anion exchange seemed the best means for separation. According 
1 

to Kraus and Nelson, hafnium is strongly adsorbed in Dowex-1 in 12 N HCl, 

while rare earths are not adsorbed at any HCl concentration. Therefore, 

it seemed reasonable to dissolve the oxide in a minimal volume of con

centrated HCl, load the activity on a column equilibrated with 12 N HCl, 

wash all rare earths through the column, and then elute the Hf with 6 N 

HCl. 

The first problem encountered was that the Hf did not adsorb 

quantitatively on the column. In fact, about 90% of the activity washed 

through the column, The amount of Hf adsorbed was found to be very 

sensitive to small fluctuations in the acid concentration. To solve this 

problem, HCl gas was bubbled through the solution for several minutes 

before loading onto the column. It was also found to be advantageous to 

1. 

* 

Kraus, K.A. and Nelson, F. Symposium on Ion Exchange and Chromatography 
in Analytical Chemistry, Special Technical Publication No. 195, 
American Society for Testing Materials, 1958. 

This work was done under the auspices of the U.S. Atomic Energy Commission. 
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bubble HCl through the reservoir of the column during the loading and 

washing processes. If this is done, the Hf adsorbs on the resin very 

strongly. 

Although the added HCl gas insures the adsorption of the Hf 

onto the resin once the Hf comes in contact with the resin, it .may cause 

the precipitation of rare earth chlorides from the very concentrated 

solution. The chloride cannot be centrif;U.ged and discarded, because it 

carries about 50% of the Hf activity. Once precipitated, the R-E chloride 

seems to re-dissolve very slowly. If precipitation occurs, the solution 

and precipitate can be added to the top of the column and washed with 

saturated HCl until the precipitate has dissolved and passed through 

the column (i.e., no more mass is detected in the test tube containing 

the eluant when the eluant is dried). It is preferabil:e. 1 however, to use 

a larger initial volume of HCl to dissolve the rare-earth oxide. 15 ml 

HCl for each 100 mg of oxide is 'adequate to prevent the precipitation. 

Since the Hf adsorbs on the column so well, a large loading volume in 

no way hinders the the separation. 

Although it is desirable that the Hf activity be eluted in a 

.small volume, appreciable "tailing" was in fact found. The necessary 

elut.ion volume was found to be about 12 column volumes. Some of the 

activity still remains on the column after 12 column volumes of eluant 

have washed through, but the additional activity yielded by further 

washing does not warrant additional volume of eluant. 

A tendency was noted for the carrier-free Hf activity to 

adsorb into the glass of the containers in which it was placed. This 

adsorpt.ion is probably caused by exchange of Hf with Na in the gl.ass. 

The quantity adsorbed depends on the length of time the activity is in 

the vessel and on the acid concentration (longer time and lower acid 

favor adsorption). Thus, the acid concentration should be kept as 

high as possible at all times and the time required to perform each step 

of the procedure should be kept as short as possible if·a glass container 

is used. This was found to be especially important for the dissolving 

step, where large percentages of the activity could be lost due to 

adsorption into the glass. The dissolving step rshould~.take less I_ •••• 

than 5 minutes and the Hf should be loaded onto the column immediately. 
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Loss of Hf on the walls of the column was negligible whether 

glass or plastic columns were used. Apparently, glass walls of the column;.; 

are~not as attractive to the Hf ions because of the high acid concentration 

maintained and because of the competition of the resin with the glass for 

the Hf ions. 

Since the end product was to be dried from several ml to a tiny 

drop, the eluant from the resin containing the Hf was caught in 15 ml 

polystyrene ''gyro" centrifuge tubes. Aqueous solutions do not wet the 

surface of this material, so activity is not readily lost on the walls as 

the solution evaporates, and the Hf does not adsorb into the walls of the 

tube, even after several hours at 60°C. 

An advantage of this procedure is that it .is easily adaptable 

for use in a lead cave when high radiation levels are present. All the 

manipulations can be made by remote control. The time required for the 

solution, washing, and elution of Hf is about 4 to 5 hours. The 10 ml 

eluant takes 2-3 hours to dry when an air jet and 60°C water bath are used . 
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