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E-- Abstract

A new chromatographic separation of small amounts of rare earths

has been devised and tested with carrier-free · radiotracers of Nd147, Pm.147,    i   V

155and Eu .  The method uses di(2-ethylhexyl)orthophosphoric acid (HDEHP)a

as  a stationary phase supported on a column 'of aluminum, oxide, and elution
..tw.

is with dilute aqueous hydrochloric acid. Column behavior is similar   to 4

solvent extraction using HDEHP where separation factors average,2.5 for

7
adjacent rare earths.
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Introduction

As part of a program to develop rapid analytical methods. for the
R,1

(1)
determination of rare earths in geological materials by neutron activation,

a new chromatographic separation procedure for small amounts of rare earths

has been devised and tested with carrier-free tracers.  The stationary

phase is di(2-ethylhexyl)orthophosphoric acid (HDEHP) supported on a col-

umn of aluminum oxide and elution is with dilute aqueous hydrochloric acid

solutions, The mixture  of rare earths is placed  on  the  top cof the column

bed and eluted at room temperature.  Separation factors for adjacent rare

earths average 2.5.

Di (2-ethylhexyl)orthophosphoric acid  (HI)EHP), molecular weight

322, density - 1.0, is a clear colorless viscous oil at room temperature,

:          sparingly soluble in neutral and acidic aqueous solutions, and resistant

to hydrolysis on continued contact with dilute mineral acids.  The dialkyl

ester of orthophosphoric acid, (CH3CE[2CH H2CS(C2H5)CH20)2P0(OH), is a

weak acid and forms complexes with inorganic cations soluble in organic

solvents.  Peppard et al., Blake et al. and Baes et al.(2-70 (8,10) (9,11)

have described the use of the reagent in solvent extraction separation

procedures for several elements.

(2)
Peppard et al.    report that trivalent rare earth carrier-free

tracers may be extracted from acidic aqueous solutions by toluene solutions
**

of HDEHP.  Equilibria may be described by the equations

*
Also named bis(2-ethylhexyl)phosphoric acid and bis(2-ethylhexyl)hydrogen
phosphate.  Sometimes abbr8fi6ted 92EHPA. '

**           (9)Baes et al. report that E[9EE[P  and its complexes ·,actually exist ab dimers,
but that equations 1-4 nevertheless prediat the observed dependence of E'
on H+ and HDEHP concentrationd.
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HDEHP  =  H+ + DRIRP-                                                            (1)

3+M  + 3 HDEHP = M(DEHP)
· - M(DEHP) + 3H+    (2)aq org 36rg

-
3org aq

(M(DEHP) ) (H+ )33org aq                          (3)K=     oeq
(M3+) (HDEHP  .)3aq org

0   (M(DEHP) ) (HDEHP )33org org
Ea

- = K   2   ,                        (4)
(M34)

eq
(H+ )3aq aq

Extraction coefficients,    E'p for carrier-free rare earth tracers were fouhd(2)

to increase regularly with increasing atomic number.  In Figure 1 the appar-

ent equilibrium constants (equation 3) have been calculated from the reported

extraction data and plotted-vs. atomic number.  The factors. for separa-
(2)

tion of adjacent rare earths by a single extraction stage average 2.5.

Experimental

In the present work, it was found that HDEHP is held by columns

of aluminum oxide and that a mixture of carrier-free rare earth radiotracers

initially absorbed by the top of the column may be separated by elution

with dilute HCl.

147Figure 2 is an elution curve of carrier-free 11.6 d Nd and

2.6 y Pm .   An 11 cm.x 3 mm column was prepared by evaporating a slurry147

*
of aluminum oxide  (coarsely granular, as received), HDEHP (see Appendix),

and petroleum ether to dryness and packing dry into a glass tube. One

drop of tracer mixture was added to the top of the column, and elution

*
Reagent grade ignited A120 was found to be resistant to attack by the
dilute HCl used in these e periments.

6- 5
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40-3= * As determined by D. F. Peppard  et al.,    -
0 -

J. Inor.g. Nucl. Chem. 4 334 ( 4957)   Z
Data  taken at  0.5 M HCI  and 0.75 /WHDEHP-
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FIGURE 1
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was   carried  out   at room temperature  with  0.3  M  HCl   at   a  flow  rate   of  -  1
2

ml/cm   min  (- 2 drops/min). Drops were collected, evaporated and counted

'         with an end-window G-M counter with and without an aluminum absorber of

14749.5 Ing/cm2 (to absorb the weak 0.23 Mev Pm    B radiation).  The ratio

*
of drop numbers  for the Pm and Nd maxima indicate a separation factor

of 2.3.  The .full widths at half maximum for these two elution peaks are

44% and 48% respectively.

Figure 3 is an elution curve for the single carrier free tracer

1551.7 y Eu   .  A 13 cm x 4 mm column was prepared by packing the glass tube

with aluminum oxide (ground azid sieved to 200-325-'mesh) by settling from

water suspension, passihg an acetone solution of HDEHP through the column,

and displacing the acetone by eluting with 0.01 M HCl.  The tracer was

absorbed by the top of the column and eluted with 0,4 M HCl (presaturated

with HDEHP) at a flow rate of 0.15 ml/cm2/min (. 2 min/drop). Drops were
., .n . 5

collected and counted with a well-type scintillation counter.  A full width

1           at half maximum of 15% was obtained, although some tailing was observed.

Conclusions

1.  A separation. factor of 2.3 was obtained for the elution of

Pm and Nd carrier-free radiotracers using 0.3 M HCl and an aluminum oxide

column treated with HDEHP.

2, Elution peaks as narrow as 15%'full·'width: at half maximum

may be obtained by careful packing of the aluminum oxide columns.

*
It was found that drops issuing from the column during elution were con-
stant in size within 10% 6r less.  Therefore, numbers of drops, rather
than actual volumes, have been used in comparing elution volumes.

Co.- 6
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3.  Column behavior is quantitatively in agreement with predic-

tions based on solvent extraction behavior of the rare earths in HDEHP -

dilute acid systems.

4.  The.very large separations for adjacent rare earths (about

double those attainable by cation exchange resins 1 the liquid state  of  the

stationary phase, and the property that low atomic number rare earths are

eluted most rapidly suggest numerous applications of rare earth chromatog-

raphy using HDEHP.

.

--

j
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Appendix

Note on HDEHP Purification

'                    The separation of rare earths by HDEHP is sensitive to impurities

of mono(2-ethylhexyl)orthophosphoric acid and pyrophosphoric acid esters. (2)

The HDEHP used in these experiments, synthesized and purified at ORNL, was

subjected to additional purification by heating with 6 M HCl at 60'C. for

16 hours, and extracting a petroleum ether solution of the HDEHP five times

with ethylene glycol.  Titration of the final extraction with NaOH showed

5 0.1% mono(2-ethylhexyl)orthophosphoric acid as an impurity in the HDEHP.

r

6-7
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