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In recent years reversed-phase partition chromatography has received increasing 
interest in the field of inorganic chemistry, since it helps to solve problemsrelatingto 
new analytical procedures or to the preparation of certain specific elements. In this 
connection, the chemistry of nuclear materials or, in general, nuclear reactor technol- 
ogy has provided the incentive, 

Tri-rt-butyl phosphate (TBP), the well known organic solvent which is widely 
used in the-liquid-liquid extraction of substances such as uranium, plutonium, zirco- 
nium, thorium, etc., has been’ fixed on different types of supports and used as the 
stationary phase in column chromatography. 

FIDELIS AND SIEKIERSICI~~ 3 as well as ESCHRICH~ used suitably treated kieselguhr 
powder as a support for TBP,. while SMALLS used styrene-divinylbenzene powder. 

TBP is not the only extractant. which gives good results. Di-(z-ethylhexyl) 
orthophosphoric acid on aluminassO, on polystyrene-divinylbenzenea, or on cellulose 
powder’, and tri-n-octylamine~ (TNOA) or tri-ti-octylphosphine oxid@ (TOPO) on 
cellulose powder, have also been used with success. 

Recently, a new organic support has been proposed by EIAMLIN and co-workerslo, 
who fixed TBP or TNOA on poly-trifluoro-chloro-ethylene (Kel-F) and used this 
material for the selective retention of uranium and its purification. 
. ’ Since in our laboratory ‘as mentioned above O, the system TOPO-cellulose has 
given good results in the separation of many elements or for the isolation of traces 
from undesired major components, it was our aim to combine the selectivity of TOP0 
with the high capacity of Kel-F and to investigate the chromatographic behaviour 
of this system. 

The experiments and results are reported in the present paper. 

EXPERIMENTAL 

Reagertts and equ@ment ” 

Hel-F moulding powder (chemical composition I-‘CCIF-CF2-]Z, low density type, grade 
300) was supplied by Minnesota S.p.A. (Milan). It is a halofluorocarbon polymer, 
which is non-inflammable, exceptionally stable and resistant to temperature as well 
as chemically highly inert. 

* Address: C.I.S.E., Casella Ppstale 3986, Milan, Italy. 

. J. Clrromato~., g (1962) 216-223 







REVERSED-PHASE PARTZTION CHROMATOGRAPHY 2x9 

CHEMICAL SEPARATIONS 

On the basis of results obtained in experiments carried out some time ago with TOPO- 
treated cellulose powder9 or with paper chromatographyll, the following separations 
were investigated with Kel-F/TOP0 columns, As a general procedure, the hydrochloric 
solution of the ions to be separated was fed onto the top of the column, and then elution 
was started with the various solvents at the rates indicated in the legends to the figures. 

Sqbaration of Ni-Co-Fe3+-Uaf 

Nickel is not complexed by hydrochloric acid, and hence it is not retained by the 
bed. In fact the pale green band of this element moves with the solvent front (8 M 
HCl), followed by the blue band. of cobalt which is only weakly fixed. Iron and ura- 
nium (yellow bands) are firmly held on the upper part of the column. As shown in 
Fig. 4, after the break-through of nickel, cobalt is rapidly eluted with I 1M HCI, whilst 
iron and uranium are removed with 0.5 M H&GO4 and 4 M H3P04 respectively. 
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Fig. 4, Separation of N-Co-Fe 3+-LJ"+ on a Iiel-F/TOP0 bed (solvent not volntilizcd). Bed: height 
IZO mm, volume 7 cm3. Flow-rate 0.5 ml/min. Feed solution volume 0.5 ml. 

Se$aration of AI-Cw-Fe3+-U~+ 

Aluminium travels with the solvent front (8 M HCl) and copper (yellow band) moves 
more slowly. In Fig. 5 ‘are shown the elution peaks obtained by using I M HCl for 
copper, 0.5 M H,S08 for iron and 4 M H,PO, for uranium. 

Se$aration of V4+-Ti4+-Wf 

The blue band of vanadium runs along the column with 8 lki HCl, whilst titanium and 
uranium are strongly held. Titanium can be eluted, rather slowly, with 2 M H,SO,, 
while for uranium 4 M H3POQ is used, as usual (Fig. 6). 

Se$araCion of Mn-Civ-U u+ 

This separation is shown in Fig. 7 ; manganese is not retained at all in 4 M HCl and forms 
a pink band which moves with the front. Copper (yellow band) is eluted with I n/r HCl 
and uranium (yellow band) with 4 M H3P04. 
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Separation of Fe”+-Fe”+- 
Since divalent iron does not form chloride complexes, it can be separated from triva- 
lent iron. In Fig. 8 the elution of Fe”+ with I M HCl and that of Fe3+ with 0.5 JW 
H,S04 are shown. 

ISOLATION AND QUANTITATIVE DETERMINATION OF SOME ELEMENTS BY MEANS OF 

KEL-F/TOP0 BEDS 

Our previous experiments indicated that the exchange rate and selectivity of Kel-F/ 
TOP0 columns are adequate for the isolation of some elements when in the presence 
of large amounts of other elements. To demonstrate the practical usefulness of the 
method, some typical cases were investigated and the results obtained are reported in 
the following sections. 

SirmZtaneoz~s quantitative deternzirtation of traces of cobalt avtd iron in nickel 

A synthetic solution was prepared by dissolving I g of nickel containing 0.2 y. w/w of co- 
balt and iron respectively in 25 ml of S M HCl. The column usedin previous separations, 
after treatment with S M HCl, was fed with the synthetic solution at 2 ml/min. 

As mentioned above, nickel was not retained, so that after washing with 20 ml 
8 M WC1 to remove the last traces of nickel, cobalt was eluted with IO ml of I M HCl 
at 0.5 ml/min. The cobalt-containing solution was evaporated to dryness and re-dis- 
solved with water. Cobalt was then determined by complexometry, back-titrating 
with 0.01 M MgSOp and using Eriochrome Black T as indicatori”. The recovery of 
cobalt was 102 %. 

Iron was finally eluted with 30 ml of 0.5 ZW H,.SOa at 0.5 ml/min ; complexometric 
titration with EDTA and salicylic acid l3 showed a recovery of 100.5 oh. 

If only iron has to be determined in nickel, a shorter bed (3 cm) can be used; 
after percolation of the solution at 4 ml/min, iron can be eluted directly with IO ml 

of 0.5 M H,SOB. 
If the amounts of cobalt andiron are smaller than those considered above, a spectro- 

photometric method can of course be used instead of the complesometric titration. 

Simdta9zeozts determination of wanizcm and thorium in dihte solutions containi9zg 
foreign ions 

Uranium and thorium are very selectively retained by TOP0 from a I A1 HNO, so- 
lutionB,li; therefore they can easily be separated from alkali metals, alkaline earths, 
rare earths and from the majority of the chemical elements. 

A synthetic solution was prepared consisting of 200 ml of I M HNO, which 
contained 40 mg of each of the following ions: Na+, Ca”+, Fez+, Co:!+, Ni2+, Zn”+, Mn”+, 
Cu”+, Cd”+, Ala+, Ya+ and La3+. 

The solution was fed at 4 ml/min onto a 3 cm high bed of type A Kel-F/TOP0 
which had been pre-treated,with 20 ml of I M HNO,. After washing the feed container 
and the bed with IOO ml of I M HNO, to eliminate any trace of foreign elements, tho- 
rium was removed from the bed with IOO ml of 0.5 M HCl. In a IO ml sample of the 
solution obtained, thorium was determined by spectrophotometry with thoron, the 
recovery being g6 Oh. Uranium was eluted with 25 ml of I M HaPOd, and 5 ml of the 
solution was checked for uranium with NaOH-H,O, calorimetry. The recovery was 
10x.5 o/o. 

w 
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Determinatio9l. of traces of zircorknz in. co$fier 

Zirconium is quantitatively held by Kel-F/TOP0 in I : I HNO,, whilst 
retained at all. A synthetic solution was prepared in the following way: 

copper is not 
I g of copper 

was dissolved in IO ml of cont. HNO,, and then 3 mg of zirconium were added. This 
solution was reduced to 2 or 3 ml by evaporation and then 20 ml of I : I HNO, was 
added. 

The liquid obtained was fed onto the bed, which had been pre-treated with 20 ml 
of I : I HNO,, at a flow-rate of I ml/min. The bed was washed with 20 ml of I : I HNO, 
at the same flow-rate and finally zirconium was eluted at 0.5 ml/min with 20 ml of 
0.5 M oxalic acid. 

After elimination of oxalic acid by heating the solution with perchloric acid, the 
liquid was evaporated almost to dryness, then 50 ml of distilled water were added, and 
zirconium was determined by complesometry, back-titrating with 0.01 M FeCl, and 
salicylic acidi”. The error in this analysis was &3 %. 

When zirconium is present in microgram quantities, calorimetric determination 
of this element becomes necessary. 

EvaLuatiom of tlze exclzange ca$acity of a tyfle A I(eL-F/TOP0 bed, after 15 cycles 

The exchange capacity of a type A Kel-F/TOP0 bed which had been used for 15 
consecutive cycles was determined again at the end of the last cycle. The usual solution 
of iron, I mg/ml, in S M HCl was used. The eschange capacity was found to be about 
30 y0 less than the initial value. In view of the fact that during the numerous cycles 
the bed comes into contact with hydrochloric, nitric, sulphuric, and phosphoric acid 
of various concentrations, this result can be considered as quite satisfactory, 

CONCLUSIONS 

Kel-F was found to be a suitable inert support for solutions of TOPO-cyclohexane. 

4s was to be expected from the general data on halofluorocarbon polymers, this 
support is practically unaffected by acids, alkalies and, to a large extent, also by 
temperature. By virtue of its porosity it is able to retain a considerable amount of the 
organic extractant which is not appreciably stripped by the aqueous solution used in 
the chromatographic process. 

As confirmed also by preceding work o l1, the great extractive ability of TOP0 and s 

its good reaction rate make it suitable for use in a great variety of chemical sepa- 
rations, narrow peaks being obtained. In addition, traces of some elements in dilute 
solutions andin the presence of foreign ions can be retained by passing the liquid rapidly 
through short beds of Kel-F/TOPO. The columns can be prepared very quickly and 
each column can withstand many operative cycles with only a relatively small loss of 
exchange capacity. 

SUMMARY 

The use of chromatographic columns filled with Kel-F (poly-trifluorochloro-ethylene) 
supporting concentrated solutions of tri-rt-octylphosphine oxide (TOPO) in cyclo- 
hesane has been investigated. 

After selecting the best way of preparing the columns esamples are given of the 
following separations : Fe 3+_Co-Ni-U3+, V~+-Ti”+_U6+, Mn-Cu-U3+; _41_Cu_Fe3+-UO+ 

and Fe’+-FeS+. 
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Short columns of Kel-F/TOP0 were also used for the isolation and quantitative 
determination of traces of elements in dilute solutions and in the presence of large 
amounts of foreign ions. The following examples are discussed: Fe and Co in Ni, U and 
Th in the presence of 13 foreign ions and Zr in Cu. 

REFERENCES 

1 S. SIEI<IERSICI AND I. FIDELIS, J. Ch’omato~., 4 (1960) 60. 
2 I. FIDELIS AND S. SIEKIJZRSKI, J. Chromatog., 5 (1961) 161. 
3 HI. ESCI-IRICI-I, Xjelfer Rqbt., II (1961). 
4 I-l'. SMALL, J. Inorg c% Nud. CJtem., 18 (1g61) 232. 
6 J. W. WINCHESTER, ORNL-CF-$?-ra-43, Dec. 30, Ig58. 
0 J. W. WINCHESTER, ORNL-CF-60-.?-r-58, March Id. ro60. 
'E. 
8 E. 
f’ E. 
lo A. 
11 E. 
12 G. 

CERRAI, C. TESTA AND C. TRIuI_k,kke@a Nz& ~Milart), g (1962) 193 and 377. 
CERRAI AND C. TESTA, J. Clzromatog., 6 (1961) ~43. 
CERRAI AND C. TESTA, fZnergia Nucl. (~/r&wz), 8 (x961) 510. 
G. I-IArwIN, B. J. ROBERTS, W. LOUCHLIN AND S.G. WALKER, Anal. CJiem., 33 (1961) 1547. 
CERRAI AND C.TESTA, J. Chvomatog., 7 (1962) 112. 
SCH\VARZENBACII, Complexometric Titvutio~zs, Mcthuen, London, 1957. 

J. CJwo,matog., g (1962) 216-223 


