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The work was fo cused on the ex per i men tal de ter mi na tion of the sep a ra tion-ex trac tion prop -
er ties of solid extrahent DIPHONIX (Eichrom In dus tries, USA) de pend ing on the used
eluent. Ex trac tion prop er ties were tested for plu to nium, am er i cium, cu rium, and ura nium.
The used mo bile phases were hy dro chlo ric acid and ni tric acid at var i ous con cen tra tions. The
aim was to find the most ap pro pri ate com bi na tion of mo bile phase and eluent, which would
lead to the high est pos si ble yield. The most com monly used eluent pub lished in lit er a ture is
1-hydroxyethane 1, 1-diphosphonic acid (HEDP, Etidronic Acid). Based on the re search the
spe cific com pounds were se lected which are generaly known for their complexing prop er ties,
such as the salts of ox alic acid and cit ric acid at dif fer ent con cen tra tions. Ac tiv i ties of the sam -
ples ob tained by elu tion were mea sured by liq uid scin til la tion spec trom e try.
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IN TRO DUC TION

The radiochemical sep a ra tion has gone through a
great de vel op ment and im prove ment in last 20 years.
The ion ex change and sol vent ex trac tion were the ul ti -
mate tech niques used in past. In these days these slightly
mod i fied tech niques are used in radiochemical sep a ra -
tion method known as ex trac tion chro ma tog ra phy. Al -
though this tech nique has been known for many years
[1-3], the real ex pan sion has be gun af ter these extractants 
were dis cov ered by Argonne Na tional Lab o ra tory and
were in tro duced by Eichrom In dus try Inc. to the mar ket.
The ob vi ous ad van tage over the other tech niques makes
them the method of choice for al most all lab o ra to ries all
over the world for ex trac tion and sep a ra tion of dif fer ent
ions. The pro duc tion port fo lio cov ers pri mar ily
actinides, lanthanides, al ka line earth met als and other ra -
dio ac tive el e ments. Pro vi sion of other ac ces so ries such
as pre-fil ters, fun nels, pre-packed car tridges, col umns,
vac uum box, in ner liner and other ac ces so ries has made
them even more pop u lar. Fur ther more, in these days
there is an enor mous pres sure to make as lit tle waste as
pos si ble. This is the one of the main rea sons why clas si -
cal sol vent ex trac tion is be ing aban doned. Nev er the less,
it still has its own ir re place able role, for ex am ple in re -
pro cess ing of spent fu els and other large amount in sep a -
ra tion tech niques. But for lab o ra tory, en vi ron men tal and
emer gency sam ples it is not as con ve nient as the ex trac -

tion chro ma tog ra phy via Eichrom prod ucts. This method 
is faster, safer, pro duces smaller amount of waste and is
far more flex i ble than clas si cal sol vent ex trac tion and is
also more spe cific than what can be achieved by ion ex -
change.

In last twenty years a lot of pa pers were pub -
lished on the field of ex trac tion chro ma tog ra phy via
Eichrom's ex trac tion chro mato graphic resin [4-8].

All pub li ca tions rely on orig i nal pa pers pub lished
by E. P. Horwitz, et al. Those pa pers de scribe the ex trac -
tion char ac ter is tics of se lected al pha radionuclides (Am,
Pu, U, and Cm) by means of ex trac tion chro ma tog ra phy
(EXC) of dif fer ent res ins, e. g. TRU, TEVA, UTEVA,
DN and also DIPHONIX res ins (all Eichrom In dus tries,
USA). 

The solid ion ex change resin Diphonix was in -
ves ti gated as a po ten tial uni ver sal extractant due to its
af fin ity for the ma jor ity of transuranium el e ments and
preconcentration and sep a ra tion of radionuclides or
heavy met als from sam ple for fur ther anal y sis [9,
10-16].

The se lected group of radionuclides was cho sen
with re spect to mil i tary sig nif i cant, radiotoxicity, and
pos si bil ity of po ten tial mis use. The other as pect is, that
all these nuclides are part of the fuel cy cle, thus they can
be re leased dur ing some un ex pected events. The last ex -
am ple was given in Fukushima, where all listed
radionuclides can be found. 241Am, 238Pu, 232U, and
244Cm were se lected as model radionuclides. The main
rea son for (pre)con cen tra tion is low occurence in en vi -
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ron men tal sam ples, which is normaly in the or der of mili
becquerels. Be sides mass spec trom e try tech niques, there 
are cur rently no tech niques, which al low de ter min ing
this con cen tra tion with out the radiochemistry treat ment.
Even this tech nique needs some de gree of sam ple prep a -
ra tion de pend ing on the sam ple ma trix. The usual tech -
nique used for de ter mi na tion of actinoids is solid-state al -
pha spec trom e try. This tech nique needs very thin layer,
ide ally monoatomic layer, of the sam ple. Fur ther more,
due to some other ef fect like self ab sorp tion in the sam -
ple, air at ten u a tion, ab sorp tion in dead layer of detecter,
etc. the en er getic res o lu tion (FWHM) of PIPS de tec tor is
normaly about 20-80 keV mainly de pend ing on the sam -
ple qual ity re sult ing in the needs of sep a ra tion
energeticaly closed radionuclides, e. g. plu to nium and
am er i cium.

The diphonix resin was es tab lished as a pow er ful tool 
for ex trac tion, sub se quent elu tion and sep a ra tion of
radionuclides proved to be prob lem atic. Com monly used
elu tion agent 1-hydroxyethylidene diphosphonic Acid
(HEDPA, Etidronic acid) [9, 10] does not pro vide nei ther
elu tion of 100 % of the re tained radionuclides nor their sep -
a ra tion. The ab so lute elu tion is crucial when one is deal ing
with a trace amount of el e ment(s) with re spect to the fur ther
loses in sub se quent anal y sis. The other rea son is the pos si -
bil ity of reusage of the sorbent for fur ther ex trac tion lead ing
to minimalization of ra dio ac tive waste as well as anal y sis
cost re duc tion. More over, HEDPA be ing an or ganic com -
pound con tain ing phosphonic groups is the cause of prob -
lems dur ing sub se quent anal y sis by means of liq uid scin til -
la tion, dur ing which its or ganic struc ture in ter feres with the
scin til la tion pro cess. There fore, an ef fort is be ing made to
find a more suit able elu tion agent that would not have the
afore men tioned dis ad van tages. The ob jec tive of this work
is to find suit able elu tion agents for Diphonix resin and to
de ter mine their ex trac tion ra tios un der con di tions of vary -
ing con cen tra tions of the mo bile phase and of ni tric and hy -
dro chlo ric ac ids used to con di tion the col umns. As can be
seen in var i ous sources the most fre quently used
complexing agents are or ganic com pounds con tain ing ni -
trous or phos pho rous func tional groups, e. g.
tri-n-butylphosphate (TBP), tri-n-octyl-phosphin-ox ide
(TOPO), ethylenediamine-tetraacetic acid (EDTA),
diglycolamides, and N, N, N', N'-tetraoctyl diglycolamide
(TODGA) [17 - 20], Fran cis [21], Horwitz [22], and Perrier
[23] de scribe the use of oxa lates and ci trates of var i ous con -
cen tra tions. Sanchez-Gon za lez [24] men tions car bon ates
for the ex trac tion of ura nium. 

MA TE RI ALS AND METH ODS

The resin em ployed in this work was DIPHONIX
resin® with grain size 50-100 mm and ob tained from
TRISKEM In ter na tional SAS (Eichrom dis trib u tor for
Eu rope). The resin was pre pared in the same way as
pre-packed car tridges dis trib uted by Eichrom.

Ni tric, hy dro chlo ric, am mo nium ox a late (all
Penta, Inc., CZ), natrium ci trate dihydrate (Merck,

Inc., CZ) and etidronic acid (Sigma-Aldrich) were
pre pared from re agent-grade chem i cals. All wa ter was 
ob tained from a DEMIWA 5 rosa™ (Watek) wa ter pu -
ri fi ca tion sys tem. All other ma te ri als were ACS re -
agent grade and were used as re ceived.

Radiochemical iso tope trac ers 232U, 238Pu,
241Am, and 244Cm were ob tained from AEA Tech nol -
ogy, UK, QSA Amersham In ter na tional and CMI (the
Czech Metrological In sti tute). 232U tracer was pre -
pared to be self-clean ing, re mov ing its 228Th daugh ter
us ing ion ex change resin BIORAD AG 1-X8
(400-800 mesh).

The mea sure ments were per formed on Au to -
matic LSC Triathler (Hidex, Fin land) with 20 mL plas -
tic vi als. The data from the analyser were dis played by
the pro gram ComFiler. AquaLight (pro duced by
Hidex) was used as a scin til la tion cock tail. The cal i -
bra tion stan dards of 90Sr-ER2 etalon type with ac tiv ity 
of 116.2 kBq (30/12/2005), man u fac tured by CMI-IIZ 
Prague, and 239Pu-ER2 etalon type in so lu tion with ac -
tiv ity of 45.83 kBq (30.12.2005) were used for cal i -
bra tion. The etalon of 239Pu con tained im pu ri ties of
240Pu  and  241Pu (it is the beta emit ter with Emax =
=.20.81 keV and half-life = 13.2 years de cay ing to
241Am, thus the ac tiv ity of 241Am rises with time). The
level of im pu ri ties in the etalon at the time of mea sure -
ment was 4.98 % 241Pu and 0.56 % 241Am. The mea -
sur ing so lu tion con tained 0.1 mol/dm3 HNO3.

PRO CE DURES

Col umn prep a ra tion

DIPHONIX resin col umns were pre pared from a 
stan dard 2 ml car tridges filled with 1 g of Diphonix
resin. Small par ti cle size (50-100 mi cron) resin was
em ployed, along with a vac uum ex trac tion sys tem
(Eichrom  Tech nol o gies,  Inc.).  Flow rates of ap prox i -
mately 1 drop per sec ond were typ i cally used. The
resin car tridges were stacked on the lid of vac uum box. 
Fifty mil li li ter cen tri fuge tubes were used to col lect the 
rinse or the frac tions.

Ex trac tion pro ce dure of se lected actinides

– 10 mL of the ex am ined mo bile phase (0.1-10 mol/dm3

HCl/ 0.1-10 mol/dm3 HNO3) was loaded on the col -
umn. Sub se quently the vac uum was cre ated and main -
tained at value which guar an teed the flow rate of aprox. 
1 drop/sec ond.

– 2 mL of so lu tion con sist ing of se lected mo bile
phase and ex am ined radionuclide of ac tiv ity of
100 Bq was loaded onto col umn (100 µL of 232U,
50 µL of 241Am, 20 µL of 238Pu, and 50 µL of
244Cm).

– The col umn was rinsed by 10 mL of the same mo -
bile phase as used be fore.
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– The elu tion was per formed by 20 mL of Etidronic
acid (0.4 mol/dm3), am mo nium ox a late (sat u rated;
10  times  di luted)  or natrium ci trate (1 mol/dm3,

0.01 mol/dm3, 1×10–4 mol/dm3). This phase was re -
tained to de ter mine the ex trac tion ra tio. The con cen -
tra tion of Etidronic acid was se lected as op ti mal
based on [9, 10]. The con cen tra tions of the ox a late
and ci trate were de ter mined ac cord ing to [21-23] to
cover their whole prob a ble range. 

– 4 mL of sam ple ware trans ferred into 20 mL scin -
til la tion vial filled with 10 mL of scin til la tion
cock tail AquaLight.

– Well shaked cock tail with sam ple was placed to
LSA Triathler and af ter 15 min utes mea sured for
120 s.

RE SULTS AND DIS CUS SION

The pos si bil ity of mis us ing heavy un sta ble el e -
ments, es pe cially trans uranic el e ments, for mil i tary or
ter ror ist pur poses, their in volve ment in nu clear ac ci dents 
or in fuel cy cle makes them el e ments of in ter est. Among
the most im por tant el e ments be long ura nium, plu to nium, 
am er i cium and cu rium. These radionuclides are both
mil i tary sig nif i cant [25] and also im por tant for nu clear
safety. Horwitz et al. pub lished pa pers [26, 27] about ex -
trac tion and strip ping these el e ments on var i ous res ins
among them TRU, TEVA, UTEVA, and DN. Our main
ef fort was to re vise the ex ist ing data con cern ing
DIPHONIX resin, de ter mine the dy namic prop er ties and 
be hav ior of the resin in pre vi ously un tested con di tions
and more im por tantly trans fer val ues of the num ber of
free col umn vol umes k' to per cent age of ex trac tion,
which is more con ve nient for faster ori en ta tion and better 
un der stand ing.

DIPHONIX resin is a high per for mance,
gel-type cat ion resin for the se lec tive sep a ra tion of
met als, es pe cially for actinides [28-30]. The main dis -
ad van tage of this resin is that be cause of its very high
af fin ity to the ions gen er ally, it is ex tremely dif fi cult to
find the ap pro pri ate elu tion agent. Many pa pers sug -
gested Etidronic acid [30-33]. As far as we know, the
elu tion re sults us ing Etidronic acid are not clearly pub -
lished else where. The first step was to in ves ti gate the
ex trac tion-elu tion prop er ties of diphonix resin in con -
nec tion with Etidronic acid as the elu tion agent. 

As can be seen in fig. 1, the diphonix resin con di -
tioned by hy dro chlo ric acid of var i ous concetrations is 
ca pa ble of re cov ery of 55-75 % of the tested
radionuclides, when us ing Etidronic acid as an elu tion
agent. The high est yields of 65 %, 70 %, and 75 % for
Pu, Cm, and Am, re spec tively, from HCl con cen tra -
tions from 0.1 to 2 mol/dm3 for Am and Cm and from
0.1 to 0.5 mol/dm3 for Pu. Rel a tively sta ble pla teaus of
Am and Cm could be used for their in di vid ual ex trac -
tions. How ever, close ex trac tion ra tios of all
radionuclides in clud ing Pu do not sup port any pos si -
ble sep a ra tion. 

The re sults from the con di tions of ni tric acid
show that the re cov ery of Pu reaches al most 95 % for
the con cen tra tions of 3 mol/dm3 and higher, whereas
the ex trac tion of Am and Cm peaks at 67 % with de -
crease at con cen tra tions 3-5 mol/dm3, the de crease of
ex trac tion of Am be ing more prom i nent. As in the case 
of con di tion ing with HCl, this method could be used
for re cov ery of in di vid ual radionuclides, how ever ex -
trac tion-elu tion ra tios of Am and Cm are still high
enough to pre vent a suc cess ful sep a ra tion. 

The us age of Etidronic acid as an eluent in tro -
duces the need of its re moval from the eluate. This
could be done by clas si cal open di ges tion or by closed
ves sel mi cro wave di ges tion. Thuss the fur ther ef forts
of our work were de voted to find the so lu tion, which
would elim i nate the re moval step of etidronic acid
from the eluate.

The elu tion of the transuranium el e ments by sat -
u rated so lu tion of am mo nium ox a late proved to be
pos si ble, but not vi a ble as the ex trac tion ra tios do not
reach the val ues pro vided by Etidronic acid. The ex -
trac tion of am er i cium from HCl pla teaus at 50 % and
from HNO3 at 30 % for con cen tra tions 4 mol/dm3 and
higher. The ex trac tion of cu rium from HCl has max i -
mum of 60 % for con cen tra tions 2-8 mol/dm3, from
HNO3 the max i mum set tles at 40 % for con cen tra tions
4 mol/dm3 and higher. The ex trac tion of plu to nium
does  not  fol low  the  pre vi ous  trend  as  from HCl it
has max i mum of 70 % at con cen tra tions from 0.1 to
0.5 mol/dm3 and then falls to 60 %, whereas ex trac tion
from  HNO3  peaks  at   80  %   at   con cen tra tions  from
6 mol/dm3 higher. The ex trac tion of ura nium has max -
i mum of 40 % for HCl and of 30 % for HNO3 at con -
cen tra tions from 0.1-0.5 mol/dm3 and then both fall to
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Fig ure 1. Ex trac tion-elu tion be hav ior of Diphonix resin
us ing Etidronic acid



20 %. The ex trac tion us ing di luted ox a late proved to
be in con se quen tial for all radionuclides as the ra tio
does not ex ceed 20 % in any case. As can be seen in fig. 
2, the ex trac tion by the sat u rated so lu tion of ox a late
can  be  used  to  sep a rate  plu to nium  from the rest of
the tested  radionuclides from HNO3 at con cen tra tions
6 mol/dm3 and higher since the ra tio for plu to nium
reaches 80 % and re mains 30 % for the rest of the
radionuclides.

The elu tion by so lu tions of ci trate of var i ous
con cen tra tions was tested for cu rium and plu to nium.
The method showed no rea son able re sults for ei ther
radionuclide at any con cen tra tion as the mea sured ac -
tiv i ties of all sam ples were within the ac tiv ity range of
the back ground.

CON CLU SIONS

The data con firm the abil ity of Etodronic acid to
suc cess fully elute the se lected actinides from
Diphonix resin with vary ing ef fi ciency, which ex ceeds 
90 % only in the case of ex tracted Pu from the resin
con di tioned by ni tric acid and is in other cases around
60 %. There fore, the dif fer ence be tween ex trac tion ra -
tios of in di vid ual radionuclides is too small for their
sep a ra tion by means of this method. 

The re sults show that ox a late so lu tions are ca pa -
ble of lim ited elu tion of the actinides from Diphonix
resin. How ever, even the high est ex trac tion ra tio for
plu to nium is lower than the ones achieved by
Etidronic acid as Etidronic acid is ca pa ble of 95 % ex -
trac tion of plu to nium from HNO3. The ra tios for the

re main ing radionuclides do not sup port uti li za tion in
ex trac tion. Nev er the less, there is a po ten tial for sep a -
ra tion of plu to nium from the rest of radionuclides from 
HNO3, be cause the ra tio for plu to nium sur passes 80 %
and ra tios of the rest do not ex ceed 40 %.

A fu ture study will be aimed at ex trac tion prop -
er ties of other com plex form ing agents, mainly car -
bon ates. Agents dis play ing suit able qual i ties will be
tested in with Etidronic acid to de ter mine a pos si ble
en hance ment of its ex trac tion ca pa bil i ties to achieve
100 % ex trac tion ra tio for all radionuclides of in ter est.
The next step will be an ad di tion of re dox agents as re -
duc tion to ox i da tion state +1 or ox i da tion to state +7
should lead, based on the de clared prop er ties of
Diphonix resin, to suc cess ful ex trac tion. The pos si bil -
ity to im prove the se lec tiv ity will be the pri mary fo cus
at that stage.

AU THOR CON TRI BU TIONS

The idea for the study was put for ward by J.
Janda. The mea sure ments and the the o ret i cal cal cu la -
tions were car ried out by L. Kanka. The data were
eval u ated and in ter preted by J. Janda.
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Lukas KANKA, Jir`i JANDA

ISPITIVAWE  ALTERNATIVNIH  AGENASA  ZA
ELUACIJU  SA  DIFONIKS  SMOLOM

Rad je usmeren ka eksperimentalnom odre|ivawu separaciono ekstrakcionih svojstava 
difoniksa (Eichorm Industires, SAD) u ~vrstom stawu u zavisnosti od kori{}enog eluenta.
Testirana je efikasnost ekstrakcije plutonijuma, americijuma, kirijuma i uranijuma. Kao
mobilne faze kori{}ene su hlorovodoni~na i azotna kiselina razli~itih koncentracija. Ciq je
bio nala`ewe najprikladnije kombinacije mobilne faze i eluenta koja bi dovela do najve}eg
mogu}eg prinosa. Najkori{}eniji eluent koji se mo`e prona}i u literaturi je 1-hidroksietan
1,1-difosforasta kiselina (HEDP, etidronska kiselina). Na osnovu istra`ivawa odabrana su
specifi~na jediwewa koja su poznata po svojim kompleksiraju}im svojstvima, kao {to su soli
oksalne i limunske kiseline pri razli~itim koncentracijama. Aktivnosti uzoraka dobijenih
eluacijom izemerene su te~nim scintilacionim spektrometrom.

Kqu~ne re~i: difoniks, eluacija, sinergetski efekat, etidronska kiselina


