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Sorption of plutonium traces onto alumina from uranyl nitra-
te solutions has been investigated. Several methods have been
previously proposed for the recovery of plutouium traces from
reprocessing solutions. Those methods include ion exchange (1,2),
solvent extraction (3,4) and, extraction chromatography (5, 6) .

Several hydrous oxides, such as those of aluminum, 31T1con
and, iron have been used to extract traces ions. Nevertheless,
the sorption mechanism is not definitively established. Those

oxides probably exhibit some ion exchange capacity among their
properties and they can act as anionic or cationic exchangers
and sometimes both. The separation of plutonium traces in the
presence of HF by sorption onto an alumina column is based on
its chemical similarities with thorium and lantanide elements
reported by Abrao (7). In this case only thorium and rare earths
are sorbed onto alumina from nitric acid-fluoride solutions whi-
le uranium remains 1in the effluent.

The redox methods are well known for the purification and
concentration of plutonium from the Purex process solutions.
This paper deals with three different oxidation states of pluto-
nium Pu(III), Pu(IV), and Pu(VI) in HNO3-HF systems. The chroma-
tographic column method using alumina has been applied success-
fuly to the separation of plutonium when uranyl nitrate solution
containing 0.1-0.3M HF was percolated through the column.

EXPERIMENTAL

A1l 239py selutions used during the runs were prepared from
a standard solution (Amersham/Searle), of 1 uCi/ml (160 pg/ml)
specific activity. The uranium solutions were obtained by disso-
lution of nuclear grade uranium oxides. One ml of Al;03 chroma-
tographic grade was conditioned accordlng BROCKMANN (8) with
0.8M HNO3 in glass columns 0.6cm in diameter and 20cm long. The
experlments were followed by alpha spectrometry after the pluto-
nium was extracted with 0.5M TTA/XYLOL. The samples for quanti-
tative determination were prepared by eletroplating according to
WENZEL and HERZ (9). The alpha energy measufement was made by a

0-8412—0527—2/ 80/47-117-009$05.00/0
© 1980 American Chemical Society
LP.E.N



10 ACTINIDE SEPARATIONS

surface barrier detector associated with a ORTFC multichannel ana-
lyser. The plutonium oxidation states were determined by a photo=-

metric method using ARSENAZO ITI. The determinations were carried

out with a double beam PERFIN-FIMFR spectrophotometer using quartz
microcells,

The first experiments were carried out to understand the per-—
formance of plutonium in_ap Al,0, - UNO, medium. This was done by
percolation of 25 ml of 23%Pu §o%ution in 0.8M BNQ, with alpha
activity of 55,000 + 235 (counts/20970 sec/ml), through a olass
chromatographic column (i.d. Amm) containing 1 ml of Al,0,.

All runs were made with 0.8M WNO, solutions with a Pu alpha
activity of 10,000 + 316 (counts/ZOﬂa sec/ml) and, VF concentra-
tion ranging from 0,1 to 0,3M,

The feed solution for the Al,0, column has the following com-—
position: 1,5 x 1078y 239%y; alpha activity = 230,000 + 480 (coun-
ts/2000/sec/20ml); 0.8M ENO, ; 0.1 - 0,3M HF; uranyl nitrate 47.6
g U/1; 0,005 FeSO, and 0.0ZM NaN0,. Pu(IV) was obtained in this
solution by previous reduction of “total plutonium to Pu(TIT)
with Fe(II) followed by oxidation with nitrite. No interference
of uranium was observed in the process. To avoid the interference
of 2347Th (a uranium daupghter) on the measurements of plutonium,
it was previously removed by percolating the solution into another
alumina column before the addition of 239py,

RESULTS AND DISCUSSION

The results (Tahle I) show that only 17 of the plutonium is
retained by the alumina from N.8M nitric acid and therefore plu-
tonium must likely he complexed to be sorbed. Figure 1 shows a
typical plutonium breakthrough curve from 0.8 nitric acid.

Table I. Plutonium Retention from 0.08M HNO3 onto Al,)D3
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Table TI shows that the plutonium sorption onto Al,0, is around
877 and it was demonstrated that with the aid of fTuoride ions
the recovery of plutonium traces from waste solutions was
possible.
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Figure 1. Breakthrough curve of Pu onto AL O, column; feed: 25 ml #*Pu~0.8M
HNOy; #9Pu activity = 55,000 == 235 counts 2000 sec'ml; column =1 ml ALOy;

flow rate = 0.8 ml/min/cm®.
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Table II. Effect of HF on Pu Retention on /\120,i

HF 239Pu ret. N.E,

™) ) (2%

01 85.7 7.0
0.1 85.5 6.9
0.1 86.1 7.2
0.2 84.4 6.4
0.2 6.5
0.3 9,5
0.3 9.5

84.8
89.6
89.4

As was observed in the first experiments, plutonium was not
completely sorbed onto alumina from 0.1 to n.3M FF, So the next
Step was to examine the possibilities of adding redox apgents to
maintain a single oxidation state, A concentration of N.1M HF was
chosen hecause this is enough HF to complex all the plutonium (Pu
~ 1078} in the feed solution and will not cause significant cor=
rosion effects on the glass column, Some of the redox apents used
and the average yields of plutonium recovery are given in Table
IIT. Tetravalent plutonium is better sorbed than Pu (T1I) or Pu
(VI). The three oxidation states of plutonium were determined
spectrophotometrically by complexing Pu with ARSFENAZO TITI (1n) in
nitric acid medium by adapting the method of NEMODRUCK and colla-
borators (ll)lg).

Table III. Fffect of Pu oxidation states on sorption, Feed solu-
tion: 23%u ~ 100,000 + 316 counts/2000 sec/1N mlj

0.8M HNO, ~ 0.1M ¥F coTumn: i.d. 6mm; vol. 1 ml Al,C,.
Pu Redox agent in the loading Pu ret. DN.F, 239
Valence solution (7) (“7 Pu)
IIIY 0,2M NH .NH2 -0.2M N‘H,,.OH.H(‘,l 65.0 2.8
VII conc. HE]O . A9 ,7 3.6
IV 0.01M NaNOo 87.2 7.8
v 0,03M NaNO 89.0 a,n
v 0.1 NE,.NA, =0.01 NaNo, 90,0 11.0
Iv 0n,0N2M ?‘e (K’OB) - 0,1M
!\“’,,,“H.HCI - Q.OEM NaNO,, 02.3 13.9
v n.,005M FeSOa - N,04M NHNOZ 97.8 47 .2

A set of lahoratory experiments nroved that the most effecti-
ve and consistent method to elute plutonium from the alumina was
by reducing plutonium to trivalent state in nitric acid. The col-
lected data (Table IV) present good results when
M HNO.3 - 0,005 TeSO,, solution was used as elutrient . Ap-
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proximately 957 of the plutonium was recovered at room temperatu-

re (25°C). To determine if the temperature could improve the plu=-
tonium desorption, the elution was done with the same elutrient
at 25 and 500C. Figure 2, shows these curves and, at 5N°C, the
elution presents a sharper peak while the curve at 25°C exibits
some tail.

Table IV, Plutonium elution from A1203 column at 25°c.

Elutrient Pu eluted (%)
1) HN03
1 6£2.9
2 65.3
3 78.9
4 70.6
5 22,6
6 15.1
™) HNO3 - (M) FeSOA
1 n.nns 30.8
2 0,005 81.3
3 0,005 94,7

To demonstrate the validity of this procedure for the recove=-
ry of trace amount of plutonium from dilute solutions, 30 liters
of solution with a specific activity of Z39pu 135 + 12 (counts/
200N/sec/ml) was percolated through a small column containing 10
ml of Al,0,. Ahout 977 of plutonium were sorhed onto the alumina.

The experiments have shown that trace sorption of Pu(IV) onto
Al,0, is almost complete from 0,.8M HNO, =— N,1™ HF, The stabiliza-
tion of Pu(IV) state was obtained by prior reduction to Pu(ITT)
and reoxidation to Pu(IV) using Fe(II) and nitrite.

The Al,0, column loaded with plutonium was satisfactorily
washed with an 0,1M HNO, = 0.05M HIF solution for the removal of
the last traces of uranium and other elements not sorbed. The ef-
fluents contained less than 0.N1Z of plutonium, Washing the column
with an 0.8M HNO, = 0,05M HF solution resulted in 0.1% of pluto-
nium activity in the effluent. This indicates that the column
should be washed with more dilute nitric acid. The effectiviness
of elution with FNO, plus a reducing agent at room temperature and
50°C was confirmed in both cases. As Pu(IV) is more sorbed onto
alumina than the other plutonium oxidation states, it was reduced
to Pu(TITI) to improve the elution. On the other hand HNN_ is the
most convenient medium for further uses of nlutonium, so for that

_reason nitric acid (1-6M) was selected as elutrient. Pure 3M INO

at room temperature eluted 797 of plutonium. A 3 HENO, = 0,005M
FeSOA solution was chosen as elutine arent and, the eTution vield
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Figure 2. Elution curve of **Pu from ALO, column; ALLO; = 1 ml; flow rate =
1.4 ml/min/cm?, surface barrier detector: (O) 3M HNO,~0.005M Fe*', tempera-
ture ~ 25°C; (/) 3M HNO~0.005M Fe*', temperature ~ 50°C.
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WASTE SOLUTION
Pu traces
u-vi g/l
FEED ADJUSTMENT
01-0.8M HNO3
0! -O3M \5eM Feso
1 M FeSOg4
PUIV) 004M NaNO+
ELUTRIENT WASHING
0.IM HNO3
M Hi 4 0.05M HF
0.005M FeSO4
20-50°C
Al203 COLUMN
Pu(iv}
PRODUCT
3M HNOz EFFLUENT
PUUV) waste
HF traces
FeSOq traces
EMI M
waste
Recycle
3
Disposal Influent, effluent,
product :
A) Pu extraction:
O,5M TTA/ xylol
B) Pu eletroplating
C) Pu alpha counting

Figure 3. Proposed flowsheet for recovery of Pu traces from reprocessing solu-
tions
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heing improved to about 957. Also the temperature has some influ-
ence in the elution.

The descontamination of plutonium traces from macroquantities
of uranyl nitrate by sorption of Pu(IV) onto an Al,,"),3 column was
easily and sucessfully accomplished. Percolation of a
0.8M U0, (NO,), solution, 0.8 in HNO, and 0.3 in VF traced
with plutonium=239, the Pu was sorbed while uranium passed
through the A1203 column. :

CONCLUSTON

The sucessful experiments for the retention of rlutonium onto
alumina from 1NC,-FF solution pave enough confidence to recomend
the proposed method to separate traces of plutonium from waste
solutions in the presence of macroamounts of uranium (VI). Of co-
urse, only macroamounts of thorium, uranium (IV) and rare earths
are serious interfering ions, since they precipitate with HF. The
behavior expected for neptunium in the same system should be si-
milar to plutonium, thorium and rare earths. The retention of
neptunium from HNO, — HF solutions is in progress. The sorption
yield for Pu was around 957. The sorption mechanism is not well
established. Figure 3 shows the proposed flowsheet for recovery
of Pu traces from reprocessing waste solutionms.
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