This article was downloaded by:

On: 25 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Pt e STEVEN 4, CRANTR Separation Science and Technology
Publication details, including instructions for authors and subscription information:
SEPARATION SCIENCE

http://www.informaworld.com/smpp/title~content=t713708471

Sorption of *Np and **°U Fission Products by Zeolite Y, Mexican Natural
b et | Erionite, and Bentonite
M. T. Olguin®; M. Solache?; J. L. Tturbe?; P. Bosch*; S. Bulbulian®
« INSTITUTO NACIONAL DE INVESTIGACIONES NUCLEARES, MEXICO, D.F. ®» UNIVERSIDAD
AUTONOMA METROPOLITANA, IZTAPALAPA MICHOACAN Y PURISIMA APDO., MEXICO, D.F.
¢ UNIVERSIDAD AUTONOMA METROPOLITANA, IZTAPALAPA MICHOACAN Y PURISIMA
APDO, MEXICO, D.F.

To cite this Article Olguin, M. T., Solache, M. , Tturbe, J. L. , Bosch, P. and Bulbulian, S.(1996) 'Sorption of *’Np and **U
Fission Products by Zeolite Y, Mexican Natural Erionite, and Bentonite', Separation Science and Technology, 31: 15, 2021
— 2044

To link to this Article: DOI: 10.1080/01496399608001029
URL: http://dx.doi.org/10.1080/01496399608001029

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conmplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713708471
http://dx.doi.org/10.1080/01496399608001029
http://www.informaworld.com/terms-and-conditions-of-access.pdf

11: 46 25 January 2011

Downl oaded At:

SEPARATION SCIENCE AND TECHNOLOGY, 31(15), pp. 2021-2044, 1996

Sorption of 22Np and 23°U Fission Products by Zeolite
Y, Mexican Natural Erionite, and Bentonite

M. T. OLGUIN

INSTITUTO NACIONAL DE INVESTIGACIONES NUCLEARES
A.P. 18-1027, COL. ESCANDON, DELEGACION MIGUEL HIDALGO
C.P. 11801, MEXICO, D.F.

UNIVERSIDAD AUTONOMA METROPOLITANA, IZTAPALAPA
MICHOACAN Y PURISIMA APDO. POSTAL 55-532
IZTAPALAPA, C.P. 09340, MEXICO, D.F.

M. SOLACHE and J. L. ITURBE

INSTITUTO NACIONAL DE INVESTIGACIONES NUCLEARES
A.P. 18-1027, COL. ESCANDON. DELEGACION MIGUEL HIDALGO
C.P. 11801, MEXICO, D.F.

P. BOSCH

INSTITUTO NACIONAL DE INVESTIGACIONES NUCLEARES
A.P. 18-1027, COL. ESCANDON, DELEGACION MIGUEL HIDALGO
C.P. 11801, MEXICO, D.F.

UNIVERSIDAD AUTONOMA METROPOLITANA, 1ZTAPALAPA
MICHOACAN Y PURISIMA APDO. POSTAL 55-532
IZTAPALAPA, C.P. 09340, MEXICO, D.F.

S. BULBULIAN

INSTITUTO NACIONAL DE INVESTIGACIONES NUCLEARES
A.P. 18-1027, COL. ESCANDON, DELEGACION MIGUEL HIDALGO
C.P. 11801, MEXICO, D.F.

ABSTRACT

Zeolite Y, erionite, and bentonite have been used in this work to remove ***Np
and ?**U fission products from aqueous solutions at various pH values. It was
found that the sorption of fission products by aluminosilicates takes place by
different mechanisms, mainly ion exchange, precipitation, and electrostatic sur-
face interaction. The radionuclides content was determined by y-spectrometry,
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and x-ray diffraction was used to learn whether the solids maintained their crys-
tallinity at different pH values.

Key Words. Zeolite; Clay; Erionite; Bentonite; Sorption; Ion
exchange; Neptunium; Fission products; Radioactive waste water

INTRODUCTION

The use of natural aluminosilicates to decontaminate aqueous low and
intermediate level radioactive waste has received considerable attention
in recent years (1-3).

Hallaba et al. (4) were able to remove mobile long-lived fission products
successfully as '*'1, °°Sr, and *’Cs using modified clays from Saudi Ara-
bia. 3'], which is difficult to sorb, was completely retained by silver-
exchanged phosphate clays as well as by organo-clays (5). Neptunium
from natural waters has been retained successfully by soils (6). Legoux
et al. (3) studied the sorption of heavy elements in water by clays as well
as by concrete.

In previous work by our group, the sorption of isolated radioactive
elements has been presented (7, 8). The use of zeolite Y and erionite to
remove UO3™" ions from aqueous solutions was studied (9) and correlated
to temperature and concentration. The diffusion coefficients and the ion-
exchange isotherms were estimated. It was found that UO3* ions ex-
change with the cations of the large cavity in zeolite Y, and in the case
of natural erionite with the cations localized in highly charged sites.

All the previously mentioned studies used prepared solutions containing
selected radionuclides. In the present work, neutron-irradiated uranyl ni-
trate solutions were utilized. The radionuclides obtained can be described
by the following nuclear reactions:

28(J(n, y/*°U B 29Np (1)
233U(n, f) — fission products (2)

As a consequence of these reactions, the stock solution of radionuclides
used in this work contained a mixture of neptunium and fission products
which may be found as various chemical species. The concentration of
these radionuclides was always less than 10~ '* g/mL in the presence of
macroscopic amounts of uranium. Therefore, the elements present in the
solution may be detected by measuring their radioactivity. Then, to iden-
tify the various species, an adequate technique is high voltage electropho-
resis. The aim of the present paper is to discuss the sorption of neptunium
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and 223U fission products present in these aqueous solutions by the follow-
ing synthetic and natural aluminosilicates: zeolite Y, erionite, and benton-
ite. Erionite and zeolite Y have different lattice structures, but some of
their sites present the same charge distribution (10). Bentonite is a clay
whose main component, montmorillonite, is layer structured.

EXPERIMENTAL METHODS
Materials
The sorbers used, treated as reported elsewhere (9), were the following.

Erionite, referred in this work as ER, was obtained from Agua Prieta,
Sonora, Mexico. It was powdered to <250 mesh. As determined by chemi-
cal analyses, the natural material contained the following exchangeable
cations: 1.96 wt% Na, 1.60 wt% Ca, 2.16 wi% K, 1.12 wt% Fe, 161 ppm
Mn, and 50 ppm Cu and Ni. The Si/Al atomic ratio was 3.8 (11).

Synthetic zeolite Y, referred in this work as YZ, powdered to less than
250 mesh in the NH; form, was supplied by Valfor (CP301-68); Si/Al =
2.25 (12).

Natural bentonite, referred to as NB, was supplied by Minerales no
Metalicos, S.A. It contained the following exchangeable cations as deter-
mined by chemical analyses: 1.32 wt% Na, 0.75 wt% Ca, 0.45 wt% K,
0.81 wt% Fe, 1.46 wt% Mg (8).

X-Ray Diffraction

Powder diffractograms were obtained with a Siemens D500 diffractome-
ter coupled to a copper anode x-ray tube. The Ka radiation was selected
with a diffracted beam monochromator. Compounds were identified by
comparison with JCPDS cards in the conventional way. The crystallinity
percentage was estimated from the peaks less sensitive to humidity by
comparison with the initial materials. The (331), (333), (440), and (533)
peaks were selected for YZ samples. For the ER samples the peaks were
(201), (211), (104), and (302), and for the NB samples they were the (001),
(002), (005), and (007).

pH Variation in the Solutions

The pH values of the fission product solutions were adjusted from [ to 10
by adding dilute NH,OH or HNO; solutions. The fission product solutions
were mixed and stirred for 10 seconds with each aluminosilicate and left
in contact with these materials for 72 hours. Then they were stirred again
for 10 seconds and separated by centrifugation. The pH in the solution
was determined at the end of the process.
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Neutron Irradiation of Uranyl Nitrate Solutions

Aliquots of the uranyl nitrate (20% enriched in ?*°U) solutions were
irradiated for 5 hours with an approximate neutron flux of 10'?/cm?s in
a Triga Mark III nuclear reactor. They were stored for 10 days before
analysis to allow for the decay of the short half-life radioisotopes. The
irradiated samples were then diluted with water to obtain a 6.4 x 10~
M uranyl nitrate solution. The radioactivity of the nuclides, >**Np and
235U fission products (FP), was detected by y-spectrometry with a Ge/
hyperpure solid-state detector coupled to a 4096 channel pulse height ana-
lyzer.

v-Spectra of the Radionuclides

2%Np and the fission products *°Zr, Mo, °*Ru, '3'I, 132Te, “°Ba,
140 a, and '*!Ce were chosen for this study. The selected photopeaks of
these radionuclides did not overlap. Table 1 presents the identified nu-
clides, their nuclear features, and fission yields.

High Voltage Electrophoresis

Electrophoresis can identify cations, anions, and neutral species
clearly. Furthermore, the mobility of the species along the paper strip can
give additional information on the charge and mass of each complex. This
information can be utilized to assign a chemical formula to each species
according with data.

Neptunium and fission products chemical species formed at different
pH values (1, 3, 5, 7, and 10) were determined by high-voltage electropho-

TABLE 1
Nuclear Features and Fission Yields of the Identified Radionuclides
Half-life (days) Isotope Energy (keV) Fission vield (%)
64.0 Zr-95 726 6.4
2.7 Mo-99, Tc-99m 140 6.3
39.0 Ru-103 497 2.9
8.0 [-131 364 2.9
3.2 Te-132 230 4.2
13.0 Ba-140 537 6.4
1.7 La-140 487 6.4
32.4 Ce-141 145 5.6

2.3 Np-239 106 —
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resis for 30 minutes. For this purpose, 1.0-cm-wide Whatman papers
which were impregnated with a supporting electrolyte solution (HNO; or
NH,OH, according to the studied pH value) were used. The fission pred-
uct solutions (10 pL.) were deposited 10 minutes after the pH adjustment
at the origin of the paper strip (0 cm). The voltage used was 2000 V. Once
the electrophoresis was complete, the papers were air dried. After cutting
the paper strips in 1 ¢cm long fractions, the radioactivity of the fission
products was measured. The radionuclides found in the paper fractions
were identified by y-spectrometry.

When possible, standard solutions were used to identify the species.
All the proposed species have been reported by other authors (3, 13,
14). These standard solutions were (NH4)?°Mo00,, 1RuCls, *°Ba(NO;),,
140:[_13(N03)3, 1‘tlcze(hIC)3)3, and (NH4)2141CC(NO3)(,.

pH Effects on the Sorption of Radionuclides

YZ, ER, or NB samples (50 mg) were transferred into centrifuge tubes
(25 mL capacity), and S mL samples of the previously pH adjusted fission
product solution were added. They were stirred for 10 seconds and stored
for 72 hours as described above, after which the liquid phase was sepa-
rated by centrifugation. The solids were then washed with water (5 mL).
The effects of 0.1 M ZrOCl, (ZrlV) and (NH,4),Ce(NO3)s (CelV) carriers
were also studied.

Carriers

As the content of the fission products was always less than 10~ * g/mL
in the presence of 1 mg/mL of uranium, we assumed that carriers for the
fission products should increase the retention in the aluminosilicates by
coprecipitation. Only two carriers were tested which could affect all ele-
ments in the solutions: 0.1 M ZrOCl, (ZrIV) and (NH,4),Ce(NO3)g (Cel V).

As in the aqueous solution, all the fission products were present. The
carriers were therefore added in the presence of all elements.

RESULTS AND DISCUSSION
Effect of pH on the Crystallinity of Sorbents

Figure 1 shows the effect of pH on the crystallinity of YZ, ER, and
NB. At low pH values, both zeolites were noncrystalline solids; however,
the degree of crystallinity increased as the pH was increased. The crys-
tallinity of bentonite remained constant with pH variation.
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FIG. 1 Crystallinity of the (+) ER, () YZ, and (*) NB samples, as a function of the pH.
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FIG. 2 Variation of the equilibrium pH versus the initial pH of the solutions. (+) ER, ()
YZ, and (*) NB.
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Buffering Effects of Sorbents on pH of Test Solutions

When the aluminosilicates were left in contact with the solutions at the
various pH values for 72 hours, the initial pH varied as shown in Fig. 2.
A high buffering power of the solid phases was clearly observed over a
wide pH range. The solid phases consumed either H* or OH ™ ions, de-
pending on the initial pH value. This effect has also been reperted for
other materials (3).

pH Effect on Radionuclide Sorption

Figures 3 and 4 show the activity percentage of the radionuclides re-
tained by YZ, ER, and NB at different pH values. As they were produced
by a (n,f) reaction during relatively short time periods, the fission product
concentrations were very small; therefore, their behavior may differ from
the chemical behavior of macroscopic concentrations of the corresponding
elements (15). Because the pH of the solutions was modified during the
sorption of the radionuclides (Fig. 2), the chemical species of the carriers
were expected to vary as well during this process (14). These chemical
species may precipitate with other fission products on the surface of the
materials.

High Voltage Electrophoresis

Figures 5 to 12 summarize our high voltage electrophoresis results. They
show the chemical species formed by the various elements as a function
of the pH values.

Barium and lanthanum in acid or neutral solutions were present as ca-
tionic species. Other elements, such as tellurium and neptunium, formed
cations, anions, or neutral species. Zirconium and ruthenium nuclides
were present as neutral or anionic species. Molybdenum was present only
in the form of anions. Cerium was present as a cationic or neutral species.

Chemical Species and Sorption Behavior of Radionuclides

High voltage electrophoresis is the only suitable technique to analyze
the very low concentration (traces) of the fission products present in the
aqueous solution (less than 10~ g/mL). This technique displaces the
charged chemical species in the paper strip according to their charge and
mass. It is therefore possible to determine the various species of each
radionuclide according to the literature.

The sorption of fission products by the studied aluminosilicates (Figs.
3 and 4) was due to interaction mechanisms between the chemical species
in solution and the sorbent materials (3):
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SORPTION % (a) Zr-95 SORPTION % (b) Mo-99
100 100
80 80
60 60
40 40
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pH pH
SORPTION % (c) Ru—103 SORPTION % (d) Te—-132
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o =" * = 0
1 K] 5 7 i0 1 K 5 7 10
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FIG. 3 Sorption of (a) Zr-95, (b) M0-99, (c) Ru-103, and (d) Te-132, in (+) ER, (W) YZ,
and () NB versus pH.
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FIG. 4 Sorption of (a) Ba-140, (b) La-140, (c) Ce-141 and (d) Np-239, in (+) ER, (B) YZ,
and (*) NB versus pH.
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1. Electrostatic adsorption—desorption
2. lon exchange
3. Coprecipitation

The retention behavior of each radionuclide studied in the aluminosili-
cate is discussed separately.

52Zr

High voltage electrophoresis showed two *>Zr species (Fig. 5), one of
which is probably ZrO,. Its abundance increased from pH 3 to pH 10,
and it was the only species found at pH 10. On the other hand, an anionic
species, probably Zr(OH)s , was the only species found at pH 1 but its
abundance decreased as the pH increased, and at pH 10 it was not ob-
served by high voltage electrophoresis.

When studying the sorption of ®*Zr in the aluminosilicates at various
pH values, we observed that at pH 1 it was sorbed in a considerably high
proportion in the zeolites (but not in the bentonite) (Fig. 3a). At pH 3 the
sorption decreased strongly, and at higher pH values it remained almost
constant at a Jow sorption value.

One peculiarity in the sorption behavior of zirconium at pH 1 is that
9%Zr was retained strongly by YZ and to a lesser degree by ER and NB.
This was probably due to the surface charge of each aluminosilicate ac-
cording to the following reactions (3):

=SiOH; —= =SiOH —— =Si0"

=AlIOH; —— =AIOH —— =AIO~

The reactions show that at a low pH value the solid phase becomes
positively charged and, hence, the **Zr(OH)s anionic species may be
retained on the surface by electrostatic interaction. At higher pH values
the solids become negatively charged and, as expected, the sorption of
Zr(OH)s decreased. However, the zero point charge of the alumina-rich
aluminosilicates are higher than those of alumina-poor aluminosilicates.
Therefore, as expected, the sorption behavior of negatively charged
Zr(OH)s followed the sequence:

YZ > ER > NB

The effect of carriers at pH 3 showed that (NH4),Ce(NO3)e and ZrOCl,
carriers increased the ®>Zr sorption by coprecipitation and by ion ex-
change.
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These results showed that the sorption of **Zr has to be correlated to
two factors; the chemical behavior of the element and the surface charge
of the aluminosilicate.

%Mo

Figure 6 shows the electrophoregram of the **Mo fission product and
its decay product **™T¢ at various pH values. ®*Mo and #*™T¢ were identi-
fied by theirs half lives as detailed elsewhere (16).

At pH 1 and pH 3 the **™T¢ species found at 17 cm from the origin was
attributed to **"TcO; according to Iturbe et al. (13). At higher pH values,
close to the origin, we found both Mo and **"Tc¢, probably as oxides.
The position of the species near the origin cannot be ascertained as they
slowly decompose, probably into ®MoOj~ and **"TcO%~ . At pH 5 and
7, all Mo was found as ®®Mo0O3~, but **"Tc as #"Tc and ®"Tc0%~ as
identified in previous works (13).

Finally, at pH 10 we did not observe any definition of ®*Mo and **"'T¢
species by high voltage electrophoresis, probably because of the formation
of heavy hydrolyzed chemical species.

%Mo was partially sorbed on the aluminosilicates at pH 1 (Fig. 3b). At
higher pH values the sorption decreased to very low values. This behavior
has to be correlated to the chemical behavior of molybdenum. In aqueous
media (pH 5-7) molybdenum forms anionic species that cannot occupy
cationic sites in the aluminosilicates. At lower pH values, it forms
9Mo,05, which may adhere to the surface of the aluminosilicates. The
carrier effect at pH 3 showed that (NH4),Ce(INOs)e and ZrOCl; carriers
increased *Mo sorption.

103Ru

Figure 7 shows electrophoregrams of '°*Ru at various pH values. '“Ru
was found to be present mainly in the form of a noncharged species (proba-
bly RuQ,) and two anionic species which might be RuO,OH™ and Ru
O4 (14). The lighter species is RuO4 . At pH 10, these species disappear.

Neither of these species was retained by the aluminosilicates in the pH
range studied (Fig. 3¢) because ruthenium forms many nitrosil complexes.
There are no simple ruthenium species in solution; they are all complex
ions.

(NH,)2,Ce(NO3)6 or ZrOCl, carriers did not help to retain the ruthenium
species which were always found in the solution. This behavior has also
been observed in other materials (14).
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131,

Electrophoresis of fission product solutions did not show the presence
of *'T in any definite chemical species; instead, it showed a diffuse pres-
ence along the paper strip without clear separation into any species. We
concluded that speciation of the transformation of physicochemical forms
of iodine as a result of oxidation—-reduction reactions was impossible be-
cause of the very small iodine concentration used. Small amounts of ele-
mental iodine present were not retained by any of the aluminosilicates,
and the addition of carriers did not affect this sorption behavior. We attrib-
uted this to the formation of e¢lemental iodine through oxidation by dis-
solved oxygen in the water (17):

41~ + 4Na™ + O, + 2H,0 =—=—2I, + 4Na™ + 20H"~

132 Te

The electrophoregram of the 32Te fission products shows the presence
of three chemical species (Fig. 8): A main neutral species, probably TeO,
(14), one cationic species present only at pH 1, probably Te(OH)s™ (14),
and finally an anionic species present only at pH higher than 7, which can
be any of the hydrolysis products of Te(IV) or Te(VI): TeO(OH); ,
TeO.(OH);~, TeO(OH)s , or TeO(OH)s , TeO.(OH)Z ~, TeOs(OH)3~
(14). At pH 3 and 5, only the neutral species was present in the fission
product solutions. Thereafter, the retention of '*?Te increased, and at pH
7 and 10 an anionic species was formed, probably TeO3;(OH)3 ~, and the
retention again decreased. Added carriers at pH 3 did not significantly
affect the retention of *Te,

14OBa

Figure 9 shows high voltage electrophoresis analysis for '*°Ba species.
From pH 1 to 7 only one barium species (Ba®*) was found; it was identi-
fied by comparison with a standard solution of '**Ba(NO;),. At pH 10
only a cationic species was found which, according to Ref. 15, may be
Ba(OH)™".

While studying the sorption of “°Ba (Fig. 4a) at various pH values, we
observed that '*’Ba retention was very low at pH 1. However, at pH 3
the sorption increased strongly in the zeolites and slightly in the bentonite.
Therefore, this retention of '“°Ba species in zeolites may be due to an
ion-exchange mechanism. Furthermore, at pH 1 the zeolites were de-
stroyed and the trapped original cations could not be exchanged, but at
higher pH values, when the zeolite structure was not destroyed, Ba?~
ions were exchanged easily in the zeolite sites. For bentonite we observed
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that barium cationic species retention was much lower than in the zeolites,
which could be due to the structural differences. At pH 3 barium sorption
was already 100%, and the addition of (NH4),Ce(NOs)¢ and ZrOCl, car-
riers did not affect the retention.

140La

High voltage electrophoresis (Fig. 10) on the '“°La fission product
showed three main species: two cationic species, probably La**, which
was observed from pH 1 to 7 and was identified by comparison with
a standard solution of “°La(NOs)s. At pH 3, La** decreased and two
hydrolyzed species appeared: one cationic and the second neutral, proba-
bly La(OH); and La(OH)s, respectively (14).

At higher pH values (5 to 7) the cationic species disappeared and La*™*
as well as the neutral hydrolyzed species were present. At pH 10 only
the neutral hydrolyzed species was found.

The sorption curves of “°La (Fig. 4b) in the aluminosilicates showed
that *°La was not sorbed at pH 1, in the zeolites because the framework
was destroyed. Erionite and zeolite Y, from pH 3 up to pH 10, retained
a considerable amount of '“°La as La(OH),, which is insoluble. Therefore,
we concluded that '*°La retention from pH 3 to 10 was higher because it
precipitated as La(OH)s.

In the case of bentonite it was observed that *°La species retention
was much lower than in the zeolites and almost independent of the pH.
Carriers had no effect on '“°La sorption.

141Ce

High voltage electrophoresis (Fig. 11) shows three '*!Ce species: a neu-
tral and two cationic species. In order to identify them, two series of
cerium standards were analyzed: *'Ce(NO;); and (NH,4),"!'Ce(NOs ) at
pH 1 and pH 3. At pH 1 both samples were found in the same cationic
position as Ce3* (from 20 to 25 cm). Therefore, we assumed that Ce* ™ was
reduced to Ce** and oxidized the (NOs) ~ ion according to the following
reaction:

Ce** + (NO;)~- = Ce** + NO» + -0,

which is similar to the reaction reported elsewhere for CeCl, (14).

The behavior of both standards was different at pH 3. Although Ce**
was found in the same position, Ce** was found immobile in the applica-
tion point of the sample, probably as CeO,, a hydrolysis product of Ce**
(14).



2039

SORPTION OF FISSION PRODUCTS

Q
nwL
¥ - " 0 ~ o
p o b T I et
[-% a a Q Q
€
IR 18 18 18 §
& 3 3 2 K
-8 +Q 8 & L&
I8 & b8 12 L S
&3 &3 Lo L Lo
Lo Lo L o 2 Lo
o = Lt €,
€
(HOOTop (HOP T,y
<
F o AIOHOJOS . o - ©
- © S L v
ES 07
o JHO®owi | 1o L o
oM o ° L © .
+«~ lovl D .
+s07Toy, #ow ;. +Po4 d
L& 4 L& - &
L v | © o o [ 0
o ~N ™ o~ N
& -3 2 -3 £
g —— T —— ey L —
(=3 o (=3 [~
g 8 ¥ R 8 ¢ ¢ ¢ s 8 ¢ % & 8 2 R s & ¢ v

© S
{°/e} ALIALLOVOIQVY 3AlILY 134

1102 Alenuer Gz 9% :TT @IV Papeo |uwog

FIG. 10 Electrophoregrams of *°La at different pH values.



11: 46 25 January 2011

Downl oaded At:

2040

RELATIVE RADIOACTIVITY (/)

80

60

40

290

8C

8Q

40

20

a0

[-1e]

40

20

%
@

O

<

OLGUIN ET AL

NICe

pH3

20 25

30 Cm

PHS

80

80

40

2o

30 25

20 25

30 Cm

pHT

8o ]

40

20

30 25

20 25

30 Cm

pHIO

30 25

FIG. 11

20 5 10 5 o] 3 10 i5 20 2’5

370 Cm

Electrophoregrams of '¥’Ce at different pH values.



2041

SORPTION OF FISSION PRODUCTS

nghqp

= L] 0 ~ o

b oy o T I I

a a 3 o a
§ + & A § S §
3 2 F 9 -3 -3
Q - % rQ 2 ?
) 2 & 8 8
0 2z 0 AR L o {(HOPOGN4¢, © Lo

AHO0Nge AHOFOINge 2 _(HO¥OONge 5
<] Q 3 e <]
0 ﬁ ] o Fo v
(HOFOIN
/ (HOROIN (HOPOdNge 5 6e2

(HOPOWNesz {* | o {HOROMNges ¢ | o o%? L, o o
w 0 F© o [
{0dNgg2 ° 209Ngs 2 ° ° ) Lo
0 L@ L @ o | o
8 k ﬁ 8 - ﬁw &
9 # o x4 K 2
8 -3 3 -3 9

s g 2 & 8 3 2 8 g 8 ¢ 8 § 3 ¢ 8 3 3 8 ®

{*/s) ALIALLOVOIQVY JAILVI3Y

1102 Alenuer Gz 9% 1T

v pspeo jumog

FIG. 12 Electrophoregrams of >**Np at different pH values.



11: 46 25 January 2011

Downl oaded At:

2042 OLGUIN ET AL.

The hydrolysis products of Ce** in aqueous solution are reported to
be Ce(OH)s” and Ce(OH)s(aq) (14) above pH 6. On the other hand, the
hydrolysis products of Ce**, which are formed even in 1 M HCIO,, are
reported to be Ce(OH)** and Ce(OH)3™ (14).

In the *!Ce fission product solution at pH 3 we found two other cationic
species which might be the hydrolysis products [Ce(OH)?** and
Ce(OH): "] of Ce** which can readily be hydrolyzed even in strongly
acid solutions. We therefore conclude that in the original fission products
solution, Ce is in the form of Ce** species and possibly also as Ce3~
species.

At higher pH values (from § to 10), only '*1CeO, was formed (14).

The sorption curves of '*'Ce (Fig. 4¢) show that cerium retention is
very low. In the zeolites at pH 1, the cationic species '#'Ce** could not
be retained by the destroyed zeolites, but it was slightly retained, probably
by ion exchange, in the bentonite which maintained its crystalline struc-
ture. At pH 3 the sorption of the cationic species '*'Ce(OH)** and
141Ce(OH)3™ was probably due to a cationic exchange mechanism. How-
ever, at higher pH values only the neutral '*'CeQ, species was present,
and its retention on the aluminosilicates can be explained by its partial
precipitation on the solids. Carriers had no effect on “'Ce sorption by
the YZ sample but they enhanced sorption in the other materials.

239Np

High voltage electrophoresis on ***Np (Fig. 12) showed mainly three
species: a neutral, a cationic, and an anionic. The cationic and the neutral
species were present at pH 1 and 3; at pH 3 an additional peak of an
anionic species appeared. The neutral species can be either NpO,(OH)(aq)
or NpQO; (14). However, the cationic species can be one of the following:
NpOH?**, NpO-(OH)*, or NpOH?*, and the anionic species can be
NpO-(OH); .

23Np was slightly retained (Fig. 4d) by the aluminosilicates. A weak
increase of 2**Np was observed at pH 10, probably because of the hydroly-
sis of the 2**Np species. The carriers did not affect the sorption behavior
of this radionuclide in the aluminosilicates.

CONCLUSIONS

239Np and 2°°U fission products uptake from solutions, whose content
was less than 10~ '* g/mL by zeolite Y, erionite, and bentonite, showed
that some of these radionuclides may be efficiently sorbed in the alumino-
silicates. It was found that sorption takes place by different mechanisms,
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mainly ion exchange, precipitation, and electrostatic surface interaction.
The chemical species in solution and the charge distribution of the surface
of these materials at different pH values determine, in most cases, the
sorption behavior of the radionuclides. However, in other cases ion ex-
change is the most important mechanism.

We found that nuclides as '*°La and '*°Ba were sorbed mainly in the
zeolites by an ion-exchange mechanism and in smaller proportions in ben-
tonite. In the zeolites, precipitation and electrostatic surface interaction
did not play an important role for '*La and '“°Ba retention. The low
retention obtained in bentonite showed that sorption of “°La and “°Ba
definitely depended on the structure of the aluminosilicates.

Other fission products, *°Zr, ®Mo, and '3*Te, present in the solution
were only weakly sorbed by the solids. ®°Zr and **Mo were mainly sorbed
by the aluminosilicates at pH 1. In the case of *Zr, it was sorbed by
electrostatic interactions between its chemical species, >*Zr(OH);s , and
the surface of the materials. In the case of Mo, Mo,0; precipitated on
the surface of these aluminosilicates. The highest sorption of *2Te on
these materials, found at pH 3, was probably due to the precipitation of
the chemical species *?TeQs.

It was also shown that '>Ru was not sorbed in the aluminosilicates
because it forms complexes which always remained in solution. This be-
havior has also been observed in other materials (18). '>!I was not sorbed
because elemental iodine is formed during the sorption process and so is
volatilized (17).

The retention mechanisms of '4!Ce on the aluminosilicates at the studied
pH values were ion exchange and precipitation.

Finally, 2**Np was very slightly sorbed only at high pH values by precip-
itation of the chemical species **NpQO,(OH).
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