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Abs t rac t - -The  sorption capacity of hydrotalcite (HT) and its calcined product (CHT) was evaluated for 
131I- sorption from water solution and it was determined as a function of the calcining temperature. The 
radionuclide content was determined by 3,-spectrometry. Solids were characterized by thermal analysis, 
X-ray diffraction (XRD), electron microscopy and Brunauer-Emmett-Teller (BET) analysis. For 0.1 M Na 
I solution, labeled with t3~I , sorption capacity was found to be 0.24 meq g ~ (7.2% of the anion exchange 
capacity, AEC). But, if the sample was previously calcined at 773 K and the HT structure destroyed, the 
sorption of I- increased considerably, up to 2.08 meq g-~ (63% of the AEC) and the HT structure was 
reconstructed. The 1311- sorption at very low concentrations ( 1 0  - 1 4  M) was 0.04 • 10 -14 meq of ~3~I g-~ 
in the noncalcined HT, but for calcined samples at 773 K, the sorption increased to circa 0.97 • 10 -~4 
meq g 1. Calcination temperature determines the surface area of the resulting mixed oxides, and that 
property seems to be the most important factor controlling the I- sorption. If  the calcination temperature 
was increased to 873 K, the specific surface area of the oxide mixture increased and I- sorption increased 
as well, whereas calcination of HT at 973-1073 K resulted in a low surface area and a low I retention. 
Key Words---Hydrotalcites, ~31I , ~3~I- Sorption, Anion Exchange, Magnesium Aluminum Oxide, Radio- 
active Waste, Radioactive Decontamination, Thermal Treatment. 

I N T R O D U C T I O N  

A topic of  par t icular  in teres t  in the sorpt ion of  an- 
ions  is the  decon t am i na t i on  of  was tewate r  (Olgufn 
1994; Olgufn  et al. 1996). At ldns  and  Glasser  (1990)  
s tudied the  encapsu la t ion  of  rad io iod ine  in cement i -  
t ious was te  forms.  They  presen ted  data  on  the uptake  
o f  the  I -  on  specif ic  phases:  Ca(OH)2, a lumina te  sul- 
fate hydra tes ,  H T  and  Ca si l icate hydrogel .  The  HT 
c o m p o u n d s  cons is t  of  pos i t ive ly  charged  bruci te- l ike  
oc tahedra l  hydrox ide  layers,  wh ich  are neut ra l ized  by  
anions  and  wate r  molecu les  occupying  the in ter layer  
space. M a g n e s i u m  a toms  (Mg 2+) in HTs are octahe-  
dra l ly  coord ina ted  to the su r round ing  hydrox ide  ions 
and  share  adjacent  edges  to fo rm sheets  of  layers. 
S o m e  o f  the m a g n e s i u m  is i somorphous ly  rep laced  by  
a l u m i n u m  (AP+),  wh ich  produces  net  posi t ive  charges  
on  the meta l  hydrox ide  layers  as A13+ r ema ins  octa-  
hedra l ly  coord ina ted  to the hydroxy l  groups.  This  lay- 
er charge,  in natural ly  occur r ing  HT, is ba l anced  by  
in te r layered  carbonate .  As  HTs are l amina r  and  capa-  
ble  of  an ion -exchange  react ions ,  they can  be  concep-  
tual ized as be ing  the anionic  equ iva len t  of  cat ionic  
clays (Miya ta  1973, 1975, 1980, 1983; Kopka  et al. 
1988; Cavan i  et  al. 1991; M c k e n z i e  et  al. 1992). 

Sato et al. (1986)  have  p repa red  m a g n e s i u m  alu- 
m i n u m  oxide  solid solut ions  by  the rmal  decompos i t ion  
o f  an HT-l ike  compound .  They  found  that  m a g n e s i u m  
a l u m i n u m  oxide  hydra t ed  and  took  up ca rbona te  ions 
f r o m  the  aqueous  solut ion to recons t ruc t  the  HT-type 
structure.  Sato et  al. (1986)  also found  that  the sol id 

so lu t ion  decomposes  above  1273 K to M g O  and 
MgA1204, w h i c h  s h o w e d  no capaci ty  to take up  an- 
ions.  The  changes  that  occur  dur ing  the rmal  d e c o m -  
pos i t ion  of  HTs were  descr ibed  previous ly  by  Miya ta  
1980; Re ich le  1985, 1986; Re ich le  et al. 1986; and  
M c k e n z i e  et  al. 1992. Wi th  increas ing  tempera ture ,  in- 
ter layer  wate r  is first lost, fo l lowed by the  dehydrox-  
yla t ion and  the decompos i t i on  of  the  in te r layer  car- 
bona te  to CO2. In addit ion,  the X R D  pat te rn  of  the 
resul t ing  oxide indica tes  an  undef ined  M g O  st ructure  
wi th  no  c lear  crys ta l l ine  phases .  Acco rd ing  to the  
same authors ,  r emova l  o f  CO2 and  structural  wate r  
f rom ca lc ined  H T  is a c c o m p a n i e d  on ly  by  a modes t  
increase  in specific surface  area. 

However ,  C h o u d h a r y  and  Pandi t  (1991)  found  that  
the surface proper t ies  of  m a g n e s i u m  H T  are s t rongly  
inf luenced by  its ca lc ina t ion  temperature .  Compe t i t i on  
be tween  m o n o v a l e n t  and  d iva len t  an ions  for  ca lc ined  
and  unca lc ined  H T  has  a lso been  s tudied (Chate le t  et 
al. 1996). H e r m o s i n  et al. (1996)  eva lua ted  the sorp- 
t ion  capaci ty  of  HT-l ike c o m p o u n d s  and  thei r  ca lc ined  
produc ts  and  they s tudied thei r  role as potent ia l  filters 
of  var ious  organic  c o m p o u n d s  present  in water, es- 
pecial ly those  that  may  exist  as anions.  Mis r a  and  Per- 
rot ta  (1992)  s tudied the compos i t i on  and proper t ies  of  
synthe t ic  HTs. They  also p repared  pi l lared HTs by  
molybda te ,  ch roma te  and  si l ica an ion  rep lacement .  

The  a im of  the present  paper  is to discuss  the  sorp- 
t ion  of  rad ioac t ive  131I- f rom aqueous  solut ions  by  
HTs, e i ther  dr ied or  calcined.  T h e r m a l  decompos i t i on  
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Figure 1. Sorptionofl froma) 10-14 M NaI and b) 0.1M 
Nal- ~ I  solutions. 

of the synthetic HT compounds and their structure be- 
fore and after being in contact with NaI solutions were 
investigated by XRD, thermal analysis, N2 adsorption 
(BET) and electron microscopy. 

MATERIALS AND METHODS 

Preparation of HT Samples 

Hydrota lc i te ,  Mg3/4Alt/4(OH)2)(CO3)~/8- 0.5H20, 
whose AEC was 3.3 meq g-~, was prepared as de- 
scribed previously by Sato et al. (1988): 1 L o f  a 
mixed aqueous solution of MgC12 and A1CI3 was add- 
ed continuously to 1 L of a mixed aqueous solution 
of NaOH and Na2CO3 (Na+/(2Mg 2§ + 3A13§ = 1.1; 
(CO2-/A13+) = 2 at 333 K). The mixtures were stirred 
during reaction. The precipitate was washed at 291 K 
until C1 -free and dried at 353 K for 48 h. The HT 
samples prepared and dried as previously described 
were calcined in air at temperatures from 473 to 1073 
K for 5 h (samples 473CHT to 1073CHT). 

HT Characterization 

Hydrotalcites were characterized by thermal analy- 
ses, XRD, electron microscopy and BET analyses. 

T H E R M A L  A N A L Y S E S .  Thermogravimetr ic  analysis 
(TGA) was carried out with a TGA 51 TA Instruments 
thermogravimetric analyzer, which was operated in a 
Nz atmosphere and at a heating rate of 10 K min -~ 
from 298 to 1073 K. 

XRD. The powder diffractograms were obtained with a 
Siemens D500 diffractometer coupled to a copper an- 
ode X-ray tube. The Ka radiation was selected with a 
diffracted beam monochromator. Compounds were 
identified comparing with the Joint Committee on 
Powder Diffraction Standards (JCPDS) cards in the 
conventional way. The (006) hydrotalcite peak was 
chosen as it is the closest peak to the corundum (ct- 
A1203) peaks used as an internal standard. 

E L E C T R O N  M I C R O S C O P Y .  C o n v e n t i o n a l  t r a n s m i s s i o n  

electron microscopy (CTEM) techniques were used to 
study the morphology and structural details of HTs 
before and after exchange with I- ions. Before mount- 
ing in the microscope specimen camera, the samples 
were ground in an agate mortar. Then they were dis- 
persed in isopropyl alcohol using an ultrasonic bath 
and deposited over 200-mesh copper grids covered 
with a holey carbon film. Observations were carried 
out in a side entry JEOL 100 CX microscope. 

Scanning electron microscopy (SEM) was used to 
determine topological and surface configurations of 
HT before and after the I- exchange process; the sam- 
ples were dispersed by ultrasound, deposited in SEM 
holders and covered with sputtered gold to avoid 
charging effects during observation. SEM micrographs 
were obtained in a JEOL 5200 scanning microscope. 
Mean particle size was estimated from the obtained 
SEM micrographs. 

BET ANALYSIS ,  SURFACE AREAS.  The BET surface areas 
were determined by standard multipoint techniques, 
Micromeritics Gemini 2360 instrument. The samples 
were dehydrated at 473 K. 

131I Sorption 
A carrier-free Na t3JI solution (10 -14 M I- solution) 

and a 0.1 M NaI labeled with 13ti (NaI-~3q) solution 
were used in the experiments. These conditions were 
found to be appropriate for our experiments, as they 
covered the very low and high I concentration ranges, 
respectively. 

In the test for I- uptake from aqueous solution, HT 
or CHT samples were left in contact with either the 
carrier-free (NaI-l)  or the 0.1 M NaI-~3JI (NaI-2) so- 
lutions. The pH value of  the NaI-1 solution was 6.1 
and the NaI-2 solution, 7.4. 

To start T- uptake, 150 mg of HT or CHT samples 
were placed in stoppered glass tubes. The samples 
were left in contact for 24 h with 15 mL of NaI-1 or 
NaI-2 solution then stirred for 10 s. The samples left 
in contact with NaI solutions are referred to in this 
paper as "HT-I"  and "CHT-I" ,  respectively. Finally, 
each solution was separated from the solid by centrif- 
ugation and an aliquot was analyzed by ~/-spectrome- 
try, using the characteristic t31I photopeak, 0.364 MeV 
and half life, 8 d. The amount of 13ti- sorbed was 
estimated by determining the difference in activity be- 
tween the blank of  the initial 131I- solution and the 
corresponding aliquot. 

The pH evolution value of NaI solutions before and 
after the sorption process was measured in an Orion 
Research Microprocessor Ionaly Zer /901  potentiom- 
eter with a combined glass electrode. 

RESULTS 
131I- Sorption 

In Figure 1, the ~3~I- uptake on HT samples dried 
and heated in air from 473 to 1073 K (473CHT to 
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Table 1. The pH values of NaI-1 (carrier-free Na 13q) and 
NaI-2 0.1 M NaI labeled with 13tI solutions. 

Calcination p H  of NaI-I  pH of  NaI-2 
Sample  temperature solution solution 

HT - -  9.05 9.14 
CHT 473 9.35 9.52 
CHT 573 9.35 9.58 
CHT 673 10.14 11.66 
CHT 773 10.54 11.98 
CHT 873 10.52 11.99 
CHT 973 10.21 11.80 
CHT 1073 10.37 11.64 

1073CHT) is presented. Curve  a) corresponds to the 
I -  uptake f rom a carrier-free Na  13]I solution (NaI-1) 
and curve  b) f rom 0.1 M NaI-131I solution (NaI-2). In 
a first step, a very  weak  13tI- uptake was observed in 
both cases. F rom low temperatures up to 573 K, the 
uptake was almost  constant; at 291 K, the I -  uptake 
was of  0.04 X 10 -14 meq  g-~ (1.2 • 10 ]4% of  the 
A E C )  for curve  a) and of  0.24 meq  g ] (7.2%) for 
curve  b). Then it increased rapidly from 673 to 874 
K. The m a x i m u m  uptake circa 0.97 • 10 -~4 meq  g t 
(30 • 10 ]4%) for curve  a) and 2.08 meq  g-~ (63%) 
for curve  b) was at 773 K. Then a third step was ob- 
served where  the uptake decreased with increasing cal- 
cination temperature down to ca. 0.60 • 10 -t4 meq  
g-i  (18 • 10-~4%) for curve  a) and 0.6 meq  g-t (18%) 
for curve  b). The amount  of  t3tI- sorbed by the solid 
samples was very  much  dependent  on the NaI  con- 
centration; however,  the shape o f  the sorption curves  
was similar for NaI-1 and NaI-2 solutions. 

The  pH  values of  the NaI-1 and NaI-2 in contact 
with HT  or C H T  samples are reported in Table 1. The 
final pH value of  the solutions depended on the ther- 
mal  treatment o f  the HT  and, in all cases, it was higher  
than the initial pH. The  pH increase of  the NaI-1 and 
NaI-2 solutions in contact  with samples 473CHT and 
573CHT was similar to that o f  sample HT. However ,  
for samples 673CHT, the increase o f  pH was consid- 
erable: 10.54 for NaI-1 solution and 11.66 for NaI-2 
solutions. For  higher  calcinat ion temperatures,  the in- 
crease in pH of  the solutions remained almost  con- 
stant. 

Thermal  Analyses 
Figure  2 compares  a) the original HT  weight  loss 

curve  and b) the corresponding 773CHT sample and 
solution left  in contact  with NaI-131I (sample 773CHT- 
I). Both curves  present 2 clear weight  losses. The first 
one at 473 K was due mainly  to loss of  interlamellar 
water, and the second one at 673 K to dehydroxylat ion 
with decarbonation (Miyata 1975, 1980; Reichle  et al. 
1986; Sato et al. 1986; Rey  et al. 1992). 

X R D  
The X R D  patterns of  the synthetic HT and the cor- 

responding 473CHT to 1073CHT samples for 5 h are 
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Figure 2. TGA of a) the original HT sample and b) the CHT 
sample calcined at 773 K and left in contact with 0.1 M NaI- 
13~I solution (773CHT-I). 

compared  in Figure 3. The HT sample showed an HT- 
type pattern. The same diffraction peaks were  ob- 
served in 473CHT and 573CHT samples. I f  the sample 
was calcined between 673 and 1073 K, the diffracto- 
gram corresponded to periclase (MgO) and "v-alumina 
(A1203), as observed  by Chatelet  et al. (1996 and ref- 
erences therein). The HT network was destroyed al- 
ready at 673 K and, as calcination temperature was 
increased, the resolution of  the M g O  (JCPDS card-4- 
829) peaks improved,  showing that crystall i te size in- 
creased. 

These C H T  samples, in contact  with I -  solution, re- 
produced the lamellar hydrotalcite structure as shown 
by the X R D  patterns (Figure 3b). The d(006) inter- 
planar distances are compared in Table 2. The d(006) 
value is constant and equal  to 3.90 _A, as in the original  
HT  sample, even for the 573 K treated samp, le. The  
d(006) distance increases up to about 4.08 A i f  the 
reconstructed hydrotalci te comes  f rom the 673CHT 
and 873CHT samples. The (006) interplanar distance 
decreases to 3.90 ,~ as the corresponding calcination 
temperature was 1073 K. 

Electron Microscopy  

Figure 4 is a C T E M  micrograph showing typical 
details found in an HT  sample and C H T  sample after 
I-  exchange.  Small  grains (marked with arrows), with 
different thicknesses, supported a second phase. No 
significant variations in configuration were  observed  
between both samples. Figure  5 is a typical selected 
area electron diffraction (SAED) pattern. Monocrys -  
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Figure 3. XRD patterns of a) HTs dried or calcined at dif- 
ferent temperatures (from 291 to 1073 K) (HT and CHT sam- 
pies) and b) dried or calcined (from 291 to 1073 K) HTs left 
in contact with NaI solutions (HT-I and CHT-I samples). 

Figure 4. CTEM micrograph of HT sample. 

talline and polycrystal l ine  details can be obse rved  in 
this micrograph,  and the interplanar dis tances der ived 
f rom this pattern cor responded  to those reported for 
HTs (ICDD 22-700). Figures 6a, 6b and 6c are SEM 
images f rom the HT sample  and those calcined,  
773CHT and 1073CHT samples;  no significant varia- 
tion of  the surface of  big grains is observed,  but an 
increase in the number  and in the size of  supported 
small  particles can be appreciated in the ment ioned  
sequence.  This behavior  is presented  graphically in 
Figure 7. 

BET Analysis ,  Surface Area  

HT and CHT surface area was  a lmost  constant  f rom 
room temperature  up to 573 K: ca. 100 m 2 g-L How-  
ever, as new phases  appeared,  the surface area in- 
creased rapidly up to 220 m 2 g-i  (samples  673CHT 
and 773CHT).  For  higher  temperatures  ( 8 7 3 C H T -  
1073HT samples) ,  the surface area decreased  to 1 5 0 -  
160 m 2 g - ' ,  as shown in Figure 8. 

Table 2. Interplanar distances d(006) for untreated hydrotal- 
cite and for the calcined samples left in contact with 0.1 M 
NaI-]31I solution. 

C a l c i n a t i o n  
t e m p e r a t u r e  

S a m p l e  o f  H T  d -+ 0 . 0 1  .~  

HT - -  3.90 
CHT 473 3.91 
CHT 573 3.91 
CHT 673 3.98 
CHT 773 4.08 
CHT 873 4.07 
CHT 973 3.91 
CHT 1073 3.91 Figure 5. SAED pattern of CHT sample calcined at 773 K 

and left in contact with 0.1 M NaI- 131I, 733CHT-I solution. 
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calcination temperature. 

towards divalent anions (Chatelet et al. 1996), and in 
particular towards COl-,  it should be expected that 
exchange with I- ions would be very weak. Accord- 
ingly, in our experiments the I- sorption values were 
very low for HT (at 291 and 473 K). Oscarson et al. 
(1986) have found that HT did not remove detectable 
amounts of I- from either deionized distilled water or 
a solution of  NaC1 (1 M). On the other hand, in CHT, 
when in contact with Nal solution, OH- ions should 
be preferentially inserted in the structure. The I- was 
preferentially adsorbed because its concentration is 
much higher than that of OH-;  that does not happen 
in NaI-1 solution, where I- concentration was much 
lower than that of  OH-. The CHT can adsorb ~3~I- 
anions from the aqueous solution due to the recon- 
struction of  the HT structure following the reaction 
proposed by Hermosin et al. (1993) for an organic 
anion: 

Figure 6. SEM images of a)  H T  s a m p l e ,  b )  CHT calcined 
at 773 K and c) CHT calcined at 1073 K. 

DISCUSSION 

Information reported by Miyata (1983) for the 
Gaines-Thomas equilibrium constant (log Ke) for HT 
are: 1.84 for CO32-, 1.42 for OH- and -0 .60  for I-. 
These data show that selectivity follows the sequence 
CO~ + > OH- > I-. As HT exhibits a greater affinity 
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Figure 8.  
HTs. 

I I ! 1 I 
200 400 600 800 11300 1200 

CALCINATION TEMPERATURE (K) 

Surface area vs. the calcination temperature of the 
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Mg3AIO4(OH) + 4H20 + 1311- 

(Mg3AI(OH)8)(J31I) + OH [1] 

Although the amount of I- sorbed by HT and CHT 
samples is very much dependent on the concentration 
of the NaI solutions, it is worthy of notice that ,the 
sorption behavior is similar in both cases, that is, in 
the very diluted carrier-free NaI-1 solution (10-]4 M) 
and in the concentrated 0.1 M NaI solution. Figure 1 
shows the similarity between both behaviors. The 
shape of  both curves shows no dependency on the I 
concentration; I- sorption is influenced strongly by the 
thermal treatment of the solids. 

The pH increase of NaI-1 solution in contact with 
HT from 6.1 to 9.05, and of NaI-2 solution in contact 
with HT from 7.4 to 9.14, was probably due to a par- 
tial dissolution of the samples as stated by Hermosin 
et al. (1996). The increase of  the pH value of the so- 
lutions in contact with the calcined samples can be 
attributed to the consumption of  protons during the 
reconstruction of  the layered structure (Sato and Oku- 
waki 1991; Hermosin et al. 1996). The different pH 
increments depend on the amount of HT reconstructed, 
which determines the I- sorbed. Thus, the highest pH 
values were found for 773CHT and 873CHT samples. 

Results of thermal analysis in the present work for 
HTs are in the range of those found by Miyata (1975, 
1980). Reichle et al. (1986), Sato et al. (1986) and Rey 
et al. (1992) on HTs and Ulibarri et al. (1987) on py- 
roaurite. They differentiated 2 weight loss stages dur- 
ing the course of  thermal decomposition of the layered 
double hydroxycarbonate: 1) interlayer water was lost 
around 470 K and 2) CO2 was released from the in- 
terlayer region as well as 1-120 from the brncite-like 
layer at around 650 K. In the present work, the first 
weight loss, at 473 K, has to be attributed to interlayer 
water desorption. Fifteen percent of the total weight in 
the original HT and 13% in the 773CHT-I samples 
were lost, which indicates the presence of  less inter- 
layer water in 773CHT-I. The second weight loss at 
673 K corresponds to the dehydroxylation and decar- 
bonation of  the original HT and dehydroxylation, de- 
carbonation and deiodination of  773CHT-I sample. 
Twenty-three percent in HT and 33% in 773CHT-I 
samples were lost, probably because I- is much heavi- 
er (127 g eq -I) than CO 2 ions (30 g eq -I) or OH- 
ions (17 g eq ~). 

The interplanar distances d(006) obtained by XRD 
given in Table 2 can be correlated to the ion sizes of 
the various anions. The 13JI monovalent ion (2.06 A) 
is larger than the OH (1.18-1.23 ~k) and the divalent 
ion CO32+ (1.85 ,~). Therefore, a shift of the (006) dif- 
fraction peak towards higher angular values should be 
expected as the size of the anion incorporated into the 
HT network diminishes. From this criterion, I- is in- 
corporated into the interlayer space. The plot of d- 

values, Table 2, against calcination temperature repro- 
duces, indeed, the shape of the curves of  Figure 1. 

From SAED patterns, in all cases, HT material was 
identified: hexagonal configuration in spot patterns and 
a high level of  coincidences (higher than 90%) were 
found in most diffraction patterns (ICDD 22-700 and 
also 41-1428). It is important to remark that differ- 
ences between the HT sample and the CHT sample 
after exchange with NaI solution showed no difference 
in the configuration. These results agree with that ob- 
tained by XRD showing the lamellar reconstruction of 
the HT. 

Additionally, in some patterns, reflections coming 
from brucite and periclase were found in minor quan- 
tities. Analyses of diffraction patterns from laminate 
configurations like the ones presented in the 1073CHT 
sample showed the presence of ~/-A1203, in small quan- 
tities. These results are similar to those obtained by 
XRD. 

Choudhary and Pandit (1991) found that the surface 
area of MgO decreased considerably for increasing 
temperatures from, 873 to 1073 or 1173 K. The in- 
crease of  BET surface area of HT sample on heating 
up to 773 K and then, on further heating to higher 
temperatures, the decrease of the surface area, have 
been described in the literature for various HT-like ma- 
terials. In the present paper, we observed a similar ten- 
dency measured by BET surface area when the HT 
was calcined at different temperatures (Figure 8). 

On studying pyroaurite (Ulibarri et al. 1987) it was 
found that, on increasing temperature, the BET surface 
area increased slowly and reached the maximum value 
at 873 K. Above that temperature, the specific surface 
area drastically diminished because of  sintering of  the 
sample and disappearance of  its mesoporosity. 

The shape of  the curve showing surface BET evo- 
lution versus calcination temperature resembles that 
obtained for the I- sorption curve (Figure 1). Hence, 
a clear correlation exists between the surface area of 
the solids and the I- sorption. The increase of  the sur- 
face area at 773 K reveals the formation of the MgO 
and A1203 oxide (as shown in Figure 3a) whose par- 
ticle size is close to 7 ixm (Figure 7). The 131I- in the 
aqueous phase can easily diffuse through them to re- 
construct the lamellar structure of  the HT samples. 
However, when calcination temperature increases from 
873 to 1073 K, the surface area decreases as particle 
size grows and a mixture of MgO and A1203 is present 
(Rey et al. 1992). Due to both facts, the diffusion of 
1311 (ion radius: 2.06 ,~) is more difficult, but OH- 
with a smaller ion radius (1.40 ,~) is preferentially in- 
serted for the reconstruction of the HT structure whose 
d(006) value (Table 2) is similar to the original sample. 
Miyata (1980) reported that the HT sample calcined 
at 1073 K reconstructed HT when it was hydrated at 
353 K for 24 h; however, the new lattice parameters 
were larger than those of  the original sample. 
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Sato et  al. (1986 and  re fe rences  there in)  found  s im- 
ilar resul ts  to those  found  by  us w h e n  they p laced  
m a g n e s i u m  a l u m i n u m  oxides  p repared  by  ca lc ina t ion  
of  HTs at var ious  t empera tu res  in 0.1 M d i sod ium hy-  
d rogen  phospha t e  solut ion to evalua te  the  capaci ty  to 
take up  phospha te .  They  found  that  the  rate at wh ich  
phospha te  was taken  up  decreased  wi th  increas ing  cal- 
c ina t ion  tempera ture .  Acco rd ing  to them,  this  resul t  
could  be  due  to the grain  g rowth  of  m a g n e s i u m  alu- 
m i n u m  oxide  caused  by  the  h igher  ca lc ina t ion  tem- 
perature.  The i r  sample  ca lc ined  at 1273 K, w h i c h  was 
a mix tu re  of  M g O  and A1203, d id  not  take up  phos-  
pha te  ion. This  resul t  is s imi lar  to those  ob ta ined  in 
the  present  paper  for the I -  sorpt ion by  the HT. 

C O N C L U S I O N S  

The  sorpt ion  o f  131I- on  H T  samples  depends  s t rong-  
ly on  the  t he rma l  t r ea tment  and  also on  thei r  surface  
area. The  h ighes t  131I- sorpt ion capaci ty  is found  for  
an  HT structure  des t royed  at 773 K whose  resul t ing  
surface  area is the  h ighes t  one. Therefore ,  I -  up take  
on  HTs can  b e  improved  by  thermal ly  t rea t ing the 
clays before  the  uptake  process.  In this  way, the  struc- 
ture of  the  or ig ina l  H T  is lost  and  m a g n e s i u m  and  
a l u m i n u m  oxides  der ived  f rom HTs are formed.  As  a 
consequence ,  the surface  area of  the mix tu re  is in- 
creased,  and  the  I -  ions  have  free access  to the ex- 
change  centers .  Fur the rmore ,  I -  ions  react  wi th  the  ox- 
ides and  the s t ructure  is r ecovered  by  recons t ruc t ion  
of  the layered  structure,  in the in ter layer  spacings,  
compensa t i ng  the pos i t ive  layer  charge  bes ides  O H -  
and  res idual  CO32- ions.  

S imi la r  iodide  sorpt ion b e h a v i o r  was  found  for  ve ry  
d i f ferent  NaI  concen t ra t ions  (10 -14 and  10 -1 M) for  
bo th  HTs and  the i r  ca lc ined  products .  
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