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Chemically modified clays as recyclable adsorbents for iodine 
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Abstract. The adsorption behaviour of iodine on chemically modified swelling type of clays has been studied. 
Chemical modification was brought about by interacting the clay with surfactants such as tween-80 and 
polyethylene glycol. Adsorption of iodine was found to increase by several orders of magnitude on chemical 
modification which remained constant betwee n pH 1 and 10. The adsorption isotherms were non-linear and 
fitted the Freundlich equation for swelling clays. Scatchard analysis of the data indicated minimum two 
types of active sites with the tween-80 modified clay and one type with the polyethylene glycol modified 
one. The iodine sorbed on the surface was found to get desorbed almost completely on leaching with water. 
Modification of the clay surface with surfactant thus offers a method of designing a recyclable adsorbent 
for iodine. 
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1. In trod u c t ion  

The importance of clay minerals in many process 
industries has led to their extensive studies in the past. 
There is a large amount of literature concerning the 
adsorption of various pollutants by clays but their effective 
removal from aqueous systems is limited because of the 
hydrophilic nature of the clays (Mortland 1970, 1986; 
Theng 1974) and their instability in aqueous solution 
especially at low pH (Adeleye 1995). Recently, chemically 
modified pillared clays prepared in the presence of long 
chain organic molecules were found to adsorb organic 
toxicants and inorganic metal ions from aqueous effluents. 
Specificity of adsorption was dependent on the chain 
length of  the molecule (Sakai et al 1987, 1993). On 
recyclability by combustion, the pillared clays retained 
most of their ability to adsorb (Zielke and Pinnavaia 
1988). Clays treated with the alkylammonium ion and 
hexadecylpyridinium, were found to adsorb radioiodine; 
in the absence of treatment high mobility of  the nuclide 
was observed (Bors 1988, 1992, 1997). Hence iodine 
adsorption at clay-water interface has an important bear- 
ing on the fate and transport of iodine in the aqueous 
natural environment. 

The easy surface modification by surfactants has 
prompted us to make use of this technique to design a 
recyclable clay adsorbent for iodine in aqueous medium. 
Since clay particles are themselves charged, ionic sur- 
factants would bring about coagulation of the particles 
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thus decreasing their adsorption characteristics. Non-ionic 
surfactants, hence, are preferred. Further, modification 
of surface greatly enhances the intake of adsorbate mole- 
cules and equilibrium condition will be attained rapidly. 
In this paper we have made an attempt to increase the 
adsorption of iodine by modifying the clay surface and 
explain the adsorption with the help of  Freundlich and 
Scatchard adsorption isotherms. These parameters provide 
better knowledge of the adsorption behaviour and valuable 
information regarding affinity, binding strength and num- 
ber of types of binding sites involved in the adsorption 
process which help to design a recyclable adsorbent. 

2. E x p e r i m e n t a l  

The clay mineral used in this study was a swelling type 
smectite rich clay from Bhuj area, Gujarat (supplied by 
Ashapura Chemicals) containing essentially montmori- 
llonite. It was fractionated using dispex as the dispersant 
to collect less than 2 I.tm fraction. The clay sample was 
characterized by XRD and XRF and found to be rich 
in montmorillonite. The idealized formula was found to 

be (Si7.99 Al0.01 ) (AI2. 4 Mg0.75 Fe0. 4 Ca0.45 ) Nao. 6 K~.I 5. The 
cation exchange capacity (CEC) was found to be in the 
range 0.73 meq/g. 

2.1 Preparation of modified clay 

Two types of  nonionic surfactants were selected: (i) 
tween-80 (polyoxyethylene sorbitan monooleate, SD Fine 
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Chemicals) having three different types of functional 
groups---ethylene oxide, sorbitan and o le ic - -  and (ii) 
PEG-300 (polyethylene glycol, SD Fine Chemicals) 
possessing only one type of functional group i.e. 
ethylene oxide. Known amounts of the surfactants 
were dissolved separately in 20 ml of water to which 
1 g of  clay was added to each and mixed thoroughly 
in wrist-action shaker for 30min.  The mixture was 
centrifuged and the centrifugate was discarded. The solid 
was washed two times with double distilled water to 
remove superficially held adsorbate. The amount of 
surfactant adsorbed was determined by carbon-hydrogen 
analysis using Carlo Erba CHN-analyzer Instrument. The 
amount of  surfactant adsorbed increased with the 
concentration of the adsorbate and attained saturation. 
The modified clays were used for all the adsorption 
studies. 

2.2 Iodine adsorption 

One g of modified clay was added to different concen- 
trations of  iodine (SD Fine Chemicals) solution (60 ml) 
and the mixture was shaken for 30 min and centrifuged. 
The iodine present in the centrifugate was determined 
colorimetrically using crystal violet (Rand et al 1975). 
All the trials were accompanied by blank containing 
only iodine solution. The difference was taken as the 
amount of  iodine adsorbed. The adsorption was also 
determined at different pH values adjusted using hydro- 
chloric acid and sodium hydroxide. The clays were 

washed with water to desorb iodine and the recyclability 
for adsorption of iodine was also examined. 

3. Results and discussion 

The amount of iodine adsorbed on the modified surface 
was found to be very much higher (= 550 mg/g) compared 
with that on unmodified surface (<70rag/g) .  The 
adsorption of iodine on modified clay surface in the pH 
range 1-10 was found to be constant. A typical adsorption 
isotherm plot, x / m  against Ce, where x / m  is the amount 
of iodine adsorbed per g of  modified/unmodified clay 
and Ce, the equilibrium concentration is shown in figure 
1 (at 283 K and 318 K). The adsorption of  surfactant 
on the unmodified clay surface and iodine on the modified 
surface in the concentration range studied were found 
to fit the Freundlich equation expressed in the linear 
form, 

log x / m  = k + l /n  log Ce, 

where constants k (intercept) and l /n  (slope), the latter 
being less than unity, provide rough estimates of  the 
adsorbent capacity to sorb the adsorbate strongly and a 
qualitative picture of the homogeneity of  the surface, 
respectively (Adamson 1987). Figure 2 shows the 
Freundlich adsorption isotherm for the adsorption of 
iodine on unmodified clay. The adsorption was found 
to be very weak (k= 1.38 x 10 -3 at 298 K, table 1). The 
isotherms for surfactant adsorption on unmodified surface 
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Figure 1. Langmuir plots of iodine adsorption on tween-80 
modified clay. 
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Figure 2. Freundlich plots of iodinc adsorption on unmodified 
clay. 
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are shown in figures 3 and 5 for tw ~en-80 and PEG-300, 
respectively. Figures 4 and 6 show the Freundlich 
adsorption isotherm for iodine adsorption on the modified 
clays. Table 1 gives k and l/n values for the adsorption 
of surfactant on unmodified clay surface and iodine 
adsorption on the modified surface. 

3.1 Freundlich adsorption data 

3.1 a Adsorption of  surfactants: Adsorption of  tween-80 
increases from 283 K to 3 1 8 K  (figure 3). This shows 

Table 1. Freundlich constants of surfactant and iodine adsorp- 
tion on unmodified and modified clays. 

Temperature 
Sample (K) k l/n 

Iodine on unmodified 298 1.38 x 10 -3 0.34 
clay 

Tween-80 on unmodi- 283 4.07 x 10 -l 0.18 
fled clay 318 6.92x 10 -I 0.24 

Iodine on modified 283 1.32× 10 -2 0.88 
clay with tween-80 318 5 . 8 0 ×  10 -3 0.75 

PEG-300 on unmodi- 283 1-43 × 10 -3 0.76 
fled clay 318 1 . 2 6 x  10 -3 0-90 

Iodine on modified 283 6 - 9 2 ×  10 -3 0-17 
clay with PEG-300 318 4.56 × 10 -3 0.20 
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Figure 3. Freundlich plots of tween-80 adsorption on unmodi- 
fied clay. 

that tween-80 has a tendency to chemisorb on the clay 
surface whereas the results show a physisorption for 
PEG-300 (figure 5). This is supported by the heat of  
adsorption results (AH = -  63-0 kJ mol -~ for tween-80 
adsorption and AH = -  8.5 kJ mol -t for PEG-300 adsorp- 
tion). This may be because of the presence of oleic 
(hydrophobic) group in the molecule of  tween-80. The 
montmorillonite clay surface used in this study behaves 
more hydrophobic and hence holds tween-80 more 
strongly than PEG-300. The latter has a long hydrophilic 
chain of  ethylene oxide groups which explains its weak 
adsorption. 

3.1b Adsorption of iodine: The value of k for the 
adsorption of iodine on bare clay surface, as shown in 
table 1, is found to be lower (1.38 x 10  -3) than those 
on the modified surface. This shows that iodine is 
adsorbed more strongly on the modified surface. Higher 
value of k for the adsorption of iodine on tween-80 
modified surface (1 .32x 10 -2) shows that the tween-80 
molecule provides stronger sites of  adsorption for iodine 
than PEG-300 (1-43x 10-3). The constant I/n gives a 
qualitative picture of  surface homogeneity (Comans and 
Hockley 1992; Siobhan and Roubaud 1997); higher the 
value of l/n higher is the surface homogeneity. 

3.2 Scatchard adsorption constants 

The Scatchard adsorption constant was considered useful 
for determining whether the adsorption occurred at the 
same type of sites or different types of  sites were 
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Figure 4. Freundlich plots of iodine adsorption on tween-80 
modified clay. 
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involved in any case. The adsorption data were fitted 
to the Scatchard (1949) equation in its simplest and 
most utilized form (Narine and Guy 1982): 

x /  q = M ,  - k,x, 

where X is the amount of adsorbate adsorbed per g of 
the adsorbent (micromole/g), C the equilibrium concen- 
tration (micromole/ml), k s (slope) and n (intercept) are 
Scatchard constants. Scatchard plot gives a measure of 
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the fraction of adsorbate retained on the solid at different 
adsorbate concentrations. A steep decrease in the fraction 
adsorbed (a higher slope of the isotherm line) would 
indicate a more active site and conversely a line with 
lower gradient would indicate a lesser active site. Thus 
breaks in the Scatchard plot show a non-homogeneous 
surface with different stability constants. 

Scatchard plots of the adsorption of surfactant on 
unmodified clay and iodine adsorption on modified sur- 
face are presented in figures 7 to I l and table 2 gives 
the Scatchard constants. Adsorption of iodine on the 
unmodified surface (figure 7) shows two regions of 
adsorption on the bare surface of montmorillonite. Region 
I shows stronger sites (ks=3.43x 10 -~) than region II 
(k =6-78 × 10-2), the former perhaps representing the 
adsorption on the edge sites (Lockhart 1981). 

Adsorption of tween-80 on the clay surface (figure 8) 
also shows two clear regions of adsorption, region I 
being very strong and apparently indicates the adsorption 
at the interlamellar regions. Surfactants are known to 
intercalate in montmorillonite (Desbene 1997). The strong 
site of adsorption is indicated by a high value of k 
(16-2 at 283K in region I, table 2) supporting the 
chemisorption of tween-80. 

Figure 9 shows the adsorption of iodine on clay surface 
modified by tween-80--three regions of adsorption are 
indicated. Region I shows stronger sites of adsorption 
(k~=2.6× 10 -1 at 283 K) than region II (ks=7 .4×  10 -2 
at 283 K). The structure of tween-80, polyoxyethylene 
sorbitan monooleate, consists of three moieties--hydro- 
philic ethylene oxide chains, sorbitan and a hydrophobic 
oleic group. The strong adsorption of iodine on oleic 

Figure 5. Freundlich plots of PEG-300 adsorption on unmodi- 
fied clay. 
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Figure 6. Freundlich plots of iodine adsorption on PEG-300 Figure 7. Scatchard plots of iodine adsorption on unmodified 
modified clay. clay. 
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group (confirmed by a separate experiment) apparently 
is responsible for region I and the ethylene oxide groups 

• 283 K for region II on the adsorption isotherm (figure 9 at 
283 K). Region III, however, is stronger than region II 

15 _ o 318K as indicated by higher k~ value (4 .0x10  -t at 283K). 
Adsorption of iodine at region III at 283 K is thus due 
to the adsorbate-adsorbate interaction that takes place 
once the surface is saturated and is stronger than ad- 

- m sorption over polyoxyethylene sites. Presence of only 
__ 10 - -  | two regions at 318K (figure 9) shows the absence of 

_ I adsorption of iodine due to polyoxyethylene groups 
i Q I because weak physical adsorption are not seen at higher 

~o temperatures. (Region II in figure 9 at 318 K may thus 
l be the region III observed at 283 K). The value of n. 

(table 2) is an indication of the number of sites of 
adsorption which shows that the number is higher in 

5 region II (polyoxyethylene groups) than in region I (oleic 
group). However, the number of binding sites as deter- 

_ mined by the intercept gives a very qualitative picture 
11 of the number. Our main interest in applying the Scatchard 

equation was to identify the type of sites and the nature 
-J J ~ J i ] J s J J of binding process. 

0 1 ~ 2 3 4 Scatchard plot of adsorption of PEG-300 on clay 
surface (figure 10) shows two regions similar to tween-80 

x x lff  (mieromole/g) adsorption. The sites are much weaker (k~=2.78 x 10 -~ 

Figure 8. Scatchard plots of tween-80 adsorption on unmodified 
clay. 
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Figure 9. Scatchard plots of iodine adsorption on tween-80 Figure 10. Scatehard plots of PEG-300 adsorption on unmodi- 
modified clay. fled clay. 
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at 283 K in region I, table 2) and the adsorpt ion is 
physical  as indicated by the heat  of  adsorpt ion 
( A H  = - 8-5 kJ mol-t).  However ,  iodine adsorpt ion on clay 
surface modi f ied  with PEG-300 shows only one region 
(figure 11) due to the fact that it has only po lyoxye thy lene  
chain. Absence  o f  adsorba te -adsorba te  interaction is 
at t r ibuted to small  coverage  o f  the surface by  iodine on 
PEG-300  without  leading to saturation. 
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Figure 11. Scatchard plots of iodine adsorption on PEG-300 
modified clay. 

3.3 Recyclability of the surface 

Washing  the modi f i ed  clay with de ionized  water  for 
desorbing the iodine  present  showed that all the iodine 
( > 9 5 % )  in the e lemental  form could  be recovered  by 
washing.  The iodine was found to desorb very gradual ly  
in the case of  tween-80 modi f ied  c lay  than in the 
PEG-300 modi f i ed  one, once  again corrobora t ing  the 
strong adsorpt ion of  iodine  in the former  case than in 
the latter. Large  number  of  washings  were needed  to 
remove the last traces of  iodine  in the case o f  tween-80 
modif ied  clay. This is perhaps the iodine  adsorbed  on 
the oleic group. Af ter  desorpt ion the modi f ied  clays were 
found to adsorb almost  the same amounts  o f  iodine  
repeatedly.  Loss  of  surfactant  f rom the surface after 
repeated washing was found to be negl igible .  Thus 
chemical  modif ica t ion  offers a method  for  prepar ing  a 
recyclable  adsorbent  for  iodine.  

4. Conc lus ions  

Iodine  adsorpt ion on chemica l ly  modi f i ed  c lays  was 
found to increase cons iderably  upon modif ica t ion  o f  the 
montmori l loni te  clay surface with surfactants  such as 
tween-80 and po lye thy lene  glycol .  The adsorpt ion  data  
were found to fo l low the F teund l ich  equat ion in the 
concentrat ion range studied. Tween-80  was found to 
chemisorb  ( A H = - 6 3 . 0 k J m o 1 - 1 )  on the clay surface 
while  PEG-300 exhib i ted  a phys ica l  adsorpt ion.  Iodine  
was found to get  adsorbed on the modi f ied  surface 
through physical  adsorpt ion which could be comple te ly  
recovered in the elemental  form by s imple  washing.  
Scatchard analysis  showed that iodine  adsorbed  on three 
regions in the case o f  tween-80 modi f i ed  c lay but  on 
only one region in the case  o f  PEG-300  treated clay.  
Test  for recyclabi l i ty  showed that the modi f ied  c lays  
could be used several  t imes for adsorbing iodine  without  
any loss o f  surfactant.  Thus chemical  modif ica t ion  offers 

Table 2. Scatchard constants for surfactant and iodine adsorption on unmodified and modified clays. 

Region-I Region-lI Region- III 
Temperature 

Sample (K) k s n k s n.~ k s n s 

Iodine on unmodified clay 298 3.43 × 10 -l 184 6-78 × 10 -2 442 

Tween-80 on unmodified 283 16-2 31 0-17 253 
clay 318 7-7 51 0-35 285 

Iodine on modified clay 283 2.6 × 10 -1 4,436 7.4 × 10 -2 10,284 
with tween-80 318 1.4 × 10 -~ 5,147 - - 

PEG-300 on unmodified 283 2.78 × 10 -2 1,666 1.5 × 1 0  -3 6,666 
clay 318 4-55 × 10 -2 761 5.0 × 10 -4 14,400 

Iodine on modified clay 283 2.3 × 10 -2 4,500 - - 
with PEG-300 318 2.74 × 10 -2 2,190 - - 

m 

- -  u 

4-0 × 10 -I 5,500 
4.2 × 10 - 2  8,983 

m 

m 
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a method o f  prepar ing recyclable  adsorbents  for iodine 
adsorption.  
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