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The acidity of a titanium pillared montmorillonite (Ti-PILC) has been modified by two methods of sulfation. The acidic prop- 
erties of these pillared clays have been studied by temperature-programmed ammonia desorption and FTIR analysis of pyridine 
adsorption. The catalytic activity of these titanium pillared clays in the selective catalytic reduction (SCR) of NO by NH3 with 
or without SO2 has been investigated. For the three titanium pillared clays, a high resistance to SO2 presence has been 
observed. 
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1. Introduct ion 

Pillared interlayer clays (PILCs) have been described 
as a new generation of microporous materials [1-3]. 
Since the first work of Vaughan [4], numerous studies on 
pillared clays have appeared in the literature, These 
solids are obtained by exchanging the original interlayer 
cations of a smectite for polyoxocations. Various poly- 
oxohydroxy-metal species have been intercalated in 
smectites, with various degrees of success. Polymeric 
compounds ofAl, Zr, Cr, Ti are among the principal pil- 
laring species quoted in the literature. 

Titanium pillared clays have been investigated for 
several years and interesting textural and acidic proper- 
ties have been reported [5-12] from polymeric titanium 
hydroxides of different origin. The properties of TiOz as 
catalyst were a principal incentive to study the titanium 
pillared clays. 

Selective catalytic reduction (SCR) of nitrogen oxides 
with ammonia is of increasing industrial importance for 
the control of the air pollution. A comprehensive review 
of the subject is available [13]. The commercial catalysts 
are V205 with mixed WO3 and/or MoO3 supported on 
TiOz. Various authors indicated that there is a direct cor- 
relation between the SCR activity and the Bronsted acid- 
ity of VzO5 [14--17], and that the BrOnsted acid sites are 
thought to be the active sites. 

It is well known that both Lewis and Brensted acid 
sites exist on pillared clays [2], with a larger proportion 
being Lewis acid sites. The possible modification of the 
acidity strength of pillared clays by sulfation has been 
reported in the literature [18-20]. In this way, recently, 
the SCR activities on pillared clays and potential advan- 
tages of using pillared clays have been presented 
[21-231. 

Various authors [16] have indicated that Bronsted 
sites are important for selective catalytic reduction of 
NO by NH3. In this order, the increase of the SCR activ- 
ity by addition of SO2 in the reactants has been proposed 
[16]. The possible explanation has been the formation 
of surface SO 2- changing the catalyst surface acidity. On 
the other hand, it has been shown that SO2 inhibit or poi- 
son the catalytic sites in conventional SCR catalysts 
and efforts are directed to the modification of the cat- 
alysts in order to decrease this deactivation [24]. 

In this work, the acidity of a titanium pillared mont- 
morillonite has been modified by sulfation and the activ- 
ity in the selective catalytic reduction (SCR) of NO by 
NH3 has been investigated. 

2. Experimental 

The starting material used in this work was montmor- 
illonite (Kunipia F), kindly supplied by Kunimine Co. 
This montmorillonite was dispersed in water and aged 
for at least two months. It was washed by dialysis. The 
solid content of the dialyzed clay dispersion was 10 g g-1. 

The preparation of the intercalating solution of tita- 
nium involved the slow addition of titanium tetraethox- 
ide to a 5 M HC1 solution under vigorous stirring, so that 
the H/Ti  mole ratio was equal to 2 [25]. This solution 
was used for intercalation without prior aging. The tita- 
nium solution was added to the aqueous montmoriUo- 
nite suspension (pH = 1.4) at a ratio of 10 mmol Ti (g of 
clay) -1. The solid was kept in contact with the solution 
at room temperature for 3 h, washed by centrifugation, 
dried at 393 K and then calcined at 673 K. 

In order to prepare two sulfated titanium pillared 
clays (SNTi-PILC and SHTi-PILC), the above titanium 
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pillared montmorillonite was treated with a 0.1 N 
(NH4)2SO4 (SNTi-PILC) and a 0.1 N H2SO4 (SHTi- 
PILC) solution. In both solutions, SO42-/Ti molar ratio 
was 0.025. Both solids were washed by centrifugation, 
dried at 393 K and calcined at 673 K for 8 h. 

Nitrogen adsorption experiments were performed at 
77 K using a static volumetric apparatus (Micromeritics 
ASAP 2000 adsorption analyzer). The samples were pre- 
viously degassed at 393 K for 8 h. 

Temperature-programmed ammonia desorption 
(TPD) experiments were performed to characterize the 
acidic properties of pillared clays. In each TPD experi- 
ment, a sample weighing about 0.1 g (200 < dp 
< 350 ~n) was placed in the cell, which was evacuated at 
673 K for 150 min and then cooled to 373 K. Ammonia 
gas of 65 Torr (1 Torr = 133.3 N m -2) was adsorbed at 
373 K for 15 min. After removing the weakly adsorbed 
ammonia by helium flow at 373 K for 1 h, the samples 
were heated at 10 K min -1 and the desorbed ammonia 
detected by a thermal conductivity detector (Intersmat 
IGC 120ML) and the NH3 was determined by the 
Kjeldhal method. 

FTIR spectra were recorded using a Briicker FT88 
spectrometer. In preparation for pyridine adsorption, 
samples were pressed into self-supported disks, placed in 
an IR cell and treated under vacuum (10 -6 Torr) at 
673 K for 4 h. After cooling to room temperature, spec- 
trum (a) was recorded. The samples were then exposed 
to pyridine vapour for 5 min. Spectra (b), (c) and (d) cor- 
respond to successive outgassing (5 • 10 -5 Torr) of sam- 
ples at 473,573 and 673 K, respectively. 

SCR experiments were carried out in a fixed-bed reac- 
tor between 393 and 673 K and atmospheric pressure, 
using a mixture of NO 0.1 vol% with a NH3/NO molar 
ratio of 1.06 and 0.43 vol% 02. The catalyst amount 
(0.045 g, 200 < dp < 350 }xm) and the space velocity 
(500 h -1) were kept constant for all experiments. The 
reaction products were analysed by an on-line mass 
spectrometer (QMG311 Balzers). 

for the sulfated samples and no high differences between 
the two methods of sulfation. 

The infrared spectra in the 1700-1400 cm -1 region 
for SHTi-PILC calcined at 673 K, after pyridine adsorp- 
tion and after subsequent desorption under vacuum for 
30 min at 473, 573 and 673 K are shown in fig. 1. The gen- 
eral trends observed for pyridine adsorbed on titanium 
pillared montmorillonite evacuated at different tem- 
peratures are illustrated in fig. 1. Qualitatively, pyridine 
adsorption spectra exhibit the same behaviour with out- 
gassing temperature. These spectra exhibit Br0nsted 
[26], PYH +, bands at 1491, 1540 and 1630 cm-1; Lewis 
[26] acid sites, PYL, at 1448, 1491, 1610 and 1624 cm-1; 
and physisorbed or hydrogen-bonded pyridine [26], 
HPY, at 1597 cm -1. The Lewis/Br0nsted (L/B) acid 
sites ratios have been determined (b spectrum) from the 
integral area of the bands at 1450 cm -1, Lewis, and 
1540 cm -1, Brcnsted, respectively. These ratios are also 
presented in table 1. These results indicate a decrease of 
the acid sites ratio for the sulfated samples and small dif- 
ferences between the two methods of sulfation. 

The overall NO conversion for the three titanium pil- 
lared montmorillonites as a function of the temperature 
of reaction is shown in fig. 2. The overall NO conversion 
when SO2 (0.4 vol%) is or is not present in the reaction 
is shown in this figure. Also, two successive tests are car- 
ried out, the first in presence of SO2 and the second with- 
out SO2. For the three samples, an increase of the 
overall NO conversion with the temperature of reaction 
has been observed. Only differences in the overall NO 

3. Results and discussion 

The BET specific surface areas (A) of the samples 
studied are presented in table 1. The total amounts of 
NH3 desorbed are also presented in table 1. These results 
indicate an increase of the total amount ofNH3 desorbed 

Table 1 
BET specific surface areas and acidic properties 

Sample Surface area Acidity 
(m 2 g-l) 

(~teq. NH3 g-l) L/B 

Ti-PILC 308 458 
SNTi-PILC 274 573 
SHTi-PILC 256 584 

1700 1600 1500 1400 

Wave number  ( cm "1 ) 

1.70 
1.37 Fig. 1. FTIR spectra of pyridine adsorbed on SHTi-PILC. Pillared 
1.42 clay spectra before pyridine adsorption (a), pillared clay exposed to 

pyridine and outgassed at 473 K Co), 573 K (c) and 673 K. 
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Fig. 2. Selective catalytic reduction of NO by NH3. (A) Ti-PILC, (B) 
SHTi-PILC and ((2) SNTi-PILC. NO conversion without SO2 (0)  and 
with SO2 ([:]) in the feed. NO conversion (�9 after test with SO2 

presence. 

convers ion  can  be observed  between 250 and  673 K. Ti- 
P I L C  is m o r e  active at  lower  tempera tures  than  SNTi-  
P I L C  and  S H T i - P I L C ,  bu t  all catalysts  show a similar 
overall  N O  convers ion  at 673 K. W h e n  the tempera ture  
o f  react ion is 673 K, only  N2 and  H 2 0  are observed. 
W h e n  the reac t ion  is carr ied ou t  in presence o f  SO2, 
traces o f  NO2  are observed  at tempera tures  higher than  
623 K. I f  we c o m p a r e  the SCR activities at 673 K of  the 
T i - P I L C  with and  wi thou t  the presence o f  SO2, SHTi-  
P I L C  shows higher  resistance for  the SO2 effect with 
respect to T i - P I L C  and  SNTi -PILC.  The main  differ- 
ences co r re spond  at low temperatures .  This behaviour  
can be related to  an  inhibi t ion mechan i sm because SCR 
activities are recovered  when SO2 is no t  present and the 
NH3 oxida t ion  in presence o f  SO2 is observed. Fo r  all 
pil lared clays, the catalyt ic  test after inhibit ion with SO2 
shows a higher  N O  convers ion  than  when the react ion 
is carr ied ou t  wi th  the fresh catalysts.  A slight increase o f  
the acidi ty can explain these conversions.  

In  conclusion,  the modi f ica t ion  o f  the acidic proper-  
ties by two me thods  o f  sulfat ion in a t i tanium pillared 
montmor i l lon i t e  has been presented. The  three t i tanium 
pil lared clays have been tested and  c o m p a r e d  for  their 

SCR activities, and a high resistance at 673 K to  SO2 
presence for  S H T i - P I L C  has been observed.  
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