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In order to increase the activity and selectivity towards to light olefins in the Fischer-
Tropsch synthesis, new support for the role of iron (Fe) are presented. Thus, SBA-15 was 
synthetized and doped with different alkaline metals preserving the structural 
characteristics of the mesoporous solid. The samples were characterized by X-ray diffraction 
at low angles, N2 adsorption, atomic absorption spectroscopy, CO2 desorption at 
programmed temperature and isopropanol test. The alkaline metals (Li, K and Cs) 
introduction into the channels of the solid, generate basic sites of different strength that are 
not present in the SBA-15 without doping and do not produce significant changes in the 
structural and textural properties of the SBA-15, only a densification in the walls of the 
channels is evidenced. According to the alkaline metal used and through CO2 adsorption and 
isopropanol decomposition, it was possible to established the order by the total number of 
sites: Li >> K ≈ Cs, and the force order for both types of sites (weak and intermediate): Li > 
Cs > K. 
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1. Introduction 
 

The Fischer-Tropsch Synthesis (FTS) is an industrial 
process used to produce hydrocarbons from synthesis gas 
(mixture of H2 and CO) [1]. Different metals are active as 
catalysts in FTS, although cobalt (Co) and Fe are the most 
commonly used for this process [2]. Precipitated or bulk Fe 
catalysts are preferred over Co catalysts, since, among other 
things, they are more selective towards alkenes. On the other 
hand, the use of supported metal catalysts in the FTS has been 
deeply studied in recent years [3,4]. However, a supported 
catalyst, selective to light olefins and with acceptable activity, 
is a subject that has not been resolved yet. These catalysts 
should have a narrow crystal size distribution, essential 
condition to increase the catalyst selectivity [5] and an 
adequate basicity, which not only favors the selectivity to the 
olefins production, but also increases the catalyst activity [6,7]. 
One way to obtain a narrow Fe crystal size distribution is to 
locate the Fe crystals within the channels of the mesoporous 
solid. The mesoporous solid SBA-15 seems to meet all these 
conditions since it has a narrow crystal size distribution, with 
hexagonal arrangement [8], structural properties that indicate 
that the SBA-15 is an appropriate solid to carry out the 

support requirements, since if the iron enters inside the 
channels, a narrow size distribution will be obtained in the 
desired range. On the other hand, the high wall thickness that 
this solid presents, gives it a high thermal and hydrothermal 
stability that allows carry out all the preparatory steps. The 
alkali metals have been extensively studied as promoters to 
increase the activity and selectivity in the CO hydrogenation, 
furthermore in contact with a transition metal can alter the 
binding energies and the adsorption capacity of the molecules 
[9]. According to Lee and Ponec [10] the rate of CO 
dissociation and the dispersion of the active metal on the 
support are increased by the presence of an alkaline promoter. 
Alkali metals of the first group of the periodic table, such as: Li, 
Na, K, Rb and Cs are the most used as promoters in the FTS 
[11]. Three alkaline cations (Li, K and Cs) were chosen with 
the purpose of giving a different promoter effect to the iron 
catalyst. Therefore, we present the synthesis and charac-
terization of three modified mesoporous supports Li-SBA-15, 
K-SBA-15 and Cs-SBA-15, which will be potentially used in the 
FTS. 

The aim of the present work is to prepare new supports 
for iron, promoted with alkaline metals, and characterized 
them through CO2 decomposition and isopropanol reaction, in  
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Table 1. Specific surface between 400 and 700 m2/g, pore volumes between 0.6 and 1.0 cm3 and pore radii close to 40 Å. 
Sample Sg (m2/g) Vp (cm3/g) rp (Å) t (Å) 
SBA-15 893 1.09 41 68 
Li-SBA-15 653 0.98 40 23 
K-SBA-15 529 0.75 41 21 
Cs-SBA-15 435 0.61 35 28 
 
order to use them in the Fischer-Tropsch synthesis to increase 
the activity and selectivity trough light olefins.  
 
2. Experimental 
 
2.1. Sample preparation 
 

SBA-15 support was synthesized according to references 
[8,12] using tribloque Pluronic P123 copolymer (EO20-PO70-
EO20) as structure directing agent and tetraethylorthosilicate 
(TEOS) as a source of silicon. Pluronic P123 (12 g) was 
dissolved in water (360 mL) and HCl solution (60 mL, 37%, 
w:w) with stirring during 3 h at 313 K. Then, TEOS (27 mL) 
was added, and the solution was kept stirring for 24 h at 313. 
The mixture was aged overnight at 363 K, without stirring. The 
solid was recovered by filtration, washed, and dried in air at 
room temperature (RT). Calcination in air was carried out 
from RT to 773 K at 1 K/min and kept at 773 K for 6 h. SBA-15 
modified with alkali metals was prepared using the same 
methodology described above. The only difference was that 
the CsNO3 or KNO3 or the LiNO3 were added with P123 and the 
final solid was not recovered by filtration and washed. The 
remaining water in the gel of synthesis was removed by 
evaporation at 333 K under vacuum. The amount of alkali 
metal in each case was calculated in function of maintaining an 
atomic ratio M/Si = 0.0125. Thus, every 12 g of P123 we added 
0.102 g of LiNO3 or 0.15 g of KNO3 or 0.295 g of CsNO3. The 
solids were named Li-SBA-15, K-SBA-15 and Cs-SBA-15. 
 
2.2. Characterization of the samples 
 

The samples were characterized by X-ray diffraction (XRD) 
at low angles, N2 adsorption (BET), atomic absorption 
spectroscopy, CO2 programmed temperature desorption (TPD) 
and isopropanol test. X-ray diffraction was carried out in a 
Shimadzu equipment, model XD3A, using Cu Kα radiation at 40 
kV and 40 mA in the range of 2θ = 0.5-4.0° with steps of 0.020 
counting time of 2 s/step. The textural properties, specific 
surface area (Sg), specific pore volume (Vp) and pore diameter 
(Dp), were measured in a computer Micromeritics ASAP 2020 
V1.02 E. The alkali metal content of the solids was determined 
by absorption in a Model IL 457 AA/AE spectrophotometer 
equipment from Instrumentation Laboratory Inc. The samples 
were attacked with HCl and HF mixture until complete 
dissolution and then treated according to conventional 
methods for this technique. The TPD-CO2 analysis was carried 
out in a stainless-steel fixed bed reactor (2.54 cm o.d.). The 
samples were activated in Ar current (20 cm3/min) at 973 K 
for 2 h. Then a CO2/Ar (8:100, v:v) stream was passed through 
the sample for 5 minutes and was purged with pure Ar to 
remove CO2. After this, the solid was heated in Ar current with 
a heating rate of 10 K/min up to 973 K with the purpose of 
desorbing the CO2. This gas stream was mixed with H2 stream 
(20 cm3/min) and passed through Ni/SiO2 catalyst at 673 K to 
convert the CO2 to CH4 which was quantified using the flame 
ionization detector (FID) detector. In this way, the amount of 
CO2 absorbed was determined. Among the most studied 
reactions, the isopropanol decomposition seems to be one of 
the most useful to investigate the acid-base properties of the 
catalytic sites of metal oxides. Thus, the catalysts can be 
classified according to their tendency to produce dehydration 
or dehydrogenation of isopropanol to propene or acetone 

respectively. In this way, the isopropanol decomposition 
reaction was used for the evaluation of the weak and/or basic 
acid sites of the supported solids on SBA-15, for which 
experimental laboratory equipment was prepared. 
 
3. Results and discussion 
 

The porous hexagonal structure of the solid SBA-15 has a 
characteristic diagram code XRD at low angles. According to 
the literature, there are three lines of diffraction at 2θ = 0.9, 
1.6 and 1.80° corresponding to the planes (100), (110) and 
(200), associated with the hexagonal symmetry of the SBA-15 
[8]. The X-ray diffractogram at low angles of the SBA-15 and 
the impregnated supports Li-SBA-15, K-SBA-15 and Cs-SBA-15 
are shown in Figure 1.  

The three descriptive lines above can be clearly 
distinguished in the X-ray diffractogram. The intensity of the 
first line (plane 100) gives idea of the high symmetry of the 
obtained solids, and the presence of two peaks at high angles 
shows a high frequency in the structure. The positions of the 
diffraction peaks are coincident, with very slight differences, 
with those published in the literature which shows that there 
are no major changes in the solid structure after incorporating 
the alkaline metals. 

Only in doped SBA-15 solids, the position of the most 
intense peak shows a slight shift towards larger angles 
compared to the un-doped solid. Taking into account the 
position of the peak in the plane 100 is inversely related to the 
interplanar distance. It is concluded that the introduction of 
the alkaline metals produces the contraction of the structure. 
Other authors have reported similar results [13].  

The N2 adsorption-desorption results of the synthesized 
solids denote type IV isotherms, characteristics of mesoporous 
solids with a narrow pore diameter distribution, as it was 
demonstrated in a previous paper [7]. In addition, all solids 
exhibit H1 hysteresis type, which is characteristic of 
mesoporous materials with uniform pore size and shape. The 
strong increase in N2 adsorption to approximately saturation 
and the slight distortion in the values of the hysteresis loop 
(most notable for the case of Li-SBA-15) would presume a 
slight tendency of the H1 hysteresis type towards to H3 
hysteresis type [14]. However, in the three doped solids no 
significant differences are observed with respect to the un-
doped solids, thus it can be indicated that the amount of 
alkaline metals has no consequences on the shape of the pores 
and their narrow pore size distribution. From BET isotherms, 
the values of the specific surface area (Sg), pore volume (Vp), 
pore radius (rp) and wall thickness (t) of the channels can be 
calculated. 

Table 1 shows the values of the specific surface area 
between 400 and 700 m2/g, pore volumes between 0.6 and 1.0 
cm3 and pore radii close to 40 Å, typical values for this type of 
mesoporous solid. Comparing the values obtained for the non-
doped SBA-15 solid with respect to doping, it can be observed 
that the differences are not very large and are in the range of 
the expected values for these solids [12] The most important 
decrease in values of Sg and Vp are observed for Cs-SBA-15, 
perhaps due to the larger size of the alkaline cation. In 
addition, Table 1 displays that the pore radius values have not 
decreased in the same way as the specific volume and the 
specific surface area. This would indicate that when alkali 
metals are added, a partial filling of the channels occurs.  
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Table 2. Results obtained from the TPD-CO2 essays of the supports *. 
Support -q0 in M2O T (K) W (K) A2/A1 µmolestot/gMA DM (%) T (K) 
Li-SBA-15 0.80 377-458 73-136 1.78 4509 3.0 377-458 
K-SBA-15 0.89 338-379 41-101 1.78 235 0.9 338-379 
Cs-SBA-15 0.94 346-448 69-114 0.49 27 0.4 346-448 
* -q0 = Partial negative load of oxygen in alkali metal oxides; T = Maximum temperature of the desorption peak, W = Width of the desorption peak at half its 
height; A2/A1 = Ratio of areas from the second to the first desorption peak, µmolestot/gMA = Total micromoles of CO2 absorbed per gram of alkali metal; DM (%) = 
Alkali metal dispersion. 
 

 
 

Figure 1. X-ray diffractogram at low angles of SBA-15 and the impregnated supports Li-SBA-15, K-SBA-15 and Cs-SBA-15. 

 
On the other hand, the estimated wall thickness for the 

support is substantially less than that computed for the non-
doped SBA-15. This is due to the contraction of the network 
parameters accompanied by a negligible change in the pore 
radius [13]. It is possible to speculate that the incorporation of 
the alkaline metal contracts the walls of the channels. Figure 2 
shows the temperature desorption curves programmed for 
each doped support with the appropriate deconvolution using 
a least-squares non-linear fit with two Gaussian peaks.  

It can be seen that the thermogram of the undoped SBA-15 
solid does not present peaks of CO2 desorption and its baseline 
was used to deduce from each diagram the doped supports. 
This denotes the absence of basic Lewis sites in un-doped 
solids, as reported in the literature [15]. The thermograms of 
the three doped supports have two peaks corresponding to the 
CO2 desorption at relatively low temperatures in the range 
340-380 and 380-460 K. These peaks correspond to CO2 
adsorbed in basic sites with different adsorption strength that 
will be called weak and intermediate strength sites. While, as 
mentioned, the un-doped SBA-15 does not possess any of 
those sites, they must be attributed to the presence of Group 1 
alkaline metals of the periodic table located on the surface of 
the support, coinciding with previous reports [16]. 

In Table 2, it can be seen that the support with the most 
total basic surface sites per gram of alkali metal is Li-SBA-15, 
this amount is approximately 20 times higher than in K-SBA-
15 and 170 times higher than in Cs-SBA-15. These results 
cannot be explained from the alkali metal mass content, since 
the contents of K and Cs are approximately 4 and 20 times 
greater than that of Li. The adsorption of CO2 on alkaline or 
alkaline earth metals takes place under different species: 
bicarbonate, unidentate carbonates and bidentate carbonates 
[8-11]. 

The different types of adsorption reveal the different 
chemical nature of the oxygenated atoms. Thus, for the 
formation of unidentate carbonates, the presence of isolated O-

2 is necessary. This unidentate carbonates are usually present 
in edges and vertices of small crystals. Bidentate carbonates 
are formed on even Lewis acid/Brönsted base sites (Mn+-O2-). 
Finally, the bicarbonate species are related to the surface 
hydroxyl species, which are the most labile of the three 
species. In general, the following order by force is proposed for 
the superficial basic sites: isolated O2- > pairs Mn+-O2- > OH 
groups. Although the total amount of CO2 molecules is 
adsorbed on an alkali metal atom. Thus, if the total amount of 
CO2 molecules adsorbed per gram of solid is related to the 
total  number  of  alkali  metal  per  gram of solid, an equivalent  
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Figure 2. Desorption curves at programmed temperature for each doped support with the appropriate deconvolution, using a non-linear adjustment of least 
squares with two Gaussian peaks.  
 
value to the dispersion could be obtained. This value would be 
independent of the amount of alkali metal added to the 
sample. In Table 2, it is observed that the sample Li-SBA-15 
has a dispersion value three times greater than that of K-SBA-
15 and 7 times higher than that of the sample of Cs-SBA-15.  

These differences can be attributed to the greater degree 
of agglomeration of the species when the size of the alkaline 
cations is greater and/or to the increase of the number of 
alkaline ions located within the walls of the SBA-15 (which are 
inaccessible to the CO2 molecules). The location of an alkali 
metal fraction within the walls of the SBA-15 is consistent with 
the network parameters and with the highest density of the 
doped SBA-15. 

The maximum temperature and the width of the mid-
height peak can be used for the purpose of obtaining the CO2 
desorption heat. An increase in those values indicates a 
greater heat of desorption and therefore a greater basic 
strength of the sites where the CO2 has been adsorbed [13]. 
The surface oxides basicity is generally related to the electrical 
properties of the combined oxygen rings, so when the negative 
partial charge of these combined oxygen anions increases, the 
resulting oxide will be more basic.  

In this sense, the negative partial load of oxygen (-q0 in 
Table 2) would indicate the properties of the electrons, in 
oxides with a single component. These values -q0 were 
calculated using the electronegativity equalization principle 
[14], a decrease of -q0 can be observed when the atomic mass 
increases. However, comparing the three supports obtained in 
this work, in contrast with what is expected, it can be observed 
that the solid doped with Li has the highest basic strength for 
both weak and medium sites. Many authors [11,17] have 
found that Li generates stronger basic sites than expected, 
when it is used as a solid dopant. 

K-SBA-15 sample has adsorbed 8 times more CO2 per gram 
of metal charge than Cs-SBA-15; however, it has a metal 

content 5.4 times lower. In addition, both types of sites 
generated by K are weaker than those produced by Cs, since 
their desorption peaks are acute and appear at lower 
temperatures than those corresponding to Cs-SBA-15. These 
results have been reported by other authors [18]. 

Another result is that the samples Li-SBA-15 and K-SBA-15 
have a population of sites of medium strength that is twice the 
population of weak sites (A2/A1 in Table 2), while in Cs-SBA-
15 this situation is reversed. 

In the present work it can be observed that although we 
generate superficial basic sites in the SBA-15 from the addition 
of alkaline metals, the structural properties of the support are 
maintained. 

The sample which has the lower IPA molecules value at the 
exit (Figure 3), corresponds to that which has the greater IPA 
proportion converted to propene (no acetone has been 
detected). According to this criterion, the following basicity 
order is established: Cs-SBA15> K-SBA15, corroborating the 
order established so far by basic force of both types of sites: 
Cs> K. In this work, it can be observed that although we 
generate basic surface sites in SBA-15 from the addition of 
alkali metals, the structural properties of the support are 
maintained. 

The order established from the isopropanol test 
corroborated the results obtained up to now resulting, by the 
total number of sites: Li >> K ≅ Cs and the order by basic force 
of both types of sites: Li > Cs > K. 
 
4. Conclusions 
 

SBA-15 was doped with different alkaline metals during 
synthesis, preserving the structural characteristics of the 
mesoporous solid.  
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Figure 3. IPA molecules value vs. time. 
 
The introduction of the alkaline metal inside the channels 

of the solid does not produce significant changes in the 
structural and textural properties of the SBA-15, only a 
densification in the walls of the channels is evidenced. The 
incorporation of alkaline metals in the support generates basic 
sites of weak and medium strength that are not present in the 
non-doped SBA 15. According to the alkaline metal used, the 
order established by the total number of sites is: Li >> K ≅ Cs, 
while the force order for both types of sites (weak and 
intermediate) is: Li > Cs > K. 
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