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Abstract 

SAPO-34 molecular sieves have been synthesized using two-liquid phase system 

(water/hexanol) in presence of hexadecyltrimethylammonium bromide (CTAB) or 

hexadecylamine (HA) as surfactant agents. This synthesis method causes higher silicon 

incorporation as well as greater diversification of the silicon distribution in the SAPO-

34 network and decreases catalyst deactivation in the methanol-to-olefins process. 
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1. Introduction  

The silicoaluminophosphate SAPO-34 (zeotype with chabazite structure) has been 

proven an efficient catalyst for the methanol-to-olefins (MTO) process, showing 

exceptionally high selectivity to lower olefins  [1]. During the last few years, a large 

number of papers studying the influence of different synthesis parameters on the 

catalytic properties of this material have been published.  

The influence of the structure directing agent (SDA) on the physicochemical properties 

and on the catalytic performance of SAPO-34 has been widely studied [2-8], 

demonstrating that the most efficient catalysts are obtained when tetraethylammonium 

hydroxide (TEOH) is used as template.   

However, all these catalysts undergo rapid deactivation due to deposition of high 

molecular weight hydrocarbons on the pore entrances, which completely blocks the 

internal cages of the SAPO-34 crystals [9, 10]. Extensive studies indicate that 

crystallites size and morphology affect catalyst properties and applications. The catalyst 

performance of SAPO-34 can be strongly correlated with particle size due to the 

diffusion limitations of the guest molecules in the micropores [7, 9, 11-13]. In this 

sense, several attempts to synthesize SAPO-34 with smaller crystal size have been 

carried out by using different approaches: synthesis with colloidal solutions [14] or 

microwave synthesis [15].  

In addition to the crystal size of the catalysts, distribution of silicon in the SAPO 

framework, which determines the acid sites concentration and strength, also influences 

the catalyst activity and lifetime. In some papers it has been described the positive effect 

of low Si content of SAPO-34 in the methanol transformation to olefins by reducing the 

deactivation rate and the propane production [10]. Several studies, based on theoretical 

calculations, have estimated the stability and structure of silica species in SAPOs [16], 
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postulated the mechanism of silicon substitution in SAPO materials [17] or investigated 

the kinetics of silicon substitution during SAPO-34 crystallization [18]. The 

characterization of the acidity of the different species of silicon presented in SAPO-34 

has been carried out by different theoretical or experimental techniques, leading to 

differing conclusions. Some authors consider that the acid strength is independent of the 

content of Si atoms or particle size [19, 20] or that the number of strong acid sites does 

not change with the silicon content of the synthesis gel [21]. However, confirming the 

previous asseveration of Sastre et al. [22] that the acid sites in the border of silicon 

islands are more acidic than those next to isolated Si species, other authors,  based on 

FTIR, neutron diffraction and NMR experiments, have described the presence of three 

distinct Brönsted acid sites with different strength in SAPO-34 materials [23-27]. 

The addition of surfactants to a two-liquid phase synthesis gel has been reported as an 

effective method to control the incorporation of silicon atoms to different SAPO 

structures like VPI-5[28], SAPO-5 [29] or SAPO-11 [30]. This synthesis procedure 

influences the final Si environment, promoting the modification of the mechanism of 

silicon incorporation into the framework and rendering samples with enhanced activity 

in different catalytic reactions, such as xylene isomerization or n-hexadecane 

hydroisomerization. 

In this contribution we report the synthesis of SAPO-34 samples in a two-liquid phase 

medium with addition of two different surfactants, namely 

hexadecyltrimethylammonium bromide (CTAB) and hexadecylamine (HA), and 

compare their physicochemical properties and catalytic behaviour in the MTO process 

with those of samples obtained from conventional aqueous gel [7]. 
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2. Experimental 

2.1. Synthesis of SAPO-34 molecular sieves 

Hydrothermal synthesis of SAPO-34 samples was carried out in a biphasic water-

hexanol medium, using tetraethylammonium hydroxide (TEAOH, Sigma-Aldrich, 35 

wt% in water) as template and with addition of a surfactant: cetyltrimethylammonium 

bromide (CTAB, Aldrich 95%) or hexadecylamine (HA, Aldrich 90%). Two different 

sources of silicon were used: colloidal silica (Ludox SM-30, 30% in water) or 

tetraethylorthosilicate (TEOS, Merck 98%). The gel composition was: 1Al2O3: 1P2O5: 

0.6SiO2: xTEAOH: 4.4Hexanol: ySurfactant: 40H2O (Table 1). For comparative 

purposes, a reference material was synthesized by the conventional procedure in 

aqueous medium according to the method published previously [7]. In all the cases, 

syntheses were carried out at 423 K for 5 days. 

In a typical synthesis to get pure SAPO-34, the aluminium source (aluminium 

hydroxide, Sigma Aldrich, 100%) was added slowly to a dilute phosphoric acid solution 

(prepared using orthophosphoric acid, Riedel de Haën, 85%), and the mixture was 

vigorously stirred for 2 hours to obtain a homogeneous gel. The template (TEAOH) 

solution was then added drop wise to this mixture and the resulting suspension was 

maintained under stirring 2 hours more. After this time, a solution containing the 

hexanol and the surfactant was added and, immediately afterwards, the source of 

silicon. Finally, the mixture was stirred for about 2 hours and a uniform gel was 

obtained. The gel was then transferred into Teflon-lined stainless steel autoclaves with a 

capacity of 40 cm3, which were heated statically at the required temperature (423 K) 

under autogeneous pressure for the specified period of time (5 days). 
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The resulting solids were collected by centrifugation, washed with water and ethanol 

and dried at room temperature overnight. The organic template, the water trapped within 

the micropores and the surfactant of the as-synthesized solids were removed by thermal 

treatment at 823 K under an air flow (100 ml/min) prior to catalyst testing. Complete 

removal of the organic molecules was assessed by thermogravimetric analysis. 

2.2. Characterization 

Powder X-ray diffraction (XRD) patterns of as-synthesized and calcined samples were 

recorded on a Philips X´PERT diffractometer using CuKα radiation with a nickel filter. 

The textural data (pore volume and BET surface area) were determined by nitrogen 

adsorption measurement using a Micrometrics ASAP 2010 volumetric apparatus. 

Previous to measure the nitrogen adsorption/desorption isotherms samples were 

degassed at 623 K under vacuum for at least 20 hours. The crystal size morphology was 

analysed by scanning electron microscopy (SEM) using a JEOL JSM 6400 or a Philips 

XL30 microscopes, both operating at 20 kV. 

The organic content of the samples was studied by elemental analysis with a Perkin-

Elmer 2400 CHN analyser and by thermogravimetric analysis (TGA) using a Perkin-

Elmer TGA7 instrument. TG analyses were carried out at a heating rate of 20 K/min 

under air flow. Elemental analysis for Al, P and Si was performed for calcined samples 

by inductively coupled plasma optical emission spectrometry (ICP-OES, Perkin-Elmer 

3300DV instrument) after sample dissolution by alkaline fusion. 

29Si CP/MAS NMR spectra were recorded at room temperature using a Bruker AV-400-

WB spectrometer operating at 79.5 MHz, with a 4 mm probe spinning at 10 kHz. A /2 
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pulse of 3 s, contact time of 6 ms and recycle delay of 5 s were used. The chemical 

shifts were referenced to tetramethylsilane (TMS), taken as 0 ppm. 

2.3. Catalyst testing 

Methanol conversion to olefins was tested at 673 K in a laboratory reactor with a 

continuous down flow packed bed reactor fully automated and controlled from a 

personal computer (PID Eng&Tech Microactivity Reference), operating at atmospheric 

pressure. Catalyst weight (1.0 g; 20-30 mesh pellets size) and methanol flow rate (0.150 

ml/min) were varied in order to obtain a weight hourly space velocity (WHSV) of 1.2  

h-1. Previous to the reaction, samples were pre-treated under nitrogen flow at 723 K for 

1 hour. During the reaction, nitrogen was used as an inert diluent gas and co-fed with 

methanol into the reactor with a constant methanol/nitrogen ratio of 1/1 mol. The 

reaction products were analysed on-line by gas chromatography using a Varian CP3800 

gas chromatograph equipped with flame ionization (FID) and thermal conductivity 

(TCD) detectors, with a Petrocol DH5 0.2 capillary column and a Porapack Q 80-100 

mesh packed column for separation of hydrocarbons and oxygenates, respectively. 

3. Results and Discussion 

The gel composition and experimental conditions used for the different samples 

synthesized are presented in Table 1. In all the cases, by using a biphasic media in the 

presence of a surfactant, it was possible to obtain materials with chabazite structure 

(CHA) as pure phase, except for the samples synthesized with the lowest amount of 

SDA (sample B-C-L) or in absence of surfactant and using TEOS as silicon source 
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(sample B-T). The X-ray powder diffraction patterns of the as-synthesized samples 

obtained with CTAB and Ludox confirm the structure type SAPO-34 (CHA structure) 

in all the materials (Figure 1). In all the samples, the peaks position and the intensities 

are identical to those reported for SAPO-34 [31], and only a slight line broadening is 

observed for samples prepared in the presence of surfactant compared with sample B-L, 

which could be related to smaller crystal size of the former samples. Samples 

synthesized with HA and Ludox present similar X-ray diffraction patterns 

(Supplementary Information). However, a clear difference is observed when TEOS is 

used as silicon source (Figure 2). In this case, for the same gel composition (samples 

prepared with y=0.144), materials synthesized with Ludox (B-C-L4 and B-H-L4), 

present narrower diffraction peaks than the corresponding samples synthesized with 

TEOS (B-C-T4 and B-H-T4), probably pointing to a smaller crystal size for the later 

samples. XRD patterns of calcined samples show that all the samples maintain the CHA 

structure after calcination, although it is remarkable that sample synthesized with CTAB 

and TEOS –with smaller crystal size as it will be shown below-, presents a diffraction 

pattern with peaks poorly defined and with relatively low intensities after calcination 

(Figures 1 and 2, Supplementary Information).  

The chemical analyses of the different samples are presented in Table 2. It can be 

observed that, for the same gel composition, the amount of Silicon incorporated to the 

solids synthesized with Ludox increases with the surfactant concentration, for both 

types of surfactant (CTAB or HA). When the same amount of surfactant is used in the 

gel composition, samples synthesized in the presence of TEOS (B-C-T4 and B-H-T4) 

incorporate a significantly higher amount of silicon in the framework, compared with 

the corresponding samples synthesized with Ludox.  
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Textural properties, measured by nitrogen adsorption are presented in Table 2. It is 

necessary to consider that it is commonly accepted that this technique in not the most 

appropriate way to determine unambiguously the surface and pore volume of small pore 

materials like SAPO-34, and it should be used only for comparative purposes. In the case of 

samples synthesized with CTAB and Ludox, an initial increase in the BET surface area 

and the total pore volume is observed when the amount of surfactant is increased 

reaching maxima values for sample B-C-L4 (surfactant molar ratio in synthesis gel, 

y=0.144). Further increase in the concentration of surfactant in the synthesis gel 

produces a decrease in both values. The same variation is observed in the micropore 

volume. A similar trend is observed for the series of samples synthesized with Ludox 

and HA, although it is necessary to point out that surface area and pore volume are 

appreciably higher in this case. Nitrogen adsorption-desorption isotherms of the most 

relevant samples are presented in Figure 3 of the Supplementary Information. 

The incorporation of the surfactant and the SDA to the solids has been studied by 

thermogravimetric and elemental (CHN) analyses (Tables 3 and 4). Thermogravimetric 

analyses of some selected samples are plotted in Figure 3. TGA profiles are strongly 

influenced by the synthesis method. In the absence of surfactant (sample B-L), three 

weight losses are observed. The first weight loss, at temperatures below 473 K (step I), 

can be attributed to desorption of adsorbed water. The second weight loss, between 673 

and 823 K (step III) is due to the decomposition of the template (TEAOH) and, finally, 

the third weight loss at temperatures higher than 823 K (step IV) has been associated 

with the further removal of organic residues occluded in the channels and cages of the 

SAPO-34 caused by combustion. In the presence of hexanol and CTAB, the weight loss 

due to removal of organic compounds (T > 473 K) increases with the surfactant 

concentration in the gel and it is possible to observe an additional weight loss event 

between 423 and 673 K (step II). This additional organic content should be partially 
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attributed to surfactant species present in the crystals. Data of the different weight losses 

are presented in Table 3, where it is observed that when the amount of surfactant in the 

synthesis gel is increased, the total organic content also increases, mainly due to the 

increase of the weight loss between 423 and 673 K (region II). A simple calculation 

allows checking that the organic content of these samples is higher than the amount of 

TEA+ cations required to fill up the void volume of SAPO-34 (which should be around 

1 mol of template per chabazite cage). The organic species in excess should then be 

located probably on the external surface of the microcrystals. 

The estimation of organic content in the samples obtained from TGA experiments can 

be compared with the CHN elemental analyses (Table 4). As it can be observed, values 

for the total amount of organic compounds in the solids determined from both 

techniques are in good agreement. The C/N ratio for tetraethylammonium hydroxide is 

8 while that for hexadecyltrimethylammonium bromide is 19. Therefore, the C/N ratio 

of the samples can give an idea of the relative amounts of amine and surfactant 

occluded in the samples. The C/N ratio of samples crystallized in presence of hexanol 

and the lowest concentration of surfactant are close to 8, indicating that the organic 

molecules present in these samples should be mainly TEA+ cations. For samples 

synthesized with higher surfactant concentration, the C/N ratio also increases suggesting 

that surfactant molecules are incorporated in the SAPO-34 crystals, as it was suggested 

by the TG analyses. 

When samples synthesized with a fixed amount of CTAB (y = 0.144 mol) and different 

silicon source in the synthesis gel are compared (samples B-C-L4 and B-C-T4, Table 3), 

it can be observed that the sample prepared with TEOS incorporates a higher amount of 

organic compounds. The main difference in the TG profiles of both samples is observed 

in region II, which could indicate that the later sample incorporates a higher amount of 
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surfactant, as it is also confirmed by the higher C/N ratio observed for this sample 

(Table 4). When hexadecylamine is used as surfactant (samples B-H-L4 and B-H-T4) 

only minor differences are observed between both samples that present characteristics 

similar to those of sample B-C-L4, although with a slightly lower C/N ratio.    

The morphology of the different samples has been determined by SEM (Figure 4). The 

properties of SAPO-34 crystals obtained with CTAB were influenced by the amount of 

surfactant employed. When low amount of surfactant was used (up to y = 0.144 mol 

CTAB), rhombohedral crystals of approximately 300 nm in size were obtained. 

However, the crystallite size increased for higher surfactant concentrations, reaching 1 

µm for the maximum amount of surfactant used (y = 0.3, sample B-C-L7). 

The nature of the surfactant also influences the crystal size of the samples. For the same 

concentration of surfactant, slightly larger crystals are obtained when the neutral 

surfactant (HA) is used instead of CTAB (Figure 5, samples B-H-L4 and B-C-L4). In 

addition, a notable effect is also observed when the source of silicon is changed. The 

use of TEOS leads to smaller crystal sizes than Ludox when the same gel concentration 

is used (Figure 5, samples B-H-T4 and B-C-T4).  

Although it is not easy to determine, in all cases the SEM photographs show that 

samples are quite uniform, which may suggest that the presence of amorphous material, 

if any, should be limited.   

These results evidence that not only the surfactant concentration, but also the silicon 

source, play an important role in the crystallization process, for the positively charged 

ions can modify the morphology of crystals. This suggests a specific interaction 

between the positive head of the surfactant cation and the anions existing in the 

synthesis media. 
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In addition, the surfactant could also compensate partially the negative charge induced 

by the replacement of P by Si in the aluminophosphate framework when the SAPO 

material crystallizes, thus influencing silicon incorporation. In this sense, as it was 

mentioned previously, the amount of silicon incorporated in the SAPO-34 samples 

increased with the amount of surfactant in the synthesis gel. The Si/(Si+Al+P) ratio was 

0.1 for the sample synthesized in the absence of surfactant and increased linearly from 

0.16 to 0.25 when the CTAB molar ratio (y) increased from 0.07 to 0.3 (Table 2). 

Furthermore, 29Si CP/MAS NMR spectra (Fig. 6) showed that the presence of the 

cationic surfactant caused a change on the silicon distribution in the SAPO framework. 

For the sample prepared without surfactant (B-L), the spectrum shows a predominant 

peak centred at -85 ppm, which indicates that essentially for all Si atoms the four 

neighbouring atoms in the second coordination shell are Al (Si(4Al) species). This 

shows that Si is incorporated in the alternate Al-P network by substitution of single P 

atoms (SM2 mechanism). Therefore, the calcined sample would contain mild acid sites 

in an amount equal to that of silicon. In contrast, the spectra of samples obtained with 

surfactant added to the gel (samples B-C-L2, B-C-L4 and B-C-L7), consist of a broad 

envelope in the -80 to -120 ppm range, corresponding to several resonances due to 

different Si(nAl) environments (n=0-4), in which the Si atoms are surrounded by n Al 

and 4-n Si atoms. Therefore, in these samples Si incorporation occurs not only by SM2 

mechanism but also by simultaneous substitution of a pair of adjacent Al-P atoms (SM3 

mechanism). The maxima of these envelopes are in the -90 to -100 ppm range, which 

indicates that most of the Si atoms are surrounded by 2 to 4 Al atoms (2 to 0 Si atoms, 

respectively). Therefore, these samples possess both isolated Si atoms and very small 

silica domains, but no large silicon islands. Hence, the concentration of acid sites would 

be slightly lower than that of silicon. On the other hand, the average acid strength would 
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be higher than that of the sample synthesized in the absence of surfactant, for the acid 

strength of bridging hydroxyls (Si-OH-Al) is known to increase as the number of Al 

atoms in the second coordination shell of Si decreases. 

Samples synthesized with the same gel composition as sample B-C-L4, but with 

different surfactant or silicon source (B-H-L4, B-C-T4 and B-H-T4), present different 

NMR spectra (Figure 7). Sample synthesized with hexadecylamine (B-H-L4) shows a 

Si distribution quite similar to the one obtained for sample B-L, synthesized without 

surfactant, probably because the amount of Si incorporated in the solid is the same, 

lower than for sample B-C-L4 (Table 2). In this case, only a peak centred at -89 ppm is 

observed, indicating the presence of Si(4Al) species almost exclusively. In contrast, 

when TEOS is used in the synthesis gel as Si source, in the presence of CTAB, as it was 

mentioned previously the amount of Si incorporated to the solid is higher and the NMR 

spectrum shows the characteristic broad peak attributed to different Si(nAl) 

environments (n=0-4), in which the Si atoms are surrounded by n Al and 4-n Si atoms, 

similar to the one observed for sample B-C-L7, with a similar Si content in the solid. It 

is important to consider that both the presence of defects in the crystals, and the 

presence of amorphous material in the solids could contribute to broaden the NMR 

spectra. In the case of samples synthesized with TEOS, the presence of crystalline 

defects in the calcined samples cannot be ruled out completely, as discussed above, 

although, from the results of SEM, the presence of amorphous material can be almost 

definitely discarded.     

In conclusion, it is possible to control the concentration and the distribution of the Si 

environments by changing the synthesis parameters, especially the nature and 

concentration of the surfactant and the Si source. 
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The catalytic activity and selectivity of samples synthesized in biphasic media with 

Ludox and CTAB have been compared with a reference sample synthesized by using a 

conventional aqueous hydrothermal method [7] (Figures 8 and 9). All the catalysts 

showed high initial activity in the MTO reaction at 673 K (Figure 8), and under the 

experimental conditions used (WHSV of 1.2 h-1), full conversion of oxygenates (both 

methanol and intermediate dimethyl ether) was obtained. Selectivity to short chain 

olefins (C2
=-C4

=) reached a nearly constant level close to 90% after ca. two hours on 

stream, except for sample B-C-L7, which showed a fast selectivity decay after one hour 

on stream (Figure 9). After several hours on stream, a fast activity decay occurred due 

to formation of carbonaceous deposits although selectivity to short chain olefins 

remained above 85%. Important differences are observed in catalyst lifetime depending 

on the relative amount of surfactant used in the synthesis. The sample obtained without 

addition of surfactant (B-L) maintained conversion level above 80% during 4 hours. 

This time increased with surfactant content up to y = 0.14-0.20 mol CTAB (samples B-

C-L4 and B-C-l5), reaching 8 h and improving appreciably the lifetime of the reference 

catalyst (synthesized in aqueous medium and having a Si/(Si+Al+P) ratio of 0.17). This 

increase can be attributed to the increase of acid sites concentration due to higher silicon 

incorporation, as it was shown previously. For samples obtained with higher amount of 

surfactant (y > 0.2, samples B-C-L6 and B-C-L7), the catalyst lifetime decreased as the 

amount of surfactant increased, which might be related to two different factors. First, 

the increase in the Si content of the solid, which increases the number of Si(nAl) 

environments, being n equal to 2 or 1. These Si species are associated to acid centres 

with higher acid strength [22] and, therefore, are responsible of the transformation of 

short chain olefins to higher molecular weight compounds, which causes the catalyst 

deactivation. The second factor affecting the stability of the catalyst is the marked 
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increase of crystal size of these samples, which has been also correlated with a lower 

resistance of the catalysts to deactivation [7, 9, 13]. These effects are especially notable 

for sample B-C-L7, with the highest Si content and largest crystal size. 

Catalytic results obtained with samples with the same molar amount of Si in the 

synthesis gel, but changing the nature of the Si source or the type of surfactant, are 

presented in Figure 10. Sample B-H-L4 synthesized with Ludox and HA, presents a 

lower life time than sample B-C-L4, synthesized with CTAB and one of the two most 

stable samples obtained previously. This can be related not only to the lower amount of 

Si incorporated in the solid (Table 2), which is preferentially located as Si(4Al) 

environments (Figure 7), but also to the larger crystal size of this sample (Figure 5) 

compared with sample B-C-L4.  

It is interesting to notice that samples synthesized with TEOS as Si source (B-C-T4 and 

B-H-T4), are more prone to deactivation than their Ludox counterparts, showing a rapid 

decrease of catalytic conversion after 3 hours of reaction. In this case, the higher 

deactivation rate cannot be attributed to the crystal size of the catalysts because, as it 

was shown previously (Figure 5), these samples are synthesized with a smaller crystal 

size. The amount of Si in the solid is slightly higher for sample B-C-T4 than that of 

sample B-C-L4, but the Si environments are clearly different (Figures 6 and 7). Sample 

synthesized with TEOS (B-C-T4) presents a higher population of Si(2Al) and Si(1Al) 

centres, while sample synthesized with Ludox (B-C-L4), shows a higher number of 

Si(4Al) and Si(3Al) environments. As it has been mentioned previously, up to now [32] 

it has been commonly accepted that the strength of the acid centres associated to the Si 

atoms increases when the number of Al in the first coordination sphere decreases (from 

n=4 to n=1), so it could be possible to attribute the higher deactivation of sample B-C-
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T4 to the higher acid strength of the acid centres present in this catalysts compared to 

sample B-C-L4.        

From these data it is clear that an optimum balance between acidity (number and 

strength) and crystal size of the SAPO-34 catalysts is necessary to obtain more stable 

materials with longer life time. The synthesis of SAPO-34 by using a biphasic media 

and the addition of a surfactant has demonstrated to be an efficient method to control 

the amount and environment of the silicon incorporated into the crystalline framework 

and, thus, to control the catalytic performance of the solid obtained. In this sense, 

samples synthesized from gels containing surfactant mole ratios in the range y = 0.14-

0.2 rendered the best catalytic performance based on its small crystal size and mild 

acidity associated to the presence of small silicon domains. 

Conclusions 

Different samples of SAPO-34 have been obtained by adding a surfactant to a two-

liquid phase synthesis gel. Samples prepared with this methodology show a different Si 

distribution than that synthesized in absence of surfactant. The results showed that the 

use of the two-liquid phase synthesis causes greater incorporation and diversification of 

the silicon distribution in the SAPO-34 network and therefore, a substantial increase in 

the material acidity. Samples synthesized with hexadecyltrimethylammonium bromide 

molar ratio in the range 0.14-0.2 rendered the best catalytic performance based on its 

small crystal size and mild acidity. 
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Table 1. Gel composition and synthesis conditions for the different SAPO-34 

materials. Crystallization was maintained at 423 K for 5 days. 
1Al2O3: 1P2O5: 0.6SiO2: x TEAOH: 4.4Hexanol: y Surfactant: 40H2O 

Sample Surfactant x y 
Si 

sourceb Phase 

S-TEAOH-5a - 1 0 L CHA 

B-C-L CTAB 1 0.144 L CHA + AFI 

B-C-L1 CTAB 2 0.0072 L CHA 

B-C-L2 CTAB 2 0.072 L CHA 

B-C-L3 CTAB 2 0.100 L CHA 

B-C-L4 CTAB 2 0.144 L CHA 

B-C-L5 CTAB 2 0.200 L CHA 

B-C-L6 CTAB 2 0.250 L CHA 

B-C-L7 CTAB 2 0.300 L CHA 

B-H-L4 HA 2 0.144 L CHA 

B-H-L5 HA 2 0.200 L CHA 

B-H-L6 HA 2  0.250 L CHA 

B-C-T4 CTAB 2 0.144 T CHA 

B-H-T4 HA 2 0.144 T CHA 

B-L - 2 0 L CHA 

B-T - 2 0 T CHA + AFI 
a Reference sample synthesized in aqueous medium [7] 
b L: Ludox; T: TEOS 
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Table 2. Chemical composition and textural properties of SAPO-34 samples 

Sample Si/(Si+Al+P)solid
b SBET

(m2/g) 

VTOT 

(cm3/g) 

Vmicro 

(cm3/g) 

Vexter 

(cm3/g)

S-TEAOH-5a 0.20 652 0.55 0.26 0.29 

B-L 0.10 227 0.24 0.08 0.16 

B-C-L1 0.15 230 0.25 0.08 0.17 

B-C-L2 0.16 509 0.32 0.19 0.13 

B-C-L3 0.17 523 0.34 0.20 0.14 

B-C-L4 0.20 547 0.36 0.21 0.15 

B-C-L5 0.21 389 0.32 0.13 0.19 

B-C-L6 0.22 359 0.28 0.13 0.15 

B-C-L7 0.25 246 0.21 0.07 0.14 

B-H-L4 0.10 696 0.48 0.27 0.21 

B-H-L5 0.11 569 0.34 0.22 0.12 

B-H-L6 0.13 563 0.35 0.20 0.15 

B-C-T4 0.23 152 0.18 0.05 0.13 
B-H-T4 0.18 676 0.76 0.26 0.50 
a Reference sample synthesized in aqueous medium [7] 
bSi/(Al+P)gel= 0.15 
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Table 3. Thermogravimetric analysis of the samples 

Sample 

Weight loss (%) 

I 

T<473K

II 

473K<T<673K

III 

673K<T<823K

IV 

T>823K

Total 

organic 

S-TEAOH-5a
3.1 14.2 1.8 16.0 

B-L 4.6 14.8 1.3 16.1 
B-C-L1 4.4 1.6 12.7 1.4 15.8 
B-C-L2 5.1 6.0 10.4 1.9 18.3 
B-C-L3 5.2 6.7 10.9 1.6 19.2 
B-C-L4 4.9 8.4 10.5 3.2 22.1 
B-C-L5 6.0 8.6 10.8 1.9 21.2 
B-C-L6 2.8 11.3 10.3 2.7 24.3 
B-C-L7 12.0 14.8 8.4 3.2 26.4 
B-H-L4 4.2 5.9 12.1 1.9 19.9 
B-C-T4 7.8 15.3 8.6 6.7 30.7 
B-H-T4 5.7 5.9 11.8 3.8 21.4 
a Reference sample synthesized in aqueous medium [7] 
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Table 4. Organic content of the samples 

Sample 
Weight % 

C/N 
Total organic 

 (wt %) C H N 

S-TEAOH-5a
9.8 2.6 1.6 7.4 13.9 

B-L 9.4 2.8 1.3 8.6 13.4 
B-C-L1 10.5 2.8 1.4 8.6 14.7 
B-C-L2 14.7 3.6 1.6 11.0 19.8 
B-C-L3 14.9 3.5 1.6 10.9 20.0 
B-C-L4 15.2 3.6 1.7 10.5 20.5 
B-C-L5 15.4 4.0 1.5 12.0 20.9 
B-C-L6 18.1 4.7 1.5 14.2 24.3 
B-C-L7 21.9 4.9 1.4 18.4 28.1 
B-C-T4 21.4 4.9 1.9 13.2 28.2 
B-H-T4 13.2 3.5 1.9 8.3 18.6 
a Reference sample synthesized in aqueous medium [7] 
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Figure Captions: 

Figure 1. X-ray diffraction patterns of samples synthesized in biphasic media with 

Ludox and increasing amounts of CTAB.  

Figure 2. X-ray diffraction patterns of samples synthesized with the same gel 

composition in biphasic media using different SDA and silicon source.  

Figure 3. Thermogravimetric analyses of some selected samples synthesized with 

different CTAB concentration in biphasic media 

Figure 4. Scanning Electron Micrographs of samples synthesized with different CTAB 

concentration in biphasic media 

Figure 5. Scanning Electron Micrographs of samples synthesized in biphasic media with 

different surfactant and Si source and a constant concentration of Si in the gel  

Figure 6. 29Si CP/MAS NMR spectra of calcined catalysts synthesized in biphasic 

media with different content of Si and CTAB. 

Figure 7. 29Si CP/MAS NMR spectra of calcined samples B-C-T4, B-H-L4 and B-H-T4. 

Figure 8. Conversion of oxygenates (MeOH and DME) vs. reaction time of samples 

synthesized in biphasic media with different content of Si and CTAB and a reference 

sample synthesized by using a conventional aqueous hydrothermal method [7]. Test 

conditions: T= 673 K, WHSV = 1.2 h-1, 1 g of catalyst. 

Figure 9. Selectivity to C2
=-C4

= olefins vs. reaction time of samples synthesized in 

biphasic media with different content of Si and CTAB and a reference sample 

synthesized by using a conventional aqueous hydrothermal method [7]. Test conditions: 

T= 673 K, WHSV = 1.2 h-1, 1 g of catalyst. Same symbols as in Figure 8. 

Figure 10. Conversion of oxygenates (MeOH and DME) vs. reaction time of samples 

synthesized in biphasic media with different surfactant and Si source. Test conditions: 

T= 673 K, WHSV = 1.2 h-1, 1 g of catalyst. 
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FIGURE 2 
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FIGURE 4  
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FIGURE 5  
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FIGURE 6 
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Figure 1. XRD patterns before (red line) and after (blue line) calcination of 

different samples.  
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Figure 2. XRD patterns before (red line) and after (blue line) calcination of 

different samples.  
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Figure 3. Nitrogen adsorption–desorption isotherms of different SAPO-34 

samples acquired at 77 K.  
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