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Abstract Hierarchical mesoporous silicoaluminophos-

phate (M-S-34-N) was assembled for the first time in the

presence of ammonium hydroxide as the base. The

resulting materials were subsequently stabilized via vapor-

phase treatment in presence of tetraethylorthosilicate

(TEOS). N2 sorption analysis and pyridine desorption

studies revealed that materials possess uniform mesoporous

channel with high surface area, large pore volume, and

strong Lewis acidity, respectively. The local environment

of aluminum and silicon were followed with solid-state
27Al, and 29Si MAS NMR spectral studies, which indicates

their successful framework incorporation. The strong

acidity present on the resultant M-S-34-N-VPT facilitates

for liquid-phase trans-alkylation of naphthalene using 1,3-

diisopropylbenzene.

Introduction

The tailored syntheses of open framework materials with

desired molecular sieve architectures have shown vast

applications in the field of catalysis, adsorption, ion

exchange, and support [1–5]. The synthesis and improving

structural properties of such framework materials have

gained considerable attention in recent years [1–5].

Numerous studies have been reported on silicate-based

molecular sieves and been extensively studied in several

catalytic studies [4–8]. On the other hand, development of

such a hybrid-hierarchical mesoporous aluminophosphate

(APO)-based materials with different pore architectures,

variable active centers, and improved catalytic activities

has become an active area in materials research [9–12].

Such mesoporous materials overcome the pore constraints,

diffusion limitation, and remote active site accessibility of

their microporous counterparts. In contrast to mesoporous

silicates, synthetic strategies for mesoporous APO materi-

als involve the synchronized interaction of three different

inorganic units (Al, Si, and P) around the surfactant. It

leads to uneven columbic interaction among the inorganic

units and micellar aggregates of surfactants. Thus, the

resultant mesophases suffer the inherent drawback of poor

condensation of these units in a T–O–T framework,

resulting in structural collapse during calcinations [13].

Traditionally, these mesophases are synthesized via a

hydrothermal method in the presence of template consist-

ing of micellar aggregates of long chain surfactants, viz.

cetyltrimethylammonium bromide (CTAB) and expensive

organic bases, such as TMAOH, TPAOH, and TEAOH. In

general, the formation of mesoporous hexagonal alu-

minophosphates is evident mostly in the presence of alkyl

ammonium hydroxide [14]. The formation of mesoporous

phase proceeds by weak ion pair interaction between

inorganic precursor (I-) and TMA? cation. The poor sta-

bility of APO-based material also results if there is strong

ion pair interaction between the organic base and inorganic

framework [9–12, 14].

Therefore, it is important to have alternative ammo-

nium cations which can generate relatively weak ion pair

with the inorganic anionic species and that can be easily

removed upon calcination. We believe that the use of
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ammonium hydroxide instead of alkyl ammonium

hydroxide might results in weak ion pair interaction

between ammonium cation-inorganic precursors, which

may facilitate to diffuse to the surfactant assembly and

may favor for ordered mesoporous silicoaluminophos-

phate (SAPO). In addition, assembling of mesoporous

SAPO using a pre-formed microporous precursor unit

might enhance structural stability and also show

enhanced activity for organic transformations [9–12].

Herein, attempts have been made on the synthesis of

mesoporous SAPO assembled from the SAPO-34 pre-

cursor in the presence of ammonium hydroxide as the

base. Scheme 1 illustrates the synthetic mechanism

involved in assembly of mesoporous SAPO-34 from

microporous precursors (I-) in the presence of ammo-

nium cation and surfactant. The resultant mesoporous

phase was further stabilized by postsynthetic vapor-phase

treatment (VPT) in the presence of tetraethyl orthosili-

cate (TEOS) and H2O. The catalytic ability of the

resultant material was evaluated for the trans-alkylation

using naphthalene and 1,3-diisopropylbenzene (DIPB),

which is one of the value added process for the utiliza-

tion of heavier hydrocarbons [15, 16]. The catalytic

activity of the stabilized materials was further improved

by introducing extra framework Zn (II) ions.

Experimental procedure

Synthesis protocol

The typical synthesis involved three steps. First, the inor-

ganic precursor containing SAPO-34 secondary building

units (SBUs) was obtained by a hydrothermal synthetic

method with a molar ratio of 1.0 Al2O3:1.06 P2O5:1.08

SiO2:2.09 R:66 H2O (where R is morpholine) as per the

previously described procedure [9]. The pre-formed SAPO-

34 SBU precursors were, for the first time, assembled into a

mesoporous phase using ammonium hydroxide as the base

in the presence of CTAB as the surfactant. The assembled

mesoporous material with a gel composition of 1.0

Al2O3:1.06 P2O5:1.08 SiO2:2.09 R:0.57 CTAB:3.8 NH4

OH:250 H2O was subjected to crystallization at 90 �C for

24 h. The resultant as-synthesized material was filtered,

dried, and crushed into a fine powder. Subsequently, the as-

prepared material is subjected to vapor-phase transforma-

tion (VPT) process by placing the finely crushed sample

(6 g) in a Teflon cup, which was kept in a Teflon-lined

autoclave containing 20 wt% H2O with 9 mmol of TEOS.

VPT was carried on the sample placed in closed environ-

ment by steaming at 140 �C for 16 h. Surfactant removal

from the as-synthesized and VPT-stabilized materials was

accomplished by calcination under atmospheric air at

550 �C for 6 h. The samples prepared with and without the

VPT method are represented as M-S-34-N-VPT and M-S-

34-N, respectively. About 1–3 wt% of Zn was loaded over

M-S-34-N-VPT by incipient wetness method. Prior to

introduction of Zn salt [Zn(NO3)2�6H2O], about 1 gm of

M-S-34-N-VPT was dried in air oven at 120 �C for 2 h.

Calculated amount of Zn(NO3)2�6H2O was dissolved in

2 ml of water and was introduced on M-S-34-N-VPT drop

wise. The mixture was stirred for 1 h, dried, and calcined at

550 �C for 6 h.

Characterization

Infra-red spectra were recorded at room temperature on a

Perkin-Elmer 2000-FT-IR, in the range 400–4000 cm-1

using KBr pellets. Powder X-ray diffraction (XRD) was

performed [18 KW XRD Rigaku (2500 V), Japan] with

Cu-Ka radiation (k = 1.5418 Å) to determine the bulk

crystalline phases of the materials. The diffraction pat-

terns were recorded in the 2h range 0.5�–30�, with a scan

speed and step size of 0.5�/min and 0.02�, respectively.
The morphology and size of the materials were investi-

gated by scanning electron microscopy [(SEM) EVO/

MA15 Zeiss operated at 10–20 kV] and transmission

electron microscopy[(TEM), Tecnai G2 20 S-TWIN

Scheme 1 Pictorial

representation of M-S-34-N and

M-S-34-N-VPT preparation

J Mater Sci (2016) 51:3146–3154 3147

123



operated at 200 kV]. Thermogravimetry (TG) and dif-

ferential thermal analysis (DTA) measurements of as-

synthesized materials were carried out over Perkin-Elmer

system in oxygen (200 ml min-1) with a heating rate of

10 �C min-1 in the temperature range of 25–900 �C.
Nitrogen adsorption/desorption isotherms were recorded

on an automatic surface area and porosity analyzer (Mi-

cromeritics ASAP 2020, USA). The analysis was carried

out at -196�C using samples already degassed at 300 �C
for 12–14 h under 0.1333 Pascal pressure. The BET sur-

face area was calculated in the relative pressure range

0.05–0.3, over the adsorption branch of the isotherm.

Various other textural properties such as DFT surface

area, pore volume (BJH, DFT, HK), and pore size dis-

tribution (BJH with Fass correction, calculated over the

desorption branch) were elucidated from the isotherm

data. Solid-state NMR experiments were carried out on a

Bruker AVANCE 400 wide bore spectrometer equipped

with a superconducting magnet with a field of 7.1 T using

a 4-mm double resonance magic angle spinning (MAS)

probe operating at resonating frequencies of 79.4, 104.26,

and 161.9 MHz for 29Si, 27Al, and 31P, respectively. The

samples were packed in 4-mm zirconia rotors and sub-

jected to a spinning speed of 10 kHz: single pulse

experiment with pulse duration of 4.5 ls and a relaxation

delay time of 6 s was used for recording all 29Si, 27Al, and
31P MAS NMR patterns. All chemical shift values are

expressed with respect to 2,2-dimethyl-2 silapentane-5-

sulfonate sodium salt (DSS) for the 29Si nucleus, 85 %

H3PO4 for the
31P nucleus, and 0.1 M aqueous solution of

Al(NO3)3 for the
27Al nucleus.

Acidity of the samples was followed by pyridine FT-IR

spectra collected on a Thermo Scientific Nicolet 6700 FT-

IR single-beam spectrometer using a liquid-nitrogen-

cooled MCT detector. Pyridine vapor adsorption studies

were carried out in a Harrick Scientific HVC-DR2 reaction

chamber with a detachable ZnSe window dome, mounted

inside a Harrick DRA-2 Praying Mantis diffuse-reflectance

accessory designed to minimize parasite specular reflec-

tance. About 100 mg of sample (10 % of material in KBr)

was placed in the sample cup and pre-activated at 350 �C
for 6 h. For pyridine adsorption, N2 gas was passed through

a pyridine saturator. A partial pressure of 30 mm Hg of

pyridine was maintained in the saturator. For pyridine

adsorption, the temperature of the sample cup was main-

tained at 100 �C for 1 h. After pyridine adsorption, the

sample was heated to 150 �C and flushed with ultra-high

pure N2 for 1 h to ensure that physically adsorbed pyridine

was recovered completely. The sample was cooled to

25 �C and the spectrum was collected using KBr as the

background. Further, the sample was degassed at a desired

temperature and the spectra were collected.

Catalytic studies

Liquid-phase trans-alkylation of naphthalene with C12

hydrocarbon, viz. 1,3-DIPB, was studied in an autoclave

reactor under stirring condition at autogenous pressure.

About 0.1 g of catalyst was added to the reaction mixture

containing 1 mmol Naphthalene:20 mmol DIPB mixture.

The autoclave was charged to required temperature in an

atmosphere of nitrogen for stimulated time. The products

were extracted with toluene and analyzed in a HP-5 capillary

column (30 m, HP-5) using gas chromatography equipped

with flame ionizing detector FID (Agilent 7890A Series). It

is important tomention that mono- and di-alkylated products

were obtained as major products (see Fig. S1), and only a

trace quantity of poly-alkylated naphthalene was evident.

Prior to recyclability test, the catalyst was washed with

ethanol, dried, and activated at 550 �C for 6 h in air.

Results and discussion

The powder XRD pattern of the materials is presented in

Fig. 1. As-synthesized M-S-34-N sample showed a reflec-

tion in the 2h region at 1.2� with a broad pattern around

2.2� corresponding to the (100) and (110) planes of

hexagonal mesoporous silicoaluminophosphates [17]. After

VPT, the XRD pattern of M-S-34-N-VPT showed well-

resolved peaks around 2h of 1.0� and 1.9�, again corre-

sponding to the (100) and (110) planes of the hexagonal

structure. The observed increase in peak intensity and line

broadening is due to tethering of uncondensed inorganic

Fig. 1 XRD patterns of as-synthesized M-S-34-N (a), calcined M-S-

34-N (b), as-synthesized M-S-34-N-VPT (c) and calcined M-S-34-N-

VPT (d)
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species such as aluminate and phosphate with the help of

TEOS on the surface of mesoporous SAPO. Calcination of

M-S-34-N before VPT transformation results in weak

reflections at 2h region of 2.1� with a broad hump. Cal-

cined M-S-34-N material showed only weak reflections at

2h region of 2.1� with a broad hump owing to its short-

range order and the inherent uncondensed nature of

framework wall, which might partially collapsed upon

calcination. However, calcination of sample after VPT (M-

S-34-N-VPT) showed well-resolved reflections at 2h of

1.1� and 2.0�, which are characteristic of the (100) and

(110) planes of the hexagonal mesoporous structure. The

presence of well-resolved powder XRD reflection peaks for

M-S-34-N-VPT indicated the formation of uniform meso-

porous materials with long-range order. This structure

resulted from the tethering of the partially crystalline

framework of aluminate and phosphate species by

tetraethylorthosilicate in the presence of steam during VPT.

The powder XRD reflection of M-S-N-VPT showed shifts

in 2h toward lower angles. The observed shift is attributed

to the expansion of the framework lattice following

incorporation of larger tetravalent silicate ions (Si4?,

0.04 nm) at the sites of smaller pentavalent phosphorous

ion (P5?, 0.03 nm) in the framework [17, 18]. The well-

resolved peaks evident in the postsynthetic steam-stabi-

lized sample (M-S-34-N-VPT) are due to the presence of

uniform long-range order in mesoporous SAPO. However,

in as-prepared M-S-34-N-VPT, the broad X-ray reflections

correspond to the incorporation of silicate species along

with the presence of occluded surfactants in mesoporous

channels. It is expected that in as-VPT-treated sample, the

TEOS introduced during VPT processes is mostly present

on uncondensed framework sites of mesopore. As the

calcination proceeds, the uncondensed sites are tethered by

these Si units, finally giving a well-ordered mesoporous

M-S-34-N-VPT, with well-resolved XRD reflections and

high intensity.

The FT-IR spectrum (shown in Fig. 2) of the M-S-34-N

sample shows vibrational bands at 730 and 1096 cm-1,

ascribed to the symmetric and asymmetric stretching fre-

quencies of the T–O–T species (where T = Si, Al, and P).

The additional strong band observed around 635 cm-1

arises from the T–O–T bending vibrations of the D6R

SBUs of the microporous SAPO-34 framework [9, 19–21].

The presence of secondary building unit (SBU) was evident

even after VPT process (Fig. 2), thus indicating that the

microporous unit retains on the wall of mesoporous SAPO-

34. The introduction of zinc shows additional band around

914 cm-1, a characteristic of Si–O–M stretching band. The

N2 sorption isotherms of M-S-34-N and M-S-34-N-VPT

are depicted in Fig. 3. Both the samples exhibit the pres-

ence of type I and type IV isotherms [9, 22–24]. The type I

isotherm evident at relative pressures (p/p0) of 0.1

corresponds to the microporous SBU precursor unit present

on the mesopore walls. The distinct type IV isotherm also

evident with the increase in adsorption in the region of p/p0
between 0.4 and 0.9 is due to capillary condensation in the

mesopore [22–24]. The key difference between the M-S-

34-N and M-S-34-N-VPT isotherms is a steep increase in

the adsorption quantity in the mesopore region of M-S-34-

N-VPT owing to the formation of a uniform mesopore

channel after VPT. The isotherms are associated with a

combination of H2 and H3 hysteresis loops, which are

attributed to the presence of interconnected pores with

‘‘ink-bottle’’ type geometry and slit-shaped pores owing to

Fig. 2 FT-IR spectra of as-synthesized M-S-34-N (a), M-S-34-N-

VPT (b)

Fig. 3 N2 sorption isotherm of mesoporous silicoaluminophosphate

of before and after VPT treatment; inset shows pore size distribution

of corresponding samples
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aggregates of plate-like particles, respectively [9, 12, 23].

The effect of vapor-phase treatment is clearly evident in

the textural properties summarized in Table 1. M-S-34-N

had a BET surface area and pore volume of 444 m2 g-1

and 0.6 cm3 g-1, respectively. The significant increase in

these properties after VPT to 621 m2 g-1 and 0.8 cm3 g-1,

respectively, clearly supports the formation of uniform

mesoporosity in M-S-34-N-VPT. The TEM image of M-S-

34-N-VPT (Fig. 4) clearly shows hierarchical pore with the

dimensions of around 4.0 nm, which agrees well with the

BJH pore diameter (Fig. 3 inset) evident from the N2

sorption analysis. The SEM analysis revealed that M-S-34-

N-VPT (Fig. 5) is composed of elongated hexagonal plates

with particles sizes of 5–8 lm. The presence of hexagonal

plate-like particles lies in well accordance with H3 hys-

teresis loop observed in N2 sorption isotherm. The TG/

DTA analysis of as-synthesized M-S-34-N-VPT (Fig. 6)

exhibited three weight loss stages (total 46 wt%), with

respective endothermic transitions. The first endothermic

weight loss below 150 �C (5 wt%) is assigned to the des-

orption of physisorbed water. The major weight loss from

150–350 �C (30 wt%) and above (11 wt%) is due to

decomposition of CTAB and water loss from the conden-

sation of surface hydroxyl groups present in the framework

[9]. The local coordination environment of the Al and Si

atoms was studied by 27Al and 29Si MAS NMR. The 27Al

MAS NMR spectrum of M-S-34-N-VPT, shown in Fig. 7,

has prominent signals centered at -5.9 and 43.6 ppm with

a weak shoulder at 9.4 ppm corresponding to hexa-coor-

dinated [Al(OP)x(OH)6-x], tetra-coordinated [Al(OP)4],

and penta-coordinated [Al(OP)x(OH)5-x] species, respec-

tively [25–28]. The degree of condensation of silica in the

SAPO framework was studied by 29Si MAS NMR. The as-

synthesized sample (Fig. 8) shows three peaks centered

around -108, -102, and -90 ppm representing Q4

[Si(0Al)], Q2 [Si(2Al)], and Q1 [Si(3Al)] sites. Direct cal-

cination of mesoporous SAPO (M-S-34-N) resulted in an

increase in intensity of the Q2 and Q1 sites owing to

uncondensed silicate species. In addition, a new peak

centered at -94 ppm, corresponding to tetra-coordinated

Si(OAl)4 species. It suggests that a few Si species gets

incorporated in tetrahedral framework by direct calcina-

tions. On the other hand, calcination of mesoporous SAPO

after VPT (M-S-34-N-VPT) yielded enhanced signal

intensities for the Q4 and Q2 sites, which clearly supports

that VPT helps to tether uncondensed species and favors

the formation of uniform mesoporous channel [29–31].

Further, the presence of more Q3 and Q4 signals (around

-100 ppm) unlike conventional SAPO molecular sieve

materials resulted due to incorporation of silica during the

tethering process [17]. The acidity of the M-S-34-N-VPT

sample was determined by following pyridine desorption in

FT-IR spectra, as depicted in Fig. 9. The sample exhibited

vibrational bands with strong intensities around

1440–1450 cm-1 corresponding to pyridine bound to

Lewis acid sites. These bands were retained at high des-

orption temperatures (550 �C), indicating the presence of

strong Lewis acid sites [6, 11]. The characteristic bands of

Brönsted acid sites are relatively less intense and were

decreased by the increase in desorption temperature. This

result suggests that the Brönsted acid sites on the surface of

M-S-34-N-VPT are moderate in nature [9]. The well-

characterized hierarchical mesoporous SAPO material, viz.

M-S-34-N-VPT, was evaluated for trans-alkylation of

naphthalene with 1,3-DIPB in a liquid-phase medium

(Table 2). It is worth mention here that alkylated naph-

thalene is an important raw material for the fabrication of

polyester [32]. Conventionally alkyl naphthalenes are

obtained by Friedel-Craft alkylation of naphthalene using

various alkylating agents in the presence of strong acids.

We have attempted to prepare value-added heavier

hydrocarbons by trans-alkylation of naphthalene using

solid acid catalyst.

In order to achieve better conversion, reaction parame-

ters such as effect of temperature, molar ratio of substrates

employed in the reaction, were systematically evaluated.

The reaction does not proceed in the absence of catalyst.

The effect of temperature on trans-alkylation over M-S-34-

N-VPT was evaluated in the range of 160–225 �C for 12 h,

and the results are shown in Fig. S2. The results depict that

at lower temperature, viz. 160 �C, only around 10 % con-

version was obtained. The conversion steadily increases

with increase in temperature and reaches to maximum of

about 18 % at 200 �C. With further increase in tempera-

ture, there is no appreciable change in conversion owing to

the reversible nature of the reaction. Hence, further studies

were carried out by keeping the temperature at 200 �C for

12 h. The effect of substrates molar ratio (naphthalene:1,3-

DIPB) was studied from 1:5 to 1:20, and the results are

shown in Table 2. It reveals that when naphthalene ratio is

higher (1:5–1:10), only 7–8 % conversion was obtained.

The use of less DIPB results in competitive interaction of

Table 1 Textural properties of

M-S-34-N and M-S-34-N–VPT

materials

Samples Surface area (m2/g) BJH pore volume (cm3/g) Average pore diameter (nm)

BET DFT

M-S-34-N 444 669 0.6 4.6

M-S-34-N-VPT 621 873 0.7 4.4
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naphthalene along with DIPB on active sites and thus

results in low conversion. With increase in the molar ratio

(1:15), an increase in the conversion of around 11 % was

obtained, while maximum conversion of more than 18 %

was evident when substrate molar ratio was 1:20. This is

attributed to the homogenous distribution of solid naph-

thalene in the DIPB phase, which offers the better acces-

sibility of the reactant molecules to the active sites of

catalyst. Further increase in substrates molar ratio does not

appreciably alter the yield. Finally, reactions were carried

out under discussed optimized condition using different

catalysts, and the results are shown in Table 3. Microp-

orous SAPO-34 showed only 1.2 % conversion owing to its

small pore openings. The small pore opening of SAPO-34

(0.34 nm) restricts the diffusion of bulkier poly-alkylat-

ednaphthalene molecules (0.66–1 nm) [33, 34] which

results in high selectivity for 1-isopropyl naphthalene.

Fig. 4 TEM images of M-S-34-N-VPT

Fig. 5 SEM images of M-S-34-N-VPT sample

Fig. 6 TG-DTA profile of as-synthesized M-S-34-N-VPT

Fig. 7 27Al MAS NMR spectra of M-S-34-N and M-S-34-N-VPT

samples
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M-S-34-N showed a conversion of 10.7 % with about 77 %

selectivity for mono-isopropyl naphthalene as the major

product. The use of M-S-34-N-VPT enhanced the catalytic

conversion to about *18 % with similar product selec-

tivity. The observed higher conversion using M-S-34-N-

VPT compared with M-S-34-N is a result of the long-range

order and strong Lewis acidity present on the M-S-34-N-

VPT surface. Importantly, the catalytic conversion remains

almost the same, even after the second recycle. It is known

from the literature that introduction of Lewis acidic metals

(Zn and Fe) nearby Brönsted acidic sites facilitates a syn-

ergic effect between neighboring Brönsted and Lewis

acidic sites, which enhance the catalytic activity of alky-

lation reactions [35–38]. The chosen reaction in the present

study is an example of electrophilic aromatic substitution

where Lewis acidity of the catalyst plays a vital role [35–

38]. Thus, in order to improve the catalytic conversion,

M-S-34-N-VPT was modified with Zn and Fe (1.5 wt%) by

incipient wetness method. The catalytic results on Fe- and

Zn-loaded M-S-34-N-VPT are summarized in Table 4. The

introduction of Fe and Zn enhances the catalytic conver-

sion of naphthalene to 27 and 31 wt%, respectively. The

above fact might be due to the increase in surface acidity

Fig. 8 29Si MAS NMR spectra of various mesoporous SAPO

samples

Fig. 9 FT-IR pyridine desorption spectra of M-S-34-N-VPT

Table 2 Effect of reactant’s

molar ratio (naphthalene:1,3-

DIPB) on trans-alkylation of

aromatics over M-S-34-N-VPT

S. no Naphthalene:DIPB Conversion (%) Selectivity (%)a

1-IPN 2-IPN Di-IPN

1 1:5 6.7 21.3 57.5 21.2

2 1:10 8.3 23.6 57.9 18.5

3 1:15 10.6 27.9 49.7 22.4

4 1:20 18.3 30.4 45.5 24.2

Reaction conditions: catalyst = 100 mg, temperature = 200 �C, duration = 12 h
a Iso-propyl naphthalene

Table 3 Trans-alkylation of naphthalene using 1,3-DIPB

Catalysts Conv. (%) Selectivity (%)a

1-IPN 2-IPN Di-IPN

M-S-34-N-VPT 18.3 30.4 45.5 24.2

1st recycle 20.2 23.6 53.2 23.2

2nd recycle 19.2 23.5 55.5 21

M-S-34-N 10.7 24.5 52.4 14.1

SAPO-34 1.2 67.3 31.4 2.3

No catalyst 0.0 – – –

Reaction conditions: catalyst = 100 mg, Temperature = 200 �C,
duration = 12 h, naphthalene and DIPB molar ratio (1:20)
a Iso-propyl naphthalene
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upon introduction of Fe and Zn [39], which facilitates

improvement in conversion. Further, the selectivity toward

di-alkylated and poly-alkylated (tri-alkylated) naphthalene

increases with the cost of mono-isopropylated naphthalene

owing to the enhance in surface acidity with the intro-

duction of Fe and Zn. The extra framework metal sites

facilitate the formation of isopropyl carbenium ion and

favored the observed higher conversion. Further, it is

interesting to note that the observed trans-alkylation

activity on Zn-loaded M-S-34-VPT samples showed even

better than strongly acidic nanosize ZSM-5 catalyst

(29 %).

Conclusion

Hierarchical, stable mesoporous SAPO was synthesized

using ammonium hydroxide as the base with the help of

microporous SAPO-34 precursors. Furthermore, the

obtained material was stabilized using VPT. The VPT

method helped in tethering of uncondensed inorganic

species to the crystallized mesophase. The resultant mate-

rial possessed a uniform mesoporous channel with good

surface area and pore volume, as well as strong Lewis

acidity, which makes the material suitable for trans-alky-

lation of alkylbenzenes. The introduction of zinc on the

external surface of M-S-N-VPT enhances surface acidity

which improves the catalytic conversion and the poly-

alkylated naphthalene products selectivity.
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