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Abstract

Objectives. To obtain silicone aluminum phosphate molecular sieves SAPO-11 with different silicon content, to determine their pore
space and acidic properties, to apply 0.5 wt % to their surface Pt, and to evaluate the effectiveness of the use of n-hexadecane in the
hydroisomerization reaction.

Methods. The chemical composition of the SAPO-11 molecular sieves obtained was determined by means of X-ray fluorescence
spectroscopy using a Shimadzu EDX-7000P device. The radiographs of non-calcined SAPO-11 were recorded on a Shimadzu
XRD-7000 diffractometer in CuKa. radiation.

Results. Silicone aluminum phosphate molecular sieves SAPO-11 containing 0.5 wt % Pt on the surface were obtained from gels. As the
Si0,/Al,O; ratio increases, the number of acid centers increases. This then leads to an increase in the conversion of n-hexadecane. The
selectivity of the formation of hydrocarbons of the structure decreases at the same time.

Conclusions. Silicone aluminum phosphate molecular sieves Pt-SAPO-11 were obtained. It was also found that the samples undergo
n-hexadecane conversion.

Keywords Submitted: 15.03.2024

molecular sieves, silicone aluminum phosphate SAPO-11, catalysts for hydroisomerization Revised: 08.04.2024

of n-hexadecane Accepted: 01.07.2024
For citation

Agliullin M.R., Chazipova A.N., Achmetov A.F., Baulin O.A. Hydroisomerization of n-hexadecane on Pt-containing silicone aluminum
phosphate molecular sieves SAPO-11 with different silicon content. Tonk. Khim. Tekhnol. = Fine Chem. Technol. 2024;19(4):273-278.
https://doi.org/10.32362/2410-6593-2024-19-4-273-278

© M.R. Agliullin, A.N. Chazipova, A.F. Achmetov, O.A. Baulin, 2024 273


https://doi.org/10.32362/2410-6593-2024-19-4-273-278
https://elibrary.ru/SPGLZH
mailto:maratradikovich@mail.ru
https://doi.org/10.32362/2410-6593-2024-19-4-273-278

Hydroisomerization of n-hexadecane on Pt-containing silicone aluminum
phosphate molecular sieves SAPO-11 with different silicon content

Marat R. Agliullin,
etal.

HAYYHAA CTATbA

MNmaoponsomepusauuns H-rekcagekaHa

Ha Pt-copepxawmx cunukoaniomodocdatHbIxX
MonekynapHbix cutax SAPO-11

C pa3/IN4yHbIM COAEPXXKaHUEeM KPpeMHUS

M.P. AFJ]I/lyJIJIl/IHI’g, A.H. Xa3unosal, A.®. Axmero2, O.A. Bay.JmH2

Y lnemumym negpmexumuu u xkamanusa, Yepa, 450075 Poccus

2 Vepumcxuii 2ocyoapcmeennwiil neghmanoti mexnuueckuil ynueepcumem, Yepa, 450064 Poccus

™ demop ona nepenucku, e-mail: maratradikovich@mail. ru

AHHOTaUuS

Heas. ITomyunts cunmkoamomodocdarasie Monekymsipasle cuta SAPO-11 ¢ pa3nudHBIM copepKaHHeM KPEeMHUS, H3ydHTh CBOH-
CTBa X MOPUCTON CTPYKTYPHI M KHCIOTHBIE CBOMCTBA; MPUTOTOBUTH HAa UX OCHOBE OM(YHKIMOHANBHBIE Pt-comepikamme Karaau3aro-
pst (0.5 mac. % Pt) i OLIEHNTH UX KaTaIUTHYECKHE CBOWCTBA B PEAKIINH THAPOM30MEPH3AIIHN H-TeKCaJeKaHa.

MeToabl. AHaIN3 XUMHYECKOTO COCTaBa CHHTE3MPOBAHHBIX cuiuKoamomopocharoB SAPO-11 mpoBoxmmu Ha mpubope Shimadzu
EDX-7000P metomoM peHTreHO(IyopecueHTHO! crekTpockonuu. Pa3oBeiii coctaB oOpasuoB SAPO-11 aHanmu3mpoBamym METOIOM
PEHTIeHOBCKOH mopomkoBoil qudpaknmu Ha auppakromerpe Shimadzu XRD-7000 B Cu-Ko u3nydenun.

Pe3yabrarsl. CHHTE3UPOBAaHbI U3 PEAKIIMOHHBIX rejieil cuinkoanomodocharasie MosekymspHbie cuta SAPO-11 ¢ pasnuusbiM coaep-
KaHueM Si M MPUTOTOBJICHBI HA UX OCHOBE OM(YHKIMOHANBHBIC Pt-comepikaliyie KaTalu3aTopbl THAPOM30MEPU3ALMU BBICIINX H-TIa-
paunos. C poctom cootHomenus SiO,/Al,O, yBenruuuBaeTCcs YUCI0 KHCIOTHBIX LIEHTPOB, YTO MPHBOAUT K BO3PACTAHMIO KOHBEPCHH
H-rexcajexana. CeneKTHBHOCTh 00pa30BaHus YIIIEBOIOPOAOB U30-CTPOCHHS IIPH 3TOM CHHIKAETCH.

BriBoapl. YcranopieHo, uto cooTHomeHue SiO,/Al,O; B MCXOMHBIX PEaKIMOHHBIX TelAX OKAa3hIBACT BIMSHHE KaK Ha KOHICHTpa-
LU0 KUCJIOTHBIX LIEHTPOB, TaK M Ha CBOMCTBA MOPHUCTON CTPYKTYphI cuitnkoattomodocharoB SAPO-11. [TokazaHo, 4TO COOTHONICHHUE

Kniouesbie cnoea

H-TCKCaaCKaHa

Ana uunTnpoBaHua

MOJIEKYJISIpHBIC cuTa, crimkoamoModocdar SAPO-11, karannu3aTopbl THIPOU30MEPH3AIIN

SiOZ/A1203 OKa3bIBACT CYIIECTBEHHOE BIMSIHUE Ha KaTtajguTuyeckue cBoictBa SAPO-11 B rumponzomMepu3aniy H-rekcaiekaHa.
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INTRODUCTION

Zeolite catalysts are widely used in modern oil refining
and petrochemistry [1-2]. Silicoaluminophosphate
molecular sieves (SAPO-n) are used [3—10] in particular,
for the hydroisomerization of n-paraffins C, ,—C,¢. Their
efficiency is determined by acidity, pore size and the
nature of adsorbed metal. The catalytic properties of
SAPO-n zeolites are largely determined by the silicon
content and the preparation technology, on which the
pore size and acidity depend [3, 11-19].

We have previously described the preparation of
SAPO-11 molecular sieves (structured type AEL) with
a one-dimensional channel system and a pore size of
4.0-6.5 A and SiO,/Al,O, ratio of 0.1 and 0.5 (SAPO-11-0.1
and SAPO-11-0.5), used in the oligomerization process

of o-methylstyrene [20]. Continuing this research, we
deposited 0.5 wt % metallic platinum on these zeolites. After
extruding and grinding, particles of 2040 pm size were used
as catalysts for the hydroisomerization of n-hexadecane.

MATERIALS AND METHODS
SAPO-11 Synthesis

SAPO-11 silicoaluminophosphate molecular sieves were
synthesized according to the method described in [21]
from reaction gels with the following compositions:
1.0AL,05 : 1.0P,05 : (0; 0.2; 0.5) SiO, : 1.0(Templat) :
45H,0. Phosphoric acid (H;PO,, 85%, Reakhim,
Russia), pseudobemite  (AIO(OH), 72%  Al,O;,
Ishimbay Specialized Chemical Catalyst Plant, Russia),
white soot (SIGMA, USA), di-n-propylamine (99%,
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Table 1. Chemical and phase composition of reaction gels and their crystallization products (SAPO-11 and AIPO-11 molecular sieves)

Sample o gﬁ:ﬁ;?;lcrzzg?;ifﬁgss Chemical composition of SAPO-11 Crystallinity, %
AIPO-11-0 Al 10P0 95510 00 Al 40P .9gSig oo (AIPO-11) ~93
SAPO-11-0.1 Al 00P0.98510 05 Al 00P0.00S15 03 (SAPO-11) ~92
SAPO-11-0.5 AL 60P0.0gS10 25 AL 40P0.01Sip 15 (SAPO-11) ~95

Acros Organics, Belgium) and distilled water were used
in the preparation of reaction gels. After the addition of
all components, the reaction mixture was stirred at room
temperature (25°C) for 1 h. The resulting thick gel was
then incubated in an air thermostat for 24 h at 90°C. It
had previously been found that preliminary aging of the
gel at 90°C allows silicoaluminophosphate SAPO-11
of high phase purity and degree of crystallinity to be
selectively obtained during its further crystallization [21].
After the aging step, the gels were loaded into Teflon-
coated autoclaves (TEFIC, China) and crystallized at
200°C for 24 h. After crystallization, the reaction mass
was centrifuged, washed with distilled water and dried at
100°C for 24 h. The SAPO-11 samples obtained from gels
with SiO,/Al,O; ratios of 0.1 and 0.5 are designated as
SAPO-11-0.1 and SAPO-11-0.5. Furthermore, a sample
from a silicon-free gel was synthesized and designated as
AIPO-11.

Preparation of catalytic systems

Bifunctional catalysts containing platinum (Pt/SAPO-11)
were prepared in the following way: SAPO-11 samples
with different silicon contents calcined at 600°C for 6 h
in air were impregnated with an aqueous solution of
H,PtCl;-6H,0 at the rate of 0.5 wt % Pt per weight of
catalyst, then dried at room temperature at 25°C for 48 h
and at 100°C for 24 h. The samples containing platinum
compounds were then calcined in a muffle furnace
at 600°C for 6 h in air. Next, the samples containing
platinum compounds were subjected to calcination in
a muffle furnace (LIOP, China) at 550°C for 5 h. After
calcination, the samples were extruded, pulverized
and sieved, in order to obtain a particle size fraction
of 20—40 pm. The samples containing Pt SAPO-11-0.1
and SAPO-11-0.5 are hereinafter designated as
Pt/SAPO-11-0.1 and Pt/SAPO-11-0.5, respectively. The
silicon-free catalyst sample is designated as Pt/AIPO-11.

1

Methods of material analysis

The chemical composition of the synthesized SAPO-11
silicoaluminophosphates was analyzed using an
EDX-7000P (Shimadzu, Japan) instrument by means of
X-ray fluorescence spectroscopy.

The phase composition of SAPO-11 samples was
analyzed by means of X-ray powder diffraction on an
XRD-7000 diffractometer (Shimadzu, Japan) in Cu-Ko
radiation. Scanning was carried out in the region of 20
angles from 5° to 40° with a step of 1 deg/min. The
processing of X-ray images and phase analysis were
performed using the Shimadzu XRD program. The
crystallinity was evaluated by the content of amorphous
halo in the region from 20° to 30° of 26 angles using the
Shimadzu XRD program.

More detailed properties of the synthesized
silicoaluminophosphate molecular sieves SAPO-11 are
described in the dissertation of O.S. Travkina!.

Hydroisomerization of n-hexadecane

The hydroisomerization reaction of n-hexadecane
(n-C ¢Hsy,  99%, ReaKhim, Russia) was carried
out in an integral flow reactor under a pressure
of 3.0 MPa at 280-350°C with a molar ratio of
H,/n-C,cH;, = 12 mol/mol and a mass feed rate of
2 h™!. The reaction products were analyzed by means
of gas—liquid chromatography on HRGC 5300 Mega
Series Carlo Erba chromatograph (Carlo Erba, Italy)
using a flame ionization detector (glass capillary
column 50 m, SE-30). The products were identified
by means of chromatography-mass spectrometry on a
chromatography-mass spectrometer GCMS-TQ8050
(Shimadzu, Japan) using the WILEY mass-spectrum
library. The physicochemical characteristics of the
products obtained corresponded to the data available in
literature [9].

Travkina O.S. Granular zeolites A, X, Y, mordenite and ZSM-5 of a high degree of crystallinity with a hierarchical porous structure: synthesis,

properties and application in adsorption and catalysis. Diss. Dr. Sci. (Chem.). Ufa; 2023. 332 p. (in Russ.).
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RESULTS AND DISCUSSION

The hydroisomerization of n-hexadecane n-C, ;H,, upon
the PYSAPO-11-0.1, PYSAPO-11-0.5, and Pt/AIPO-11
samples in the temperature range 280-340°C was
studied (Fig. 1). It was found that the reaction products
mainly contain methyl pentadecanes. Among them the
corresponding 2-, 3-, and 4-monomethyl derivatives are
the main isomers.

CH, CH,

CH,;(CH2)14CH, %» CH3CH(CHy);,CH; + CH;CH,CH(CH,); ,CH; +
2

CH, CH, CH,

+ CHy(CH2)2CH(CHa) oCH; + CHyCH(CH,)nCH(CH,),CH;  m +n =10
‘ Fig. 1. Hydroisomerization of n-hexadecane n-C, H,,

It follows from [22] that the predominant
formation of such products (Table 2) is associated
with the structure of the microporous structure of
silicoaluminophosphates Pt/SAPO-11. In parallel, low
hydrocarbons C—Cj (cracking products) are formed in
small amounts.

When the loading ratio of SiO,/Al,O; is increased
to 0.5, the selectivity of their formation increases up
to 30% (310°C). As temperature increases from 310 to
340°C, the selectivity of isomerization sharply decreases,
and the main priority is cracking (Fig. 2).

It follows from the data obtained (Table 2) that
the catalyst Pt/SAPO-11-0.1 is more effective for
isomerization processes, providing a higher total yield of
isomers. We assume that this is due to the number of acid
centers in the sample Pt/SAPO-11-0.5, which are 5 times
greater, including on the outer surface of the crystals,
relative to the sample Pt/SAPO-11-0.1.

—@— SAPO-11-0.5

—— SAPO-11-0.1

Conversion of n-C %
>
1

O T T T T T T T T T T T T T 1
280 290 300 310 320 330 340

Temperature, °C

@

Selectivity of iso-cw %

Table 2. Results of hydroisomerization of n-hexadecane at 310°C
on Pt-containing samples of silicoaluminophosphate molecular
sieves

Name Pt/SAPO-11-0.1 | Pt/SAPO-11-0.5
Conversion of n-C 4, % 90 94
Selectivity of Xi-C,, % 78 71
Composition of reaction products, %
2-MeC, 5, % 21 20
3-MeC 5, % 18 16
4-MeC s, % 13 11
5-MeC,5, % 5 3
6-MeC, 5, % 9 6
(CH;),C, 4 % 12 15
2C—Cyq, % 22 29

Symbols: selectivity of Zi-C, ¢ is the total selectivity for C,, isomers;
(CH,),—C,, is di- and trimethylisomers of C, ;; £C,—Cq are cracking
products.

It should be noted that in the silicon-free
aluminophosphate Pt/AIPO-11, the hydroisomerization
of n-C,cH;, under these conditions is not observed.
We attribute this to the fact that the acid centers in
silicoaluminophosphates, responsible for the course of
skeletal isomerization, are formed only when silicon
oxide is introduced into the material. This was shown in
a previous study [23].

100 —

80

60 —

—@— SAPO-11-0.5
—— SAPO-11-0.1

40
20 -

0 —
280

T T T T T T T T T T T 1
290 300 310 320 330 340

Temperature, °C

(b)

Fig. 2. Hydroisomerization of n-hexadecane over Pt/SAPO-11 catalysts: (a) conversion of n-C ; (b) selectivity of iso-C, ; formation
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CONCLUSIONS

This study examined the effect of different silicon
content on the degree of crystallinity, morphology and
size of SAPO-11 silicoaluminophosphates. Samples
SAPO-11-0.1 and SAPO-11-0.5 with 0.5 wt % Pt
deposited were investigated as catalysts for the
hydroisomerization of n-hexadecane. It was shown
that the samples of bifunctional catalysts at 300°C,
3 MPa, 2.0 h™! and H,/C;, = 12 mol/mol enable
iso-hexadecane yields of at least 70% to be
obtained, with n-hexadecane conversion of more
than 90%.
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