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Abstract — Structure directing agent(SDA) containing piperidine moiety such as piperidine(Pl), 2-methylpiperidine
(MPI), 2,6-dimethylpiperidine(DMPI) and 2,2,6,6,-tetramethylpiperidine(TMPI), respectively has been utilized to syn-
thesize aluminophosphate zeolite using hydrothermal method. The gel composition was 1.0A1,05:1.0P,05:0.76SDA:45H,0
and the hydrothermal heating was performed in an oven at 443 K and for 7 days at static mode. The obtained zeolitic
material contained a lamellar structure when PI was used as the SDA. With a progressive increase of the SDA size, var-
ious structures of aluminophosphate including AIPO-5 of AFI structure were obtained. The aluminophosphate of SAS
structure was formed when the largest TMPI was utilized as the SDA, which was confirmed by the Rietveld refinement.
The result of 2’Al and 3'P MAS NMR of the sample suggested that Al and P were incorporated into the framework of
the aluminophosphate.
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Fig. 1. Structure directing agent used for the hydrothermal synthe-
sis of AIPOs.
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Fig. 2. Effect of SDA on the structure of the as made AIPOs: (a) PI
at 473 K, (b) PI, (c) MPI, (d) DMPI, (e) TMPI and (f) TMPI
(refined synthesis). Other samples were synthesized at 443 K
for 7 days. The refined synthesis condition in (f) was 9 days
instead of 7 days for normal synthesis condition.
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Fig. 3. Scanning electron micrograph of the as-synthesized AIPOs:
(a) PI, (b) MPI (c) DMPI, and (d) TMPI. All the samples
were synthesized at 443 K for 7 days.
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Fig. 4. Effect of SDA on the structure of the calcined AIPOs: (a) PI,
(b) MPI (c) DMPI, (d) TMPI and (e) TMPI (refined synthe-
sis). The calcination was performed at 823 K for 6 h.
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Fig. 5. BET adsorption-desorption isotherms of the calcined AIPOs
at 77 K: (a) PI, (b) MPI (c) DMPI, and (d) TMPIL. The cal-
cination was performed at 823 K for 6 h. The open and closed
symbols correspond to the adsorption and desorption, respec-
tively.
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Table 1. Surface property of aluminophosphate obtained from N,
adsorption-desorption at 77 K

Micropore area External surface area Total Sz Pore volume

SDA by t-plot m%/g by t-plot m%/g m%/g cclg
PI 14.2 30.6 448 0.007
MPI 72.3 18.6 90.9 0.035
DMPI 172.5 13.8 186.3 0.085
TMPI 142.8 0 142.8 0.073

Table 2. Data collection parameters for X-ray data and crystallographic
parameters

Material As-made aluminophosphate (TMPI)

|C56.6| [T32064] .

Refined chemical composition

Formula weight of unit cell 2601.3

Crystal system Tetragonal

Space group P 4/n n ¢ (Origin Choice 2)
Cell parameters

a,b(A) 14.21277(30)

c(A) 10.0835(4)

Cell volume (A3) 2036.90(12)

Diffractometer Rigaku D/Max ULTIMA 111

Diffraction geometry Bragg-Brentano

X-ray source Cu Ko, , radiation (A=1.5046, 1.5441A)

20 scan range (°) 5-100

Scan step size (°) 0.02

Data collection temperature (K) 298

Number of contributing reflections 1106

Profile function pseudo-Voigt
Number of variable 76

R, (%) 5.9

R, (%) 7.8

x 0.6155

“The abbreviation follows the notation appeared in the GSAS program
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Fig. 6. Electron density of AIPO synthesized with 2,2,6,6,-tetrame-
thylpiperidine as a structure directing agent using Charge-
flip method. The proposed framework structure was superimposed
over the electron density map.
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Fig. 7. Simulated X-ray pattern (solid) was compared with the experi-
mental X-ray pattern (cross) of the as-made AIPO with 2,2,6,6,-
tetramethylpiperidine as a structure directing agent. The differ-
ence (lower trace) was shown below. The tick marks indi-
cate the positions of allowed reflections. The 26 range higher
than 40° has been scaled up by a factor of 5 to show more
detail.
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Table 3. Atomic coordinates and thermal parameters for as-made aluminophosphate using TMPI as SDA

Atom X y z Ui/Ue*100 Site sym Multiplicity Fraction
T1 0.51333(28) 0.13988(31) 0.2591(7) 3.84(7) 1 16 1
T2 0.64457(32) 0.13393(37) 0.4870(6) 3.84(7) 1 16 1
o1 0.4107(5) 0.0893(5) 0.2500 5.07(16) 2(+0) 8 1
02 0.7423(9) 0.1218(5) 0.4461(8) 5.07(16) 1 16 1
03 0.5618(6) 0.1175(7) 0.3836(9) 5.07(16) 1 16 1
04 0.5806(6) 0.1098(6) 0.1208(10) 5.07(16) 1 16 1
05 0.4811(8) 0.2500 0.2500 5.07(16) 2(100) 8 1
Cl 0.2500 0.2500 0.7500 48.1(9) 422(001) 2 2.565(32)
C2 0.2500 0.2500 0.8707(81) 48.1(9) 4(001) 4 0.427(20)
C3 0.2500 0.2500 0.4614(17) 48.1(9) 4(001) 4 2.037(24)
C4 0.4252(4) 0.3205(7) 0.6160(8) 48.1(9) 1 16 2.595(12)
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Fig. 8. Refined framework structure of the as-made AIPO with 2,2,6,6,-
tetramethylpiperidine as a structure directing agent. Each
atom was denoted as a color stick : P atom (yellow), Al atom
(gray), O atom( red) and C atom (white).
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Fig. 9. Solid 27A1 NMR spectra; (a) the as-made and (b) the cal-
cined AIPO synthesized with 2,2,6,6,-tetramethylpiperidine
as a structure directing agent. The sample was calcined at
823 K.
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Fig. 10. Solid 7P NMR spectra; (a) the as-made and (b) the calcined

AIPO synthesized with 2,2,6,6,-tetramethylpiperidine as a
structure directing agent. The sample was calcined at 823 K.
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Fig. 11. Simulated X-ray pattern (solid) was compared with the
experimental X-ray pattern (cross) of the calcined AIPO syn-
thesized with 2,2,6,6,-tetramethylpiperidine as a structure
directing agent. The difference (lower trace) was shown below.
The tick marks indicate the positions of allowed reflections.
The 26 range higher than 40° has been scaled up by a factor
of 5 to show more detail.
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