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Abstract — Zeolites with different structures were synthesized from the hydrothermal synthesis condition employing
simple structure directing agent (SDA) containing piperidine moiety. The gel containing 1.0Si0,:0.9SDA:0.062NaAlO,:
0.217NaOH:20H,0 was subject to hydrothermal synthesis at 413~453 K for 7 days. FER type zeolite was obtained at
433 K when piperidine was employed as SDA, whereas TON and MFI type zeolites were also obtained at 433 K when
2,6-dimethylpiperidine and 2,2,6,6-tetramethylpiperidine were used, respectively. Further increase of hydrothermal syn-
thesis temperature to 453 K resulted in the formation of TON type zeolite when 2-mtheylpiperidine was used. The struc-
tural analysis of powder X ray diffraction pattern over FER type zeolite suggested that the SDA, piperidine interacted
intimately with the zeolite where it located close to the framework.
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Fig. 1. Structure directing agent used for the hydrothermal synthesis of aluminosilicate.
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Fig. 2. Effect of SDA on the structure of the as-made aluminosilicates : (a) PI, (b) MPI, (c) DMPI and (d) TMPI at (A) 413 K, (B) 433 K and

(C) 453 K. All the samples were synthesized for 7 days.

Fig. 3. Scanning electron micrograph of the obtained aluminosili-
cates: (a) PI, (b) MPI, (C) DMPI and (d) TMPL.
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Table 1. Zeolite phase according to the SDAs and the corresponding surface properties

SDA T for HTS (K)* Zeolite Phase Si/Al? Sper (Mg V,, (ceg ™)
PI 433 FER 19.5 303.6 0.15
MPI 453 TON 234 206.0 0.19
DMPI 433 TON 18.8 217.1 0.22
TMPI 433 MFI 23.7 336.3 0.22

“Temperature for hydrothermal synthesis.

bThe Si/Al ratio obtained from the EDX measurement.
“Surface area obtained at 77 K using nitrogen

“9Pore volume at P/P,=0.99
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Fig. 4. Simulated X ray pattern (solid) was compared with the
experimental X ray pattern (cross) of the as-made FER
zeolite containing piperidine as a structure directing agent.
The difference (lower trace) was shown below. The tick
marks indicate the positions of allowed reflections. The
inset shows the electron density of FER zeolite containing
piperidine as a structure directing agent using Chargeflip
method. The proposed framework structure was superim-

posed over the electron density map.
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Fig. 5. Refined framework structure of the as-made FER zeolite con-
taining piperidine as a structure directing agent. Each atom
was denoted as a color stick : Si atom (blue), Al O atom (red),
C atom (brown) and N atom (gray).
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Table 2 Atomic coordinates and displacement and population parameters for FER zeolite containing piperidine using difference Fourier method

atom X y z U,,, 102xA? Multi. Occ.
Sil 0 0.20330(39) 0.08723(26) 241(7) 8 1
si2 0.2976(8) 0 0.27180(27) 241(7) 8 1
si3 0.2039(5) 0.20091(30) 0.32491(18) 241(7) 16 1
Si 0 0 0.14754(39) 241(7) 4 1
o1 0 0.0986(7) 0.10017(53) 2.49(12) 8 1
02 0.1658(8) 0.2556(5) 0.11481(35) 2.49(12) 16 1
03 0 0.1965(10) 0 2.49(12) 4 1
04 0.5 0 0.24656(73) 2.49(12) 4 1
05 0.2487(11) 0.0896(5) 0.31751(41) 2.49(12) 16 1
06 0.1839(12) 0 0.19264(51) 2.49(12) 8 1
07 0 0.2180(8) 0.33819(47) 2.49(12) 8 1
08 0.25 0.25 0.25 2.49(12) 8 1
NI 0.4567(28) 0.0571(7) 0.0620(5) 23.4(14) 16 0.427(6)
2 0.6118(28) 0.1095(7) 0.0355(5) 23.4(14) 16 0.427(6)
3 0.7322(28) 0.1432(7) 0.0955(5) 23.4(14) 16 0.427(6)
C4 0.6271(28) 0.2017(7) 0.1489(5) 23.4(14) 16 0.427(6)
cs 0.4600(28) 0.1484(7) 0.1730(5) 23.4(14) 16 0.427(6)
6 0.3493(28) 0.1146(7) 0.1102(5) 23.4(14) 16 0.427(6)
owl 0.3977(42) 0.9031(12) 0.28041(96) 52.38(126) 16 0.922(23)
ow2 0.1916(13) 0.0536(14) 0.49998 52.48(124) 8 1.618(24)
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