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Development of small-pore zeolites with enhanced durability utilizing
phosphonium compounds as both a structure-directing agent and a phosphorous
modification agent

Sano, Tsuneji
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(NH3-SCR) 8

Microporous aluminosilicate zeolites, which have attractive structural
features in terms of their selective separation, storage, and conversion of suitable chemicals, are
important industrial materials vital both environmentally and commercially. We have now attempted to

synthesize P-modified small-pore zeolites using a mixture of N-containing OSDA(ammonium cation) and
P-containing OSDA(phosphonium cation). The phosphorus-modified zeolites had high thermal stability.
In addition, in the selective catalytic reduction of NOx with NH3(NH3-SCR), the Cu-loaded
phosphorus-modified zeolite catalysts exhibited NO conversion above 80%, even after hydrothermal
treatment at 1173 K for 8 h, indicating extremely high hydrothermal stability. Therefore, the use of
P-containing 0SDAs as phosphorous modification agents is the most promising method for preparing
phosphorus-modified small-pore zeolites with enhanced thermal/hydrothermal stability.
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Fig. 1 Synthesis of phosphorus modified
small pore zeolite by the dual-template method
with a mixture of N-OSDA and P-OSDA.
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Fig. 3 Relative crystallinity of P-free and
P-modified AEI zeolites after calcination at
various temperatures for 1 h.

NH;-SCR Cu CHA
(1.5 wth)
Cu 0.8
g 200 ppm NO, 200 ppm NH,,
10% 0,, 3 % H,0, N, GHSV=
60,000 h * 500-150 °C
10% 900°C 1 4
8
Fig. 4
CHA
200 NO
900 °C 8 NO
50%
100

Cu-P-CHA(P/AIl = 0.21)

NO conversion at 200 °C / %

40 Cu-P-free -CHA(P/AI = 0)
20 |
0 T T T T T T T T T
0 2 4 6 8 10

Hydrothermal treatment time at 900 °C / h

Fig. 4 NO conversions over Cu-loaded CHA
catalysts at 200 °C plotted against
hydrothermal treatment time at 900 °C



Cu

CHA Cu
NO
8
80 %
Fig. 5 CHA NO
NO 200
80%
CHA 200 NO
80 % NH;-SCR
Cu-P-free-CHA(P/AI = 0) Cu-P-CHA(P/AI = 0.21)
100 7 100
80 80
B R*
5 60 s 60
g z
g 40 g 40
e} @: fresh o] @: fresh
z z
A: after steaming A: after steaming
20 (900 °C, 4 h) 20 (900°C, 4 h)
#: after steaming #: after steaming
(900 °C, 8 h) (900 °C, 8 h)
0 0
0 200 400 600 0 200 400 600

Temperature / °C

Temperature / °C

Fig. 5 Relationship between reaction
temperature and NO conversion for Cu-P-free
CHA and Cu-P-CHA catalysts before and after
hydrothermal treatment at 900 °C.

XRD
CHA

Fig. 6

CHA

Cu-P-free CHA(P/AI =0)  Cu-P-CHA-1(P/Al = 0.21)

after steaming
(900 °C, 8 h)

.
llal

50510 20 30 40 50
26/ degrees

after steaming
(900 °C, 8 h)

Intensity

fresh

510 20 30 40
260/ degrees

Fig. 6 XRD patterns of Cu-loaded CHA
catalysts (hydrothermally treated at 900 °C
for 8 h) after the NH3-SCR of NOx reaction.

Cu
P
CHA
Fig. 7 Cu AEI
AEI
100
- *
x 80 Cu-P-AEI(Si/Al = 13.2,
£ P/Al = 0.16)
]
2 401 Cu-P-free-AEI(Si/Al = 12.8,
3 P/AIl = 0)
o
Z 201
0 T T T T
0 1 2 3 4 5

Hvdrothermal treatment time / h
Fig. 7 NO conversions over Cu-loaded CHA
catalysts at 200 °C plotted against
hydrothermal treatment time at 900 °C

NH,-SCR
CHA AEI
OSDA
/
15
Synthesis of phosphorus-modified AFX zeolite
using a dua-template method  with

tetraethylphosphonium hydroxide as phosphorus
modification agent, E.Mitani, Y.Yamasaki,
N.Tsunoji, M.Sadakane, T.Sano, Microporous
Mesoporous Mater., 267, 192-197 (2018)

A Collective Case Screening of the Zeolites
made in Japan for High Performance NH3-SCR
of NOx, V.Subramaniam, T.Onishi, Y.Shimada,
Y.Kubota, T Masuda, Y.Nakasaka, M.Matsukata,
K.ltabashi, T.Okubo, T.Sano, N.Tsungji, T.Yokoi,
M.Ogura, Bull. Chem. Soc. Jpn., 91, 355-361
(2018)

An isomorphously substituted Fe-BEA zeolite
with high Fe content: facile synthesis and




characterization, Y.Naraki, K.Ariga, H.Oka,
H.Kurashige, T.Sano, J. Nanosci. Nanotechnal.,
18, 11-19 (2018)

ZTS1 and ZTS-2: Novel intergrowth zeolites
with AFX/CHA structure, Y.Naraki, K.Ariga,
K.Nakamura, K.Okushita, T.Sano, Microporous
Mesoporous Mater., 254, 160-169 (2017)

Thermally stable nanosized LEV zeolite
synthesized by hydrothermal conversion of FAU
zeolite in the presence of
N,N-dimethylpiperidinium cation, N.Funase,
T.Tanigawa, Y.Yamasaki, N.Tsunoji, M.Sadakane,
T.Sano, J Mater. Chem. A, 5,
19245-19254(2017)

Thermally stable nanosized LEV zeolite
synthesized by hydrothermal conversion of FAU
zeolite in the presence of
N,N-dimethylpiperidinium cation, N.Funase,
T.Tanigawa, Y.Yamasaki, N.Tsunoji, M.Sadakane,
T.Sano, J Mater. Chem. A, 5,
19245-19254(2017)

Design of a highly active base catalyst through
utilizing organic-solvent- treated layered silicate

Hiroshima University Slicates, N.Tsungji,
M.Bandypadhyay, Y.Yageniji, H.Nsihida,
M.Sadakane, T.Sano, Daton Trans, 46,

7441-7450 (2017)

Incorporation of various heterometal atoms in
CHA zeolites by hydrothermal conversion of
FAU zeolite and their performance for selective
catalytic reduction of NO; with ammonia,
T.Takata, N.Tsunoji, Y.Takamitsu, M.Sadakane,
T.Sano, Microporous Mesoporous Mater., 246,
89-101 (2017)

Mesoporous MCM-48 immobilized with
amine propyl triethoxy silane: A potential catalyst
for transesterification  of triacetin, M.
Bandyopadhyay, N. Tsunoji, T. Sano, Catal. Lett.,
147, 1040-1050 (2017)

Synthesis of Fe-based BEA zeolites in fluoride
media and their catalytic performance in the
NH3-SCR of NOx, Y.Naraki, K.Ariga, T.Sano,
Adv. Porous Mater., 4, 125-133 (2016)

Fe species in isomorphously substituted
Fe-based BEA zeolites for low-temperature
selective catalytic reduction of NOx, Y.Naraki,
K.Ariga, H.Oka, H.Kurashige, T.Sano, Adv.
Porous Mater., 4, 91-101 (2016)

Hydrothermal conversion of titanated FAU to
AEI zeolite and its enhanced -catalytic
performance for NOx reduction, N.Funase,
T.Takata, N.Tsunoji, Y.Takamitsu, M.Sadakane,
T.Sano, Adv. Porous Mater., 4, 62-72 (2016)

Development of ZSM-5-type zeolite catalysts
containing alkaline earth metals for conversion of
methanol to light olefins, H.Okado, T.Sano,
H.Takaya, Adv. Porous Mater., 4, 9-23 (2016)

Nanosized CHA zeolites with high thermal and
hydrothermal stability derived from the
hydrothermal conversion of FAU zeolite,
T.Takata, N.Tsunoji, Y.Takamitsu, M.Sadakane,
T.Sano, Microporous Mesoporous Mater., 225,
524-533 (2016)

One-pot synthesis of phosphorus-modified AEI
zeolites derived from the dual-template method
as a durable catalyst with enhanced
thermal/hydrothermal stability for selective
catalytic reduction of NO, by NHj3, Y. Kakiuchi,
Y.Yamasaki, N.Tsunoji, Y. Takamitsu,
M.Sadakane, T.Sano, Chem. Lett., 45, 122-124
(2016)

Synthesis of phosphorus-modified small-pore
zeolites utilizing tetraalkyl phosphonium cations
as both structure-directing and phosphorous
modification agents, Y.Yamasaki, N.Tsunoji,
Y.Takamitsu, M.Sadakane, T.Sano, Microporous
Mesoporous Mater., 223, 129-139 (2016)

3

Phosphorus-modified small pore zeolite with
enhanced thermal/hydrothermal stability and its
high catalytic performance of selective catalytic
reduction of NOx with NH; N. Tsunoji, M.
Sadakane, T. Sano, The 3rd Euro-Asia Zeolite
Conference, Bali (2017)

Facile ssynthesis of phosphorus-modified
small pore zeolites with tetraalkylphosphonium
cations and thei NH;-SCR catalytic performance,
Y.Kakiuchi, Y.Yamasaki, N.Tsunoji, Y.Takamitsu,
M.Sadakane, T.Sano, 7th International FEZA
Conference, Sofia, Bulgaria (2017)

Synthesis and characterization of titanated AEI
zeolite by hydrothermal conversion of titanated
FAU zeolite, N.Funase, N.Tsunoji, Y.Takamitsu,
M.Sadakane, T.Sano, 7th International FEZA
Conference, Sofia, Bulgaria (2017)

1

p.187-195(2018)

2018-029368
30 2 22



2017-213835

29 11 6
2017- 34667
29 2 27
o 0

http://home.hiroshima-u.ac. jp/catalche/

o
SANO TSUNEJI
80251974

@
TSUNOJI  NAO

40758166



