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Fig. 1. Phosphorus modification of small-pore zeolite us-

ing alkylphosphonium cation.
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Fig. 2. Framework structures and composite building units
of FAU zeolite and small-pore zeolites (AEI, CHA
and LEV).
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Table 1. Synthesis conditions and characteristics of zeolites obtained by hydrothermal conversion of FAU zeolite us-
ing various alkyl phosphonium and ammonium cations.

P-OSDA* N-OSDA" Framework topology Pore size Reference
TMP — LEV 8-ring 12
TMP DMP LEV 8-ring 12
TMP — MEI 12, 7-ring 9
TEP — AEI 8-ring 7,8
TEP DEDMP AEI 8-ring 10
TEP — CHA 8-ring 9
TEP TMAda CHA 8-ring 9

— Dab-4 AFX 8-ring 11
TEP Dab-4 AFX 8-ring 11
TBP — MFI 10-ring 9

* Tetraalkylphosphonium; TMP = tetramethylphosphonium, TEP = tetracthylphosphonium, TBP = tetrabutylphosphoni-
um. bAlkylammonium; DMP = dimethylpiperidinium, DEDMP = N,N-diethyl-2,6-dimethylpiperidinium, TMAda =
N,N,N-trimethyladamanthylammonium, Dab-4 = 1,1’- (1,4-butanediyl) bis (1-azonia-4-azabicyclo[2,2,2] octane).
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Fig. 3. N, adsorption isotherms on AEI zeolites with vari-
ous P/Al ratios.

P-CHA (P/Al = 0.21)

Lk

Intensity

P-AEI (P/Al = 0.12)

o7z (Fig.4)o KBERBEDOINSELTTA P D
'PMASNMR 2 X7 b VIZiE (Fig.5), 7V F v
RARZT AN FF VIZHET L= DB 1RDA
Bl E NIz, B ZREBT 5 Z & T-10~-40 ppm
ZEFTA FBRITDALEREE LY VR
B SN E— s p@ig s, MFLNICIY A %
NI2TVEIVKARZ T A FF DAL L,
YT A MNEEAMEM S NI LR S NI,
SEM/EDX TL#~ v E v 795, HHIHKOTHET
HDHSiL,ALEPOGSAIF L L —3K L, MIFLERED S
b I L o TEEEICHILFEI R > Tk
W ERL, ) VB EWHIZEL S 14 MERNICE
—ZHBLTwREEX SN, 8512, FX
TOH Y 7V D7AIMAS NMR A7 b VI I3 UE
AR S NG ¥ — 7 PHBRICBIZ SN F
72, Si (CP) MAS NMR 3 & UF OH i R 8) #Hik
FTIR AT MVIZIE, V) VBl X 2E4 T4 b
B RAROWIHE 72 R IR BIER S e p o 722710 L
FORERDS, TUYEZIAATF AV ERAKTDY
AAFF v PEHLIEF T4 FAKRBARIEIC X 5
T, BUOEREEHER LSO Y BHIE ORI S
7NIFLEA T A4 FOEEITRETH 5 2 &AW B H
k&of:o

Fig. 6 1CIEI N b)) Y ERAEDOHL L CHAEY S T
A+ O EE R R 2R ¥4 T4 PoR
EWOFGOz0, 7a bty B L&Yy T vk
ZNENELR ZIRE TR L, XRDMEIC X
DA U 22 MRS AR & IR L 72 ) v RS
CHA Y4 7 4 MIBELIEEE231000C TH L\ #E
BHEOIKT 2B SN0, U U BiEr 54 M
IR EE T ORI b WA RLEZ R L, )

P-LEV (P/Al = 0.23)

okl

3> iy

E = LEV (P/Al = 0)
J I CHA (P/AI = 0) AEI (P/Al = 0) M
10 20 30 40 50 10 20 30 40 50 10 20 30 40 50

2 theta [degree]

2 theta [degree]

2 theta [degree]

Fig. 4. XRD patterns of CHA, AEI and LEV zeolites with and without phosphorus modification.
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Fig. 5. ’'P MAS NMR spectra of phosphorus-modified CHA, AEI and LEV zeolites obtained using a mixture of tetraalkyl-
phosphonium and tetraalkylammonium cations before and after calcination.
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Fig. 6. Relative crystallinity of (A) CHA, (B) AEI and
(C) LEV zeolites with and without phosphorus
modification after calcination at various tempera-
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Syntheses of Phosphorus-modified Small-pore Zeolites and
Their Catalytic Performance for NH;-SCR

Nao Tusnoji and Tsuneji Sano

Department of Applied Chemistry, Graduate School of Engineering, Hiroshima University,
Higashi-Hiroshima 739-8527, Japan

Small-pore zeolites composed of 8-memberd ring windows are one of the most attractive structure series of ze-
olites. They exhibit high catalytic performance in the selective catalytic reduction of NOx with ammonia for puri-
fication of diesel emission and the light olefin production from methanol. As these processes are performed at
high reaction temperatures in the presence of steam, however, an improvement in the thermal and hydrothermal
resistance of zeolites is a critical issue for developing high-performance zeolite catalysts with high catalytic activ-
ity and selectivity. Here we report syntheses of phosphorus-modified small-pore zeolites with high thermal/hydro-
thermal stability by hydrothermal conversion of FAU zeolite in the presence tetraalkylphosphonium cations as
both organic structure directing and phosphorus modifying agents. We succeeded in synthesizing various phos-
phorus-modified small-pore zeolites with different framework structures and the phosphorus modification degree
could be controlled. It was also found that the phosphorus-modified small-pore zeolite catalysts exhibited good
catalytic durability and hydrothermal stability on NH3-SCR process.

Key words: small-pore zeolite, hydrothermal conversion of zeolite, tetraalkylphosphonium, phosphorus modi-
fication, NH3-SCR
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