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Synthesis and Characterization of Highly-Functional Isomorphously Substituted
Beta Zeolites with Iron for Vehicle Emission Control

Yusuke NARAKI

Ko ARIGA

Hideyuki OKA
Hirokazu KURASHIGE

We tried to develop a novel catalyst with improved low-temperature activity in the selective catalytic reduction of
NO, with ammonia (NH;-SCR). Highly dispersed active metal (Fe) in zeolite beta framework was the key concept to
achieve the goal. To make Fe atoms be disperse well, isomorphously substituted Fe-BEA zeolites were hydrothermally

synthesized. One possible drawback of this strategy was that they could result in low crystallinity due to narrower

synthetic conditions than those of aluminosilicate beta zeolite. Therefore, fluoride was first used to ensure the

synthesis of Fe-BEA zeolites. These Fe-BEA zeolites, especially Al-free Fe-BEA zeolite, showed performance in

the NH;-SCR superior to that of conventional Fe-loaded beta zeolites. We also succeeded in synthesizing highly

crystalline Fe-BEA zeolite without using fluoride by replacing TEAOH with an excess amount of NaOH. With
the results of characterization techniques e.g. UV-Vis and EPR, we showed that the isolated and tetrahedrally

coordinated Fe™ species is the one most relevant for NH,-SCR activity.
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Fig. 2 Structure of beta zeolite
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Table 1  Synthesis conditions and characteristics of Fe-BEA zeolites
Sample Synthesis conditions? Product (Fe-BEA)
Si/Al Si/Fe Si/(Al4-Fe) Reaction Si/Al’ Si/Fe Si/(Al4-Fe)® Fe [wt%]®> BET surface Micropore
time [d] area [m?/g]¢ volume [cm®/g]¢
1 16 90 13.6 13.5 17 84 14.1 1.0 540 0.25
2 16 152 14.5 10.0 15 140 13.9 0.6
3 20 44 13.8 10.5 19 40 13.0 2.2 510 0.24
4 20 88 16.3 10.5 21 83 16.6 1.1
5 20 15 17.7 6.5 19 138 16.6 0.6
6 36 35 17.8 10.5 36 33 17.2 2.7 470 0.23
7 36 44 19.8 10.5 36 41 19.2 2.1 470 0.22
8 36 74 24.3 10.5 35 69 23.4 1.3
9 36 152 29.1 115 35 140 27.7 0.6
10 — 44 — 10.0 2400 31 30.7 2.9 480 0.22

*H,0/Si0, = 7.5, TEAOH/SiO = 0.61, HF/SiO, = 0.50, Temperature = 150°C, Static conditions.

"Measured by ICP.
Calculated by the BET method.
dCalculated by the t-plot method.
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Fig. 5 SEM image of Fe-BEA-F (sample 10)
Well-defined bipyramidal morphology was observed.
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Fig. 6 Conversion of NOx over ([]) Fe-BEA-F (sample 10),
(&) Fe/beta, and (O) beta before hydrothermal
treatment at 700 °C for 20 h
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Fig. 7 Comparison of conversion of NOx at 200 “C before and after hydrothermal

treatment at 700 “C for 20 h

Figures in sample labels indicate the number of each sample in Table 1.



WY — W7 - el

£ 618 (2017) 81

Table 2 Hydrothermal synthesis conditions and characteristics of Fe-BEA-OH

Sample Synthesis condition Product
Si H,O TEAT™ Na© OH~ F~  Seed Temp. Time Phase* Si Si  Fe Micropore
/Fe /SiO, /SiO, /SiOs /SiO, /SiOs [wt.%] [C] [h] /AP /Fe® [wt.%]" volume
[cm®/g]*
Fe-BEA-OH 33 10 0.15 040 0.55 1 170 90 *BEA 550 11.5 7.3 0.24
Fe-BEA-F (sample 10) 44 7.5 0.61 0 0.11  0.50 0 150 240 *BEA 2400 31 2.9 0.22

2 Am: amorphous
b Measured by ICP.
¢ Calculated by the t-plot method.
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Fig. 8 XRD patterns of (a) Fe-BEA-OH and (b) FeAI-BEA-OH
(b) FeAl-BEA-OH was synthesized based on a general
method without using excess of NaOH.
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Fig.9 SEM images of (a) Fe-BEA-OH and (b) FeAI-BEA-OH

(b) FeAl-BEA-OH was synthesized based on a general
method without using excess of NaOH.
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Fig.12 Diffuse reflectance UV-Vis spectra of (a) Fe-BEA-OH, (b) Fe-BEA-F (sample 4), (c) Fe-BEA-F (sample 10),
and (d) Fe/beta before hydrothermal treatment at 700 ° C for 20 h.
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Table 3 Fe species content calculated from the deconvoluted UV-Vis subbands

sample

Isolated Fe*

Fe’t,0y clusters  Fe,O; particles

[%]*

[%]* [%]*

Fe-BEA-OH 95.8
Fe-BEA-F (sample 4) 98.4
Fe-BEA-F (sample 10) 89.5
Fe/beta(14) 79.6

4.1 0.1
14 0.2
10 0.5
17.2 3.1

2 Calculated from integrated subbands.

Isolated Fe**: A < 300 nm

Fe?*:0y clusters: 300 nm < A < 400 nm

Fe,0; particles: A > 400 nm

g=2.0 (a)

Intensity
[\")
S o

-100 T T T )
0 200 400 600 800
mT

Intensity
o

mT

Intensity

0 200 400 600 800

0 200 400 600 800

Intensity

0 200 400 600 800
mT

Fig.13 EPR spectra at —196°C of (a) Fe-BEA-OH, (b) Fe-BEA-F (sample 6), (c) Fe-BEA-F (sample 10),
and (d) Fe/beta (black) before and (grey) after hydrothermal treatment at 700°C for 20 h
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Degree of signal retention

0.1 1 10 100
Fe/Al

Fig.14 Relationship between the degree of signal retention
at g = 2.0 before and after hydrothermal treatment at
700°C for 20 h, and the Fe/Al molar ratio of Fe-BEA-F
Degree of signal retention at g = 2.0 = (signal height of
aged sample / signal height of fresh sample) X 100(%).
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FeAl-BEA zeolites
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