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Preparation of MFI zeolite-encapsulated Pt catalyst with high thermal stability using Pt-
supported silica gel as a precursor and its application to ethane dehydroaromatization reaction 
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Conclusion

Evaluation of thermal stability

・Characterization

Catalyst Preparation

Catalyst development

※ Metal immobilized inside zeolite

✓ Expression of molecular sieve and solid acid

✓ Suppression of sintering of metals

Objective

✓ MFI type peak (48 h~)

M@SiO2

Metal
SiO2

M@Zeolite

Metal

PVP

Pt(NO3)4 aq

N2H4・H2O

(reductant)

Metal immobilization

150℃, X h, 20 rpm

HTS

Pt@MFI_Xh

X = 0h, 24h, 48h, 72h

TPAOH

(SDA)

HTS

Drying

110℃

Calcination

550℃

Mother liquor gel

HTS

Metal

M@Zeolite

Need to stabilize metal precursors

Prevent precipitation of metal hydroxides in mother liquor gel

△ Insufficient 

encapsulation

Reaction conditions

Catalyst : Pt/MFI, Pt@MFI_Xh

Reactant : TMB , TOL (0.1 mol)

H2 Pressure :  1 MPa

Reaction temperature : 100℃

Stirring speed : 400 rpm

Reaction time : 24 h

Weight : 0.4 g

※Hydrogen reduction at 450°C 

for 1 hour as pretreatment

・Reaction test

Pressure :  0.1 MPa (Atmosphere)

Reaction conditions

Catalyst : Pt@H-MFI, Pt/H-MFI

Gas composition : C2H6 : N2 = 18.9 : 81.1

Reaction temperature : 700℃

※ Hydrogen reduction at 450°C 

for 1 hour as a pretreatment

GHSV : 3600 [mL/(h・g)]

0.25wt%

Pt@MFI

Drying

110℃

Calcination

550℃
0.25wt%Pt@H-MFI

1M NH4NO3 aq

stiring

1.5 h

H-MFI

Drying

110℃

Calcination

550℃
0.25wt%Pt/H-MFI

Pt(NO3)4 aq

✓Decrease in NH3 desorption peak (550～750K)

→Coverage of acid sites by coke deposition
✓Decrease in micropores

→Pore blocking due to coke deposition

𝐂𝐨𝐧𝐯. [%] =
𝑭𝐂𝟐𝐇𝟔,𝐢𝐧 − 𝑭𝐂𝟐𝐇𝟔,𝐨𝐮𝐭

𝑭𝐂𝟐𝐇𝟔,𝒊𝒏

𝐘𝐞𝐢𝐥𝐝𝐢 [%] =
𝑭𝐢,𝐨𝐮𝐭

𝑭𝐂𝟐𝐇𝟔,𝒊𝒏

◆ Verification of encapsulation structure

◆ Evaluation of thermal stability of Pt (EDA@700)

Product distribution

✓Pt@H-MFI shows high activity

→High dehydrogenation capacity by Pt fine particles

NH3-TPD（Before and after reaction）

support
(SiO2, Al2O3, CeO2, ZrO2)

Coke deposition
(Pt particle size 6 nm 

or larger))

Sintering metals

Metal nanoparticles

M@zeolite

Zeolite

Metal

× Sintering of metals present on outer surface

×Inhibition of active sites by coke deposition

Metal complex

Metal ion

Carbon

Nitrogen

Si source

Al source
NaOH

H2O

SDA

Si source

SDA

Silica gel

(SiO2)

SiO2 Metal ion

Metal

Ion exchange Metal immobilization

M-SiO2

Metal

※Liquid phase

reduction

HTS

M@Zeolite

Metal

SDA
Al source

NaOH

H2O

Colloidal Silica

(SiO2)

stirring

Ion exchange

H2O

NaOH

NaAlO2

stirring

stirring

2) Hiroyasu Fujitsuka, Shuto Oshima, Yusei Matsumura, Teruoki Tago Catalysis Today 375 (2021) 360–368

3)Takahito Kobayashi, Takaaki Furuya, Hiroyasu Fujitsuka, Teruoki Tago Chemical Engineering Journal 377 (2019) 120203
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✓Pt@H-MFI suppresses Pt sintering

N2 adsorption
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1) Baocheng Qiu et al. Applied Surface Science 554 (2021) 149611 

✓Pt/H-MFI was confirmed fiber carbon formation

50 nm
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Development of Pt-supported Zeolite Catalysts with 

Excellent Sintering Resistance
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(Institute of Science Tokyo) Raichi Asami，Kenichi Yoshida，Hidekazu Goto，Kentaro Kimura，Teruoki Tago*

INTRODUCTION

Conventional metal catalysts Zeolite-encapsulated metal catalysts

 MFI zeolite-encapsulated metal catalysts were successfully prepared using metal-supported silica gel as a precursor. 

 The thermal stability of metals was confirmed by using metal catalysts encapsulated in MFI zeolite.

Preparation of metal-encapsulated zeolite catalysts

Case 1: Use of metal complexes

Case 2: Method for silica coating of metal precursors 1)2)

1 step 2 step

New method : Immobilization of metal particles to silica gel

〇 One step

〇 Various metals 

     can be used.

× Multi-step

× Use of organic 
   solvents

・Preparation Procedure

Zeolite properties (XRD, N2 adsorption)

✓ Micropore development (48 h~)

Confirmation of immobilization location of platinum particles

Acid site

C2H6 ⇄ C2H4 + H2    

ΔH◦ = ＋137 kJ/mol 

×3

Pt

EDA : Ethane dehydroaromatization

Reaction temp. ≧ 700℃
(efficient conversion)

Ethane Ethylene Olefins BTX

Pt Acid site

Dehydrogenation Oligomerization Aromatization

Acid site

Reaction scheme
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✓ The Molecular Sieving Effect appeared 

     with the zeolite formation. 

→ Pt@MFI_72h had sufficient selective 

     hydrogenation activity.
Pt@MFI_24h
dTEM = 3.3 nm

100 nm
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