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Yokoi Lab from Tokyo Institute of Technology ( Tokyo Tech)

O /vw2:;R—> Nanospace Catalysis Unit, Yokoi group

> Zeolites
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Hydrothermal synthesis
Zeolite transformation
Template-free synthesis
Core-Shell structure
Distribution of hetroatom
Hydrothermal stability

Monodisperse spherical
mesoporous silica
Porous silica with chir
mesospace
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Associate Professor
Toshiyuki Yokoi

" Nanospace Catalysis

WRHI Specially
Appointed Professor
Hermann Gies

Chemical
feedstocks

Specially Appointed

Specially Appointed
Associate Professor

Shuhei Yasuda

Selective production of chemical substances
by controlling the position of aluminum
at the atomic level

External
surface

Example: MFI-type zeolite

Catalytic properties
change depending
on the locations of
aluminum - at pore
mouths, interior, or
intersections of
pores

‘ Pore mouth

e — Aluminum . = Intersections

Effective utilization of diverse carbon resources
toward sustainable chemical industry

Tokyo Tech

Assistant Professor
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H,0

Tetrapropylammonium
hydroxide (TPA)

TPAOH TPAOH

Pentaerythritol (PET)

NaOH PET, NaOH

Acid site M = Fe, Cu, Ni, Co, Rh, and so on.
[TPA] [TPA, Na] [PET, Na]

T. Yokoi et al., J. Phys. Chem. C 119 (2015) 15303.,

T. Yokoi et al., Chem. Lett. 2017, 46.,

T. Yokoi et al., J. Catal. 2017, 353, 1.,

T. Yokoi et al., Catal. Today 2018, 303, 64. 7
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Selective sitting of metal species
in MFI-type zeolites

10-ring channel
(straight & sinusoidal)

® Alatom
Channel

: : PN ~h.o0, B O Rh cation
intersection ~ | ], 4

Chem. Commun. 2020, 56, 5913-5916.
Ind. Eng. Chem. Res. 2021, 60, 24, 8696—8704.
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T. Yokoi et al., J. Phys. Chem. C., 2015, 119, 15303.
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:Select:ve s:ttmg. of metal species @ Ni(NOy),
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(straight & sinusoidal) '

® Alatom ”

-~
J 0 Rh cation

Channel

Chem. Commun. 2020, 56, 5913-5916. 2 P P PN PEN PR W
Ind. Eng. Chem. Res. 2021, 60, 24, 8696-8704. si B Si A Si Ga
» zeolite » Others

e %, (SI0,, Si0,-Al,O,, et al.,)

CO yield

Rh, O, Rh, O,
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Over time _
O /O\ /O\ @ Ni(NO,), @ Ni(NO,),
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T. Yokoi, et al., Commun. Chem. 2020, 3, 129.,
T. Yokoi, et al., Chem. Lett. 51 (2022) 46. 9
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“‘Mars-van Krevelen mechanism”
: stoichiometrically produces syngas

“Surface mobile oxygen”

: contributes to the production of CO,

Mol ratio of H, to CO

O X (l@HHAZZEDIEN)

Tokyo Tech

235$min

Yield (C-atom%)
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P02=O
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Time on stream (min)

Lattice oxygen of NiQ in Ni(5)/MOR-45

NiO: 0.76 mmol g

Lattice oxygen: 0.73 mmol g' (H,-TPR)

Reaction

CO: 16 ymol (result)

.. 0.33 mmol g
+ Total:
Remaining lattice oxygen 0.69 mmol g*!

:0.36 mmol g' (H-TPR)

CH,+[0] > CO+2H, Eq1l

H2 3 [O] —* Hzo Eq. 2
CO + [0] — CO, Eq. 3
CH, + 4[0] — CO, +2H,0 Eq. 4

T. Yokoi, et al., Commun. Chem. 2020, 3, 129.,

T. Yokoi, et al., Chem. Lett. 51 (2022) 46.

10



i 2t BA =

New Technology Presentation Meetings!

B EREAEASAMRENEORGEDBEBRE

7 L — LS s Y —
Bronstedft = L U'BEEE

TREE

Bronstedf2 = & @ /&1 R DE D iz
KM - Bk

CO,Z 754 Mg
Select. / %
Cat. Topology Conv. / %

CH, Aromatics CH,0OH DME
Ni/HZSM-52) MFI 68.4 94.8 — - =
Ni@HZSM-52) MFI 66.2 99.8 - - -
Ni/La,Os/beta?) *BEA 84.0 97.0 — - -
Zn/FeO,/HZSM-5% MFI 41.2 - 75.6 - -
CuZnZr/mordenite? MOR 23.2 - - 1.2 50.8

Temp.: 250-400 °C,

Press.: -5.0 MPa,

SV: 1200-25000 h!

CO,/H,/N, (Ar) = 1/(1-4)/(0.12-1.5)

1)A. Corma, et al., Adv. Mater. 2020, 32, 2002927

2) Y. Zhang, et al., Appl. Catal. B: Environ. 2020, 269, 118801.
3) X. Fan, et al., Catal. Sci. Technol. 2019, 9, 4135-4145.
4)Y. Sun, etal., ACS Catal. 2019, 9, 3866-3876.

5) G. Bonura, et al., J. CO2 Util. 2017, 18, 353-361.

Tokyo Tech
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100 eq. Et;N
100 eq. Zn
50 eq. Lil

f vs. [Ni]
® -
PhCl 2 mL
323 K

25MPa  0.5MPa 2h TON: 21
D. Vogt et al., Chem. Eur. J. 2014, 20, 12037.
Cy>
P\
Pd0—
[ P

P

Cy>

200 eq. 2FPhNa

100 eq. Zn
9 vs. [Pd]
+
THF 30 mL
418 K

10MPa 2.0 MPa 20,1 TON: 29
M. Limbach et al., Chem. Commun. 2015, 51, 10907.
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CI ey
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50 eq. PhONa
50 eq. Zn e

®- &P

1.0MPa 2.0 MPa <0:h TON: 107
M. Limbach et al., Chem. Eur. J. 2014, 20, 16858.
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1000 eq. Cs,CO;

453 K

15MPa  1.5MPa &h TON: 15
N. lwasawa et al., Organometallics 2020, 39, 1561.
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Tokyo Tech

13



HAiHES lal
B AEHOEME [CRIEREXTFLY)

HINFZNBEENEAYDEL L — | [+ [+

+H2

CEHE + CO’E —_— ‘\VCOQH e \VCHD +H,0

— S ™

C,H, + CO, —> X -COH e, X CHO p0

14



3 flish A=

New Technology Pre

esentation Meetings

B AEMOERRG [ZERIERR X ITFL V]

‘\GzH‘ it

o),

6‘\

SV (mL h'* g') = 60000

WF-1(g-cat h molgg,1) = 0.4

CH, + CO, —> X\ C0H T, X CHO .o

[ [

DNAZNBEFIEEYDLEEL CHs + CO, — oA

_EHa

I

\/CHO +H0

Tokyo Tech

B HFHARXIKEN @573K

BFHA AR me-7

Productivity

/\H/OH

o

}2s

t - (-

0

O+
30
Particle size (nm)

NiO

HFIAXHR

/\rrH

Particle size (nm)

mfe =96 0
I10000
O:g
2> ;
=
= ‘
=
o]
24
o
"\ O
O o
0 30 NiO

ARy EREDE £

MR F1E

15



L il 3t B ==

New Technology Presentation Meetings!

B AEMTOERREG [

MS peak intensity

. . (]
@ @

A
400 500 600 700 800 900
Temperature (K)

MS peak intensity

ULy

L~
@

400 500 600 700 800 900
Temperature (K)

MS peak intensity

Ni/zeolite fhjE-1

Tokyo Tech

Ni/zeolite filhi-2
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FAX 03—-5734 — 2482
e-mail sangaku@sangaku.titech.ac.jp
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