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Time dependence of Fourier transorms of Rh K-
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Time dependence of CN of Rh-Rh
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Formation process

3+
Rh adsorbed

Reduction of Rh3* cations takes place at a constant rate.
Uniform nanoparticles appear one after another at a constant rate.
A nanoparticle does not grow.
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Formation process

3+
R h adsorbed

Unable to detect within a

measurable time

Rhmetal’

Reduction of Rh3* cations takes place at a constant rate.
Uniform nanoparticles appear one after another at a constant rate.
A nanoparticle does not grow.
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Fuel-cell cogeneration system

H, sources R
Fuel Steam reforming(700°C)
Natural Gas CH4+ H20 — 3H2+ CO
[~ CHa+ 1/202— 2H2+ CO

1 B @co =10 %
Reformer < CO shift reaction(400°C/200°C)
CO + H2O — CO2+ H2

Hzl ~
l lCO=1%

Air (O,) | FuelCell 1
Do l CO selective oxidation(120-200°C)
Heat CO + 1/202— CO2

Inverter recovel]

! | CO < 20 ppm
AC l H,

Frequent DSS operations

*DSS; Daily Startup and Shutdown




W

. ‘ \ ™
During PSS l-m Oxidation Purge gas; N,, Air (contains O,)
operation Remaining reactant; water

Reduction Reaction gas; CO, H, Agglutinated water
at low temp.

Scheme of quasi DSS operation (steam treatment)

Temp. Reduction CO shift Steam treatment (H,0/N,) CO shift
N € > € >€ > < S
20 30 min 120 min
200 CH . >
50 Ci—

SV=12.4 Lh1g 1

N

Time

Reduction; H,/N,=5/95, Steam; H,O/N,=25/75
WGS reaction; CO/CO,/H,O/H,=7.3/7.3/27.2/58.3



In-situ XAFS observation system

! e Electromagnetic valve

H2/He .2’ ‘e— . —— -\
CO/CO,/ H? In-situ cell
o 7%
A
He o H,0CO/CO,H /&
2 -
H,O/He '

H,O flow controller

v
Gas treatment equipment




In-situ XAFS observation system

= Skew capping

® oo
% &
N\
Out
gas
Water
= Cooling water flow
<Operating tem. limit>
Kapton; 200 C

In-situ cell (Gas flow cell)

Designed ; Akane Suzuki (KEK-PF)
Produced ; Kyowashinku Co.

\

Kapton Araldite bond; 100 C
ﬁroblems N
During steam treatment Using RT water
sample (without cooling)
X-ray Sample
[To] geng Was - Gas changing method
0 [1] d GAST — GAS2
Sample was brol@l‘? @ GAS1 OFF
\ Water pool  \Water cause bad spectra/ @ GAS2 ON




Behavior of Activitx During DSS Oeerations under steam

60 — | E@ Before steam cycle @ After steam 1 cycle
B After steam 10 cycles B After steam 20 cycles
B After steam 50 cycles
S 40—
&
2
(- 30 ]
o)
&)
@) —
o 20
O —
CP- Cu-AI Ox IMP- Cu/AI903 ' IMP- Cu/AIOOHi MDC-7
(Cu/ZnO/Al,O5)

High durability !!! Deactivation




Scheme for in-situ XAFS observation

HyHe  CO/CO,/H,0/H, H,0/He CO/CO,/H,0/H,
(5/95) (7.3/7.3/27.2/58.3) (25.1/74.9) (7.3/7.3/27.2/583
350°C 30 min Steam; 1~2 cycle
00°C  SYmae, 30 min 30 min 30~60 min;
Before After :
) RO reaction
room temperature 80 C
Dynamzc monitoring of Cu-catalyst behavior (Cu-K edge)
using in-situ QXAFS observation taconites

— | SV=12.4 X 10 Lhg_,*

Elucidation of the behavior of catalyst under steam DSS operations
Propose the deactivation mechanism




Fraction for each Cu species of CP-Cu-Al-Ox (1

(@) CuO, (M) Cu*, (A)Cu?* (—)Temp.
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Under our scheme of DSS operations with steam
~

-
Cu metal was related to the active site.
Steam oxidized Cu metal to Cu+

L Increasing steam treatments caused increasing the oxidized Cu amount. )




Reaction Steam (H,O/He) Reaction
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The fraction for each Cu species of CP-Cu-Al-Ox (2)

After calcination at 823K After steam 10 cycles
Reaction  Steam (H,O/He) Reaction Reaction Steam (H,O/He) Reaction
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The fraction for each Cu species of IMP-Cu-Al-Ox (2)

After calcination at 823K

Reaction Steam (H,O/He) Reaction
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Summary

High sustainability

Homogeneous In-situ Boehmite formed Small Cu nanoparticles
Cu® Cu,0
particle hase
Steam ) Reaction>
Amorphous
ALO, ~ AIOOH

Deactivation

Inhomogeneous

Large Cu nanoparticles

CuO
particle

N

7
y-AlL,O,

Aggregation

Steam )

Reaction> @




Morphology of Cu-Al-Ox catalyst

‘homogeneous

Cu Al

homogeneous

Needle-like Boehmite was formed
Homogeneous Al and Cu mixture

Structure was unchanged

Inhomogeneous Al and Cu mixture




Proposed mechanism

CP-Cu-Al-Ox Many
(High durability) Amorphous
AlLLO
Many / ’
smallCu0 DSS :
Reaction
Homogeneous | After 823 K cal.
IMP-Cu=AT- ]
(Low durability)
y-Al,05
Many -
large CuO
DSS
Reaction

[ Inhomogeneous } After 823 K
cal.

small Cu
metal

Boehmite

/

Homegeneo
Boehmite was formed

Aggregated
Cu metal

Deactivation with Cu
aggregation
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