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RRECEMETE DR

Many elements can be a candidate for developing the active
catalyst. However, there are some restrictions such as cost,
abundance, etc.

Platinum group metals show the higher activity toward
many reactions. However, they are really “precious” and
“distributed unevenly”.

Base elements are relatively “inexpensive” and “abundant”.
They also have the activity as catalyst. However, their
activity is not high enough.
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D, (nm) Figure 1. Dependence of catalytic activity on the size of Au:PVP for the
Au oxidation of p-HBA (see inset).
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I S — M. Haruta, H. Tsunoyama, N. Ichikuni, H. Sakurai, T. Tsukuda,
0 1 2 3 4 Catal. Today, 36 (1997) 153-166. J. Am. Chem. Soc., 131 (2009) 7086-7093.
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Ni metal nanocluster on alumina
Ni+/ T FAT—DH A XBE

Nida- K Zaiki&IciER Ni colloid
HEBROBRENBSHBT7ILAXY NMRERICER @

- ARFHICE DY XHIHRTRE

N. Ichikuni et al. Trans. Mater. Res. Soc. Jpn., 37 (2012) 177-180.
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catalyst preparation

N|(OAc)2 Alea (Aerosnl -C)
u reflux '

NaH+alcohol*/THF Ni collo|d col Ni/Al20s

- Ni loading: 3 wf%‘

P. Caubere et al. J. Organomet. Chem., 157 (1978) 125-133.

*alcohol

OH
OH

2-propanol (2-Pr)  2-butanol (2-Bu) 2-pentanol (2-Pe) 2-octanol (2-Oc)

W

OH OH

2-decanol (2-De) 2-dodecanol (2-Do)

H. Kitagawa, N. Ichikuni, S. Xie, T. Tsukuda, T. Hara, S. Shimazu,
e-J. Surf. Sci. Nanotech., 10 (2012) 648-650.
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Ni K-edge XANES <H: treated at 673 K>

normalized absorption

--{NiO

Ni foil

imp Ni/SiO,

col Ni/SiO,

imp Ni/ALO;,

col Ni/ALO,

8300 8320 8340 8360 8380 8400
photon energy / eV

Ni K-edge XANES spectra of Ni
catalysts Ho-treated at 673 K.

absorption

8300 8320 8340 8360 8380 8400

photon energy / eV

Ni K-edge in situ XANES spectra
during Hz treatment.

NiIOENIDEIE ?

Ni K-edge XANES

<Ha treated at 673 K>

catalysts ratio of Ni metal / %
imp Ni/SiO2 95
col Ni/SiO2 90
imp Ni/Al203 25
col Ni/Al203 85
1 T 1
--[NiO

normalized absorption

Ni foil

observed
calculated

imp Ni/SiO,
col Ni/SiO,
imp Ni/Al,O;
=1 col Ni/AL O,

8300 8320 8340 8360 8380 8400
photon energy / eV
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<Haz treated at 773 K>

catalysts ratio of Ni metal / %
imp Ni/SiO2 95
col Ni/SiO2 90
imp Ni/Al203 55
col Ni/Al203 85
1 s 1
-| NiO

Ni foil

imp Ni/SiO,
col Ni/SiO,
imp Ni/ALLO,
col Ni/ALO,

normalized absorption

| | |
8300 8320 8340 8360 8380 8400

673 KBITETS |

photon energy / eV
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catalyst preparation

"‘ ‘
N|(OAc)2 Alea (Aerosnl -C)
u reflux '

col Ni/Al203

NaH+alcohol*/THF Ni collold

- Ni loading: 3 wt%!

P. Caubere et al. J. Organomet. Chem., 157 (1978) 125-133.

*
alcohol
[ W Mj
2-pentanol(2-Pe) 2-octanol (2-Oc) 2-decanol (2-De)
BAE
NaH/Ni =9, 15, 20 alcohol/Ni=1, 3, 6,9
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effect of alkyl chain length

Sample CNa re/nm

Ni foil 12 0.249

col Ni/Al,O5 2-De 10.310.2 0.247
col Ni/Al,0; 2-Oc  8.410.3 0.248
col Ni/Al,O; 2-Pe  8.9+0.2 0.247

ool NifAI,0, 2-De a Coordination number of Ni-Ni1
b Coordination distance of Ni-Ni1

Ni foil

FT]

col Ni/Al,05 2-Oc

| col Ni/AL,O, 2-Pe
0 2 41 6 = 4 4 =

r110" nm 2-OcCROMUNGRF / VT RY —

FT k-range: 30-130 nm™'
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effect of alkyl chain length
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TEM observation

Distribution / %
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Particle size / nm Particle size / nm

d=3.2+0.8 nm [d = 3.0£0.8 nm
wm €Ol Ni/ALO3 2-De INeINERIE 20 n  COI'Ni/Al,O; 2-Pe CN =89
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d=2.9+0.7 nm
CN=8.0

1
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Particle size / nm

d=2.7+0.7 nm
CN=6.7
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water gas shift reaction
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Ratio of distorted particles (rdp*)

col Ni/Al,O4 2-De rdp =6.3 %
d=3.2£0.8 nm
CN=10.3

col Ni/AlL,O5 2-Pe rdp=9.6 %
d=3.0+0.8 nm
CN=8.9

col Ni/Al,O5 2-Oc NaH(15) rdp=10.4 %
d=2.94£0.7 nm
CN=8.0

col Ni/Al,O5 2-Oc THF(10) rdp =10.6 %
d=27+0.7 nm
CN=6.7

rdp: Number of the distorted particles/number of all particles
observed in HAADF STEM images.

AR < f W B & OEARIEIAMER
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The reason of volcano-shape size dependence

FREICHBDNIEALOIFREICH BNi& TIEFEENERD,
BETIICOKRLICERDDHE
K.B.Kester, E.Zagli, J.L.Falconer, Appl.Catal. 22 (1986) 311-319.

col Ni/Al,O5 2-Oc THF(10)
e

rdp=9.6 % rdp =10.6 %
: 4 d=3.0+0.8 nm d=2.7+0.7 nm
PCER e R\ EAORWELY £ = 58 kJ-mol-’ Ea = 82 kJ-mol!

HE (RFRIR?) IKEDWGSROBHIETIRILF—ICKELZE
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Size regulated Ni nanocluster was preparaed on
alumina support.

Ni nanocluster showed the volcano shape size
dependence on WGSR

H. Kitagawa, N. Ichikuni, H. Okuno, T. Hara, S. Shimazu.,

RS Appl. Catal. A, 478 (2014) 66-70.

N
o

Initial rate of WGS / 10”° mol min™ g,
5
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BEES/ VTR —EEALICEEEZLEE LRV

NiO

imp Ni(N)/SiO,

imp Ni(Ac)/SiO,

col Ni(A)/SiO, _

col Ni(C)/SiO, DY AICHEFULENIF/ VTR Y—
COININYSIO2 -y zms8 2ot TNIOAEB{EE N3

col Ni(Ac)/SiO,

normalized absorption

N. Ichikuni, O. Tsuchida, J. Naganuma, T. Hara, H. Tsunoyama, T.
\ \ \ \ Tsukuda, S. Shimazu, Trans. Mater. Res. Soc. Jpn., 37 (2012) 177-180.

8300 8320 8340 8360 8380 8400
photon energy / eV
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Z)ILdAF> KRECoOOT KN
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BRFERIC NIV N/ 9525 —

S
-
1< N
2
[
3 \ oxidation 673 K
£ N\ oxidation 573 K
£ oxidation 453 K
o
=

w/o pretreatment

7700 7720 7740 7760
photon energy / eV r/ 0.1 nm

Co304F/ VS RY —%&@BHICIFET73 KU ETEALILIET 2 HE

N. Ichikuni, T. Fuijii, T. Hara, S. Shimazu, PF Activity Report 2013 #31(2014) B, 93.
BH, —E R BE F11208ENHS11-02 (FKH)201349A8
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FolzFE I £ % HE DI

Bt /)NLNF /0T Ry —fuhl

e B Y

C°(°A\_°)2 sio,\ | 573,673, 773K
Co colloid col Co0,/SiO,
H Co: 3 wt%, 5wt%
THF N, atmosphere |

n=alcoholate/Co=3, 4, 9

o- Na*
Na*
o o col CoQ,/SiO, (n)
Na*
Na+ O
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FolzFE I £ % HED

——— col CoOx/SiO; (3) T T T

col CoOx/SiO, (4) — col CoOX/SIO, (3)
—— col CoOx/SiO, (9) col CoOx/SiO, (4)
5 B A i —— col CoOx/SiO, (9)

- /vv vam SANLi |

-10 | — S | | ax |

2 12 14 0.0 0.1 0.2 0.3 0.4 0.5 0.6
k/ 10 nm r/nm

<
IFT]

Table Curve-fitting result of Co-Co (On) coordination for col CoOx/SiO> catalyst

CN r(nm) dE (eV) DW (nm)
col CoOx/SiO2 (3)  3.8+0.4 0.285+0.001 -0.12+0.87 0.0078+0.0010
col CoOx/SiO2 (4)  3.4+0.4 0.285+0.001 -0.76+0.96 0.0078+0.0010
col CoOx/SiO2 (9)  2.6+0.5 0.285+0.001 -0.64+1.50 0.0082+0.0015

FT k-range: 30-140 nm', Co-(O)-Co parameter: Co304

alcoholate/Cott DIBEMMIC & D U 5 R Y —H 1 iR
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XPS spectra of 5 wt% col CoO,/SiO,

Co3/(Co®*+C0?*) (%)

pretreatment temp. (K)  col CoO/SiO, (3)  col Co0/SiO, (4)  col CoO,/SiO, (9)

573 67.8 66.8 66.6
573—673 62.9 60.3 47.7
573—673—773 46.6 5142 39.6

T LA B B R |
Co 2py, Co2p;, Co2ps,
34
o Co

3+
2+
co Co s Co™ c
: ; 573K
M L‘Qgég! 573

673K

573-673

| | | x x x P R s & 21

L L
810 800 790 780 810 800 790 780 810 800 790 780
Binding energy / eV Binding energy / eV Binding energy / eV

T

I e —
Co2py, C02ps Co 2pyp,

Intensity / a.u
Intensity / a.u

Intensity / a.u.
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Coffificx 3 2 HEURE D&

C0®*/(Co3+C02*) (%)

pretreatment temp. (K)  col CoO,/SiO, (3) col CoO,/SiO, (4) col CoO,/SiO, (9)

573 67.8 66.8 66.6
573—673 62.9 60.3 47.7
573—673,

evac at 273 66.2 66.9

EERHFR CTIIRER T I Mz s
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Initial rate of CO oxidation on 5 wt% Co00,/SiO, catalyst

catalyst ro (10® mol-min-"-geat™")
col Co0,/SiO, (3) 13.7
col CoO,/SiO, (4) 13.6
*col CoO,/Si0O, (4) *6.3
col CoQ,/SiO, (9) 5.8
*col CoO,/Si0, (9) *1.1
imp Co0O,/SiO, 4.4
bulk CoO n.r.

Po(CO)=10 Torr, Po(O2)=5 Torr. 273 K. Cat.: 0.050 g.
Pretreatment: oxidation at 573 and 673 K, followed by evacuation at 273 K.
*Pretreatment: oxidation at 573 and 673 K, followed by evacuation at 673 K.

ERES TEEDALELICEDDY XY —T 1 XD/INE WEED A HMESE M
92 RY =Y A ZOHHMEICH V(1 10)type AD T ?

O3 Co' 0y o o

co* O3

- Cco?*
C030,(110)-type A C0;0,(110)-type B

H.-F. Wang et al, J. Catal., 296 (2012) 110-119.
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Small Co oxide nanocluster was preparaed
on silica support.

nanocluster catalyst: 4.8 nm, impregnation catalyst 17 nm.

Lowering the desorption temperature prevented the
surface reduction from Co3* to Co?* and showed the
activity for CO oxidation reaction.

Desorption temperature of surface oxygen became
lowered as Co oxide nanocluster size diminished.
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AuF/ 75 R9—LiBlsED
EGSFHE CCOBRILRDIETE

M. Haruta, Faraday Discuss, 152 (2011) 11-32.
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Catalyst Preparation
NiO(precursor)/support-T

precursor:
amm: [Ni(NH;)s]?* in ammonia solution
ace: Ni(acac), in MeOH
nit: Ni(NO;), agq
support:
Sio,
A.C.: activated carbon
calcination temperature:
573,673 0or 773 K
loading amount: 5 wt%
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Catalytic reaction

Yield | %

60 (——————— Catalyst CNa (Ni-Ni)  Yield? (%)
. . NiO(amm)/SiO,-RT 73+12 51
NiO(amm)/SiO,-573 74+12 28
40 NiO(amm)/SiO,-773 8.0+13 45
80 —— NiO(amm)/A.C.-573 5.0+0.8 17
20| . NiO(ace)/Si0,-673 7.0£1.2 7.8
10 s NiO(nit)/SiO,-673 12.322.1 1.9
oLl LT e aCoordination number (CN) of Ni-Ni, determined by curve fitting
4 CN%f NN 12 analysis of Ni K-edge EXAFS for NiO catalysts. » Determined by

gas chromatography using an internal standard method.

B BN DFEMERF



Ni K-edge XANES
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Normalized absorption

=

8320 8340

8360

Photon energy / eV

NiO(amm)/A.C.-573
NiO(ace)/SiO,-673
NiO(nit)/SiO,-673

8380
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h—T 71y 71 V78T (RFEENI-NIBCHL)

Catalyst CNa r® (nm) dE°c (eV) DWY(nm) Re
NiO(amm)/A.C.-573 5.0+0.8 0.300+0.001 1.2+1.5 0.0083 0.132
NiO(ace)/SiO,-673 7.041.2 0.298+0.001 -1.9+1.6 0.0095 0.377
NiO(nit)/SiO,-673 12.342.1 0.295+0.001  0.5+1.7 0.0060 0.090
bulk NiO (model) 12 0.295 0 0.006 -

a Coordination number of Ni-Ni, » bond distance, ¢ difference between model compound
and experimental threshold energies, ¢ Debye-Waller factor, ¢ R-factor.

FT range: 30-140 nm™.

NiOY A XHhELE S

/% NiO(amm)/A.C.-573

NiO(ace)/Si0,-673

[FTI

NiO(nit)/SiO,-673
bulk NiO
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TEMEIE (NiO(ace)/Si0,-673)

Distribution / %

o 1 2 3 4
Particle size / nm

FEHRIE: 1.0 nm
EERZE: 0.24 nm

nnnnn

Catalyst CN
NiO(amm)/A.C.-573 5.020.8
NiO(ace)/Si0,-673 7.041.2 1.0 nm®DNIOF /I Z A5 —
NiO(nit)/Si0,-673 12.32.1
bulk NiO 12
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Ni K-edge EXAFS

\,/\/\/v NiO(amm)/SiO,-RT
\J\/\/V NiO(amm)/Si0,-573
\J\/\/*-'\N NiO(amm)/SiO,-773

Ku(K)

NiOLIA DL Z1E
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NiO(amm)/SiO,-T (FIEE M4 T THE

Ni-O-SiDEEEEN T
T. Lehmann et al., Micro. Meso. Mater., 151 (2012) 113-125.

oH C"H OH ?H ERERET | | (‘) |

Si—0—Si—0—Si—0—Si- TR —S‘i—c‘)—S‘IOH HOS‘i—O‘—S‘I

|—Q—§—0—$—0—%5i- §—0—§i—0—5i—0—8i-

(a) SI0, &% (b) #ilcta> 5/ —ILEDFERK
OH OH OH OH
[NI(NH )61 OBA L NiO

9 —_oc —\io-sis
—O—Sl—O—Sii—‘O—Sv—O— sio,
-Si—0—Si—O0—Si—O0—Si-

(c) Ni-O-SifEaEE DK
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Ni K-edge EXAFS

\/\/\/v NiO(amm)/SiO,-RT
\J\/\/‘v NiO(amm)/Si0,-573
\/\/\ﬁ’\/v NiO(amm)/SiO,-773

Kx(K)

bulk NiO

Nickel silicate | ZE{5L



Catalytic reaction

Ni-O-SitE &
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DBRHEIGINEEICKELTE

Catalyst NiO ratio (%) Ni-O-Si ratio (%) Yield (%)
NiO(amm)/SiO,-RT 37 63 51
NiO(amm)/SiO,-573 48 52 28
NiO(amm)/SiO,-773 57 43 4.5

NiO(amm)/SiO,-RT NiO(amm)/SiO,-573 NiO(amm)/Si0,-773

Sio, Sio, Sio,

[ [N{e} Ni-O-SiEAEIE

BIAEAREONI-O-SHEAHEE DB=M 2T 5 H
1-7 1 ZILIY J —LBBIL RIS % (R
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(4) HBEFREIC K BIRERR

BESE (E2BMUN) THO01 RZRRFKETZET
T/ VTR — =Bk L ICTBEERTRE
BETRICEDBEIEENFESHELS

W F /USRI - LTOMEER
BEAFREDFAT S & THIBMEERDRER



