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particles are
supported on
a carrier.

= The carrier Is

ﬁporous
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W
Support

(Carrier)
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Dispersity = surface 300 500 700 900
metal / bulk metal Callcmatlons temp. (K) |
Effect of preparation method on average size
of metals and their thermal stability.

It depends on metal Y
~ size In general. A: impregnation method with H,PtCl,

il B: ion exchange method with [Pt(NH,),|Cl,

A

—

Ref. H. Arai, Surface 17, 680 (1979).
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Relationshipbetween
or2parator meinod and
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Adsorption uptake of H and
CO is in propertional to
surface metal amounts.

H uptake
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" Surface area became

Adsorption uptakes of H and CO on Pt/y-Al,O4 as

wlunchanged GVERa Certam a function of Pt loading.
=1 ; O: reduced by H, at 300°C for 2h
Ioadlng of Pt. A: H, at 500°C for 2h

— A H, at 750°C for 2h

A : . - <: calcined by O, at 500°C for 5h.
With increasing P, its size HL 0 St MiE e KA Pl ner,

was Increased. Ir. J.Catal., 59, 367 (1979) 5
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__= Impregnation

= ncluding incipient wetness method, etc.
— Immerse support materials in metal salt soelution.
— Drying it up and calcining it well. ~
= [on exchange
ecipitation
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Diszacvelriieiges
__= Impregnation
— Easy control for loading.
— Very difficult to decrease catalyst metal size.

= lon exchange
— Easy control for metal size.
iy difficult to increase o

——
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— Our method

General

@ Larger loading

eans larger size.
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...=——-!-Cgm;ml.gf complex form of noble metal solution
— Adjust pH to form hydroxide complexes
— ca. Pt(OH), complex

= Aging them at 100°C 2days
— Formation of precursory complex

ﬁ.ormaucn of noble nanoparticles b y reduction
W M&ze
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Single-crystalline anatase-type TiO,
Monodispersed particles prepared
b the Gel Sol method
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~__ [Noble metal salt] =2.0 x 10* mol dm-®
' (HAuCl,; RuCl,, RhCl, PdCl,, H,IrClg, H,PtCly)

Storing at room temp. for 24 h

Support particles = 1.6 g dm3
— Ultrasonic dispersion (30 min)

i

—
— S

BCUVEY Aging (100°C, 48 h) Reduction by H, if necessary

Metal nanoparticles of Au, Ru, Rh, Pd, Ir, and Pt
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Table Catalytic properties of supported Pt nanoparticles.

Support Specific Method Pt Particle |Dispersity| 1-octene
surface loading | size (H/M) | conversion
areal(m2 (Wt%) | (nm) (%)

g)

TiO,, ellipsoid (anatase) | 37.5 This study 3.0 1.1 0.99 11.9
This study 18.9 1.3 0.86 35.7
lon-exchange _ 1.4 0.98 3.7

method
Impregnation 20.0 6.3 0.40 9.7

method
a -Fe,0s3, ellipsoid (A)* | 136 This study 22.0 2.0 0.09 4.6
SiO, 4.20 This study 13.6 10 - 50 0.31 5.0

(prepare by Stober method)

ZrO, (B)** 118 This study 18.0 2.4 0.86 19.4
Al,O3 156 This study 18.0 1.6 0.85 52.1
~ |CSJ-ref. cat ALOG6 lon-exchange 3.0 1.2 1.00 10.6

method
Impregnation 18.0 4.8 0.28 21.2

method

Selective Deposition method — Highly dispersed catalysts with high loading
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Shallenoinehie

_ nanoogflﬂ

S E——— ——

e Nanopartlclg‘s of noble metals can be
~ obtained by Selective Deposition Method.

= But, Ni Is well known as very difficult to
make It nanometer size.

= NI particles are easily aggregated each

MMSt |

preparatlon cannot give nanoparticles of NiL.
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cleiEle]sET R E——
synfﬁ_|zed by Ciguid
Pliase’Reduction method

» Amorphous (contain :B)
* ¢.a. o~10 nm

Ni-Zn nanoparticles

. .'-'-‘1'.’ i}

- High Surface Activity
—

_g_r,edpﬁﬁes'are—
I-unstable, since
tremendous aggregation
Sometimes occurs Iin the o
solution. IMRAM, Tohoku Univ., Japan 15
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Objective of this study

— —
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" Reductive Selective Deposition of
Ni-Zn Nanoparticles onto TiO, Fine
Particles (ST01) in the Liguid Phase

(Ni-Zn/TiO,)

@UC ACLIVILY measurements
. TiO,, STO1

dieicharaCleiZzations o NI=-Zn/T10,
nanocomposite synthesized.
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=A0CIITICI licl

Dissolution of metal complex

Synthesis of metal nanoparticles by -
using the reduction agent

High recovery rate by easy method -
Nanoparticles can be dir btai =~
a specific solvent.

Ni source:Ni(AA), (AA=CH,COCHCOCH,)
Zn source : Zn(AA),
Reducing agent: NaBH,
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Expermentaliprocedune

= Ni(AA)Z:OﬁOS-ﬁloI-dm'3'const. S—
Zn/Ni=0.0t0 1.0
2-propanol solution 40ml

€ Ti0,=0.125¢
« N, gas flow (30min, 82°C)

0.02mol-dm-=NaBH, 10ml

‘ Catalytic activity measurement

NI-Zn/T10, nanocomposite
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Catalytic

NN HH, L AN
1-Octene n-Octane

1-octene inlet

S

-_:Sim_pl_e method to characterize
S - .
the condition of Ni.
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Residual amount (%)
o)
-

0 01 02 03 04 05 1.0
Zn/Ni

Almost all metal was deposited on the TiO, supports.
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The particle size appears to decrease
with Increasing amounts of Zn added.
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(a) STY| (0) Mi=Zn/ST9| () Ni=Zn/ST9|
SZ7ANISORERSSEEE ZN7AN =

R —

With increasing Zn, the size was decreased.
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XRD nrofiles o N-N1/Ti1C

« TiO, anatase
. Ni
= e
= :I: !
- E
= (a)as prepared
O A
= | e
=~ rystallization
=
& (b)treated at 500°C for 1 hour
E "
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! | |
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XPS profiles of Zn-Ni/TiO, nan

NI Ni oxide

e

nl L

Surface: oxides

\ —
iis Core': metal
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(a) as prepared

(b) after etching
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Results of EXAFS (Ni-Kedge)

Ni-N1
* NI-O - exp.data |

4 NI-O « exp.data 8 ~ —— cal.data
. ——cal.data

Large particle size .

26.7% 39.4%

Amount of Boron

Large amount of B contained in the particles =
Intermetallic compound = amorphous



79th ACS Colloid and Surface Science Symposium

XPS profiles of Zn-Ni/T10, nanocomposite
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The'identification of Zn state is difficult in this experiment because the
peak positions of Zn and ZnO In ESCA spectra are very close.
=EXAFS
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» exp.data = exp.data
—— cal.data —— cal.data

Zn/Ni1=0.5

VAY
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Ni

ar v NiZn —— |

_
< Ni/STOI1 , \
% 2 ZnNi/STO1 (Zn/Ni=1.0) The effect
= 25 of Zn added
> 20
8 15
~—
S 10
= 5

0

0 30 60 90 120
Reaction time (min)

NI < Ni-Zn < NI/T10, < Ni-Zn/Ti0O
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HR-T EM images; ofi NiI-Zr/ 11O, hanocomposite

before reduction

Zn/Ni1=0.0

- 10nm B 1 Onm

T ey | = PO

it same "GlbE

5-6nm (NI), 1-2nm (Ni-Zn)

Heterogeneous nucleation
Zn addition suppressed the gromithu, v, e
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SalUl adlEU adUsOLPDUOLL dlTIOUTLIL

__ | " saturated adsorption. | saturated adsorption’
— amount of Ni(AA), amount of Zn(AA),
NI only 1.3mmol/g
Zn only 2.8mmol/g -
Zn/Ni=1.0 2.0mmol/g 2.6mmol/g

- il

Increase In nucleation site
— decrease In size.
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Zn/Ni=0 standard material
before reduction

(x100) 10 Zn/Ni

starting amount
: of Ni1(AA)2 and
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1@-2-ﬁ-ﬂopart-ie,l_e_s. =
~ = Ninanoeparticlesiwere found amorphous.
* The state of Nickel was metallic.
- The addition of Zinc

The particle size Is decreased with increasingtie'Zn added.

The catalytic activity of Ni-Zn/T10, was 3 times higher
than unsupported NI nanoparticles.

=
The amount ofierganic compound 0 WasHGIEased i
ect and stabilization

| nanopartlcles by deposition onte TO..
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Reau ction Depes1t|en-ef Ni-Zn Nanopartlcles Selectively on
..=--——_'FIG92 Eine-Rarticles in the Liquid Phase

— Hideyuki Takahashi,Yoji Sunagawa,Saratuya
Myagmarjav,Katsutoshi Yamamoto,Nobuaki Sato,Atsushi
Muramatsu

— Materials Transactions,44(11),2414-2416(2003)

= Characterization of the Ni-Zn/T10O, Nanocomposite
Synthesized by the Liguid-Phase Selective-Deposition

70ji' Suna ,

Vi ramtsu -
— Materials Transactions,45(7),2035-2038(2004)
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