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Hybrid nanoparticles, nanocomposites

Nove synthesis method.

L iquid-phase reduction

Selective reductive deposition in liquid phase
Their characterization

CO hydrogenation is one of the characterization methods.
Activity and product distributions
— characteristics of metal particles.
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Background

Catalysts
Novel catalyst preparation is always required.
[ Needs and seeds (break-through)
Utilization of resources
Every-time demand to get best activities!

8
G ey mazon
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Objectives

Highly active Ni-Zn nanoparticles s prepared
as a hydrogenation catalyst by Liquid Phase
Reduction method.

Nanoparticle suspension isused as a CO
hydrogenation catalyst. Their activities and
selectivities are eval uated.

L aser Flash method is applied for new
characterization technique for catalystsin the
liquid-phase as athermal diffusivity.
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Liguid-Phase Reduction Method

Heating(355K), 30min .1 mol/l NaBH,

N, flow(300ml/min) in 2-propanol 10m|
Reduction

Heating(355K), 30min

N, flow(300ml/min) Hexadecane

Condensation

|'.E-
f
|

1:Condenser
2:Gasinlet
3:4-neck flask
4.Stirrer
5:Heating mantle
6:Sampleinlet
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Catalyst Preparation

Ni(AA),=0.005mol dmr3 const.
Zn/Ni =0.2
2-propanol solution 40m

« N, gas flow (30min, 82 )

0.02mol dm3NaBH, 10ml
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CO hydrogenation

Ni-Zn nanoparticles
In hexadecane 50ml

Temp.- 573K (
Pressure- 1.5 Mpa L COH,
Stir - 300 rpm

Reaction 12 h

[ Analysis J

Gas chromatograph

Back pressure
regulator

reactor
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Reaction conditions

Flow rate /ml / min
H,

Ni content/
mol / |

\]
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O
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Case 1
Case 2
Case 3
Case 4
Case 5
Case 6
Case 7

7.5
10.2
15.0
30.0
75.0

150.0

0.005
0.0075
0.01
0.02
0.05
0.1

~ |~
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Reaction time/ h

0.005~0.01 mal/l -> active
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Ni content Selectivity / %
mol/l ethylene | propane butane CO,

ethylene | propane | butane | COp |
| ooos | 384 | 37 | o5 | 10 | 15 [ 389 |
| ooors | 383 | 25 | o2 | o7 | 21 [ 389 |
oot [ 48 [ 28 | o1 | o3 | o5 [ 422 |
o002 [ 349 [ 32 | o8 | 10 | o5 [ 370 |
| oos [ 425 [ o9 | o1 | o1 | o4 [ 502 |
o1 [ 505 | 10 | oo | oo | o2 [ 440 |

Ni content
mol/l acetone | 1-propanol | 2-propano

0.7
0.2
01 | 22 | 06 [ 01 | 02 [ O

0.4
1.9
0.2

1

~
o

1.3
1.8
0.1
0.4
0.2
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Ni content : 0.01 mol/l (Zn/Ni=0.2)
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Laser Flash method

Sample

iy

Detector

t,, method

Temp. response of back side

2 o

S o —0.1388x—

§ 7P

% o - Thermal diffusivity [mm?/s]

§ (a=A/Cp,p)
Time.t/s L : thickness[mm]
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Cell design

Features

1. Materials are necessary to

absorb laser beam and to

emit infrared light.

Caloric leak 1s limited.

Light path is limited below

0.5mm.

4. Impurities should be
avolded.

5. One-dimensiona heat
transmission IS needed.

W N
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Outline of Laser Flash Apparatus

Pulse ruby laser

lens

Water
cooler

Concave

Sample cell

Dark room

=3 Rotary pump

Al
concave
: mirror

:Radiation
|NnSh

| nfrared
detector

AMP

PC

Oscilloscope

Filter
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Results

rhermal diffusivity , a/ mm‘/s

Thermal diffusivity , a/mm?/s
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Ni content / mol/l

Consistent with literature

a

Success in precise
measurement of aliquid

With increasing Ni-Zn particle
amount, thermal diffusivity was
Increased linearly.

9 % increase was found for 0.1
mol/l particle suspension.
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Summary

1. Ni-Zn bimetallic nanoparticles were prepared by liquid-phase
reduction method.

2. They were found active for methanol synthesisin CO
hydrogenation.

3. Even though the same contact time was chosen, the activity and
selectivity of Ni-Zn nanoparticles was changed.

4. Thermal diffusivity of nanoparticle suspension was increased
with increasing particle concentration.

5. Laser flash method to measure the thermal diffusivity was useful
as anovel characterization technigque for suspension catalysts.

6. Unfortunately the explanation of the solid concentration effect
due to the thermal diffusivity was failed.
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1. Try to explain the solid concentration effect by the stability
of the suspension.
Dispersion and aggregation of particles
2. Promote the stability of Ni-Zn nanoparticles.
Selective deposition of Ni-Zn onto TiO, nanoparticles
3. Enhance the activity and selectivity to oxygenates.
Use of the adequate additives
4. Generalize the Laser Flash method.
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