












































































NIMS先端計測シンポジウム 2020

メタン転換反応のための Ni系触媒のその場 TEM観察

In-situ TEM study of Ni-based catalysts for methane conversion 
HANYutian、AyakoHASHIMOTO 

Graduate School of Pure and Applied Sciences, University ofTsukuba 

P51 

In-situ Characterization Technique Development Group, National Institute for Materials Science 

HAN.Yutian@nims.go.jp 

1. Introduction 
Ni catalyst is useful for dry reforming of methane because it's affordable compare with noble metals 

and has a good catalytic activity. But it also has some disadvantages, such as a high activity 
temperature, and a high possibility of reaction with a support. During methane dry reforming, a 
phenomenon called coking obstructs the process, because the catalyst is covered and deactivated by 
carbon components, which are generated from side-reactions, or already exist in TEM columns. 
Without using water and steam to inhibit the formation of carbon, how to keep the activity would 
become a challenge. In this research, to elucidate the coking mechanism, the coking phenomenon of 
Ni-based catalysts will be studied by using smaller Ni particles in order to reduce the number of the 
active sites, and by using in-situ observations with a transmission electron microscope (TEM). 

2. Instruments 
For in-situ observations, a heater Si-based chips (E-chip, Protochips) is arranged in a specific room 

at the tip of the specimen holder, connecting with a heater controller outside of the TEM (JEM 
ARM-200F, JEOL). Because of differential pumping, a higher pressure of the sample room can be 
kept in a TEM without breaking a column vacuum. Sample temperature control was achieved by using 
the specific instruments (Fusion, Protochips) with the heater chip. The pressure of the sample room is 
monitored as a voltage from a multimeter by using a tiny vacuum gauge near the heater chip. 

3. Sample preparation 
Commercial 20wt% Ah03 powders diluted in isopropanol were deposited on a holey carbon film of 

the heater chip. Ni nanoparticles were deposited on the Ah03 powder by ultra-high vacuum (UHV) 
sputter (EG-260, Biemtron), for 5 s with the direct current power of 5 W, and chamber pressure of 0.3 
Pa. The structural change of the Ni nanoparticles was observed in CH心 onditionwith temperature 
from 150°C to 550℃ The CH4-C02 mixing gas was used to demonstrate a dry reforming condition, 
and the sample was analyzed by electron energy lose spectroscopy (EELS). 

4. Results 
From in-situ TEM observation, the Ni nanoparticles had an obvious change in their positions and 

shapes, because of the effect of CH4, and electron beam. The graphitic layers were observed at the 
edge of some Ni particles after the reaction. Ni valences change during observation had been found by 
in-situ EELS, indicating that the NiO particles were reduced. The different 0-K edge EELS spectra 
from NiO and Alz03 was obtained over 450℃ This may be caused by reaction of the Ni particles with 
the support Alz03. We are doing further experiments to identify the structure and compounds produced 
under the catalytic condition. 
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The modem ironmaking process is mainly done in blast furnace and carbon is used as the 

reductant. Actually about 15% of Japan total carbon dioxide product is occupied by the iron 

and steel industry. But most of researches to reduce CO2 emission are still depend on carbon 

as reductant and it is difficult to reduce much amount of CO2. 

Recently we found that a few kinds of ceramics which do not include carbon reduced iron 

oxides with in-situ transmission electron microscopy (TEM). Only common and hannless elements were 

used and simple manufacturing process was utilized and no carbon dioxide was emitted during the iron-

precipitation, too. 

2. Result 

Figure 1 shows the observation result of stacked specimens of silica coated hematite and lime kept at 

923K-1023K. Temperature was elevated step by step. The photographs were taken at room temperature of 

the interval of heating. The electrons were blocked during the heat treatment. The calcium ferrite was formed 

at first in b) and finally iron was precipitated as showed inc). The specimen was curled up like liquid in spite 

of keeping much lower temperature than melting point. 
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Figure. I Successive photographs of stacking silica coated hematite and lime. a) is before heating, b) 

after 30min kept at 923K and c) adding 30min at 1023K Precipitated Fe was pointed by arrows inc). 
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