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FINAL REPORT 
For Japan-Korea Joint Research Project 

 AREA

1. Mathematics & Physics 
2. Chemistry & Material Science 
3. Biology 
4. Informatics & Mechatronics 
5. Geo-Science & Space Science 
6. Medical Science 
7. Humanities & Social Sciences 

 
1. Research Title: 
 
     Research on High Efficiency Fuel Gas Production from Solid Wastes and Biomass                                    
 
2. Term of Research: From    July 1st, 2008               To    June 30th, 2010        

 
3.  Total Budget 
 

a. Financial Support by JSPS: Total amount:   2,400        thousand yen    
 
    1st Year   1,100   thousand yen      2nd Year  1,100  thousand yen   
 

3rd Year   200       thousand yen     
 
    b. Other Financial Support : Total amount:       0              thousand yen       
 
4.  Project Organization   
a. Japanese Principal Researcher

Name Kunio YOSHIKAWA 

 
Institution / 
Department 
 
Position 

Tokyo Institute of Technology (TITECH) 
Frontier Research Center 
 
Professor 

b. Korean Principal Researcher 

Name Seock-Joon KIM 

 
Institution / 
Department 
 
Position 
 

Korean Institute of Machinery and Materials (KIMM) 
 
Principal Researcher 
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 c. List of Japanese-side Participants (Except for Principal Researcher) 
Name Institution/Department Position 

Tomoaki NAMIOKA 

 

Kentaro UMEKI 

Yeongsu PARK 

Thana PHUPHUAKRAT  

Marisamy MUTHURAMAN 

Pandji PRAWISUDHA 

CHe Le Mu Ge 

Shintaro KUROIWA 

Taichi NARUSE 

Kosuke YONEKAWA 

Atsushi SAITO 

Koji INOUE 

Junko HIROI 

Bayu PRABOWO 

Tokyo Institute of Technology Dept. 

Environmental Science and Technology 

〃 

〃 

〃 

〃 

〃 

〃 

〃 

〃 

〃 

〃 

〃 

〃 

〃 

Assistant Professor 

 

PhD student 

PhD student 

PhD student 

PhD student 

PhD student 

PhD student 

Master course student

Master course student

Master course student

Master course student

Master course student

Master course student

Master course student

 

d. List of Korean-side Participants (Except for Principal Researcher) 
Name Institution/Department Position 

Woo-Hyun KIM 

 

Sang-In KEEL 

Jung-Kyu LEE 

Jin-Han YUN 

Tai-Jin MIN 

Seon-Ah ROH 

 

Korea Institute of Machinery and Materials/ 

Eco-machinery Engineering Department 

〃 

〃 

〃 

〃 

〃 

 

Principal Researcher 

 

Principal Researcher 

Senior Engineer 

Senior Researcher 

Senior Researcher 

Senior Researcher 
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5.  Number of Exchanges during the Final Fiscal Year* 
  a. from Japan to Korea                        *Japanese fiscal year begins April 1. 

Name Home Institution Duration Host Institution 
Kunio 
YOSHIKAWA 
 
Tomoaki 
NAMIOKA 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Tokyo Institute of 
Technology 
 
Tokyo Institute of 
Technology 

8th June – 10th 
June 
 
8th June – 10th 
June 

Korea Institute of Machinery 
and Materials 
 
Korea Institute of Machinery 
and Materials 

For Final Fiscal Year(FY2010) 

Total:     2         persons 

For Final Fiscal Year(FY2010) 

Total:       6          man-days 

Numbers of Exchanges during the past fiscal years 

FY2008: Total       3      persons 
FY2009: Total     12      persons 

  
b. from Korea to Japan 

Name Home Institution Duration Host Institution 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 

For Final Fiscal Year(FY2010) 

Total:    0           persons 

For Final Fiscal Year(FY2010) 

Total:         0         man-days 

Numbers of Exchanges during the past fiscal years 

FY2008: Total     5        persons 
FY2009: Total     0        persons 
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6. Objective of Research 
The objective of the joint research project is medium calorific gas production by steam and/or 

oxygen blown gasification of solid wastes and biomass. To this end, two specific research topics 

were addressed as listed below. 

1) Development of a simple expression for the apparent reaction rate of large wood char 

gasification with steam 

2) Investigation of the optimum operating conditions for a two-stage gasification process 

fueled by waste plastics by means of continuous reactor over Ru catalyst 

Each detailed objective is described below. 

 

1) Specific objective of research topic 1 

This topic addresses the formulation of the apparent reaction rate of large wood char gasification 

with steam based on a simple but practical equation that satisfies two requirements: (1) it should not 

require numerical solutions to achieve the short computing time; (2) it should be able to represent 

the effect of change in char structure such as particle diameter and surface area. For this purpose, we 

investigated the steam gasification rate of char particles whose diameters were 14.4 and 21.2 mm 

using thermo-balance experiments. 

 

2) Specific objective of research topic 2 

There are a number of studies on catalytic steam reforming of waste plastics oil or hydrocarbon oil 

using Ni catalysts, alkali and alkaline-earth metal catalysts. Although Ru catalysts show higher 

activity for steam reforming of hydrocarbons, the use of Ru catalysts for the steam reforming of 

waste plastics oil has not yet been investigated. In Japan, small-scale plants are required because 

much of the waste plastics are generated in small lots at homes and small companies. Therefore a 

compact design for minimizing the effect of heat loss from the reformer is requisite. The use of Ru 

catalysts in the steam reforming of the pyrolysate is one potential solution. In this study, we used a 

60 g h-1 scale, continuous-feed, two-stage gasifier, and we selected polypropylene (PP) and 

polystyrene (PS) as model plastics and Ru as the catalyst. We discuss the optimum operating 

conditions for practical processing of waste plastics. 
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7. Methodology 
1) Methodology of research topic 1
 
The experiment was carried out by a thermo balance reactor installed at KIMM which consists of a 
gasification reactor heated by an electronic heater, a stainless steel sample basket connected to an 
electronic balance, a gas supply unit and a gas exhaust line.  The experimental apparatus is shown 
in Fig. 7.1.  Approximately 500 mg of char sample was placed in the basket.  Before the 
experiments, the reactor was heated to the experimental temperature and purged by the reaction 
atmosphere.  The total gas flow rate was controlled to keep the linear gas velocity at 5.0 m s-1 at the 
reaction temperature.  The flow rate of nitrogen was controlled by mass flow controllers and the 
flow rate of steam was controlled by the flow of water from a syringe pump.  Water was vaporized 
in the gas flow line which was heated at 423 K by ribbon heaters.  The moisture content of the gas 
flow exhausted from the reactor was removed by a silica gel bed and the generated gas was stacked 
by a pump.  The temperature near the sample basket was measured by a K-type thermocouple. 
After the desired reaction condition had been reached, the sample basket was put into the reactor, 
and the mass loss profile was measured and recorded with a PC at every 5 seconds.  The 
experimental conditions were; the reaction temperatures were 1123–1223 K, the partial pressures of 
steam were 0.02–0.06 MPa and the diameters  of large char particles were 14.3 and 21.2 mm. 
 
For the experiments to determine the intrinsic reaction rate, the char particle was ground and sieved 
to the particle size smaller than 100 μm, and distributed uniformly in a stainless steel mesh sample 
basket with quartz wool. For the experiments to determine the apparent reaction rate, spherical wood 
char particles whose initial diameters were 14.3 and 21.2 mm were used.  
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Fig.7.1 Experimental apparatus. 
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2) Methodology of research topic 2
 
The experimental set-up installed at TITECH as shown in Fig 7.2 is composed of a feeder, an 
annular tank pyrolyzer, a packed-bed catalytic steam reformer, a steam generator, a condenser, a 
condensate product sampler, gas scrubbing bottles, and gas inlet and outlet pipings. The pyrolyzer 
was made of SUS316 and was covered with an electric heater. The pyrolyzer’s inner diameter and 
inner height were 108 mm and 365 mm, respectively. The reformer was also made of SUS316 and 
covered with an electric heater. The reformer’s inner diameter and inner height were 108 mm and 
500 mm, respectively. After the reactors were heated to preset temperatures and inner air in the 
reactors was replaced with N2 carrier gas, PP and PS pellets were fed into the annular area of the 
pyrolyzer at a rate of 1 g min-1. The carrier gas flow rate was 5 L min-1 and was controlled with a 
mass flow controller. This flow rate had been determined to be optimal in preliminary experiments 
aimed at avoiding the effect of film resistance. Steam generated with the steam generator at 773 K 
was supplied between the pyrolyzer and the reformer. The generated PP and PS pyrolysate flowed 
into the catalytic packed bed in the reformer with steam and the carrier gas. The gas and oil 
generated in the reformer were separated in the condenser and the condensate sampler. Trace tar in 
the generated gas was absorbed into the scrubbing liquids, and the purified gas compositions were 
measured with a gas chromatograph equipped with a thermal conductivity detector. 
After gasification, the yields of residue in the pyrolyzer and of coke on the catalyst were measured 
quantitatively, and the oil product in the condensate sampler was sampled and weighed. 
A Ru/γAl2O3 catalyst (AP4002) manufactured by N.E. CHEMCAT Co. in Japan was used in this 
study. 

 
Fig. 7.2 Experimental set-up for research topic 2. 

 
 
 
 
 
 
 
 
 
 
 




