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Conventional heat-treatmentProposed method
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Valve

Gas

Furnace

Pressure 
gauge

Impeller

Reservoir 500 mlThe extracted fraction which 
precipitated as solid 
at room temperature

The extracted fraction which
was soluble in the solvent
even at room temperature

Extracts

Deposit

Residu
e

Sample

Stainless Steel
Filter

0.5 mm

Autoclave 500 ml

Soluble

The extracted product 
which was recovered as 
solid by removing solvent

Liquid
The small molecules which 
removed by the rotary 
evaporator with the solvent

METHODOLOGY

Gas

Reaction conditions       (20 g : 400 ml)
Temperature: 350 ºC
Reaction time: 60 min
Media: Kerosene, A150 and 1-MN





1-Methylnaphthalene (1-MN)
• Non polar
• Non hydrogen donor

A 150
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Product distributions using different solvents

• The solvent did not affect the degradative reaction at 350oC.
• The solvent affected significantly the distribution of extracts.
• The difference in distribution of the extracts can be well explained by 
the difference in the solubility of the solvents.
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Sample 
Yield 

[wt %,   
d.a.f.] 

Ultimate analysis 
[wt %, d.a.f.a] 

Proximate 
analysis 

[wt %, d.b.b] 

Atomic 
ratio 
[ ‐ ] 

HHV 
[MJ/kg, 
d.a.f.] C  H  N  O 

(diff.)  VM  FC  ash  O/C  H/C 

Rice straw (RS)    42.5  6.5  0.6  50.4  72.2  13.6  14.2  1.84  0.89  14.7 
Extraction in 1‐MN                   

Residue  12.8  61.3  4.8  1.0  32.8  32.9  14.9  52.3  0.95  0.40  21.7 
Deposit  5.3  79.3  5.6  1.6  13.6  39.5  60.0  0.5  0.85  0.13  32.4 
Soluble  20.7  84.7  7.1  1.0  7.1  66.9  33.1  0.0  1.01  0.06  37.6 
STB  38.0  76.2  5.9  1.0  16.9  34.0  34.7  31.3  0.93  0.17  31.2 

Extraction in Kerosene                   
Residue  25.6  70.1  5.2  1.0  23.8  36.5  26.4  37.1  0.88  0.25  26.9 
Deposit  8.1  81.3  6.7  1.8  10.2  60.8  39.2  0.0  1.00  0.09  35.3 
Soluble  6.0  82.1  8.8  0.9  8.2  88.6  11.4  0.0  1.29  0.07  39.0 
STB  40.9  72.3  6.0  0.9  20.8  30.8  35.0  34.2  1.00  0.22  29.3 

Extraction in A150                   
Residue  19.6  67.7  5.4  0.9  26.0  30.4  35.0  34.6  0.95  0.29  26.0 
Deposit  3.9  80.4  6.0  1.7  11.8  45.3  54.7  0.0  0.90  0.11  33.7 
Soluble  16.1  80.8  7.7  1.2  10.3  75.1  24.9  0.0  1.14  0.1  36.6 
STB  39.3  75.4  6.3  0.9  17.4  34.1  33.7  32.2  1.00  0.17  31.4 

 

Analyses of Solubles and Upgraded products

Soluble prepared by different solvents have similar properties



MWD of Solubles prepared from various solvents

A150 could be successfully selected as a practical solvent! 

• To compare the MWD quantitatively, the intensity is multiplied by the yield of Solubles.
• MWD of Solubles are similar and do not depend on the solvent.









Production of carbon fiber from Solubles



Appearance of carbon fibers



Tensile strength of carbon fibers



Production of activated carbon fibers (ACFs)







Training at Kyoto University, Sep – Oct 2018



Output

- International journal: 3 papers
- International conference: 14 papers
- 4 Master students
- 1 Ph.D. student



 Implementation of a new technology for utilizing low rank 
coals and biomass wastes in Thailand.

 JGSEE/KMUTT and PTT‐RTI help dissimilation of the 
technologies developed to ASEAN countries

 JGSEE/KMUTT works as a center of biomass conversion 
technology development  and human resource building in 
ASAEN countries

Japanese members will assist such activities through JASTIP 
(Japan ASEAN Science and Technology  Innovation Platform)
program .

Expected Outcome/Future of our Project



Thank you for your attention.


