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Concept of Solvent Treatment

Carbon base yield

Brown coal
Lignite

Peat ) Coal : ~30%
Waste wood : Biomass : ~70%

e Raw material independent property |
e HighHHV : C=82%,H=7%,0=9%
e Low MW: 100-500, peak at ca. 300

¢ 80% are volatile components
@
-

Melts below 100 °C

% Free from water and ash y

Rice straw g . Raw material independent property
: > . C=~76%, H=55% O =~ 15.5%
RICE USK - . Melts below 250 °C

Grasses

Free from water
Low ash content : <1.4%

Coal : ~15%
Biomass : < 10%

e High reactivity to combustion |
m—p o005 o Low water content
@ Concentrated mineral components |

Coal : ~50%
Biomass : <20%

The method dewaters and upgrades various low-grade carbonaceous resources,
producing high quality extract in high yield under mild conditions.

® Almost no heating value loss through the treatment
@® Soluble and Deposit have raw material independent properties



Proposed method

In non-polar solvent

Brown coal
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METHODOLOGY

' Reaction conditions (20 g : 400 ml)
| Temperature: 350 °C

: Reaction time: 60 min

| Media: Kerosene, A150 and 1-MN

The extracted product
which was recovered as
solid by removing solvent

Soluble

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

S ~7

&

—_—

Stainless Steel
Filter
0.5 mm

Extracts

Deposit

The extracted fraction which Reserv0|r 500 mI

precipitated as solid
at room temperature

Autoclave 500 ml

Impeller

Furnace

Gas



Raw materials used

Rice straw

| eucaena



Solvents used

CHg
* Non polar

‘e 1-Methylnaphthalene (1-MN) + Non hydrogen donor
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different solvents

ions using
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Analyses of Solubles and Upgraded products

. . Proximate Atomic
. Ultimate analysis . .
Yield %, d.a.f] analysis ratio HHV
Sample (Wt %, [wt %, d.af. [wt %, d.b.1] (-] [Mi/kg,
d.a.f] cC H N d%.) VM  FC  ash ojc Hic 93]
Rice straw (RS) 425 6.5 0.6 504 722 13.6 14.2 1.84 0.89 14.7
Extraction in 1-MN
Residue 12.8 61.3 48 1.0 328 329 149 523 095 040 21.7
Deposit 5.3 79.3 56 1.6 13.6 39.5 60.0 0.5 0.85 0.13 32.4
| Soluble 20.7 847 7.1 10 7.1 669 331 00 101 0.06 37.6 |
STB 38.0 76.2 59 1.0 169 340 34.7 313 093 0.17 31.2
Extraction in Kerosene
Residue 25.6 70.1 52 10 238 365 264 371 0.88 0.25 26.9
Deposit 8.1 81.3 6.7 18 10.2 60.8 39.2 0.0 1.00 0.09 35.3
| Soluble 6.0 82.1 88 09 82 886 114 00 1.29 0.07 39.0 |
STB 40.9 72.3 6.0 09 20.8 30.8 350 34.2 1.00 0.22 293
Extraction in A150
Residue 19.6 67.7 54 09 260 304 350 346 095 0.29 26.0
Deposit 3.9 804 6.0 1.7 118 453 547 0.0 090 0.11 337
| Soluble 16.1 80.8 7.7 1. 10.3 75.1 249 00 1.14 0.1 36.6 |
STB 39.3 754 6.3 09 174 341 33.7 322 100 0.17 314

Soluble prepared by different solvents have similar properties



MWD of Solubles prepared from various solvents

Soluble from Rice straw|

1-MN
Soluble yield = 20.7%

I |
Soluble from Leucaenal

Soluble yield = 29.3%

A150
Ly -A150
2 Soluble yield = 18.5% =
5 < Soluble yield = 16.1%
3 >
5 -
= 8
- =
f r | | - 1
I ‘ T
Soluble yield = 6.4% )
Soluble yield = 4.6%

_A_MJ- | | _A_u.mm_ ! |

200 400 600 800 1000 200 400 600 800 1000
Mass/Charge Mass/Charge

* 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.

A150 could be successfully selected as a practical solvent!



Development of effective extraction scheme to
minimize solvent to coal/biomass ratio

8g(d.b.)

8g(db.)

8g(d.b)

A150 80 mL

4

1 st Solvent treatment

: |

[AIEU containing Soluble ]

—

Liquid

Residue
Gas products

A150 10 mls
10 mL for analysis of Soluble

2 nd Solvent treatment

: 2

A150 containing Soluble ]

A150 10 ml*

3 rd Solvent treatment

[AIED containing Soluble

——

—)

Liquid

Residue
Gas products

10 mL for analysis of Soluble

Liquid

Residue
Gas products

Solvent-Soluble mixture is used repeatedly by replacing around 10 % by fresh A150



Soluble concentration [ grdL ]

Accumulated amount of products obtained [g (d.af)]

7.5[

50

Development of effective extraction scheme to
minimize solvent to coal/biomass ratio
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Accumnulated amount of Rice straw charged [g (d.a.f])]

Repeated use of Solvent-Soluble
mixture little affects the product
distribution

Soluble is almost saturated in
product mixture of Solvent-
Soluble

Conventional (One batch operation)

Rice straw to A150 ratio =1/10

g

5-Step operation

Rice straw to A150 ratio= 1/3

10-Step operation

Rice straw to A150 ratio = 1/2.1



Effect of repeated use of Solvent-Soluble mixture on Soluble
properties _
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Soluble properties are little affected by the repeated use of Solvent-
Soluble mixture



Production of carbon fiber from Solubles

Carbon fiber production process

Pretreatment |+ | Melt Spinning > Stabilization |— | Carbonization

Treated Soluble Fitch fiber Stabilized fiber Carbon fiber

Soluble

Mae Moh coal:
C=81.4%, H=7.1%,
M=1.7%, O+5=9.8%

Rice straw:
C=81.1%, H=7.0%, Muffle furnace Horizontal tube
M=2.1%, O=9.4% furnace

Melting point:
less than 80 °C

Air, 0.5 °C/min,
300 °C, 60 min

Vertical tube
furnace

N, 5 “C/min,
900 °C, 60 min

N,, 10 °C/min, 300
°C, 60-240 min




Appearance of carbon fibers

7 Ja
¥V /06 09

.
B L
PTT coal (CsHiz ext. + 240 °C-120min) RS by A150 (320 °C-120min)



Tensile strength of carbon fibers

R 3-2 TSRO E L 5RE

Carbon fiber (CF) Average diameter  Tensile strength  Elastic tensile modulus
[um] [MPa] (GPal

RS Soluble

CF280°C-60 min 9+2 79 =36

CF300°C-80 min 203 148 £ 36 298

CF300°C-100 min 24 +4 378 £ 85 48 +19

"MMecoalSoluble

CF300°C-100 min 12+0.8 275 £ 53 52 25
CF300°C-180 min 17206 28546
CF300°C-240 min 20+ 2.0 300 x50 43 £ 25

RS Soluble (A150)
CF320°C-120 min 21+2.0 376 + 90




Volume adsorbed [cmS-STP/g ]

Production of activated carbon fibers (ACFs)

;& 3-3 [RFMAE 2 KR KIRIE L TG DB R R SRRAE O il TLAR 1

700 LI LILLIL LILLIL LILLIL LU LU LU LI LI LILILIL AccumUIatEd Average pore
JROEIDRALEBRAM Boies EEE TS sample Burn-off Soer diameter
F | —— ACF-RS (1-MN) 7 pore volume
|- - - ACF-RS (A150) IO
600 F S S ~ = [%] [m?/g] [cm3/g] [nm]
Fo T e S e e T Burn-off = 70 % 3 _ i
F LaemtT " _..--3 Prepared from the Soluble obtained by 1-MN extraction of RS
500 2 AT L 3 CF (Non-activated) 0 114 0.05 1.79
: Burn-off =50 % 31  ACF (850 °C activation) 30 1149 0.47 1.63
- 3 50 1540 0.66 1.71
400 F 3
---------------------- E 70 1882 0.87 1.84
-------- _ - 0, e e e e e e e e e e e e e e e e e e
Burn-off = 30 % ACF (900 °C activation) 30 1181 0.48 163
300 50 1529 0.65 171
70 1865 0.86 1.85

et b o

200 Burn-off =0 % Prepared from the Soluble obtained by A150 extraction of RS
(carbon fiber)
CF (Non-activated) 0 387
O S it s bt b ke AN ACF (900 °C activation) 30 1326 0.60 1.81
50 1854 0.87 1.89
70 1966 1.02 2.08

0.0 0.2 0.4 0.6 0.8 1.0

Relative pressure, P/P [-]
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. . b g mineral matters, and their physical and chemical properties were almost independent of raw materials. Soluble is expected to be
Kouichi Miura’, Nakorn Worasuwannarak™ utilized for preparing functional carbon materials such as carbon fiber, and hence, it is requested to maximize the Soluble yield
= The Joint Graduate School of Energy and Environment, Center of Excellence an Energy Technology and Environment, King Mongkur’s University of Technology Thonburi, with minimum energy requirement from a practical viewpoint. Since the largest energy consumption of this extraction method
Emﬂd Timghrn, Raoghok 10140, Theltand comes from the separation of Soluble from solvent, it is essential to minimize the solvent to Soluble ratio before separating

Enstitute of Advanced Energy, Kyot Usiversity, UR 611-0011, Japan Soluble from the solvent. On the other hand, a large solvent to biomass ratio is required to disperse the biomass in the solvent

during the solvent treatment at around 350 °C. To compromise the conflicting demands and to minimize the solvent to Soluble

ratio, a new operating scheme, which uses the Soluble—solvent mixture repeatedly before separating Soluble from the solvent by

ARTICLE INFO ABSTRACT replacing around 10% of the mixture by fresh solvent on every solvent treatment, was proposed. The validity of this operating

scheme was examined by treating Thai rice straw (RS) with a general-purpose petroleum based solvent called A150 through 10

g:;;:;:ive solvent extraction lhsil;::l ;fc}:m; T)t:ndz’;r::aiiﬁs)a:lsmia?;cr:fliiz :’:ru;leer:lm rl:ed::iie:z)lt:ﬁdasc‘::zg:r; :?:;Enz ?.:dn repeated uses of the Soluble—A150 mixture. It was found that the new operation scheme was effective from the viewpoints of
Biomass ference to 1-MN. It was found th:-‘l[ th: thermal degradation hehafrigor of two biomass samples, a rice straw an L R 1 SR e L

Solvent treated biomass
Kerosene

Leucaena, in the three solvents was rather similar and that only the distribution of Soluble, Deposit, and Residu
was affected by the difference of solubility of the solvents. Preparation of solvent treated biomass (STB) using th
three solvents gave the yields close to the sum of the yields of Soluble, Deposit, and Residue. It was judged th: 1. INTRODUCTION distillate rich in benzene derivatives (abbreviated to A150)
A150 may be used to preparing Soluble and that Kerosene can well be used to prepare STB. could successfully be used to meet this requirement. Moreover,
Al150 could be separated easily from the extract product

Biomass is an important renewable resource that has recently
received growing attention. It is one of most abundant and
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Expected Outcome/Future of our Project

O Implementation of a new technology for utilizing low rank
coals and biomass wastes in Thailand.
O JGSEE/KMUTT and PTT-RTI help dissimilation of the

technologies developed to ASEAN countries
0 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 .






