2.1 (Meyers, 1981)

211 (Meyers, 1981: Schloshurg, 1985)

Macerai  Matter
Mineral Matter (Crystalline Inorganic Compound)

(Ash)

(Organic structure)
Spectroscopy
Chromatography

(Aromatics) (Hydroaromatics)
(Aliphatic)
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(Cross-linked Polymer)
(Crystallinity) X-ray Scattering Technique

2.1 (Schlosburg, 1985)

2.1.2 (ASTM D388, 1989; Probstein and Hicks, 1982
, 2542)

(Type)
(Rank)
(Petrography) (Macérai
Groups) 3 (Vitrinite) (Exinite)
(Inertinite)



(Coalification)

ASTM D388 21

(Proximate Analysis) (Ultimate Analysis)
(American Societies for Testing and Materials : ASTM)
4

21 ASTM D388 (1989)

Class Group Fixed Coition Limited,  Votatie Matter Limits  Cakxi6éc Value Limits Btu Agglomerating
percent (Dry. mineral  percent (Dry. mineral /pound ( moisture, mineral Character
Matter -Free Bassls) Matter -free Bassis) Matter -Free Bassis)
Equal or Lass Greater Equal or Equal or Less than
Greater Than  than than less Than Greater Than
1-Anthra 1. Meta anthracite 98 o 2 nonagglomerating
citic 2. Anthracite 92 96 2 8
3. Semianthracite 86 92 8 14
2 1. Low volatile bituminous 00 78 86 14 22 commonly
Bitumino 2. Medium volatile bituminous coat 69 78 22 31 agglomerating
us 3. High volatile A bituminous coal 69 31 14000
4. High volatile 8 bituminous 00 13000 14000
5.High volatile ¢ bituminous coal 11500 13000
10500 11500 agglomerating
3. 1. bituminous A coals 10500 113500 nonegglomerabng
txtumi 2-  t>ituminous B coals 9500 10500
nous 3. Sobitumioous ¢ coals 6300 «500
4. Lignite 1. Lignite A 6300 6300 nonagglomerating

2- Lignite B 6300



(ASTM D388, 1989)

L (Lignite) lignum

2. (Subbituminous)
(Black Lignite)

15 30
3. (Bituminous)
1
4, (Antracite)
2.1.3 (Lignite) ( , 2538 ;

- 2546)

2.2

2.2



2-3
2.
3
4,
(Activated Carbon)
(Carbon Fiber) 1
(Coal liquefaction) (Coal
Gasification)
2.1.4 (
, 25406)
( ) Geological
Reserve
1335.7 82

1184.30



2.1.5 (Proximate Analysis)

(Combustibles)

(Moisture)
(Inherent Moisture)
(Coherent Moisture)

(Ash)

(Volatile Matter)

(Fixed Carhon)

2.1.6 (Ultimate Analysis)
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198)

221

bed combustor)
combustor)

2.2.2

10

(Speight, 1994; Prostein and Hicks,

20-50

(Fluidized
(Circulating fluidized bed

(Van der Waals)



2.2.3

350

(Nowacki, 1979 : Schlosburg, 1985)

500

500

4000

(Chemisorptions)

11
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(Hydrogenation)
, (Methanol Synthesis)
] (Fischer-Tropsch)
Pycolysls Hvdr::mbn o Liquid Product
o Choer
Solvent Solids Solid or
Extraction Seperation " Liquid Product
Coal Mining | | i ’
Pv::vf(o':n Hydogeastion e
Catalytic Solids
Liquefaction Separation - Liquid Product
Synthasis Shift Gas Fischer-
Gas Producer C i Purification Tropsch p—t1{_Iquid Product
Synthesis

2.3

Mesthanol

(Speight, 1994)

Synthasis P Mathanol
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2.3
1 (Pyrolysis)
2. (Solvent Extraction)
3 (Catalytic Liquefaction)
4 (Indirect Liquefaction)

2
400
( )
(Hydrocarhonization)
(liquid-phase
hydrogenation process) 100 (690
) 5 25 (34-172 )
300-1000

600 ]
(Liquid

Medium)

(Fixed-bed Reactor)
2.3



(Free Radical)

2.2

Process Developer
(a) Catalytic Liquefaction
Processes
H-coal Hydrocarbon
Research Inc.
Synthoil ERDA
CcCCL Gulf
Multistage Lummus
(b) Catalytic Hydrogena-
tion Processes
Bcrgius Bcrgius
University of Utah University of
Utah
Schroedcr Schrocder
Zinc chloride Conoco

mineral matter

Liquids + Char + Gas

H-donor Solvent

Reactor

Ebullatcd bed

Fixed bed
Fixed bed
Expanded bed

Plug flow
Entrained flow

Entrained Bow
Liquid phase

(Braunstein étal., 1977)

Catalyst

Co-Mo/ALOI

Co-Mo/ALO,
Co-Mo/AhO,
Co-Mo/AKO}

Iron oxide
Zinc chloride,
tin chloride
(NH4LM OO,
Zinc chloride

Temperature

°c

450

450
400
400-430

480
5(X>—550

500
360—440

°F

840

840
750
750-805

895
9.70-1020

970
680-825

14

(psi)

2250-3000

2000-4000
iOOO

otxt
3000—10,000
1500-2500

2000
1500-3500



2.3

2493

231

GDP
2.4

(

15

, 2536)
" (Polymer)
"(Polymerization)
" (Monomer)
.. 2313
( . 2541)
9.0 2.5
1.7 0.7 5

24
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800 -

600 -

Wuduaail
H
o
o

200 -

0

-¢—PP

A-——<t————‘————g————‘————*”"‘/’//A -HDPE

4 —LDPE

e g0 X—PVC

4 —PS

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

24
1999
2546)

2.3.2

2321

(LDPE) -

..2008 (

2.5

0.92-0.93

()

- 254)

[-CH2CH2]n
 PE

(Low density polyethylene)

100-3000
300-800

110



2.
(HDPE) -
polymerization)
130

(LLDPE) -

2.3.2.2

160-170

2.6

2.3.2.3

0.90-0.91

2.1

17

(High density polyethylene)
(Co-ordination

0.95-0.96

(Linear low density polyethylene)

0.90-0.91

----- [CH—CH] -
CH3

, PP

70-115

—CH>—CH—}

, PS



18

2.4 ( - 2546)

22 67
144 (municipal solid waste)
22 3
2545 0.65
17% 2537 2544
13 )
( )
2553 17 2.8 20
50%
1994 1996 1998 2000 2002 2004 2006 ZOOé 2010
Year
2.8 ( , 2546)
2.5 (Supercritical water) (Buckingham, 1994; Akiya, 2002
Kritzer, 2004)
3
/ 374

22.05 2.9



19

The region for industrial use
of supercritical fulids

21738 b v« -d
P'&s::‘;“ Solid
0.0006 4 [F— -~
LCMn dlmdd; — 311.1
Water — 0 374
Temperature[ C] ——
2.9
: Supercritical water: T>TC(374 "0; P>PC(22.05 )
Subcritical water: T<TC p>p 1 (P Pc)
Steam: T<TC(T Tc); p<p -1 (Kritzer, 2004)
( 374 22.05
)
(Plastic recycle)
(Coal liquefaction) 2.3
2.3 ! (Kritzer, 2004)
Application Properties exploited

Chemical reactions

Hydrothermal syntheses
aste oxidatiori _

Radioactive waste reduction

Biomass conversion

Plastic degradation

Synthesis of nano-particles

Hi?h solvency for organics, tunable QUC of H+ and OH-
Solubilities _

High solvency for organics and oxygen .

High solvency for organics and oxygen: solubilities

High solvency for organics

High solubility of thé monomers

Low solubility of salts
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(dielectric constant)

(High-temperature water)

100 ' '
( )
(Polar
non-ionic) (Free-radical reaction)

(Phase hehavior)
(solute-solvent collisions)
(Diffusion limitation) ~ cage effects

251

2.10

(80 )



| wnfrnntni Denij otiBUJnn

10

.3)
]

nyp/n (A
s oa
°
L]

NHB
| |

W 257 kg/m®
® 659 kg/m°

1 T
0.8 1 1.2 14

1000/T (1K)
2.10 (Akiya, 2002)

(Cluster)

773-1073 0.12-0.66
20
(Microscopic level)

(Dielectric constant) 2.11c  Uematsu Franck (Uematsu and

Franck, 1998) (G)

ey e+ NP (y +ATHATY (04 Y+ mojps

7 (Normalized temperature) /O
(Normalized density) A
21300 0.75
21 500 0.30

78



(p>P)

Density (g/cm?®)

Static Dielectric Constant

2.2

1.0

0.8

0.6

0.4

0.2

0.0

80

40

22
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[ 1 <
s = o
- = =
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! - E
- - E
- - °
3
B 1 °
r 7 Q2
- = a
L < c
- - F4
L & Z
T ~
L . ==
- 1 ]
+ |
llllll]l‘llllllLlllLlljlllL _25 lIllllllleLlllAllllllLllll
0 175 350 525 700 0 175 350 525 70Q
Temperature (°C) Temperature (°C)
(@ (o)
"1"]'['lllll'!r'lll"'l' 1.0-IIIYT]']'I'I]'I"'I]l'llll-
- - 0.8 —
L g = B 1
- 4 § 06 2
r 3 > o -
- — = - R
! 4 3 - 1
s 1 Q 04 -
- A > t 1
L 4 02 -
3 & - 4
Alllllllllllllll oo ll‘lllllllllllllnlll A A LA 1)
0 175 350 525 700 0 175 350 525 700
Temperature (°C) Temperature (°C)
(c) (d)

P

5117l 2.11 quiRveinFgnsn 250 unf (Akiya, 2002)

2.11 (Kw)
Marshall Franck (Marshall and Franck, 1981)

log KW=A+y+ -p +-p +(f +1 +.p)logp
(2.2)
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T P
A-G
3 H+  OH
(acid- and base-catalyzed reaction)
(0.1 )
10
(lonic mechanism) 1« > 104
(Free-radical mechanism) "el0 U
2.5.2
1' 1
1.1 (Hydrolysis) Hydration)
(SCWO)
Heteroatom
24
(Ether) (Ester) (Amides) (Amines) (Nitroalkanes)
(Alkyl halides)
1 cyano ' ' (Carboxylic acid) ~ decarboxy-
lation (Thermal degradation)

hydrothermolysis ~ hydrous pyrolysis



24

2.4 (Akiya, 2002)
reactant reaction
h HA) = ROH + R'OH
astors ot Ry
fi[}nide.s = QI- E+ NH3
§;Zmiﬂ§§ R
amines

1° nitroalkanes
2° nitroalkanes
alkyl halides
1°gern-dihalides
2° oe/77-dihalides

aRCHO —aldehydes, RCR'O —ketones.

autocatalysis L '
mineral acids (HX, HN03J)
(Acid
catalyst)
(Base catalyst)
heteroatom
(selectivity)
2.12 2.13
2.12 '
guaiacol (
)
(Homogeneous)

2.13
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06 1 T 1 1 =} | PR | T 1
05 -
s
+
04 | pr.'=l‘ —
+
+
+ +
+
Moe 03 + 4
Neu.o
.l +
./.
02 - - = > d
L
pr.'=0'8ﬁ
o1 o
a A
> Py =00
00 Bro—e—a—r 0
0O 10 20 30 40 60 60 70 80 80 100
Reaction Tima, min,
2.12
guaiacol 383 (Akiya, 2002)
100
£ o
: /9/0/—@
o
e A
24
@ 1
>
2 .
o
B R e
0 0.5 1.0
(Na ]in% WT
2.13 ethoxynaphthalene NaCl 0.25
( ) 0.35 ( )
0.45 ( ) (Akiya, 2002)
12

isoquinoline quinoline Ogunsola (Ogunsola, 2000)
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polycondensate quaiacol di-n-butylphthalate

1-nitrobutane polyethylene
Moriya Enomoto (1999)
water-gas shift
(CO + IH20 > C02+ H2 (Steam
reforming)

(Dibenzothiophene)
(Adschiri et al., 1998)
water-gas shift
(intermediate) water-gas shift

(Actual hydrogenation agent)

13
sCwo

SCWO



H20 +M<-> OH+H+M (2.3)

H20 +H < -> OH +H2 (2.4)
H20 +0 «-> OH +OH (2.5)
OH +H02—» H2 +02 (2.6)
OH +HO02 «4—» H20 + R 2.7)
H20 + H024 —» OH + H20 2 (2.8)
M (collision partner)
SCWO Hydroxyl (OH)
SCWO OH
(overall oxidation kinetics)
H20 2 (Dissociate) OH
(H20 2=20H) OH HO02
0.7
06 :
o Exptl
1 °% by

| 4
| «2 A Model

I 1 1 1

0.02 0.04 0.06 0.08 0.10
Water Density (g/cm3)

2.14 Cco 570

(Akiya, 2002)
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2.14 (Kinetic decay constant)

570

(collision partner)

2,
( imolecular
reaction)
(Collision frequency)
3 (third body)
(energy-transfer collision)
(Diffusion-controlled reaction)
2.1
SCWO
(Intermolecular energy-transfer steps)
SCWO
( OH 02 20 2

SCWO
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NS
©

H2 + M » OH +H + M

H+02+H «—b» HO2+ M

S
| S
=

O+H+M «—» OH +M

H
=

H202+M <«4—»OH +0OH +M

[N SR N )
HH
LW N

HOCO + M-4—» OH +CO + M

M
2.2 solvent cage
" (physical barrier)
3
1)
2)
3)
solvent cage
cage effects
cage
effects (fission-type reaction)
(Moriya, 1999)
cage
(
1 ) (Solute-solute reaction)

polycondensate

(Solute-solvent reaction) water-gas shift Cage effects
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' ' 1 , ' (Fission-
(Bimolecular hydrolysis)

controlled pyrolysis)
cage effects

2.3

Arrhenius plot (Pseudo-first-order

rate constant) 2.15 350
< 350
(
)
350
(mass-transfer limitations)
T [°C]
400  Tc 360 300
100 o i )
10F
~ 1F
0.1F
0.01 :
1.4 1.5 1.6 157 1.8

1000 / T [1/K]

2.15
) ) ) (Akiya, 2002)



31

/
212 6,6
500
(Molten phase)
(unimolecular
(3 scission) (a-olefins)
2.5
2.5 (Akiya, 2002)
role of water appllcablecondltlons .. dffected reactions

T i e
st o m{ﬁ?ﬁé%&ﬁ Hfﬁdnke olEta

s LB e i '@Oﬁg g@g )
hdopoiceffet  mogp {@,mgar ent~~ conVEfatg 4 m@f
[ £

solvent dynamics mo[%; : very fast reactions (faster than solvent reorganization)
density inhomogeneities  su Bt coniions m@mmﬁl composition
enerqy transfer W@@ﬁﬁﬁggﬁ%&ﬁg@}m no ﬁ%ﬁ% actions

cae effects more Ir IpUl tant at liquicllike densities himolecular reactions (ineither forwerd or reverse direction)

,_
('D
—

I'

ﬁJ

- ——




2.0
et al. (2004)
/I
450-480 1-30
2/11-10/1 (water filling rate) 25-40 %
2-4
90% 460
1 6
Cheng et al. (2004)
350-550
0-0.21 g/cm3 0-60
Takeshita et al. (2004)
250-350
350

125

300

9270 kcal/kg

32



Watanabe et ai. (1998)

(nC16)
30
0.1
Hu étal. (1998) ' '
Park and Gloyna (1997)
(
68% F-test
(2547)
27
35 13
250
430-460
3:2-1:1 (wt./wt.)
80-100

1:1

100

33

673-723
0-0.42 g/cm3
1.
(o]
400-450 C
co02
24
)
89%
25
40 - 70
430
70
89.43



63.42

()

2.5

0.75

(

)

34

2.5
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