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CROSS BONDING TO MORE
HETEROCYCLIC GROUPS

2.1 possible chemical stmcture of coal
.. Partent 3244615

(moisture)



11 (classification of coals) [4, 32]

(organic sediment)

(rank)
4 (peat), (lignite), (bituminous)
(anthracite)
(volatile matter)
21
Class Group Fixed Carbon Limited,  Volatile Matter Limits  Calorific Value Limits Btu  Agglomerating
percent (Dry, mineral  percent (Dry. mineral /pound ( moisture, mineral Character
Matter -Free Bassis) Matter -Free Bassis) Matter -Free Bassis)
Equai or Less  Greater  Equal or Equal or  Less than
Greater Than  than than less Than ~ Greater Than
LAn ra 1. Meta anthracite 98 2 nonagglomerating
citic 2. Anthracite 92 98 2 8
3. Semianthracite 86 92 8 14
2 1. Low volatile bituminous coal 78 86 14 22 commonly
Bitumino 2. Medium volatile bituminous coal 69 8 22 3l agglomerating
us 3. High volatile A bituminous coal 69 3l 14000
4. High volatile B bituminous coal 13000 14000
5.High volatile C bituminous coal 11500 13000
10500 11500 agglomerating
3 1. Subituminous A coals 10500 11500 nonagglomerating
Subitumi 2. Subituminous B coals 9500 10500
nous 3. Subituminous C coals 8300 9500
4. Lignite L. Lignite A 6300 8300 nonagglomerating
2. Lignite B 6300

2.1 ASTM classification of coal by rank
- ASTM annual book of standards, 1981
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121

(lignite) [4, 11]

(black lignite)

(earthy)
(fiber)
(concodal)

2-3

(active carbon)

-Uié



123

20
13 [4.19]

131

(coal - ail mixture COM)
20-50

(fluidized -bed combustion)



132 1719, 3]
2 (Lurgi process)
(Winkler fluidized bed) (Koppers-Totzed ; K)
14 (coal liquefaction) [26] 4
2.2
— Al Oil Hydrotreating Liquid Pradugy.
2 ——l——’ char ¥
Coal Mining an ven ids s
I M 9 d Sol l | ] Solid | &
preparation Extraction Separation Catalytic Liquid Product
, —>
Hvdrogenation
Liquid Product
L Catalytic | Solids >
liquefaction Separation
Fischer Tropsch
Gl —p  Shift Conversion ‘
Producer Mathinol
9'2.2 Coal Liquefaction Routes
. FE/1261-2
141 (pyrolysis)

Coals gases (CO 1C021CH4 H2,C2+) + liquid + char



14.2 (Solvent extraction)

500
Coals +2 2 (from a hydrogen donor) A liquid + char
143 (indlirect  liquefaction)
(0asification)
COt2H2 _ »  CH3oh
CO+3H2 - % CH3oh tHZ
2CH3oh  CHOCH3 +hd
144 (catalytic liquefaction) [30]
1
2
3
4
1 (heavy o)
2
3
4, regenerate



2

15 1 [17, 30]
1. reactivity
! sub hituminous

2. rate of heating to liquefaction temperature 400-500
3. catalyst
4. pressure 500-4000 psi
. contact time
[25, 31]
5
1994 1999
52 % 10% ! 2003
34%
(brittle)
(repeating unit) J (propylene monomer)
2.3
XCH2=CH2 [- CH2-CH2 ]
CHs <3
Propane (Propylene) Polypropylene
2.3

- recycling and recovery of plastic 1995



21 7]
(ziegler -type catalyst)
' (polymerization vessel)
(reaction diluent)
(hatch  process)
o0 14
80-85
(isotactic)

(atactic) (solvent)
(flash ~drum)

(centrifugal separation)

2.4

22 27
(unsafurate)
(tactictty)

(syndiotactic)
25

10

80

(methyl group)



(softening point)

(degree of crystallisation)

 (hilex)

(brittle point)

90-95

(stiffness)

2.2 (melt flow rate)
Polymerization Flash Catalyst
Monomer Reactor Drum = Centrifuge Kd Decomposition
T [ l l ‘
Catalysi T Centrifuge
: atalysis actic Polymer
TiCl, 2 Solvent " +
e Preparation i + Solvent
Al Alkyl Purification ;
Washing
T l Atactic
polymer ¢
Solvent
Steam
= Distillation
>
Solvent Atactic Polymer l
] ;
Purificatio +Solvent |sotactic =
A l Atactic
Polymer L
< Centnfuge
< o ¥
Isotactic Solvent
1—_ Devolatilising —
Polymer Removal
Extruder
24

: recycling and recovery of plastic 1995




2.3

2.4

H H

.
H(jb

086 /

H H H
) ( — Isotactic configuration
® H H H
L — Syndiotactic configuration
1 h @ H
H ® H ®
. 1C— C—1C— C-—- ( — Atactic configuration
H H H H
2.5

-recycling and recovery of plastic 1995
23]

2.2

(melt  flow index)

[1, 14]

20,000-80,000

12



(wax)

(swell) f
(bituminous)

2.5 (polypropylene - homopolymer)
3 , f

Fiber, Filament, Cast film, Injection molded parts, Blow mold hottle

2.6 (polypropylene -copolymer)
f
Rubber phase
ethylene -propylene rubber (impact)
(stiffness)
(random  copolymer)
random addition
Injection molding molding
cast film blow molding
blow moldings o

cast film
3 2.3



2.2

() 3 0.7
() 5000 4400
(1 )
( ) 34 30
() 3B/ 115
1.9 17
( )(* 105)
( ) 1310 1170
C) ici/ASTM 15 0
AT6
(C) BS2782 145-150 148
95 90
( )
( ) () 10 25
() 135 3
2533
() ; 2.16
() (straining rate )18/
() 14

0.2
4200

29

175
16

1100

148
90

34
46

14

230° C



[14, 21]
( oxidizing acid)
tertiary
360
2.3
homopolymer random copolymer block copolymer
0.904 0.9 0.91
/ 30.6 3l 305
(tensile) = 5,500 4,500 4,400
(impact) 15 10 15
/
(P 275 220 216
(clarity)
Oxidizing Acid
175 °F

. recycling and recovery of plastic 1995
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28 1, 14)

(talc)
3 [12,15,16]
(Substance) ' R
(reaction rate)
31
1
)
3
3.2 (Catalytic reaction Catalysis)
3

321 (Homogeneous Catalytic Reaction)
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2.9

34

34.1

[ - 1000

(catalyst preparation) [12, 20]

(surface area)
10
/

19



34.2

343

method)

11

12

21

2.2

(stability)
(mechanical properties)

2
(Impregnation method)

(coprécipitation)
2
(catalyst precursor)

(wet impregnation)

(cry impregnation

20

(catalyst site)

(precipitation

Impregnation to incipient wetness)
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3.6

2
(Support)
1-1,000 /
(catalyst support) [3, 23]
Pt
(regenerate)

(active carbon) [5,7]

21

(Surface area)



(activation)

36.1 U

Mukherjee (1947)
1 (active surface area )

3
(active centers)
3.6.2

(pyrolysis) 1000

(aromatic ring)

22



23

2.8 0.335 A

0.144
(double bond)

(resonance)
Riley (1974)

2 8  (unsaturated valencies) (octate law)

(chemisorb)
400 - 500

carbonyls, phenols, lactone, aldehyde,
ketones, quinones, hydrogquinones, hydroquinone, anhydride

200°c

2.9



3.6.3 57

: Suzuki (1990)

2.8
: Suzuki (1990)

OOH
OOH s oo
C‘)
H U e
(o]
o v i
OH I Sk

Lactone type

2.9
: Suzuki (1990)

: Tereshko (1969)

24
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3.7 (Supported metal catalyst) [3, 15, 16]
VI IB
3.7.1 (Metal activity)
! VI
Fe> Co> VIII

(pgm) Pt R

38 (Thermal cracking) [2, 6]
! !
thermal cracking (Free radical)
3

L (Initiation)
2. (Chain - carrying)
3, (Termination)
39

(Hydrocracking) [2, 6, 20, 34]

L non catalyst
C-C
hydropyrolysis
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2. monofunctional C-C
hydrogenolysis
3. bifunction C-C '
(cracking)
«
hydrocracking
1927

.. 1959  standard oil of california
1,000

391

2.10

dual function catalyst
CC

(Acid site)

2.10



27

Hydrogenation

'3
b

b T
o

2.10 (Fe | AC)

hydrogenation / hydrocracking| DNM(di (1- naphthyl )methane) 400 ¢
Xain -yong wei 1992
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3.10 Crude oil evaluation [3, 9]

chromatography

L
fraction)

2

4,
fraction)

5.

gas
(boiling range)
5-10°c
l 1
IBP 200 °c (Gasoline
200-250°C (Kerosine fraction)
250-370 °c (Gas ol
370 °c (Residue)

(Feed stock)
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1 Nakamura and K Fujimoto 1996 [35] activity

380 2
98 %

L L Anderson, . Tuntawiroon and . B. Ding 1995 [42]

subbituminous  coal PE (polyethyleng), PP
(polypropyleng), PS (polystylene) PET (Polyethylene tetraphthalate)
5 %TICI3 1000 psig () 1
400, 420 430 C 420 °c
HDPE 100
50%
11 20% HZSM-5/AI20 3, 5% Ni /Si02
AID 3 2% Pt/ Si02 A2 3, Si02 /A0 3 (25%)
" 50% 2% Pt/ Si02
A2 3
G. P. Huffman, Z. Feng, F. E Huggins 1995 [36]
430 C 1
11 430 C 60 800 psig H2 HZSM-5

PP: subbituminous coal
PE: subbituminous coal
tetralene waste ol waste oil tetralene
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800 psig 60 tetralene
HZSM- SIAl tetralene
aliphatic plastic
HZSM-5
MM. Taghiel, z. Feng, FE Huggins and GP. Huffman 1994 [44]

420-450 °¢ 60 800 psig 2
lron-based catalyst ~ HZSM -5 catalyst PE PP, PET
HZSM -5 catalyst 420-430°C
80-98% 90-100% Iron-based catalyst

11 bituminous coal, subbituminous
lignite lron-based catalyst ~ HZSM-5 catalyst
60-80% 90%
K Gimouhopoulos. . Doulia., A Vlyssides., . Georgiou. 1999 [43]

VaN, MoN, N0 Zr0
petroleum residual, coal derived solvent, petroleum residual,
waste tire ol 420 ¢ 800 psig 1

waste tire ol petroleum residual
petroleum residual
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Hariet F. Ades, Kumble R Subbaswamy199 [18]

preasphaltene

benzylic cation

Manjula M lbralium and Mohindar .

resonance
480 °c
1000 psig

500-1000 psig

200 °¢ - 350° C
1000 psig

black thundler

asphaltene

Seehra. 1996. [26] electron spin

11
1000 psig
500 -

electron spin resonance
140-200 °¢
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. B. Ding, ." tawiroon, J. Liang, and LL Anderson. 1996. [33]

(hydrogenation - hydrocracking)

430
°C 2000 psig 1 siliga -
alumina  impregnate Pt, Ni, Pd,  Fe
(% conversion)

1
siliga -alumina
430 °c
2000 psig 1
Ni/ AbOs - (2 > Fe | Al0s -SiU: >
Pd / AbOs - Si02, Pt AlOs - SiUz >thermal > ALQs - SiCx 2
Ni / AbOs - Si02 IFe / AbOs - SiU; Pd / AbOs - SiC2
2. Feng, J. Zhao, . Rockwell, D. Bailey and G. Huffman 19%. [36]
4 HZSM -5 3
ferrihydite ferrihydite sliga -alumina ~ temary
fenrihyarnite siliga - alumina HZSM - 5
AbCh - SI02
waste ol
tetraline 430
420

445-460
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800-100 psig

50 : 50
tetraline tetralinew  waste oll waste ol
10% HZSM - 5 AOa - SO
ferrihydite 460° C

AM. Mastal, R Murillo, Jose M Palacios, M Carmen Mayoral, and M. Callen.
1997, [13]

400° C 30
THF - hexane
thin layer chromatography
10 MPa
1.5 -5 Mpa

K Hirano, M Kouzu, T. Okada, M Kobayashi, N. Ikenaka, and T. Suzuki 1999,
[22] pyrite a- FeOOH

promote
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pyrite a- FeOOH
pyrite

5.0 MPa
693 K 20 K/

Xain - yong wei, Eisuke Ogata, Zhi- Min Zong and Etsuo Niki 1992 [34]

(hydrocracking)

di (1- naphthyl) methane
(DNM)  430° ¢ 300
hydrogenation  DNM hydrocracking ~ DNM
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