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Figure 1-1  Simulated equivalent crude costs at different site and plant scale by discount cash

flow, DCF, method.
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Figure 1-2  Trend of world energy consumption. [, petroleum; H, coal; [, natural gas;
[0, nuclear power, @, hydraulic power.
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Figure 1-3  Recoverable reserves of petroleum (L), and coal (M) at different areas in the
world.
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Figure 2-1 Schematic flow diagram of the 150t/d NEDOL coal liquefaction pilot plant.
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Table 2-1 Properties of solvent hydrotreatment catalyst.

Shape (Cylindrical)
Diameter [mm] 1.5
Height [mm)] 3.0
Compacted bulk density [g/ml] 0.7
Elemental compositions [wt%]
Ni 2.4
Mo 10.2
Surface area [m*/g] * 200
Pore volume [ml/g] ® 0.60
*By BET.

®By mercury porosimetry



Table 2-2 Properties of prepared solvent.

Elemental composition [wt%]

C 87.7~88.9
H D310 ]
N .9 1
S <0.1
O* 13724
H/C atomic ratio [—] 1.3~ 14
Ha[—]" 0.22~0.25
*Difference.

®Ratio of aromatic hydrogen to total hydrogen by 'H-NMR spectrum
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Figure 2-2  Variation of hydrogen gas consumption (®) and yield of organic gases (O), NH,
(B), and H,O ([J) as a function of hydrotreatment temperature.
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Figure 2-3  Increase in hydrogen content of the solvent (@) and hydrogen utilization efficiency
for the hydrogenation (O) as a function of the hydrogen gas consumption in the solvent
hydrotreatment.
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Figure 2-4 Variation of the hydrogen consumed for aromatic hydrogenation content of the
solvent (@) and hydrogen utilization efficiency for the aromatic hydrogenation (O) as a
function of hydrogen gas consumption in the solvent hydrotreatment,
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Figure 2-5 Percent removal of nitrogen (@) and oxygen (O) from the solvent as a function of
hydrogen gas consumption in the solvent hydrotreatment.




2. B, 2 KBILLBZLIZ2BRAOAKREEHER L3 2

Table 2-3 IZ, KRLLBTOKBETNAHBEEN 05wt%, B LV
1LOWIRIC BT 2B A OILEWHEKZ R T, KFBALER OB R I
20wt EOEHWK RNFT 7 4 VE, 0OAW%BREDOF 7 F VE RS AT
BV, FEERT I S8wWt% TH D, FEERSFOLEEIE WL,
FRBEICL-T 1S BECSELE, XX, FoxLV Yy, T
FNTFT T2V BRETINODHa KRB EIF7F L0 HELT
Wb,

FEERDZ 1~4 BRofbkeaHWTEBREINTEY, 7% v 8
PROBELFENRTWVDL, KBETAHEHEEDN 0.5wt%s 1.0wt%D %
BILEVWHERPETFRER>TVDIORF, ERBILERSEHENER
SDTWVWLITEDTHDL, KETABEBEEDY 05wt%DH A X, ARE
EDB 40wt%D XA J7 Y —2RIERCE~HEBE L, 455CTHERIKEILR
EZlToT, KBV ABEEEDR 1OW%DHE AT, FREE RN
S50Wwt% D AT Y —ZHW, 460CTRHERBILRIE 2T, KEHY
AHBRED 05wt%., 1LOWI%E B R oA H, BEREETHEL
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Table 2-3 Compositions in compounds of the prepared solvent and hydrotreated
solvent at different hydrogen gas consumption, AH,.

Solvent hydrotreatment AH,=0.5wt% AH,=1.0wt%
Prepared/Hydrotreated Prepared  Hydrotreated Prepared Hydrotreated
Compositions [wt%]

Straight-chain paraffins 20.0 20.5 19.3 18.7
Naphthenes 0.4 i3 1.4 1.8
Aromatics
Benzenes 2.6 2.7 21 24
Phenoles 4.1 4.0 2.3 9
Indenes 1.6 1.7 12 %
Naphthalenes 15.8 16.7 14.3 13.5
Biphenyls 6.0 54 s 53
Acenaphthenes 1.0 1.0 1.1 1.4
Fluorenes 2.1 2.9 23 S
Dibenzofurans 0.9 0.9 0.8 0.8
Carbazoles 1.6 BE 1.6 13
Phenanthrenes 32 | 2.8 3.5 3.0
Anthracenes 23 1.9 2.5 1.8
Pyrenes 39 3.0 4.8 32
Fluoranthenes 1.0 1.5 1.0 1.6
Chrysenes 1.0 0.9 1.1 1.1
Other aromatics * 10.7 11.2 . 17.0
(Total aromatics) (58.2) (57.5) (57.9) (53.4)

*Including indoles, diphenylmethanes, phenylnaphthalenes, benzocarbazoles.
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Figure 2-6 Ratio of the hydrogenated homolugues in naphthalenes, phenanthrenes, anthracenes,
and pyrenes of the prepared solvent (M) and hydrotreated solvent (L1) at different hydrogen gas
consumptions, AH,=0.5wt% and 1.0wt%.



KBEHNAHBEBEENZLSRDLFFEHELRLEY DA —L Fuif (F
77 VE)PERL, KEEEMEEOET2L 20T THEERD S,
ZZT, BAKKZRLVZELEENE T 7F L IUVEHIZS2WT, BHKkSE
kY (7 2V 8) ¢X—-e Pl (THY VE) 08 EFEY &
WL, WR%Z Fig2-7 &7 ¥, KBLULEBRIOBARICEXT Y »
FRIEEALLgENTELT, KFREELBLERBLT VY VEOE
AEREE 02~05wit%TH LS, THPZ IV HYEESDWTR, KBS XH
BEEN OSWwt%DOHBEIC 14wt%EMNM L, KBTI AHEHEBEEDN 1.0Wt%D
ZEE 24wt M L7z, WThoHZabKBFHEELEEOCR VT A
VVEBEOERBT PV VEOAEAREERTLRYV ARV, X401
y NSV MPOEEBGHRIX H/IC, Ha P—EOHBETHB L THB Y.,
BRIOEBREHELBMLTL, 7 VEHOEARZLBELTIEED
BEZRABILIEFLTIVRNVEVWR S, ZThIV, BRABESZED
FRBILT B ERALZEBWT, KBEALBIZL > TEAOAZHE M
EXPMELEZEDPHALNLTHDS, £, KBETAHEBENSEZL R
HLEBFERACEDIRYARLELBOTAERHMLTIY, KE
REAGET TR, FAOKRBEEHEZARLLBICL > THETE
LI EBTFIBIND,

8 8
AH2=0.5wt% AH2=1.0wt%

(=)

=)
-

-------------------------------

Content [%)]
oS

Content [%]
ESN

b
b

---------------
---------------

)

Figure 2-7 Contents of decahydronaphthalenes and tetrahydronaphthalenes in the prepared

solvent (M) and hydrotreated solvent (L1) at different hydrogen gas consumptions, A
H,=0.5wt% and 1.0wt%.
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Table 3-1  Properties of raw coal.

Ash [wt%-dry] . 55
Volatile matter [wt%-dry] 47.2
Elemental composition [wt%-daf]
3 75.9
H 5.8
N 1.8
S 0.2
o 16.3
*Difference




Table 3-2 Properties of natural pyrite used as a coal liquefaction catalyst.

Elemental composition [wt%]

Fe 48.2
S 51.0
Particle size [ u m-Dy,] 0.7
Surface area [m*/g] ° 6.1
*By laser diffraction method.

By BET
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Table 3-3 Operating conditions and hydrogen gas consumption ( AH,) of the coal
liquefaction pilot plant.

Run-A Run-B Run-C Run-D

Solvent hydrotreatment stage *

Temperature [C] 295 300 330 295
LHSV [h'] 1.0 0.8 0.8 1.0
AH, [wt%-daf] 0.7 0.9 , e 0.7
Liquefaction stage
Temperature [C] 455 450 460 462
Pressure [MPa] 17 17 17 19
Coal concentration in slurry [wt%] 40 40 50 40
Nominal residence time [h] 1.0 0.8 0.8 1.0
AH, [wt%-daf] 4.7 4.7 4.7 3.3
Total AH, [wt%-daf] 5.4 5.6 6.0 6.0

*Under a hydrogen pressure of 10MPa in all Runs.
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Figure 3-1. Variation of naphthenic hydrogen contents in the prepared solvent (O) and the
hydrotreated solvent (@) as a function of hydrogen gas consumption (AH,) in solvent
hydrotreatment.

DRKBIAHBBENZLINRD L, FEERSPCESKBY N S
DLEEDOHEMBIRELL RoTWVE, o T, BRI AR LEBE TR
TOKBUVABEREPNZVEEBRAOKBHREEHERLF W & FME T
TN

KRELBZCIZ2HMY KBS FTERKEVOT 77 VEBAKEOH
MEBEZKBIAHBEIR LT 2y PLEBEAOMBEE X, KFEHE
EHEOH ECA VLI AR ZOHAL LCEBTE B, A4
Ry NI NOBRAKBAALETIE, HERN 033 ThHhy, HE
SNTKRKBHNRAD 3%V ARKFBEHREEEOMECAVOIREZ & %
cLTW3B,

Fig.3-:2 IZ, KBIVAHEHEBEOEMIIH T I2HH. BIXUOkEL
BREWBMOERZFEOELLEZTRLE. KBTI AHEEESEMT S &,
KRN BRBROBRLET TR ABLBEHOEREFE D K& <
BOPLTEY, RERKEPRESN TV S,

Fig3-3 12, KRFITAEEBEOEMIIA T 2EHEY XY (CH,.




1.2

1.0 f

0.8

0.6 |

0.4

0.2 |

Nitrogen content [ wt%-solv]

0.0 J ‘ ' .

0.4 0.6 0.8 1.0 1.2 1.4
AH2 in solvent hydrotreatment [wt%-daf]

| Figure 3-2. Variation of nitrogen contents in the prepared solvent (O), the hydrotreated solvent
(@), and the light oil fraction produced in solvent hydrotreatment stage (A ) as a function of
hydrogen gas consumption (A H,)
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Figure 3-3. Variation of yields of organic gases (O) and light oil fraction (@) produced in the
solvent hydrotreatment as a function of hydrogen gas consumption (AH, ).
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Figure 3-4. Variation of yields of oils (@), liquefaction residue (M), and organic gases (A)
produced in total coal liquefaction system as a function of hydrogen gas consumption (AH,) in
solvent hydrotreatment,
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Figure 3-5. Variation of yields of fractions in liquefaction residue; oil (O), asphaltene (@),
pre-asphaltene (A), and un-reacted coal (M) as a function of hydrogen gas consumption (AH,)
in solvent hydrotreatment.
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Figure 3-6. Variation of yields of light (@) and middle oil (O) fractions produced in
liquefaction stage as a function of hydrogen gas consumption ( AH, ) in solvent hydrotreatment.
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Figure 3-7. Variations of nitrogen content in liquefied light oil (®) and liquefied middle oil
(O) as a function of hydrogen gas consumption ( AH,) in solvent hydrotreatment.
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Figure 3-8. Yields of oil fraction, liquefaction residue, and organic gases for Run-A, Run-C,

and Run-D.

B ED 4.7wt%-daf, 4.7wt%-daf, 5.3wt%-daf T, BH KBLLBET
BCTOKBITAHBEEDN 0.7wt%-daf, 1.3wt%-daf, 0.7wt%-daf Td
5, Run-A BRIEMNBLRELIARLS, BESORBRAEDLZ WV Z
EDPD BIEEEZEDDICEIARKBTIIABREZHSTHLERD 5,
Run-C & Run-D F KBV AHEHEEREOEHBPELTHDLI P, ARIR
ELIBRBTOABHIABEEENLZ Y Run-D O ) BRELHBIRITZ
KV BESORERLRV, ZTh iy, BHAAFLLEIER TKSE
HEHEZEDLILVVbERKICEIEBCEE, EABIOMEDO K
RACEIEENRAKBIAOFMABZERLZIZ I B, RIALBOERK
CRAVWONDZKBAABRELSRDLEWVWRD, o T, BE ©KFHE



EMEZEDLIILEPRBREHEOMLEE—FEHIIE VL2 DO TIRR
KV KBIVAFNEBDREZ2HEL CKABFHREREFRNEZRF T Z D
BEEMERATRINDS, EEL, FRBEILEIBTCOKRKEZEEIZAHEBEERE %
ZLTH5CR, ARVRLEBEELRIEENZET I LILBET NE
THDs

R, BROKRHEHEECIIPFRBILREORESE & .
FRBIERBDICEERAVCOLNLDAZKBIRAOEMIC LR & H&T
B, BRAXRKBIULBICLDZ T 77 VBKEOBME L FRIK
RIBTOKFBIABEREOEHZ EHEKFHEE (net hydrogen
consumption) ] EEHREL, TN ICH L THEILBENRRLT7ZX 77 1T
YHOWNRE ey bLE, BRE % Fig3-91 77,

Run-A, Run-B, Run-C 2V TiFk, BHROABH EEED L R
Z. Run-A & Run-D TR ERBIUUIBTEER VLN AKET R
DOHRZRBLES O TH %, Run-A, Run-B, Run-C T2 T,
EEKRKFHEEOHEMIZMH > WABMRXBOHEMII., Run-A, Run-D

60 30
=
55 | S 25 |
3 $
e\|° S0 | 2 20 }
045 .“é 1S
= E
o =¥
e 2 s
= 40 k 10
) )
° i c
35 2 st
P
30 0
4.8 5.0 5.2 5.4 5.6 4.3 5.0 5.2 5.4 5.6
Net hydrogen consumption [wt%-daf] Net hydrogen consumption [wt%-daf]

Figure 3-9. Variation of yields of oils and asphaltene as a function of “net hydrogen
consumption”: Run-A (@), Run-B (4), Run-C (#), and Run-D (@)
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Figure 3-10.  Yields of light oil fractions (produced in liquefaction stage, @ , and produced in
solvent hydrotreatment stage, [, ) and middle oil fraction for Run-A, Run-C, and Run-D.
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Figure 3-11. Nitrogen contents in liquefied light oil, hydrotreated light oil, liquefied middle oil,
and hydrotreated solvent for Run-A, Run-C, and Run-D
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Table 4-1 Properties of prepared solvents, and the PP operating conditions when the

solvent was used.

TA40 TAS0 AD45 IK40

Liquefaction condition *

Temperature ['C] 455 460 460 452

Coal conc.” [wt%] 40 50 45 40
Solvent hydrotreatment condition

Temperature [ C] 295 330 325 325

LHSV [h'] 1.0 0.8 0.8 0.9

Properties of solvents
Elemental composition [wt%]

& 873 885 88.2 88.4

H 9.0 9.4 9.0 94

N 1.0 0.9 0.4 0.6
Aromaticity, fa [—] 0.53 0.51 0.56 0.52
>b.p. 350°C+ content ¢ [wt%] 312 379 30.5 31.6

*Total pressure of 17MPa, with pulverized natural pyrite catalyst of 3.0wt%-dry coal.
*Hydrogen pressure of 10MPa.

°Coal concentration of the feed slurry.

ASTM-D2887.
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e |
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Figure 4-1 Variation of fa of the hydrotreated TA40 as a function of the hydrotreatment

temperature with the LHSV of 1.4h" under the hydrogen pressure of 8MPa (®) and 12MPa
(&), and fa of TA40 (O).
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Figure 4-2  Napierian logarithm of fa /fa, vs. inverse of the LHSV, in the hydrotreatment of
TA40 at 300°C (O), 325C (@®),350°C (A), and 375°C () under the hydrogen pressure of
8MPa.
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Figure 4-3 Napierian logarithm of (fa; —fa )(fa, —fa) vs. inverse of LHSV, in the
hydrotreatment of TA40 at 300°C (O), 325°C (@), 350°C (A), and 375°C (<>) under the
hydrogen pressure of 8MPa.
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Figure 4-4  fa, in the hydrotreatment of TA40 under hydrogen. (a) fa, vs. temperature under
hydrogen pressure of 8 MPa, (b) fa, vs. hydrogen pressure at the temperature of 325°C
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Figure 4-5  Variation of percentages in the fa decreasing of TA40 (O), TAS0 (@), AD45 (L),
and IK40 () as a function of the hydrotreatment temperature with the LHSV of 1.4h™ under
the hydrogen pressure of 8MPa.
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hydrotreatment of TA50, AD45, and IK40 at 300°C (O), 325°C (@), and 350°C (A) under
the hydrogen pressure of 8MPa.
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Figure 4-7  fa, vs. temperature in the hydrotreatment of TAS0 (@), AD45 (A), and K40 >)
under the hydrogen pressure of 8MPa.




Table 4-2 Apparent rate constant, k. for aromatic ring hydrogenation and relative
reactivity between each solvents at different hydrotreatment temperature.

TA40 TAS0 ADA45 IK40

Ko (1]

@ 300°C 0.271 0.217 0.249 0.200

@ 325C 0.834 0.667 0.771 0.718

@ 350°C 1.797 1.408 1.603 1.519
Relative reactivity *[—]

@ 300°C 1.00 0.80 0.92 0.74

@ 325C 1.00 0.80 0.92 0.86

@ 300°C 1.00 0.78 0.89 0.85
“Ratio of individual k,, of TA50, AD45, and IK40 to k,,, of TA40.
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Figure 4-8 Napierian logarithm of rate constants for the reversible aromatic ring hydrogenation
vs. inverse of the temperature, in the hydrotreatment of TA40 (O), TAS0 (@), AD45 (A), and
K40 (<) under the hydrogen pressure of 8MPa.
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N 2900 B 06 BTS00 e R B e A
WARZRBOWTEARBE 40wt D X 7 J — CHRBILRIE 21T -
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Table 5-1 Reaction condition for the solvent hydrotreatment in a 150t/d coal
liquefaction pilot plant.

Run- I Run-II
Hydrotreatment time [h] 3,200 2,800
Solvent fed to TA40 TA40 (700) *
the hydrotreater TAS50(700) *

ADA45(1000) ®

IK40(400) ®
Temperature [C] 300 325
LHSV [h'] 0.9 0.9
Hydrogen pressure [MPa] 10 10

* The value in parentheses indicates the hydrotreatment time, [h], at which each of the
solvents was fed to the hydrotreater.

THNOEE TS, LHSV T ¥EH T 09 THho%, Run-I Tix, #
Z ANV ALARDARBE 40wt XA T Y — 7T, =
LAEROBBE (50wt%) FRAZ YV —, TR ROAREE 45wt%
A7) —, WEROAREBE 40wt XA 7V —2 A VWTHERKILLK
PRa i e o

2% . Run-1 2B # L TH 5 5000 %o, BAAR{LEZ — B
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Table 5-2 1, % Run THAWEEHN (KRLQLEHN) BA O #R
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RE 45wt A 7 ) —, MMBERDOBFRBE 40wt R 7 YV — THRK
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Table 5-2 Properties of prepared solvents

TA40 TAS50 AD45 IK40

Aromaticity, fa [—] 0.53 0.51 0.56 0.52
>b.p. 350°C" content [wt%] a1 37.9 30.5 31.6
Conradson carbon residue * [wt%] 0.10 0.23 0.10 0.10
Inorganic element [wt-ppm]

Fe 7 10 8 7

Ca 3 3 1

Si 2 4 2 3
Solid impurities * [wt-ppm] 10 13 11 9

*JIS-K2270.

*Residual fraction after filtration using a paper filter with a pore size of 1 u m.

EHR) T, 0.1~02wt% B ENTHEY, AHREEHRLE ZIERALE
FETHD D, BARXKEEINL2EERTRIL Fe. Ca, BLUV Si THh
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BRIBICLLI2BEEREEIRD LRV, £, BHEE lum o
— R =T 4NV —TORBRILL-TELNWN LR EBGRUEFOERE
X 9~ 13wt-ppm T& 5 . |
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Table 5-3 Properties of used catalyst in Run- I and Run-1I.

Catalyst-1S*  Catalyst-1E®  Catalyst-2E°

Elemental composition ¢ [wt%]

Nickel, Ni 2.25 2.31 2.26
Molybdenum. Mo 10.53 10.51 10.30
Aluminum, Al 431 43.0 432
Iron, Fe 0.02 0.08 [2.7]* 0.21[7.1]°
Calcium, Ca 0.03 0.12[9.4]¢ 0.11[11.5]®
Silica, Si 0.00 0.03 [3.5]® 0.08 [8.0]®
Carbon, C 12.3 12.3 12.0
Sulfur, S 7.4 Tod 7.4
Surface area ® [m*/g] 224 187 181
Pore volume f [ml/g] 0.39 0.34 0.34
Mean pore diameter * [nm] 4.6 4.5 4.5

*Withdrawn in Run- I , 300°C, 500h.

®Withdrawn after Run- 1 , 300°C, 3,200h.

*Withdrawn after Run-II, 325°C, 2,800h.

Carbon by a CHN analyzer, and other element by a ICP analysis.

‘By BET.

‘By mercury porosimetry

® The value in parentheses indicates the percentages of the amount of the inorganic
element in the used catalyst to the overall amount of the inorganic element taken into the
hydrotreater with the solvent.
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MrHDL, &, MEORBLARTICNEFT 5 Fe, Ca, Si %
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MM OEZHRAS, MILEFE, LREABCRETEEL2HANL - L i
HETH D,

Catalyst-2E O M AL FHE & L R EME X, Catalyst-1E L 1FIFRE L T
HoD, RICEE PEWVWHAEICIE, Fe, Ca REY BB IS 8
LTWVWLaD, RICGEEPLEFLTHHEOHMIAEEME L EEERLE
LRz &IiTEEEND,

EORE ENHICIfEFET S Fe, Ca, Si R¥EHW O EIX. EPMA
GICK VB ELUZBBER FHNOD Fe, Ca, Si OB FHBELNSFK
ZAVTHM T 2 &P TED, Run-IRTHRIZE 1 BH» >k xH
L7z %Z EPMAICKX > TH W LERRZ Fig. 5-1 1273, C B
T, ¥R FAOMBIRLILTIE-ETHY, HEMMERBE 1T M
KORABBLITCAB TH-—KRFTHLEERLTVWS, Zhix,
WHERBILER TS VMO BRZBEERRIGBCABERLEL,

20 1.0
o 1.5mm > 2 1. Bmin L,
16 0.8 26
7S S
R o
u_.a 12 1 d 0.6 1
g 5
g 8 S 04 !
&) =
4 0.2
0 J 1 0‘0
Surface Center Surface Surface Center Surface |
1.0 ‘ 1.0 1
— 0.8 0.8
o S
s 0.6 ': 0.6 ;
§ ” 1.5mm g : o 1.5mm
< 0.4 = 0.4
Q 75}
0.2 0.2 1
0.0 . . " 0.0 LAJAJ L o
Surface Center Surface Surface Center Surface

Figure 5-1 Radial distribution patterns of C, Fe, Ca, and Si concentration in the interior of the
catalyst grain withdrawn from the 1st bed after Run- 11, a solvent hydrotreatment for 2,800h at
325°C, measured by an electron prove micro analyzer.




EREHSE R THMEZSWTLESEAELEBLETH- 2 D, Si. Ca
BREOIHBEBE—ETHY, MEOCREFRIVCHNBTH—IHE
TE L EBFL TS

— 5, Fe REIMEOCRERES CRELHEML, C, Ca, Si &
ELRERD, ZOX57% Fe BEONMAIE, EHIREZ W OME A
FEAHAKRKBIABRRBECIAEFTZ2 VLRALBERATHZ P, KoM
AR, LRXEEPETLZOIX, Fe REDPMESTE ~~£4H
CNETDZIERXE-2T, EHEHGOSZHLENBRAbR D & &
bbb,

MNT, FEREOHMERNIICEI - TCEERTML 72 13,

0pe= § Cre(r) rdr/(Cg M** § rdr) - (X 3)

ZIZT., op EMENTHICBIT S Fe BEODERFRMOFEE T
D, Ch(NIEBOEXEMBIZB T D Fe BEZ., Ce M T ¥RF
MTOHEK Fe BREZTT, 0, PEIFT 0O2H 10BBETHL, =
NBPPSVELEMERETETO Fe BRENIVBEL Ao TWWBZ LLE
KT 2,

Run-IR TRIZCEILEB»»PODHEHENTZME (Fig. 5-1) @ Cp M
TMEOCREICREIT S 06 BETHY., Cre()® 1 ® Z KA TEM
THEL, 05,8022 ThHD, Run- IR THRIZLBE 1B OHETHS L
PR FBICEHET S E 05 0.10 T, Run-T 0 M & T B
S HhEV, TOEIBRDo, BVE., RISBEEZ&E 75 &t
WORNMIZHET L Fe REMWPZIRDZIEEZRBLTWVDS, fil
W ET D Fe R¥EVWOGKBEIMAEZAHEIEATELTHLY, K
NEEDERICLD Fe REDNBFEOHE NI MAEORMILEE.,
REBIERETERBI NS Lo bDEEZON S,



Bl B2 EHEMEOCERCIRET HRAMNB O BB

Run-I# THRIZ, B 1. £3. E6@MrOIKEHLEZMEDER
cHBRL, REMERBELEBXEDONEA I =22 EE L
iz, Table 5-4 IZ, FE»roHhEHEh oL R+, BT
. B 1. B3 EeRErobEEHLAEAMECENENRE, LEX
it £ (top bed catalyst), [ B A (middle bed catalyst), T /8
AR (bottom bed catalyst) R L TW3B, BEIAZ/(NLE S O
EMEBEEIT. F1I1BE<EIB<EBOIETH =,

WTFhoBE2rbiRREHBENEZMEL . CEFERNEIITRLLTH 5,
FHAEEBOKBLABEM I, MEBoOESH FRMEE SRS FRIK
7t 2A0BRAKRKRBLULBLRABOEE T, REBEHOIKCEWE
PHRSHLUZME, 5725 bottom bed catalyst D CEHFE N E
CRB2IEBBESRTVE D, ¥k, BREAL 2 EXTRAR
CLREBENDARBEILEBPEETCHDI272D, REBADICEHEWVE M
biIREHLZME., 772D % top bed catalyst TCEHENEZL L A&
L2LEHRESNTNVD P, KHAXORA,. FHZEEHWH. BRIELE
FHThEThoKRlLEBET, EREA»EDO C EFEECHET 2
RICHEHABM M TOSHBER-T-0E. RDBEBE., KEE. B
EROBEVWILLIZbDEEZILN D,

Fe 2@ HEIZ DWW TIid, top bed catalyst> middle bed catalyst>
bottom bed catalyst DIETH 5., Z N LV . WA B O Fe KM N K
EBRAOMBICE > THRBESh, EAALMED Fe SERBICHE T
P A AN ET DL RRBEEND, Cay Si BHEKL 51T
. RSN AMOHA N Feg FRBIIEFEEZE TRV,

Fe @ A EDZ\ top bed catalyst iZ, A AEHE. KEFHE N/ X
Ko TW%, Fe REVIMEOCERTE ~ETHICHEFT S Z &M
EPMA 7 # & (Fig.5-1) OB LA ENRTEBY, RIEEDOALD
ELICHEESINTMEIT, Fe REYWIZIMFHEFL T, MEBEHEKD
ZAEIPBELDbDASLTWWEEZZI LN S,




Table 5-4 Properties of used catalyst with drawn from 1st, 3rd, and 6th bed after
Run-II.

Top bed*® Middle bed®  Bottom bed®
catalyst catalyst catalyst
Elemental composition ¢ [wt%]
Nickel, Ni 2.31 2.21 2.26
Molybdenum. Mo 10.52 10.08 10.30
Aluminum, Al 43.0 43.0 432
Iron, Fe 0.34 0.22 0.21
Calcium, Ca 0.14 0.10 0.11
Silica, Si 0.09 0.08 0.08
Carbon, C 12.6 11.6 12.0
Sulfur, S 7.4 o 7.4
Surface area ° [m?/g] 12 181 181
Pore volume { [ml/g] 0.32 " e3s 0.35
Mean pore diameter  [nm] 4.5 4.6 4.4
*Withdrawn from 1st Bed.
®Withdrawn from 3rd Bed.
*Withdrawn from 6th Bed.
4 Carbon by a CHN analyzer, and other element by a ICP analysis.
‘By BET.
By mercury porosimetry




.o 8 3 L EERO R

BRAKBIULBIRBTI2MECELLELZ, IR 1 XYk,
MEOCOHKRENMEBEST TCELILERZRBINL 2,
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Figure 5-2  Varations of degree of catalyst deactivation with the passage of the time in Run-

I (O), hydrotreatment at 300°C, and in Run- I (@), hydrotreatment at 325°C.
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AHFIERNEDO NEDOL ur X3, REERCEERER» DIEE
ROBHEZERTL2b0THD, £, BEAREIODEVORRLE
BEZ2Z<LTAEHORLEZLELTAEARATI Y —OERELEES
PRAERAEO TS VTR ELTCVDS, T4ETIE, FRATY —
rEBREALESSE. BLUVEREBERZF = bPANVLR (EEHFR)
o7 FuR (BEERECEOCEEFR). B R (EFRILE OIE
FR) CEZ2D L, BRAKRLECLBIBITIA2EEFTRKFALO KK HE
ERETTLH2¢%E2R"LE, FRATIVI—OFREREWR.,. BITOESSR
EROBMEPERAERCREITEBRBZHALICT A Z L. BHAX
RIELLBFHEOREEHEBLILDODICEETH 5,

FRBEBICIRRBEEOEKLAPEETNLTEY, ZhAbHD
teEWRITIVRITLOEERMK I v~ N7 5 7 4 — (HPLC)
&, FERERBACSHTES VY, BHICHYTIESDOR
RBEALBIZOWT, GC-MS LS O AL E I HPLC I & % 48 %217
W, BETHIEWOERETBALPITL TS D3I, LirL., o
HBOARBIELBMIELSIRNRIEBIZIVEZLOTHEAEED, BE
ODHERFREZANT, ERRXNOBRBEE ot 2AEXRKROBRFER %
FMTrsr2Zt3@ETCHD,

150t/ B AREIL XA 2y VT T FTiE, EXR 6,000 B 0&E
HBEREE MESN, 7T X AROBHERERLT NS & &
Abhd, A ey b P73V THVERFOERZBHALDIZT S
iR, BEAE SIS VU NORHILETIERT — 22851201
VLETH D,

AETHE, M2y b P73V MCBTBIBF= b NVARDER
THWEBRZ27IV% AT 50 HPLC THBIL., Sl EE-RS
Z GC-MS THOWT2Z Licky, EMERSTOELEHHEKZHFH S
Teo £, P2 NVAROFRAZ IV —BRELEE, BLXORE



B 84 -3 FOBHA R & Al

NAvy T3V FORBERTOHBE=PIANVAR, T &
K, WBROMKREZ, Table 6-1 127+, 2hdbDC,HNOE K&
X 74.2~81.8wt%, 5.2~6.1wt%., 0.9~1.8wt% T & % .

AETEH., £ 482, & 5 ECAVERA., ¥ bbb, =k~
VAR DERRBEE 40wt% A T Y — (TA40), ¥ = F NV ARODFAE K
BE 50wt% A T U — (TAS0), 7X B ROFRBEE 45wt% R 5 U —
(AD45), BLXUVMERDOAERBE 40wt 2 F U — (IK40) Z AWV
TEBICLDI2BFRES (KRBLMBAR) 29 LE, EELHER L
O ¥ AR O 45 #7 B 1% Table 4-1 125R L 72,

6. 2. 2 a7 7 2055

Fig.6-1 I, ZM A X — 2273, AT, BA B O EEMERS
2B, BETAVITEZRELETATIAEF T, $ 28 OBH
A Z 40ml ORXR VBV EsTEBRLE, RUyvEviEicEn
THOEBMERDSZELZHIT, 150ml ORU P -2 % ) —LVEAE
g (K1 1) CRXoTHBRERSZEHIEZ, BHET LI F
X 400CT 3 BMERLEZLOZAVE, ERSOMNEIL, v —&
)=z NA V= —THEEEZBRELEEZEORE»DRDZ, &E.
CO—EOBETEABD SwiBEZHEXL, EROYONE TH
R et b,

BFonEHRMERDIEZ., v« —Bondaspere NH, 7 7 & (E® 1.9mm.
£ & 150mm. Waters(BR)#E8) o HPLC (Waters(#)ft 3,000 %)
ZRVWTOMLE, BEICEn—~F T 2BV, 5.0ml/min ®
ET 2mg BEORBZER LELZ, BRHEHBICIEXFTRERIF FH



Table 6-1 Properties of raw coals in the pilot plant

Class of raw coal Tanito-harum * Adaro® Ikeshima®
Ash [wt%-dry] 5.5 1.6 9.1
Volatile matter [wt%-dry] 47.2 50.2 42.5
Elemental composition [wt%-daf]
¥ 75.9 74.2 81.8
H 5.8 52 6.1
N 1.8 0.9 1.4
S 0.2 0.0 1.4
O 16.3 19.7 9.3
*Indonesian sub-bituminous.
®Indonesian low-rank sub-bituminous.
*Domestic low-rank bituminous.
I Solvent I
Alumina column
E
[ Polar componenﬂ [ Non-polar component ]
HPL.C
;.— Saturates .
L ’M°“%?§§’£2§isu )
-5: Diaromatics(2)
I
J Triaromatics
Tetmaromatics
i ! ; ,
HPLC chromatogram
A 4 y y A y A
[ Saturates1 LMonoarornatics] [Diarornatics(m LQiaromatics(Z)J [ Triaromatics] LTetraaromatiE]

Naphthalene type Biphenyl type

Figure 6-1 Analytical scheme of solvent recycled in the pilot plant.



(Waters(BR )t 8 410 &) 2H W7, Z e~ TS5 7528126 oD
R, Bafg, BEREFEFEERES, T 72V VB IBEFEES. V7 =
=NVBEIRGFEERED .IRFEERERD ABRFFTESTHB L= D9,
EMATAORBIT, v —F ) —NFL—-—F—THEPBRELEEZEOD
RMEPORDODE, ZO—BOBETEIRBOMN 10wt%z % L,
ERTORNEBETHERSZE S Lz, HPLC THH SRS, B
% T{be&dHms 7921 £EF-T,

6. 2. 3 L& WM Do

HPLC BBl THE LA ZENETNDOLEH 7 S RITH2VW TR, NE
0.2mm, £ & 50m OF ¥ ¥ 5 Y — 4 5 5 (Hewlett-Packard(# ) &
Ultra-1) @ GC-MS (Hewlett-Packard(# )% & 5890A GC+ 6970 MS)
T L ILEWERZRHAAZ.GC-MS M TIEH I LEER 120C
T 10min R L 72 %, 3C/min T 300CETCHELEZ, k&R
EILRBEEOXHKESZEICL R 9,

£, GC-MS Lt AUAGH&HET, £ % GC (FID &) T
GHL. 7B~ b 900 -0 100 BEECEHBL» b{LED
Mz E&EL 2,

S bz, BET NV
BRagtBERITITONVWTIE, TEMEKE '"H-NMR X X7 L % B E
L. TN EThOFEFBEERBESTE (fa) 2R 72,

ey

6. 3 BMRBICGEE

6., 8.1 RREAOCILEYM 7 7 AEK

Table 6-2 IZ, EWMMEBR D LBERTOEFEL fa 277, ER
MRS, BERSOEFEIT, 71.2~82.6wt%, 17.4~28.8wt% T dh
5, BEIBETHE T 5 &, TA40, TAS0 i AD45, IK40 X v & &4
BROBEL, REBEEAREOEERB2Z T2 L bhrb,

fall oW TiX, BEBMHERS T 0.50~0.55, RS T 0.58~0.61
Thh, BERSTOFPNFFTEELE VW, BHERETHE TS L., &

Fr7u= S5 74— aLrEEMHE



MBMERK ST D fa il TASO B R &<, AD4S T/HEL RV, BHEI @ fa &
MUFITHoTe, BMERSD faid, BH fadFEFELiT—FHL T
VR,

Table 6-3 1T, EBMUER T OLLEH 7 ZAMBRETT, WTho
BHRIG, Afn Y, BRFEED . T 72V VAE LBEEFESDNER
R 2D 7T0%L L2 ED T WD, BRI THET D L. TA40, TAS0
EHART AD4s BEBERSFICBR NI R, 3, 4 BEFIE
DIREL 2D, ADAS D faPR K& Wz gL TWwW3,

Table 6-2 Yield and fa of the non-polar and polar fractions®.
Class of solvent TA40 TAS50 AD45 IK40
Non-polar fraction
Yield [wt%] 71:2 74.8 80.2 82.6
Aromaticity, fa’[-] 052 050 055 -~ .
...... et = el
Yield [wt%] 28.8 25.2 19.8 17.4
Aromaticity, fa® [-] 0.59 0.61 0.58 -

-*The non-polar fraction and polar fraction were eluted with benzene and mixture of
benzene and methanol using alumina column.

® By Brown-Ladner method.
Table 6-3 Yield of the compound classes in the non-polar fraction®.

Class of solvent TA40 - TAS50 ADA45 IK40
Yield [wt% on the non-polar fraction]

Saturates, SAT 23.0 24.7 18.6 19.1

Monoaromarics, MA 194 20.3 19.8 23.1

Naphthalene-type diaromatics, DA1 28.4 254 26.1 28.6

Biphenyl-type diaromatics, DA2 7.6 7.4 9.4 6.9

Triaromatics, TRIA ¥ES 11.1 13.0 11.0

Tetraaromatics, TETA - 10.1 11.1 AL 11.3
* By HPLC separation.
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6.8, 2 a7 2A0LEHHER
(1) saf 4 (SAT)

Fig.6-2 iZ. TA40-SAT @ GC-MS Z#Hick~TEHEs R b—F L
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Table 6-4 IZ SADHMMRZTT, EH ST 7 4 VEHIZSAD 77.1~
885wtz 5O T W5, BRI EEBITHE T 2% L TA40. TAS0, AD45,
IKIODZNETNIFT,. EH/NT 74 EH%Z 143, 16.4, 11.5, 13.0wt%
EATVWD, =N VARZPAVEZBACEE NS 740 vO0EF
BEREZL, FREPEBEFNOEHASNZI 74 VEOEFRCEE Y RIZ
o B RLTWE,

2) BRFEFESLS (MA)

Fig.6-3 I, TA40-MA @ GC-MS &S #r i & » TH b= SIC & TIC
AT, TOEMI TRAETERLTVWDEIDOIX, FEDN 132+14n
OTF IV VEBEB. A VEVE(R)F7F ) EU8) &, 158+14n
DT RZB ERB TR AT HE, P E PR Zad i 28, &7
B Wb R N P e P W) TE AL T E
N_RUBUVE, BIREL YR IAVFIFST vy ro 10 KELRLY (B
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Figure 6-2  Total ion chromatogram of TA40-SAT. C,,~C,,, straight-chain paraffins; O,

branched paraffins; A\, bicyclohexyls; @, alkyl-cyclohexanes; A naphthenes of Mw 208.

Table 6-4 Compositions m the compound type of the every SA.
Class of solvent TA40 TAS0 ADA45 IK40
[Wt% on SA] |
Straight-chain paraffins 86.9 88.5 T 824
Branched paraffins 6.6 6.3 7.6 6.8
Cyclic paraffins 4.0 32 5 34
Unidentified 3 2.0 7.8 74




SIC of Mw=132+14n "

Joon
n=

1 r

P
?

[
O
=
=
= Ca e
=
o o &
2
E . Cn n=0
2 NG ' n=4
Ep s a1
| LL!L
TIC ? o o
o o
N
@ .. A
o i a P *
o) o V] o
O °°LU¢ )
20 30 i 40 50 60

Figure 6-3 Total ion chromatogram and single ion chromatograms of TA40-MA. O,
tetralines; @, tetrahydroacenaphthenes; A, hexahydrophenalenes;, €, octahydroanthracene.

Table 6-5 Compositions in the compound type of the every MA.
Class of solvent TA40 TAS0 ADA45 IK40
[wt% on MA]

Mononaphthenobenzenes 65.0 53.4 63.2 66.4
(Mw=132, n=0) (1.0) (0.3) (0.5) (0.5)
(Mw=146, n=1) (14.5) (92)  (140)  (20.1)
(Mw=160, n=2) (19.0) (124) (19.8) (21.6)
(Mw=174, n=3) (20.1) (18.2) (17.9) (19.0)

................ Mw=188n=) (104 (133)  (109)  (52)

Dinaphthenobenzenes 350 46.6 36.9 33.6
(Mw=158, n=0) (3.5) (34) 3.2) 3.7
(Mw=172, n=1) (14.2) (18.5) (15.3) (14.4)
(Mw=186, n=2) (14.4) (18.3) (13.9) (13.7)
(Mw=200, n=3) (2.4) (5.1) (3.1) (1.3)
(Mw=214, n=4) (0.5) (1.1) (1.4) (0.5)




Table 6-5 I MA O #ME Z7~7, TAS0-MA X TA40 L kb T, ¥
F 7T I)RVEBVERZLSEATED, FUYTFTUVBIZEDHERTH
B EERBTOWS,

3) F7EVVE2BFEFEKE (DA1)

Fig.6-4 |2, TA40-DA1 @ SIC & TIC #2x& 7%, Zofk&dm s I A
XERZ, TFEDP 128+14n O F 7 F VU E | 154+14n DT ] 7
v, PERE et lbrrE., SR EVE, TP R
Al T R FET Wb iR e R e
7 VVHE) TEBBERshhTWS, ¥, ~FHe Feb Lyl
EN., HFEN 194+14n OV F 7T ) F 7 EVUVEVLEEET
el o

Table 6-6 (2. DALl DM Z =TT, WTHLOEAI b FT 7 &%V 8E
) FT7T ) FT7EVVEDN DAL @ 95wt EE E®H TV B,
WHRIECTH 5% &, TAS0-DAL X TA40 kv b)) F 75 ) F 7%
VVEEREZLSEL, ThiX, TAS0-DAL 28 TA40 kv v F 75 VB
CECHR TSI LZ2FRRLTEYV MAOERERLTH o7,

4) 7= B2RBEFEKES (DA2)

Fig.6-5 [, TA40-DA2 @ SIC & TIC 27§, o FEEMN 154+14n
ODES-ZRODDT, BE7 L VERPRS . RABGEPR AT 7T
VETHD, CORDE. BB, VRV 7T UEERT, 166+14n
GEY It s e Re e g U BT
R FRE NN )Y TH DSy BT RN B AR
JvyT V. 7ThZebRFrbELVUrybmHsh, FEDN 206+14n O
®)F 7T ) IINFTVVCEREET A EETRT,

Table 6-7 IZ DA2 DMK & " T . DA2IZR VRV 75 VEMN 11.9
~16.4wt%, 7V A LV U EMN 69.6~71.8wthB T hTHEH., BHE
CED2BEREEIRD BN RV,
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Figure 64 Total ion chromatogram and single ion chromatograms of TA40-DA1. O,
naphthalenes, @, acenaphthenes; A, dihydrophenalenes; €, benzindanes;, M, tetrahydro-
anthracene and phenanthrene.

Table 6-6 Compositions in the compound type of the every DALI.
Class of solvent TA40 TAS0 AD45 K40
[wt% on DA1]

Naphthalenes 493 36.7 46.5 483
(Mw=128, n=0) ' (1.7) (0.7) (1.2) (1.3)
(Mw=142, n=1) (11.6) (15) (114 (12.9)
(Mw=156, n=2) (16.0) (10.9) (15.3) (14.6)
(Mw=170, n=3) (11.4) (©.1) (10.4) (11.1)
(Mw=184, n=4) (6.3) (5.9 (5.8) 6.1)

................. Mw=19805) 23RO eh e

Mononaphthenonaphthalenes 470 583 492 482
(Mw=154, n=0) (2.0) (1.8) (3.2) 3.7
(Mw=168, n=1) (17.6) (19.2) (16.4) (16.4)
(Mw=182, n=2) (20.1)  (242)  (218) (20.3)
(Mw=196, n=3) (4.3) (8.6) (5.1) (5.4)
(Mw=210, n=4) 22) (33) 2.7 (2.8)

................. Mw=22405) 08 (D) 08 09

Dinaphthenobenzenes® 3.7 5.0 43 33

*Compounds of Mw=194+14n.
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Figure 6-5 Total ion chromatogram and single ion chromatograms of TA40-DA2. O,
dibenzofurans; A\, biphenyls; @, fluorenes; A, dihydro-anthracenes and phenanthrenes..

Table 6-7 Compositions in the compound type of the every DA2.
Class of solvent TA40 TA50 ADA45 IK40
[wt% on DA2]

Dibenzofurans 16.4 11.9 14.8 16.6
(Mw=154, n=0) (0.5) 0.2) (04) - 0.7)
(Mw=168, n=1) (4.4) (3.2) (3.5) (4.5)
(Mw=182, n=2) 6.3) (5.7) 6.2) (6.7)

e M6 03) B2 @8 (4D @D

Fluorenes 71.8 69.6 Al TR
(Mw=166, n=0) 5.7 4.9) (5.5) (3.7)
(Mw=180, n=1) (20.3) (18.9) (19.8) (19.1)
(Mw=194, n=2) (21.1) (21.1) (21.3) (21.2)
(Mw=208, n=3) (15.8) (14.9) (15.6) (15.4)
(Mw=222, n=4) (7.5) (7.8) (7.0) (7.1)

e MYE61=8) AL QO QO (19

Mononaphthenofluorenes * 11.8 18.5 14.0 12.6

*Compounds of Mw=206+14n
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D= RN FYRFIEIPERRBRARS, PaF kRS
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Table 6-8 IZ TRIADOHE Z =~ ¥4, WThoBEAL, 7=F 2 FVL
VEBLE)FTT ) 7 =2F U ED TRIA © 95wt%ll L & 5 %
TW5, BRIETCHET B L, TASO-TRIA X TA40 X v & E ) F+ 7
T/ 7=2F MV UVEZESELSER, TI7T VRIZEBELDHERTH S
& g LT W G,

()4 RFEFKS (TETA)

Fig.6-7 {Z TA40-TETA @ SIC & TIC %27~ T, & FEMN 202+14n ®
Fed BRERLEEBELCVETCHY . AT TS B T3
VYV B RV INVF VUV EOY -7 3w, TORSIE. BLE.
L yBERT, 228+14n OBV Y T b EELE,
¥, HFER218+ 140 DRV VS F 7 b 7S EVBHEAE,

Table 6-9(Z, TETADOHMEKZF T, WTHhOEBEA b L VHEFE N
YT U NI VEMN TETA © 95wt EZ 50 T WnWd, BRHEE
SO2ILAYHRROBELREVEBDL AR,




SIC of Mw=178+14n
o

n=0 o (;)
©C@ 171 s7

va¥ JJO
e ;
SIC of Mw=204+14n
Cn
e
n=0

'

©,

Relative abundance

0

T T T T

TIC o &
4 L
®
o
(o] A
A o

CHE T Lrl l' JLLJLIYJJl , u‘uv =
40 50 60 90

Retention time
Figure 6-6 Total ion chromatogram and single ion chromatograms of TA40-TRIA. O,
phenanthrenes; A\, anthracenes, <>, tetrahydrofluoranthene; @, dihydropyrenes, A,
benzacenaphthene; €, dihydrobenzophenalenes; B, dihydrocyclopentaphenanthrene.

Table 6-8 Compositions in the compound type of the every TRIA.
Class of solvent TA40 TAS0 ADA45 IK40
[wt% on TRIA]

Phenanthrenes 57.6 485 52.8 55.6
(Mw=178, n=0) (19.3) (13.5) (15.8) (15.0)
(Mw=182, n=1) (18.2) (15.0) (15.0) (17.2)
(Mw=196, n=2) (11.4) (9.6) (10.4) (10.8)
(Mw=210, n=3) (6.7) 6.7) (7.1) (7.9)

................. Mw224m) 20 G AR

Mononaphthenophenanthrenes 386 46.2 43.4 39.3
(Mw=204, n=0) (10.1) (10.6) (10.4) (10.7)
(Mw=218, n=1) (15.1)  (148)  (174) (14.2)
(Mw=232, n=2) (10.8) (17.5) (12.7) (10.1)

................. Mw=246023) 2O B3) @) (43

Benzofluorenes * 3.8 53 38 5.1

*Compounds of Mw=216+14n.
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Figure 6-7 Total ion chromatogram and single ion chromatograms of TA40-TETA. O,
pyrenes; A\, fluoranthenes; <>, phenylnaphthalene; [, benzofluorene; @, benzanthracenes.

Table 6-9 Compositions in the compound type of the every TETA.
Class of solvent TA40 TAS0 ADA45 K40
[wt% on TETA]

Pyrenes 85.1 86.5 83.5 88.1
(Mw=202, n=0) (42.0) (44.4) (37.6) (45.1)
(Mw=216, n=1) (25.1) (27.2) (26.7) (27.6)
(Mw=230, n=2) (12.2) (9.9) (12.8) (10.3)
(Mw=244, n=3) (4.0) 3.1) (44) 3.9

................. Mw=2580=d) 89 @0 (1)

Benzoanthracenes 10.9 12.1 12.3 8.8
(Mw=154, n=0) 0.7) (0.0) (0.8) (0.6)
(Mw=168, n=1) (6.8) (7.3) (6.6) (5.1)
(Mw=182, n=2) 2.5) 3.9) (3.8) (2.5)

................. Mw=196,053) o 09) 09 () 06

Benzonaphthofurans * 4.0 1.4 42 2

* Compounds of Mw=218+14n.
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Figure 6-8. Compositions in the cyclic skeleton of the non-polar aromatic component in the

solvent. [, 4-rings compounds; [, 3-rings compounds; [, 2-rings compounds.
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I boEMSE, FEROKBLUCEBRER S THDL ., BA
KBIMLBICEEZLRZ Y, BEMRST OEFH EIT TA40> AD45>1K40
DIET BAKRKBULBIZBITIIREEEOFIERALTH DD T,
BROBUERDSEEFEIRIEEECEHAETZ2FESERD 5,

Table 6-4~6-9 IR LMo . FLEWM I 7 A0 fa 38 L.,
teaEWm o7 7 AMEMME fa CRETEEBZHAIILERZ Table 6-10
AT, BER. 2B (F 72V VR, E7=2=/1E), 38, 4BOFE
EHESEX faBPEhENn., 046~0.48, 0.74~0.76, 0.79~0.80, 0.85
~0.87, 094~095 TH VY, BHREIZI LI LZREZTREBEBVAE R, Table
6-10 iI21x, ftk&EW 7 7 A DA (Table 6-3) & F ¥ faff (Table 6-
10 5w D%) PoHELLEBERS D faz R LTS, Z 0 fa
iX. TASO<TA40< AD45 DJET, MK & 'H-NMR XA X7 k)LD
T—EZPbRDT fa OFFELREALTHLHOT, ka7 9204
R fa CKELSEEBTDIZEND®D, 2B, (kAW 7 7 X0
PO RD fad, TEMHEKE 'H-NMR AR R LVOT —F b

Table 6-10 fa of the each compound class and the non-polar fraction.
Class of the solvent TA40 TAS50 AD45 1IK40  Av?
fa of the compound class [-]
Monoaromatics, MA 0.47 0.46 0.47 0.48 0.47
Naphthalane-type diaromatics, DAl ~ 0.76 074 076  0.76  0.75
Biphenyl-type diaromatics, DA2 0.80 0.79 0.80 0.80 0.80
Triaromatics, TRIA 0.87 0.85 0.86 0.86 0.86
Tetraaromatics, TETA : 0.95 0.95 0.94 0.95 0.95
faofthenon-polarfractlon .................................................................................................................................................
Calculated ° 056 055 060 058 -
Observed ° A2 - D50 DA e i

* Average of TA40, TA50, AD45, and IK40.
®By the composition in the compound class and their fa..
° By Brown-Ladner method using the elemental composition and "H-NMR spectrum.
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6. 4 5 A

150t/ BARBIAAA 2y NSV FNTHWOWEKEMEBES & .
EETNVIT Iy b I7 74—, HPLC K L3 #mAlRIAEEI
GC-MS TH#H L. EBMMERSOILAEMWHERZHA LI LITL Y,
FRAZIV—OBRENLLEREBEROMERIBAERCRET EE
ZBRAOMNIC L, FREXLBIT2HAAEZUTIERT,

1) BRAPOEBERS T, FECEESNT T4 VEE I~N4BOESE
By THERIANTWDS,

2) BRATY — 2 BRENLLEBACRFEESOBMABRBEE N
RELS RV, BARAKBLRULEBRZHEZE L LTARERIEDRE
ErxEm< T2, FEESTIBOKBLEDCELERICAR S,

) RBERPF=FIANANNVIEIROGEEXEE T 7 40 VEEEBM®ER
SOERFEREL  THOROBFAII~ABOEFTEHSNZ W,

4) EFEBRDELBABRBEEORET VWESABLLINREL 2B L,
BIUOBERSTOEFERLPRLS LI ENBAXKIFLLLE D
RICEEZETIEDIAEEDD D,

5) BBFROILEH I FAD fa EMLTWBH DT, HPLC T Xk %
MR REREZAVC, B fa OLLZEELPOFSICTEMET
& B
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NEDOL B A REIL 7RI o0 T, BHEERIBEERE S S
POBRHICETHIEEREHR T —FX¥ThHhd, METE, BR T OE
BMERTOLLEHERZAN, EBHEROHEE, AERAT I —-0DF
RELIPEBEAERICREITEEZER L, BAICIE 20~30wt%
DBHERTPEENLTEY, BHAEROBVEZET 2103 EBERK
SDOILEMEBRZAIDLI L BbEETH D,

BRrEOHAETEK., X/ IV VE, 7=2/) - VEIEROBMESN

CEN, FRBIERRCZRET IS THLEHRES N TN BD D),
¥ /) IV VEOX I RBEEEROERLELEHIT OV TIiE. Ni-Mo/ v -
ALO, MEEDEHERICEREF LT P, BAKKRLELLBCEEZ K
ETATREER DD, LALERL  BERSEISBEEOCERILE Y,
BELEDEEDLED, LEDEARP+HCEREI L TRV,

150t/ B AREILNA 2y 7T FTiE, ER 6,000 B & A

REGEF MBS, 7TrEXAEXXROBEARERZFT LTS EE X
bhd, H>T, "M ey T3V MOBERCEENDIBERT O
LtEWEREZTFMIT I LICLY, BRARHCETHEELRER T
—~ B2 EBBEILBRTES,

EETE, M2y b P73V POBRFNCEETNIBERSY
HEY - A RBRLARBCHESB LEBERSYS ., BEERSD .
FHEBERS E GC-MS THH L, Thicky, BERDOILE
Mk EER T EERC, EHEROMEE, BERAT IV —DOREE
LR BEFRERCRETEELZRH T,
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KETHOWCHLEEBERSE, MEoEET7AVIF 7 a2~ b
77 74—RX L0 LEZEABTHD (6. 2. 2 &),

Table 7-1 I, ZEEAOBERTPOEEFEELERZ TR T, BMHEK
SOEFEIIT 174~288Wt% TH YV, F= b ANV ARMNDL DEF
(TA40, TAS0) KWEBMHERZPEZESFENL TV D, BMER D O HER
2OWTIEH/C»H 1.12~1.18 T. EFEFEN 1.9~32wt% TH 3,
BRRETHERT I, ZEREFRIFBAEROEZSFELALRE
Fl (= hNV AR :1.8wt%, 7 X 2K : 0.9wt%, M B R : 1.4wt%)
TdH 5,

BHERTIZ, EEEZET I00FEOR B LIZEML, 10wt%D
WY - FKER., I5SwtOHFMEBCIERMH LEZ, Boni-HMH
MEIFPRMOLBRIC, 7ol VA CHBMELEZ, Y — % KBHEK.
B CHEBILZRE.,. ThETNEBERY . EEERY & LT,
HIhrommBIToN T, FHEBERSELE, 205 3
B A 3Ty MR e el s R d TR e bl R L
EPRIECREERZRDEZ, TO—FEOBETE., BERD 2 SwtRlE
BRLTBY, BRDEIEMDORELTES L &,

Table 7-1 Yield and properties of the polar fractions®.

Class of solvent TA40 TAS0 - ADA45 IK40
Yield [wt%] 28.8 252 19.8 17.4
Elemental composition [wt%]
C 83.1 83.4 83.0 83.2
H 8.1 7.8 7.9 7.8
N 3.1 3 1.9 8|
H/C atomic ratio 1.18 1.12 1.14 1.13

* The non-polar fraction and polar fraction were eluted with benzene and mixture of
benzene and methanol using an alumina column.
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- Gl Do e
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Table 7-2 2, MEBR KT ED 2BERS . BEEMERSY. THE
MRTOEE L, ERTOERZ R, TA40, TAS50, AD45, IK40
DTN L, PEBERSPE, BERDT D 54.5~68.4wt% % 5
HTWNWD, BERSIBERD O 19.5~27.9wt% % . H E MK 5T
8.6~21.0wt%% 5D TV5, RABTUET L. RESHENS
W7 A ROERICEZEHA (AD45S) BZEBMERSICTE D 5 B MR
DOEAEBKREL, EREFEDPZVEI PNV LARDERIC L 3
A (TA40, TAS0) CHEMRHIC EDSEEMR S OB A N K
gV, PHEBERSTICOVWTE, F= NNV LIRPLOBR TER
EREPZV, T Rbb, EBHEROERPEA T OBER D 0%
RICRBR SN TW 3,



Table 7-2 Yield and properties of the acids, bases, and neutral-polars °.

Class of solvent TA40 TAS0 ADA45 K40
Acids
Yield ° [wt%)] 26.4 22.2 27.9 19.5
Elemental composition [wt%]
C 79.8 79.7 79.7 79.4
H 7.9 i 7.6 2
N 0.3 0.7 0.3 0.3
H/C atomic ratio 1.19 113 1.14 1.17
...... e b e L R
Yield ® [wt%] 19.1 21.0 8.6 12.1
Elemental composition [wt%]
G 82.2 82.6 80.7 82.8
H 7.9 i 7.2 78
N 75 7.4 6.9 7.0
H/C atomic ratio 1.16 L 1.07 1.09
...... Neutralpolars
Yield ® [wt%] 54.5 56.8 63.5 68.4
Elemental composition [wt%]
C | 83.2 83.1 82.1 83.6
H 8.1 7.9 7.6 8.0
N 2.4 2.4 1.3 1.6
H/C atomic ratio 1.17 1.14 1.12 15

* Acids was obtained by an extraction using 10wt% NaOH agq., bases by an extraction
using 15wt% H,SO, aq., and the residual fraction was neutral-polars.
® On the basis of an amount of the polar fraction. '
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Figure 7-1  Total ion chromatogram and single ion chromatogram of TA40-Acids by GC-MS.
O, phenols; @, indanols; A, tetrahydronaphthol.




Table 7-3

Compositions in the compound type of the every acids by GC-MS.

Class of solvent TA40 TAS0 ADA45 IX40

[wt% on acids]

Phenoles 60.0 54.6 549 68.6
(Mw=108, n=1) (D] 2.7) (0.8) (0.0)
(Mw=122, n=2) (11.8) (12.4) (9.1) (8.9)
(Mw=136, n=3) (21.6) (20.1) (21.7) (36.3)
(Mw=150, n=4) (17.7) (13.1)  (16.5) (18.7)

e MWSIEA =) (64)....63). .68 4

e 5 oy e e
(Mw=134, n=0) (14.3) (14.4) (14.5) (12.2)
(Mw=148, n=1) (15.0) (16.2) (17.6) (11.7)
MW162,12) 01,09 .. 82 6]

B et e ) e Sl

* Including tetrahydronaphthols.

®Naphthols, phenylphenols, fluorenols, and phenanthrols.

GC-MS

Relative abundance

mm

@

rrrrrrrrr

0 10 20

Figure 7-2

Retention time

== 1

Total ion chromatogram of TA40-Acids by GC-MS and pyrolysis GC-MS.
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Figure 7-3  Total ion chromatogram of TA40-Bases by GC-MS and pyrolysis GC-MS

Table 7-4  Compositions in the compound type of the every bases by pyrolysis GC-MS.

Class of solvent TA40 TAS0 AD45 IK40
[wt% on bases]
NOBDOIATS oo S, S O i A, s i
......... e i S
(Quinolines) (41.2) (30.8) (25.6) (25.0)
(Benzoquinolines) (11.4) (33.1) (34.4) (36.0)
(Azapyrenes) (10.0) (18.1) (20.0) (18.4)
sasspiylauolmes) . oo, ) T S D A . R L -
Indoles 2.7 2.4 2.3 0.7
Others ° 6.4 ¢k 8.0 14.1

“ Benzenes, indenes, and naphthalenes.
b Compounds of Mw=153+14n (n=0~2), 169, and 177.
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Figure 74  Total ion chromatogram of TA40-Neutral polars by GC-MS and pyrolysis GC-MS

Table 7-5 Compositions in the compound type of the every neutral-polars by
pyrolysis GC-MS.

Class of solvent TA40 TASO0 ADA45 IK40
Compositions [wt%o] |
Non-polars 50.6 49.5 61.3 54.6
(Benzenes) 5.4) (5.2) (6.0) (6.5)
(Diaromatics) * (19.1) (17.5) (20.6) (19.8)
(Triaromatics) ° | (14.2) (14.2) (18.1) (14.8)
(Tetraaromatics) ° (5.4) (6.3) (9.6) (6.1)
IO . el 0 MR (LSO
....... o tralNcompounds iR e
(Indoles) (5.7) (5.5) (1.5) (3.8)
(Carbazoles) (23.3) (23.5) (15.7) (20.3)
i I Y] ) PR €)M ),
e compounds .......................................... e o i g e b
Others ° 6.8 6.5 7.9 6.4

“ Indenes, naphthalenes, and fluorenes.

b Acenaphthylenes, phenanthrenes, fluoranthenes, and benzofluorenes.
°Pyrenes and peryrenes.

4 Compounds of Mw=166, 168, 196, 202, and 232.
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— LV EY., PIVUVBERLENW., Pe— N RERLEBICS
LR R%Z Table.7-6 IZ 77, |
T x) —NVHELMLEHEIBER SO 56.3~74.7wt% % 5D TEHE DV |
EHIEEICHBEE T D &, TA40, TAS0, AD45, IK40 D Z h £ T 17.4,
14.2, 148, 11.5wt% TH b, FRIELEDOEVWT Fuo RiFT ¥ =t~
NWAREIVIBREEZEZELEATVIN, THTuRMPLOBEF T Z =
RANVLIRPOOBR IV 7= /) —VHEILULEMOEFEDR LRV,
Chid,. FREECERBICE A THEREIDNRLTVAIAINAZTIALELRT
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TAS50, AD45, IK40 O Z TN T 59, 5.7, 3.3, 3.8wt%TH %,
thid, EEEOEY YV VB OETFELRALFIINTHY
(TA40:5.5wt% =TAS50:5.3wt% > 1K40:2.1wt% > AD45:1.7wt%) ., EF
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RBIERIECRBTI2BRERRLE., EBRERBEOEEN VPR VE S
G, Ty B2 VAR i B T TA4O STASO
AD45, IK4O TENEH 09, 0.9, 06, 0.5 THY ., ERETFED

Table 7-6 Content of phenolic compounds and nitrogen compounds in the polar

fraction.
Class of solvent TA40 TAS0 AD45 IK40
[wt%]
Phenolic compounds 60.5 56.3 74.7 65.9
Nitrogen compounds 395 43.7 28 34.1
(Basic pyridine type) (19.1) (21.0) (8.6) (12.1)
(Neutral pyrrole type) (20.4) (22.7) (16.7)  (22.0)
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