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ARWBALT 0 2 ZBERDID DEBRELO—BE L THASBHEDRLS 2 B0 EE
RENZNOBRBERAAZHAWVO T L, BRI A AKME ORAL 7 o & 2T FHEEHX
DERRAL~DOF LA o b 7oHis, RIS K B EALEEHICET 2 A4 REMICIT
WV, BBRNERNAEEINE, THRBELT IV PORT—LT v TELSBEICED B D
OF/EIEER S ARBKCET 2 TFENHHMHEONEA T E LT 1 t /dERER
ABREBEAZHOTBEBTTIT 2T, 25— T » PORHOEREZBOS ML, ¥
VU A VETETIT o T A AR T 0 & 2 OEE RO EERER ORI D0 DR
EEET B,
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BFIS5 0FE4 HX AR EEEL, BERHROBELTESNEOR YT, ABREEBER
WHEOMFE, C—1 3 NMRICK B ARMDZ OBAL 40 DL FERBE T & BT oA
BT AEE%E. ARBLRIGEBE ORI, RE L RILEEOBROBH, ARDOBHRE
REFHRUEOKE, URMEOEHBEA S LODRNLEREOBRILL, ARE
(LB A £ O B FRHNTTT D 7o ORI, AREALEUS Ok b BRI B9 5 B 5%,
1 RIEALTMD 2 WALFRICBET SR EA4 I TR T S,

WALRIEDZ — M7 L =7 7 2 M2 EOREBRARRII LS OB RIRIC L 5 UG
HEOCHBICET 26D TH2DIC LT, NV F7° 75 v bEAROCEGR/LARIZZ
OHRENEETE o 2OREBRE LTHERKS EEZ NS 0D, EANICHIES
EDHTRTWE, BAS 4 ENSEELZHEL, RE230KHFOEEZEZEHT, 2 2[H
OEEEAABREZET L, FEREROB AR, 72 7 ) TR, TER, A+ 4KIE
DK CBBR EELAL, BERFIEMIEI. JOLDCHMS5 8FEIER
AROEERI T 022 OEBAR I TS 12010, BEERACECEEL-RICBASHET
SRR DI BBILVEFEN L EBIAELER L TR, L LS BFEREICH Y Y v ¥
B ABIL7T ot 2OBREAREZED, INAETH S &5 o OEBFILE TEM
BEOBRAFEMTOHEULUTEITTAFICNRD, SATRHBENT 7Y FORTyr =T v 7%
ABEICHEDZ O OME ( THHNOMEICETANE ) &4 vy A4 VBRI T ox
Z DEREDZ LSBT 270 ORF R (IRFEIC K 2 AL HICBET 290 ) L4204
TAHEICNKLYD, 59FEEMSID2OOHFETFT—~A2FHICL, ChilEEdT 28EE
BERRZE EAMZ THEATT 272,
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TH5IEAEMICL, FRROMERERT, SEOMBCHEKREH A - L
— T ARBERROBMASAR, 0.1t/ d~vyF7 7V bEROALKEREKOK
{LREBR, ERMm ORI R O, EhR LD D 2 REFENEIE L4217 o
foo FIUSHEE BUSEMICHEREL, 7Y b2Vl b AR -2 MZYID#BZ ThH
50RRDEIEHED S DRI 2 BE L, KUBHEAR OKORSIREDOR, RUGEME
TERIAPICRINRICATER A 22 00 2ZRICEA L, £ ORIGEH ORE OREEE
BT 5 HIC LB USEAMON 2 ORN OREBOHME, RIBEAT (GEE 400~
450°C, RUBHEN 150~300kg et ) TRIGHE ) SEMEDOY v P v A @ HERRT 5 %
BARFBEL, UBRHT ORUBENIZ B BRRFET — 2 1087 3 KBRis L4

2712,



mt % BN A

REBICKDABHEICETIHRER
1 EGRACEER O T ¥k

BfE, JhisE TEBREABN TEHARBMAMTEO-RE LT, AADERDEIL
FUBERMEIC DD TRFE A D TS . T O D@ CRER L BIFER KO K S,
EESBIVRDBEOTEINAToEIA, -2 T )T, A FLBIO
MEEOHBIEARILEDOHKE DS o, #HRESOREOBICKE S RET % 8
KMASH, Tra— BB (PA)EEEMANKE (P T ) 8EOTMIRIENNL
HBHTH o',

ZITIENFORE L, MBALODICREAONIAXNEL LROEERE
GOILEEOAKRD TEMIEICERT 2 & 2ab 7.

#OAFEH: ( TG method ) IV BWERHICS>NTHE, Fig LITRLICK DI
BE 4 —VA26D0DX7 v 7IIoMT, FREARE, RERE, SR, S8&82L
IO THRE L, BEEEICHONTHE, 1000/ = BENEKIEE, SEES
BEOEBEOLRMAERICGEANLSFERETHL I EBHLhER o/, L LIEDE,
A ZFI9BLEANVY T LHOE A INTIE, SOICHFRERENKIZEIC
BLRTEELRFETALENES D KGBEDIZDDRT »7 3 DREFERHIC
DT, 1 0~2 0 OB THRIEFFEAAZ BN I LETH, BKIERDEA
RICBERIZCOWTIIERRDS —E L5700 1 5 pEEAET S L5
MDEW ot HESBEDILDDRT v 7 5 DR, %0 EKEA ORI
ST 1 ~8HOHBTESE, JISELIIERESABBIVCEERES
BERBOABT A RERRT4 D2 EE L,
BERZMTEOIDDR T v 7 6 ICBTLIBMERT 2 & LTEIEA L, M RRE
3140 me/ m PETH ofc, T/, BEBIUOZEZOH 2 E@EET, ARhr s~ F
o4 0m m, THHS100me, m THABDL D ICHRTRE140m  m & L1,
ZOBEMAERMBO LY 7t L, 2T v 76 ODETREOBREE S RITIC
BT A ENHLMIIIE o7,

L LAEMS, KAEBOEZVEEHI > TIE, S OICREMET 2 OBEN K S
BICBIRTEEBICET AT 20EENLETHSI. ZBEIL 1 0~ 3 098
BEOMTEESY, KFETHWAEEICHOTIR 2 0 gRESREN /L, 8K
LEESENTOAIEMEASHICE orc. ETHRITL, BELCRERER.
Fig 1l OTFTBRICEHWLTRLILEBYTH S,

Fig.- LIZRLEEDIE, 27 v 71 ~3 B TRDUILEENKS T, A7 v
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i Moisture 4min‘|, 16min __ 900C )
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0 | . I , | . 1 _Ash,
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2
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sten Ak NEALI) |
Step Heating rate Iso.temp. Iso.period Atmosphere
('T/min) - () (min)
1 - 25 5 Nitrogen
2 100 - - Nitrogen
3 - 110 18 Nitrogen
4 100 - - Nitrogen
5 - 300 4 Nitrogen
6 - 900 16 Alr
@ Samplie weight . 20mg

o Flow rate of nitrogen and air :@ 140mi/min

Fig. 1 Thermogravimetric curve and temperature-time profile

T4ESICBOWTHDLIIERNERSTHE., AF v 76 TEHEMBBRL LTS
O, ABRPICER>TWEERENBRBELICLDOTHD . TORD LIEENE
ERFZTHD. BBULERSLEEBMNKSTHS, COLIICHTOT T SHETIRK
S ERES, KOOKREBEABBOEL LTROTWEERZRABZEEESR
Tx5 I EARMEOHFHROVDELTH B,

Fig. VISR UICBIESZRBICL D, FHINICY V- YROBBEBRORERER B
DVTERFEIC L2 TEMFHEOMELBE DL TRA L. 2 MORERZR
1, KD TIE 430 BLTF 415 wt %, HEHRSFICHONTIE 51.26 BLUF51.33
wt %, ERRECHSONTIHALIL BEU 4161 wt %, KMCHOTIE 253 8 L



239 wt% THh otz 2EDPEICEI 3ERIT, BEEKRE (0.30wt% ) > K

(015 wt% ) >IKA ( 014 wt% ) >SS ( 0.07 wt %) DIEIZKE LS, K,
KABLIOERESFIOTNE JIS MSSI2 IEDIHFRENTHY ., BKFEHE
MNENIHEELBEELZAETLSILERL TIN5,

Fig- VICR LIRS TE KRR ( TG method ) 12X D AAKLREE R D .
BRSO THE L TESFEE JISTETROIERE & HIC Table LIC TR
Lo JISETHIEL/ERSIOILPA, PTEEXNZTH S0, RENR
BUIIDTFHREBIEET oo HRZ R LTED, PARTva—nBHE, PT
37— wBBLTERENSMZSNTEARF AT oIl EARLTINE, K
LEROL HICRE LIZVAR, BLIUR 7Y FT VR, T o7 bA TR, 7wV
B, OMEFRIR, BEKS SCICERREOL DICRE LI ARICOVNT HIIS kL
B KRR Ok TR AR B ~BA TR LT 5, M TRD A ®
B 2ER, £ OBA1%HETHY ., BRFETEIROLENZ S, L LE
FRBCBONTREOARXVBAMBADON, BEA28 % (FYEK ), IRNTHERE
FOBRK20% (BHRTK), KOBLOPKATIEEDBICEKRL 4% (Ksy 1 v
— VIR, Ry CEFYRIR) TH S,

Table 1. Proximate analysis by JIS method and TG method
(wt %, wet base )

Coal Moisture Volatile matter Ash Fixed carbon
a
° JIs TG JIS TG JIS TG JIs TG
Yallourn Coal*t 11.6 10. 2 45.5 47.1 2.1 2.8 40.8 40.0
Wandoan Coal*! 6.5 5.2 37.9(PT) 36.9 22.3 22.9 33.3 35.0
Liddell Coal*! 2.3 2.1 30.7 31.2 19.7 20.8 47.3 45.8
Egg Lake Coal*? 11.2 12.0 33.3(PA) 32.5 12,8 13.4 42.7 42.0
Wabamum Coal*? 11.1 10.4 29.5(PA) 29.0 16.9 17.9 42.5 42.7
Battle River Coal*? 11.9 11.7 34.7 33.4 10.1 10.3 13.3 44.7
Shori Coal*3 13.3 124 3311 T) 33.6 4.3 14.9 39.3 391
Koken Coal*3 10.0 10. 1 35.90PT) 36.7 0.1 1.2 14.0 42.0
Karinga Coal*3 9.9 9.8 37.6CPT) 39.6 8.3 R.7 1.2 1.9
Taiheiyo Coal*4 1.9 4.8 16. 4 15,4 9.2 10.0 39.5 39.8
Shin-Yubari Coal*? 1.3 .9 33.6 35.4 9.8 11.2 55.3 52.5

*1  Australian Coal *2  (Canadian Coal

*3  Chinese Coal *4  Japanese Coal

*5  Equilibrium moisture hase at 75% relative humidity and room temperature.

Fig. 203, BKFFE L JISHEETHIE L 2 T EMMEORBEANR LI DT H
%o Koy, KOBIUOBRESOMERE r 422400998, 0988 BLT 0.977
THY, FHIISEICKBELX, BRAFERICLSELZY & L2&TEMME DN
BEBIE Fig 2R LAELICOHINEEERIZZTL00THD, 20U HF DO
THEIE 0.27 05 0.68 EFHAICHNEZ A0SO BARMERL JISEESVHEEH %



BTAEDEEZAIEMNTEE, COLIICHREA RS TESTHEIEE»
BER (O—F) T TOREHOLORIZERTE, ABL 2 0 wiEE - HME T,

AERE & 1 RS ICEM S, LBEERKEE

BEEERTE578L, 48A

BEORFEBELSED TEROMAENLS I L TIISELAREEOEHEEZF T 5
TESNELLDELI S DEEZLN D,
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Proximate analysis by JIS method (wt %, wet base)
Fig. 2. Relationship between proximate analysis by TG method and
by JIS method ( wet base :

relative humidity and room temperature )

equilibriun moisture base at 75%

Fig. 3. [dMBICMHBE T 52 GIROMHELZ A S 0ICT 5 el ko, Koa
B, HESGE, KB BLU0EERZGR LRBOBELHALICEDTH S,
Bl E>THI2OMME LICARTH S, Fig TR LI L2 ICREE ch 6 oR
FLIiHmRBEE I, BROSTEN LSO LORBEETFHL, JISEOT
ENFTOFEAERRT A LT TELL,

COEDD BEBRXFEOFEE SRR INDL. TREDOKEKIT Fig. 3.THRET L
WFH2 IS LUAORFESGHIABLIFER, fo& ZIXMBARE, H 503K
S ARG, BRABEOKBEE L EIEET 5D LHEIN S,



Contents (wt%, wet base or d.a.f)
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e | Wandoan coal | % [EQg L ake coal | & [Shori coal & | Taiheiyo coal
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80 & |Liodell coal | o [Battle River ¢ Txaringa coal
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°
70k ne§ 4 =
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Moisture Ash V.M F.C cC H N o]

V.M ! Volatile matter
F.C | Fixed carbon

Fig. 3. Relationship between sparking phenomena and analytical
data of sample coals ( wet base ! equilibrium moisture
base at 75% relative humidity and room temperature )
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2 BREIFEHR OBALEI DG B
AR OBALBUSHE . £ OILFRERTE & EHEICERT 2L EZI 5N TS,

AR, MBPVNSRTFERR KRG ERILEYD SRS BEEAN, ©—F
WRUAFLVYEBICE > TEVCHEL THAIFHELERLTED . ikl
AROEACKIGFHORES L, ChoEZBOUMICL -~ THITILLEEZILNT

W5,

% Z T, Cross-Polarization (CP ), Magic Angle Spinning ( MAS) B¢ nmer

Bl o TKDI-ARDRENDBZESNT — 4 &, BMEEH T TORALEILD
HRICESWT, RBEGROBALNPOBREAILBIZ2 -7V RO F LV 5EKE

OBE B L LB OEBR LT o1,
Table 24213 EBIC LB O %, Table 3.4213 CP,/MAS “C n'm-
r RIS E D RDIRFESHATR LT,

Table 2. Ultimate analysis of coal

Ultimate analysis

Atomic ratio

( wt %, d- a-.
Coal

C H 0 H,C 0/C
Yallourn 66.2 3.9 29.4 0.701 0.333
Soya-koishi 720 5.5 21.1 0.909 0.220
Taiheiyo 76.6 6.2 159 0.964 0.156
Horonai 81.1 6.5 10.9 0.954 0.101
Akabira 83.2 6.3 8.6 0.901 0.078
Shin-yubari 87.4 6.2 4.6 0.845 0.039

Table 3. Distribution of carbon atoms in coal
Distribution (%)
Arom-

Coal Polar atic CH, «-CH; B-CH; f,
Yallourn 22 57 12 5 4 0.57
Soya-koishi 19 51 18 7 5 0.51
Tatheiyo 13 54 21 8 4 0.54"
Horonai 5 61 22 8 4 0.61
Akabira 6 66 15 7 5 0.66
Shin-yubari 6 71 12 6 5 0.71




Y- YREADHEBRICOWTIE, FEEE (fa) 3ARMCEOEME & &2
RKLTWA (Table 3) S THW Y v—VRIZS Y r o v TCHBIH, 77
v MEDOBILERE TRKFFEHEEED S OBKENSED ., faiEZa/NaRB X
UREHERIOBFVVEELZRLTVWADDEEZ NS,

CH, KEEEBRIARMEBIREL TS, CH: RESBIARMALE & IEERF
THhbd. Thi, ThOoDABRICBIAZREFLH/COMERIIFEE LTCH2Z 0w
—7EEBICL >TWL 5,

Table 4.3 C P, MAS '°C nmr- 27 MBI T £ FLELHHLTE
BLIXAEEEREOHHERLT S,

Table 4. Distribution of oxygen atoms in coal?

O/Cx 100 (%)
OOH/OcoaI
Coal =CO, -CHO -COOH Ar-OH -OCH, Ar-O-Ar C-0-C )
Yallourn 7.9 7.7 9.7 4.0 29 0.8 29
Soya-koishi 33 35 9.1 23 1.1 0.7 41
Taiheiyo 19 3.2 7.0 1.6 1.2 0.5 45
Horonai 0 1.7 5.6 23 0.2 0.2 55
Akabira 0 1.2 4.7 1.1 0.55 01 60
Shin-yubari 0 0 25 0.7 0.66 0 64

“Values obtained by assuming that alcohols are not present in coal

7x/—=NHEOHBRERR, WITNORBRPICEOVTHIRIEBEIEFEL, TOLE
RICHTAHRIABEROARMEL LY L — VRO 2 9 % SHYRK D64
%F THKRT 5.
ANVR=NVBIOAVEF Y VEREBEGREERMCIECEET 20, BEBKROA
RACEDEME & BICBERIBD L, ARMLDOBETEBICKEINS I LERL
TWd, T—T7VBENTFRINICIODELELIAEELLRNI &, B ET
—FNEOSFERTI - TV ELTEAT A EEBHICEEHINSEETHS,
FERBICHIRRICEB A2 EEFRI -7 VBEEOENSBMEI O~/ T7 7Y
DEINEBE~TIROEFICLEZEDTHA D,
AROBESICBITZ T~ T L EBOEEN Table 4 DL —FVBREEICE T
BRI hic, ©Y) O vAESOELETBES OVHRBETO T — 7V EE O R
WEDHETTELEINTORHIC, ARTOT -7 VEBIE—-IIoHLTNE S
DEEZLN5S

Table 5./ T — 7 VEBOREIC X O £l L2 L KOS FE OFFEEA R
LT3, S THROBERMNTOEEFERREE ¥ — v v R, BE/NAKE
FUKREFERICODVTIE 1~ 2, BAKRBIUORERICDWVLTIH2~3, BLUH
FRFIZDOTIE 3 ~4 LRE LI, IEHHEEDOYFREIKRDOL S ICHE I NI,




Bl Z T EB/NGROBE, FEEYE fald 051, FHREKBEII1~2THO, ¥
ERGEBAIMORER T 1 2~20 2735, FROTEMNED S Z OBERAL
O TRIFC ,Hy g Os 6 (MW=197),CyyHp , 044 (MW=2329) & D
HETEHINE, Fhil, 28~ 46 BEBAYTZD, 2D N0DHFEY
1O 1B —FVBENELET A LTS,

Table 5. Calculated molecular weights of reaction intermediates produced by cleavage

of ether bridge

Coal R, f N¢ Formula® MW, Nu Ne MW, Vpo!
Yaltourn 1-2 0.57 11-18 g:;g:;?&:o ggg; %g 37 490 156
Soya-koishi 1-2 051 12-20 glégiiigii gig; by 18 910 446
Taiheiyo 1-2 0.54 11-19 gi;gi:zg;; g;‘l‘; ;? 17 910 917
Horonai 2-3 0.61 16-23 g;;g:;giz g.gg; }(S)g 04 3640 681
Akabira 2-3 0.66 15-21 g;?g:;;giz g;;; 1(733 065 2180 707
Shin-yubari 34 071 20-23 gi‘:g:igg:z g'llg; gg 0.66 2040 618

“Formula for structural units

>V.p.o. value of asphaltene obtained by mild liquefaction reaction

R,, Number of aromatic rings in a structural unit; N¢, number of carbon atoms in a structural unit; MW, molecular weight of structural unit; N,
number of structural units per etheric oxygen atom; N, number of etheric oxygen atoms per 100 carbon atoms; MW;, calculated molecular weight of
reaction intermediate produced by cleavage of ether bridge

Table 5. (3 AR LN DG RN S ORILHEIR D F8 O3 EE AL G H
L/BONICTRTZ 7T YOV-P-OMBLDERENTEARLTNS, AL
L, FRERBIUOHYRRPOFEERL -~ T ERBIEI~T o RILEVOELED
BUSBRFMIN TS, ZNEL DA OED S FEIL Table 50E LD & K
ENWTHAHI. CHODOHRIIT - T VEBOBRBNS T LT X7 707 v DHERKIC
HBELTAIEATELTNAS

Fig 413 = — 7 Vv EBORRICELD ElR LR/ NARDORIGE DG O € 7 v i
HEEXR LD TH S,

!
% /// CH,—{197 o
|

Figure 4. Model structure for the reaction intermediate of
Soya- koishi coal produced by cleavage of ether bridges



CH: B BIUF 757 =vy 7 CH: REDKII Figsh D CH, REDHICKEOTH
L. Fighl 34 DORILEDCAHRNDOLCH, REZBIIWT 20247

OCH: REDEIEGARLIZBDTH S, 77 4=y 7 CH, REARIT 400 C ,

30 TOWRABILDSBONIMRMKERS (X774 Y+ I 0877

4 V) DILRMSEHE Lz, TAF LV CHL RESBIL, GRBPOT L+ AT .
ELTAFUVEBICZIFAENLSLAE NI REAHBINT Table 33D #— CH;,
SEIDHELLL. ChODAF LV VREDHRITEE2CHKEGZED35~53 %

AN
00
20 L Naphthenic CH, + .
CH, bridge
/. P
\Paraffinic CH, o /

’
,/O%oyovmwm%js: OIN\\ \

, N pd o)
40 / /,/-ll-\‘
O O
/
20 @) 0o

Methylene carbon distribution

0 1 | |
65 75 85

Carbon content of coal (wt%, dmmf)

Fig 5. Methylene carbon distribution of coal

Zzhi, BODAF UV VRER ST 77 = v 7 CH REBIVUCH. A BIRBSH
%, fEoT, FHWICEERNORORULPEKEZ 6 2O CH REBLUF T 7
Z v J CH2 REBRFABT A LIS, Fig 4 0E T EEIIRIEREEI A 4 ®
WHFANESDICHMELST AEICE., CH 2B BLUETOF 77 =v 7 CH, #
LOBMHEANELITAIEEZRLT S,

Fig 6,134 1 VINENLIEHKERESE (CH.+CH: ) & HFH RVOHEBE A X

72U (TFig 6a ). CHs ESR L XBOHBEAET 2L AR LT3 (Fig 6b)s
Fig6.bHOERIIT L+ CH, /v — 75807 CH: BAEEIZE 512 8DT H



LH5, COBEEEAEEEST. LMLEMNSE, TUFILCH v —T7 LS ©
CH, BAHEIC L o BAOHBIEIFELAL®E., DI EEFTVFWVCH: 7V —
TRACKEN 2OEROIDICHESN, A4 VIR GHBEEEFE S 20 E
ZRLTINE,

a

60—
2
w0 —
=]
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3
.. 40—
£
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kej
E
sy
[ b—
s 20
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0 | 1 I 1 |

12 20 28 36
(CHZQCH3)/C>‘TOO (°a)
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Oil yield (wt®s, dmmf coal basis)

0 8 16 24
CHy /Cx 100 (%/s)

Figure 6. Relationship between oil yield and aliphatic carbon content
of coal &) Ya,Yallourn:SK, Soya-koishi : TA, Taiheiyo;HO, Horonai
AK, Akabira;SY, Shin-yubari.b), @, plots of oil yield against total
CH: carbon content;()plots of oil yield against sum of CH; carbons
excluding alkyl CH:

T, ARFOT7 2/ - OHEEENRILBIETER L 7cKE OBEEA &S
U1zE A, ARBO7 =/ — W OHBEIBRE BL D L 727 707 vdhiZ
BETAHEANIAZAIENHOMNEL o1z,



1.

3 /N R ) o R DR AR

LR CIIAARREER R OB ET - 20ERBAET 2T 5. KR TIE A+
FEOEBBFRTHE N b ) N—BEAZREHRE Uice N b Yoy—RICBL TR
0.1 T/ DEFABEBICLAIRBM LI, KEMNBSORMARIEEEAET 2 &
MEDH SN T AL, Z ORACIEFEOFHFEMIC>VTEH+AICTEBEINLTHEL
OMBRTH 5.
AEFFE T, /S bov ) o= RO ICBE T 2 BT -2 2B T 5720
W2, BERBYSICT Y v I yBBROAF AT AN MNEDI -V N 1A T
A=ty FEFa—F vEaEAmeE LT, BIGAA -7 LT Z2RA0OTE DK
{LEUG R E 2 AT L 72,

ERRICHER LA NPV ) N—R TY b 2VEBII 22— FL A 74—
VEEF 2= 2 YOLRMIMEB L CTESTEA Table 6,178 L1z,

v

Table 6. Analysis of sample coal and vehicle oils

Coal and Ultimate analysis (wt %) Atomic ratio Proximate analysis (wt %)
}

venicle cC H N 0 s H/C N/C O/C  Molsture Ash V.M** FC'**

(aiff)

Battle

River oll 70.0°  4.7" 1.7* 23.¢%° 0.80 0.021 0.247 11.8 10.1 34.7 43.3

Anthracene :

oll 80.1 6.2 1.t 2.4 0.83 0.011 0.020 - - ~- -

Cold Lake

tar sand

bltumen 83.7 11.4 0.3 0.6 4.0 1.64 0.003 0.005 - - - -

*.datf. coal basis *°:Volatlle matter *°**:Fixed carbon

RIGEE & LTIARES0 wORERXL - 7 V=T 2R, T IR
108, FELD S, WK1 IBIUEEKML 5 F4EAL, KERBUEHED 220
~230kg il 3 A X DIHEAEELTCEA LKL, RIGEE 400C, 450 CIiZB
WTRIGR/MAZ 1 0 ~ 12000 ZL X TRILRIEZIT 272,

N RV S—BEBLIREZ LYY FEF o— 2 YEFRFRICOWDTHRER X U
EARIML., KEMDBRIGEIT o720 Fig 70375 Fob ) o5 — R OB & O 3 B
HRTHS.

RIGIRE 400 CICBWTREMNEBL T 27 707 Y ESENERAZTR L TWH
BH3, 450 C TEHE/ARITIZITFEHEBEAC T THAL, RIEREOBRE L HICT
27 g F VINENES L, HABLUA L VIR, BIOKRBEBERNEML,
TIRSBSET LTV S, TORMEMEI Y v FT YEROES & RERTH 5L D3,
FGIREE 450 C, RIGHRG6 0 ~1205 DEALFIT/ S bv /v —[RTIL9 6 wt%T




HY, A—KUHTTO7 Y FTUVROEARBLDH3 wt B &L

20 ]
CHa —’________—-—0
15F /. ____,_,.—/‘o 3 .
R |
0F ; 2t /
f Jop———— Y .
© N al 1
© 5F - o
N Gas o/—o———‘—‘ -
X 100 . . -
E J CaHe .
< 5 [ L] 3 //
s | .
2 stk ® ° 2} /
5 : o/ ~ .
™
g o/ Oli+ Water @ tr & e ©
i _ he)
Q I n i N O/ ‘ L L
s S
‘8" 30;' Asphaltene E 3k CaHs
s | e o S
= — S 2 .
20 ] = r /
z ¥ 3 .
a z . /
-~ [
5 10+ % °
3 w o . S - Qe O o0
£ o0 e g A
2 e o i 3 co 4
£ sof P2 3r
- i / (S
! | .
g sk ° ‘: 2r __—
i H
) o
[ . [
: 40!- Conversion s ! c/
k] - ; ! . . - :
2 ;
4 I Hydrogen consumption Co2z
g 6F 8 O ———
3 . 5 o
O i 9 i )
sk s
! / \.\
[ * 0 ———— .
2 zr
[
I3 ! H L . 1 i i
0 50 120 0 80 120
Nominal reaction time (min) Nominat reaction time (min)

Fig 7. Conversion, product distribution and hydrogen consumption vs.
nominal reaction time on Battle River coal hydrogenolysis with
red-mud catalyst (o :400°C, »:450°C )

Fig8ldg — L% v FEF a—4 VHIZWORBRERTHS.
TY PR VHMOBSIE, RLAETHELEN n —~FHVAES (4L ) Tho
72DT, KFEMRIEERDEBRAE EEN T A VT H o, =P Y FEF a—
AYTHRLEDEDT1I 5wt DT A7 7T VAEE L. KELES G RGE
E400°CTI333~54wt%h, 450CTI06~21wtBDTR7 7T HEK
ot KEMBEREIT VYV F 7 VlITR0S wt BEETHD, EELEECBNT
RIEZETRD OIS o2, Z =ty FEF a— 2 v TIEICRIGEE450
CIBOTRIEHEEOERE EHICIwt %h 53 wt BEEITHENL T3,
ERATRICHDNTRS L, SEOMIKZELAERT 20MNBHNUTHD . RIBRE
400 CTEA 2y, T8V, TaXVEQRILKETNZALD EF 1,

Fig . B8X U Fig 1037 v M7 2 VliBI N 2=y FEF a—A v A i K i
CRWHESORIVERBROERTH S, ZIWRLET - 23 BERBMEZSOT — 2
77V IELTEL S AKEEDEE LTRLIEDDTHA,



CH
5L 9a3s g SHs
/_____. /0
10+ /‘ 2k /‘
~ sk* 1t e
X e O . o
e ———
; P iy : Y 0 om0 . N
b CzHs
S 100 i =2
a o. L4 L) ./.
§ W0k O ~~— o 2r
8
L 1re
2 8 Oil + Water 2
g N . i O ep——Q T °
e 2
=] Asohaitene CaHs
ER 5 3
g 5
& 4 \o\ 2 2} .
° ° T —
g L g -—
= F 3 1F
g \. - -
S 100 : B —— 3 Q=9 : h
3 o—* 2 HzS
2
» %0 ./ T gf B2
3
ko] .\
g sor 0 z ./ .
p)
g‘ 70 / Conversion of 1+ o/o
@ o Asphaitene L g
— ! N
© N i L i I 1
z 0 80 120
3 Hydrogen consumption
3] 3k ydroge P! Nominal reaction time (min}
L ]
2r ./
W .O/O .
"

Nominal reaction time (min}

Fig 8 Conversion, product distribution and hydrogen consumption vs.
nominal reaction time on Cold Lake tar sand bitumen (Canada)
hydrogenolysis with red-mud catalyst (©:400°C, » :450C )

BOGIREE 400 CIZ 381 B85 bov ) o5 — (R OBLE I OF 812 B8 2 L BRI
WTHERYT 3 &, BEERBEZ —LH Y FEF a2 VERENIBT 28HERX
1330wt DRIBRTHAEDICHLT, T+ VMEETTIZS 0wt BIEEICE
LT3, —F, =3 Y FEFa—id VEEFTEHMB-HEIIHBELTT A7 7
T VIRENMBENEOIBEDSRDON, Z Py FET = — 4 VOBEEHRE
KUK R ORI EDTRB i,

BUGHREE 450 CICBWLT , FIEFRE 6 0 03 TORRREIC BT 2ELEK, T2
77T YIEBL A4 VIR ORBELOBRESREARME, 4 —L¥ Y FEF
2= AV, TY P72 YHTRL >TED, IHRERCET 2 HEMORNBD
BB, FHT VY TR vlIE A -ty FEFa— 2 v ETHHBRBEICNT 28
KHOZHBEROBENERLLZDE, F-LHF Y FEFa—X vOENRL Y U EBIY
TRT7 77y, WHRKHA 400 CLEDESNE ey, HLRICBLWTXLDE
ETHO, ZODHPHERBICBOTEROHEORBUESEBENZ Lintcd &
#HREN 5B,




Gas CHa
kKl g I 6 F .
o/
20 . —" )
™ ./ | -
g 10k 5 o o) 2 ( o o
0 e O "
xR 3 L : . L . 1
- S ——— e
3 . CaHe
: 0P [ = —
=] o .
S
a2 50l O/ ok ‘//
£
g “ / = \ ./
< r " KU ol
8 o Oil+ wWater 3 o ° °
. L . L
% xR
g wk Asphaltene E oL Cafe
° o]
z \o g Y
E 20+ —_— 5- 4+ ./
< < /
T
E — . o oo ° ha . ;
2 100 Y
= [ Y — i
7; § — .: § co .—___"'— [ ]
© ar 0/‘ QL_ 3k /
o] / 'Y
3 8or o 2+ 0/0
g h O/—
= 7 Conversion
% L L 4 L L 1 L 1
& Hydrogen consumption
g st . WLo° Coe
3 - \
© / °
8F o i \o
g [N Y] - \
¢ g—"° ¢ '\
1 1 L | ; L Fa 1 [ ]
] 80 120 ] 60 120
Nominai reaction time (min) Nominal reaction time (min)

Fig 9. Conversion, product distribution and hydrogen consumption vs.
nominal reaction time on Battle River coal hydrogenolysis with
red—-mud catalyst and anthracene oil ( ©:400°C, » : 450°C )

UL LS, BURK OIS S bic 2 -y v FeF a4 VHELBRE/LS
Nabtcd, TY P72 BICEiR LD 2 BEKBEGRERTIDEEZILNS. —H,
KEHEERBIOARNEL, Ty 72 vEROTCEBETREDE L, RIEKH
OERE & BICHEML., SACEROE 4 v IESED OERE R LT 5,
By FEF a— A YEROEAGTE, KEEBENSHEOBA L &b
RS OEmAERL, WIEKEOHEEEZOLN S, 72— MY Y FEF a— 4
YOBAITE, ICEBEL THRERENBRNELOIEROFDONS.
PIEDO#RRAZRIET 2 &, Oy v ) oy — ROBEKER(ET, UGRE 400CT
1290 wt RIEE, RUSRIE450°CTIE9 6 wt EETHY, /¥ b )y —RITHE
NICBRILRIEHEET 5. TY P72 Y BERTNTT7 Y FT VREBEEN L
BEixrd . QRGHEE 400 TIZB0NTIE, 7Y P 72 vlBEBNEEBHRL
AL, 400 CETORBBRBICBNTRILAEEL, 400°C, 1 65T idl(tEn
80wt BIEBIZEL TS, & -4V FEF a— 2 VEETTH, bR EE
R OFE & BIRU L 7RG EAETT, TR2T7 77 Y IEDETBL O



90 L | L L1 L L I

70+ / 3r

sof / 2 r—
o] /_

N
0F / 4 PR o
o Qil+Water e JR—
Il 1 ! i L ' |
R
Asphaitene S CaHa
15 Q m—————0 Z 3F
.
S
10+ s 2r
o a
5 . RS -~
T—— . 1 oY -
100 L 4 i t) O e O L M
* 3 = EE——
i ] h 3 | .
" / & : *
o

60 / 2
“Qor o) Conversion roo

L L 1

Conversion, product distribution and hydrogen consumption (wt % d.a.f)

Hz_consumption C02
-—— . o
N ) ok . \o
? PN
i o/ A
2 o/
1 1 ! i . I
0 60 120
H2S
Nominal reaction time (min) +ir
[ ]
. . . . . O e @
Fig 10. Conversion, product distribution or o_,_..___S—\
and hydrogen consumption vs. 1k . °
nominal reaction time on Battle - a ) ‘ .
River coal hydrogenolysis with ] 80 120
red-mud catalyst and Cold Lake Nominal reaction time (min)

tar sand bitumen (©: 4007, «:450C)

A A WVPER QOBINCERTRS RSB SN A, @RIGEE 450 CIIBWLTHE, T v
VB LO S — v Y FEF oA VIIRIBRERT 6 0 4% T ORI IC 1
LTBARmEREE T L, ERBI A4 P INROHEM, 727 707 Y ILROR
LAERELET Z ENED SN,




1.4 REICKAWHALMOHE> M

RALEE DR 75 2R FEFERIR OWRILARAE 0.1 T /DEBEKILNYF 75 vV M 42H
WTFT U, AR O AR R A LIS L i O R IC VTR LT,

HERICH O CRUBHR T YL — VIR (C 1 66.2% ) OHER, HIRA EOmERK,
Egg Lake, Battle RiverZ$EDH + 4R, T v FT VI EDAL —R b7 Y TERM»
DEHYER (C:881%)FTDI 2HTHB,

INSDRBHRIT 1004 v v LITFICHBEL, BT v F 7 & VER, RE B
R EBESG LT 1 60— PAEB L, EBRICH L, AUV720 1t/ dERK
fbxvF 77 v MINBEE 1 OTFRAUCE ENERS ¢ DRIGE ORGSR A2E L
TV, ROGEREHEREHE LTRE LT v b 7 VHOKENY . RIS
B, FEME S EAESHE LTLEN, BIEE—DORGEERHERANTED, TV 7
VOB AZ BRI LA LB ADT, BMOBRROMBERERCHET S D
DEEZ21 FEMIASTM D287 IIKS3H 2/ o~ FERRBE (GCDH),
BE /O~ NI TT 4= KEEAFT ABREE (TLC/FIDE)ICLRZ 247
ST, TEMTE TH —nom. e T ICE S BEMATS S 41T 0, % Ok ot
BFEE LI,

W ALRER DFER %A Table 7IZ/R L7z, HIYRKAZR OTIIRIEERA 90 ~97 wt
Y% &I EICHEVEISE L TU AN, BHFRR TIHKDOER LT 2 DERIZL 5T

Table 7 Experimental results of various coal hydrogenation by 0.1t./d
bench plant at 450°C, 300 kg . c#

Run Sample Yield(wt% of d.a.f. coal)
No. Coal Conversion Water*l  Gas*? Liquid
702 Yallourn 94.9 17.1 17.5 60.3
1103 Shori 95.6 4.7 15.9 75.0
1404 Egg Lake 90.7 7.1 19.2 64.4
1102 Battle River 96.2 6.8 15.8 73.6
802 Soya Koishi  90.3 13.2 15.7 61.4
1107 Koken 92.6 5.1 17.7 69.8
1512 Wandoan 94.2 3.2 12.2 78.8
906 Taiheiyo 93.8 4.6 9.2 80.0
1207 Horonai 97.2 1.8 10.6 84.8
805 Shin-Yubari  86.0 3.4 9.0 73.6

*1 determined by distillation of crude oil

*2 correlate the produced gas from vehicle oil
( Gas yield-0.648 )
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Table 8 Product distribution measured by distillation GC of
crude oils produced from various coals by 0.1t .d
bench plant at 450°C, 300 kg ~cH

Run Sample Boiling range distribution (wt% of crude oil)
No Coal IBP-200°C 200-325C 325-400C 400-FBP
702 Yallourn 1.1 20.7 52.1 26.1
1103 Shori 4.2 27.8 44.1 24.0
1404 PBgg Lake 3.5 30.4 15.6 20.5
1402 Battle River 1.8 22.1 44.0 31.1
802  Soya Koishi *2 4.2 30.8*3 37.0*4 20.9
1107 Koken 0.8 28.0 51.1 20.1
1512 Wandoan 2.4 35.6 47.0 15.0
906 Taiheiyo™! 0.0 27.9 16.1 26.0
1207 Horonai 3.0 28.8 45.2 23.1
805 Shin-Yabari 1.9 20.7 49.3 28.0

1301 Hydrogenated”‘2

1401  Anthracene oil  *1 68.8 19.7 0.0

*1 n-hexane solubles

*2  average of Run 1301 and 1401 by vacuum distillation
*3  200-3107C

*4 310-400TC

Table 9 IWLIHDOTLC/ FIDEILE A 24 THIDHIHEREZRLIZBDOTHS
i, Foo— ViR, REFRTL Y va0ibi O, BRIR, 7Y FT7T VR, BRER,
FHYRIRT L O Vg,

F 72 Table10iC7x LICBERITERTH, YRR S OBRMABOFERROY
AZM—FREL, TV FT VR, b= BRIRIE ED DS OKILHD
FEBEBOH A XHUNE N En¥ 5B,

LEOHFRMS, 7v FT YREEMBIERSE C, BEBOoER BB TH S,
BRI, ~bho oy —REBEAOHRENSC, BEEAPOFERBARY A X
DINE LD, HEHEETHD, EEEMNARVI ESHEEINSL, FHFVERE
AL IR AME <, BALMOBRGEE T, BEHEMhOEFERAOE Y1 T bK



Table 4 Type analysis of cruce oil by TLC/F1D

method

Run Sample Aromatics  Resins Asphaltenes
No. Coal

702  Yallourn 85.5 14.5 (1.6)
1103  Shori 84.0 16.0 0.0
1404 FEgg Lake 81.7 183 0.0
1402 Battle River 831 16.9 0.0
1107 Koken 79.5 20.4 0.1
1409 Wabaman 83.4 16.6 0.0
1512 Wandoan 80.2 19.5 0.3
906 Taiheiyo™ 85.6 14.0 0.0
1207 Horonai 81.7 183 0.0
805 Shin-Yubari 75.4 20.0 4.6

* n-hexane solubles

Table 10 Ultimate analysis and structural parameters of crude
oil from various coals by 0.1 t,/d bench plant
at 450°C, 300kg cnt

Run Samp le Ultimate analysis Structural parameters
No. Coal C H N S O fa ¢ Hau/Ca
702 Yallourn 86.6 7.1 1.4 — 4.8 0.719 0.368 0.889
1103 Shori 88.5 7.4 .2 — 2.8 0.701 0.373 0.906
1404 Egg Lake 89.0 7.t 14 — 25 0726 0.351 0.833
1402 Battle River 878 7.4 1.4 — 3.3 0.698 0.375 0.900
1107 Koken 88.2 7.4 1.6 — 27 0697 0.373 0.886
1409 Wabaman 889 7.1 1.4 — 27 0728 0.357 0.864
1512 Wandoan 87.3 7.6 1.3 — 38 0.673 0.382 0.909
906 Taiheiyo™ 90.1 7.5 12 — 19 0.697 0.339 0.807
1207 Horonai 89.0 7.5 1.4 — 24 0705 0.344 0.868
805 Shin-Yubari 89.3 6.8 .9 — 20 0.737 0.359 0.771%

* n-hexana solubles
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Table1l Analysis of Taiheiyo coal and composition of natural pyrite

Ultimate Analysis i Proximate Analysis(wt. %)
(wt. % d.m. f. coal ba51s)
) Volatile
Coal C H N S 0 hﬁalstureAAsh matter LTA LTAAsh

Taiheiyo 766 62 1.2 0.1 159 61 105 495 138 L3

Composition of pyrite

Catalyst S/Fe Fe+S Si0:;+Af:0s Na,0+K.0 CaO+MgO Other

Matsumine, N.P. 1.93 96.63 1.42 0.06 0.14 Cu0.3]
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Table 13 A comparison of catalytic activity of various iron-sulfur

catalysts on Taiheiyo coal hydrogenation by 0.1t/d bench
plant at 300kg e, 4507C

Exp. Run No Catalyst*1 H- 3 Conversion Qas yield"‘3
Consumption *

1110-1 Robe River 5.4 92.5 16.9
iron ore+S

1109 Robe River*? 4.7 92.1 17.3
iron ore+S

1411 Toyoha Pyrite 3.5 72.2 12.4

1516 Yanahara Pyrite 3.6 86.9 15.0

1520 Shiraoi Pyrite 4.3 91.7 13.5

906 Red mud+ S 6.2 93.8 9.8

*x1 —100mesh, 3.8 wt% of d.a.f. coal
*2 —200mesh
*3 wt% of d.a.f. coal basis
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Table 14 Effect of particle size of catalyst on Taiheiyo coal hydrogenation
by 0.1 t/d bench plant at 300kg e, 450°C

Exp. Run Noo Catalys Average He «o Conversion Gas yield*2 Paste
particle Consumption feed rate
size(w) kg hr

1516™%  Yanahara 30-50 3.6 86.9 15.0 6.7
Pyrite

1818 Yanahara 2 5.0 94.6 9.9 6.7
Pyrite

1907 Synthetic 2.5 5.3 93.3™! - 7.9
Pyrite

906 Red mud 6.2 93.8 9.8 7.0

*1 agbout 97.7% at 6.7kg hr of paste feed rate
*2 wtg, of d.a.f. coal

*3 reactor volume decreased to almost 23 by coking

FNORJEEAL -2 FEAB 6 Tkg hr ICBET B L 977wt % & FEFICE OEME
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Table 15 Effect of concentration of fine pyrite catalyst

on Taiheiyo coal hydrogenation at 300kg e, 450°C
by 0.1t,7d bench plant

Exp. Run No Yanahara H: Conversion (Gas vyield
Pyvrite(wt%) Consumption
1820 1.0 4.1 93.0 12.8
1821 2.5 5.4 93.9 12.4
1818 3.8 50 94.6 9.9
1822 5.0 5.4 95.1 11.6

Fo A RERE T Table 14DEE LEBFICHEBRMENSBERT 2 >N TEL OB
mMarL, LEDN-THPOINESERT 22 127105, KEHEBERIZ 4714 b
WK 1.0 ~25wtDiomiT T8Ein LT a8, ZRL FRMEBAB LTHE ML
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Table 16, Effect of hydrogen pressure on Taiheivo coal hydrogenation
with fine pyrite catalyst in 0.1 t,”d bench plant

Exp Run Catalyst Temp, Pressure H: Conversion Gas yield
No. (C) (kg/ei) Consumption (%) (%)
1512 Shiraoi® 449 203 3.8 83.6 14.2
1520 Shiraoi* 451 300 4.3 91.7 13.5
1819 Y anahara 449 201 4.6 93.0 12.1
1818 Yanahara 451 301 5.0 94.6 9.9

* 100 mesh under

L. #RERERIEDT B, DUNKE OBIHRIWEORK X VEE 1 74 + D5
BICBOVTREL, EAOERVGEBM CER T 2EWL T 7 74 v P ERENT
BOIKBERERKENSARELTNE2OEHEANS, f 5T, SIS, RE
B, KEBEZ VU ORI ICH LTEREOREAZR LTS I EPHEE S
No,

Table 1 7351 7 4 MAREEA B VB ORISREOEELZ R LIS DT H5S,

Table 1 7. Effect of reaction temperature on Taiheiyo coal hydrogenation
with fine pyrite catalyst in 0.1t,d bench plant

Exp. Run Catalyst Temp, Pressure Hoe Conversion Gas yield
No. CH (kg/crt) Consumption (%) (%)
1519 Yanahara® 399 301 1.5 52.9 6.6
1516 Yanahara®™ 448 301 3.6 86.9 15.0
1817 Yanahara 399 300 2.3 69.6 3.7
1818 Yanahara 451 301 5.0 94.6 9.9
1915 Synthetic 440 299 2.4 71.7 3.7
pvrite
1914 Synthetic 457 299 3.6 85.1 6.6
pyrite
Synthetic _
1907 oyr ite 451 301 5.3 93.3

* 100 mesh under

WM OBE RUBERE & & bIOKRBEER, UBE, F2REBRSEN LTS,
FITHIE DA &394 54 P AR OBAICREEN 869wt % £ T LMEML
BNEE e boTHREREN 15wt % THO, MEOREREMNE D LWLIIDHIZ
BBAZLCHIE LR KB OB A ALE LT E D EEL LN,



DEOWRAZLEDL &, 4 74 Ml IREBEERKIEL LICKSTHE
FI DR &R ICTE KR EIESEA L, BB Licy 7774 v FOREL T Z
AR O A TR BN ELE ARSI LD EEZLNE, $HAKICK - THE
HAEEASD/D, BIMBEAHNT 5L T, RIBEOEK, # 2 EROH
Blismge L7025 & RDHO NI



2. IEHYHECETITER
2.1 ARZZY-KEBICB 2R O DRLE
FARBACEIE RS T TORIE DR LE U CESKLUTTH S E NI MR LD
B, TDXIRBILEB T OREH > & ORUZENE O£ 7 VEE & L TKIZ200 4y
YAl TOMBEAZRAE L, ZE4RE ZATZMAEAEKR L, CORIZET BH
LEOEE AT LI,
EEREE O A Fig. 14127 L1,

IN
THERMOCOUPLES l COOLING WATER

W o
L
SLURRY
OVERFLOW
—_—l --—
HEAT FLOW BY
—h < ELECTRIC
HEATERS
TN Te—®
| = (V)
[ WS P | | S
— e LTEST \
SECTION X‘
— - —
— -
AIR IN
PR B | L

SLURRY PUMP

Fig. 14 Experimental apparatus

ZEFITHE FBO/ Zv (1 6M) oA, AR R T ) — LHICIRMER
ME (NRE99%2m, HX 1L230m)RAWR LTI 2, BEARICERAT 2 6 B0
VLER -2 kO —EBERICHIE Uiz, L, £ 2 - ORBBEAE




TAHLHDICHEXMEEFEH TEEARAEG L, EROSICHIKAE LAERKMT
BENSORMERFTMOAIESINBELDICL, LT, BREE (F
RIB BN THE ) ONBEE~DHNEEETI LERTWOETER SN 5 H 0T OB
ZHRAE hw IR TEFHETx 5,

hw=q / {Aw (Tw—Ti) } (1)
IIT, qiBRBICIZAIHIAE, AWIAERETH 5,

FREMOF — L T o FHBEAME LHE 0L > TR, GROVEK
FREdp=217Tnm, 271 —BEE10~50wt% & L1, EVHLEFH TR S
U — MR HIE L7, IKOREE 2 oll T2 & 2 7 ) — bR FOKBEHRC’
DA Pig, 1512 L1,

20°C
10
Mori & o
Ototake Eq.”
I~ \‘s
8 b
C’<0.24
~ Newtonian
fluid

t—-1

u/ 1o

0 1 i | |
0.0 0.2 0.4 0.6

C’" (=]

Fig, 15 Relative viscosity vs, volumetrie fraction of
particles in the slurry
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Fig, 16 Change of hw with —ﬁg,ﬁs and slurry concentration
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1. Y. Kato et al., Powder Technol., 28, 173 (1981)
2. & oM, AEFEILFE, 20, 488 (1956)
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Fig, 17 Flow diagram of gas sampling system



Table 18

in coal liquefaction reactor

Vapour phase product collecting test

|

Exp /& Recycle Hy | Reactor Temp,| Gas Temp, (C) Liquid ( ¢ ) Total liquid
P (Nm/ hr ) (Cc) Outlet of reactor | recycle gas (Nm') (%)
2201 156 400 320 25.9 404
2202 20.3 400 326 24.6 499
2203 29.7 400 331 16.6 493
2204 21.0 425 347 36.5 767
2206 16.0 450 364 65 3 1,043
2205 21.4 450 366 43.3 927
2207 30.9 450 380 27.0 834
70 T
60
50
ks 450C(Org. ) 450 C(Total )
40
o
b 450°C(Aq, )
o 30 d
— -
=
—
>~ 20 [ 400°C(Total)
| 400°CCAq., )
10 .
| 100C(Org, ) ﬂ
0 i 1 X N
10 15 20 25 30 35
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Wh i, COHESEDORBAET 20, S OKILKE D& L, 400°C TIRE
BHZRBOEBILIOSHEORE OREEBHEE SN LA, 450 CTRERY
AFHEMEVE A, HOBERMBEOC L2 HLFTLAEOKIAEDENR S E
WOEAAPRICR LTS O LR e, TRERKCIIKMNRERRL 0 %E
At xhTHWAIENPOMETT -, FmEaE, BEF 27 odBEk (G

R, G, FLOW RATE (Nm' 'h)

Fig. 18 Yield of gas-phase components

vs. flow rate of recycle gas
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401(1985)



RANGE B.P. ELUTION (%)
1 IBP—200 30.774194
2 200—250 33.419355
3 250 —275 13.762973
4 275—295 9.1399705
5 295—310 3.3382903
6 310325 2.7039035
7 325 —340 2.5622484
8 340 —360 0.69733381
9 360—400 0.86580089
10 400 —FBP 2.7359307
100
2202 — NF
T = 400 °C
50 | _
2
5 4
5 6 7 8 9 10
0 ]
RANGE
RANGE B.P. ELUTION (%)
1 IBP—200 33.829787
2 200—250 31.604995
3 250—275 16.847826
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6 310—325 27304812
7 325—340 2.035874
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Fig. 19
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Fig.2 1 Flow diagram of 0.1 t _~d bench plant
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%110 ¢ /min & LzDT, AIEORMENIEBEELEZEZISNS,

FE T ) A TV HZAFREN 1SN, hEBLYX 25N, h DRHFIZH>ONTET
Str, T OMOBIERFIZCONTDOEMFES Table 1 9 (TR L7z,

TABLE19 OPERATION CONDITIONS

‘ RECYCLE GAS V103-PURGE GAS MAKE—UP H, GAS PASTE FEED RATE PRESSURE
(NM2/H ) ( NM?/H) {NM?,/H ] (KGH)] (KG/CM?* ]

1 3.3 3.5 5.67 200

25 3.5 5.5 5.67 200

Ar gas concentr—

ation [% )
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Fig.2 2 Argon concentration vs. time (recycle gas:1 5N ', hr)
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