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Table 1 Coal conversion in coprocessing

Cat. Conv.(wt.%) Cat. Conv.(wt.%)

— 66.8 Ru-K 84.5

Y 79.1 Ru-Y 86.2

K 85.0 Ru-SA 82.5

SA 67.1 Ru/NY 83.9

Y-K 86.2 Ru-Cl 75.8

K-SA 86.5 Ru-C2 78.7

Y-SA 76.3 Ru-C3 82.4

RM-S 81.0 N i-Mo 78.6

NY 79.7 Co-Mo 83.2
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Table 2 Structural parameters of BS
obtained in coprocessing

Table 3 Elementary analysis of BS 

obtained in coprocessing

Cat. fa S3

Ru-Y 0.52 0.34

Ru-NY 0.58 0.28

YK 0.56 0.35

K 0.48 0.39

Ru-K 0.43 0.39

K-SA 0.59 0.28

Ni-Mo 0.48 0.34

Co-Mo 0.55 0.31

Cat. H/C N/C 0/C

Ru-Y 1.33 0.005 0.012

Ru-NY 1.28 0.004 0.007

Y-K 1.31 0.005 0.021

K 1.24 0.006 0.015

Ru-K 1.35 0.004 0.020

K-SA 1.27 0.005 0.018

Ni-Mo 1.29 0.005 0.012

Co-Mo 1.27 0.006 0.012

Table 4 Hydrogen consumption in coprocessing

Cat. H-cons.(wt.%)

Ru-Y 6.5

Ru-NY 8.1

Y-K 8.4

K 8.4

Ru-K 7.9

K-SA 6.5

N i-Mo 8.4

Co-Mo 6.5

Table 5 Results(wt.%)of THE/FID analysis in coprocessing

Cat. Saturated Aromatic Resin Asphalt

Ru-Y 7.3 68.9 22.8 0.9

Ru-NY 7.1 72.4 19.6 0.8

Y-K 9.8 71.2 17.9 1.1

K 12.1 63.2 23.4 1.3

Ru-K 8.5 59.3 30.7 1.5

K-SA 11.4 66.4 20.9 1.3

Ni-Mo 10.7 67.4 21.0 0.9

Co-Mo 9.4 74.9 19.1 tr.
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Table 6 Results(wt.%)of TGA in coprocessing

Cat. -180°C -240°C -340°C -400°C 400°C

Ru-Y 5 2 14 4 35 5 15 6 29 4

Ru-NY 1 8 11 7 36 6 16 4 33 5

Y-K 6 0 12 4 37 8 16 3 27 5

K 4 3 14 4 35 8 15 8 29 8

Ru-K 5 1 14 3 34 8 16 1 29 7

K-SA 2 3 8 3 35 5 18 0 35 9

Ni-Mo 3 5 13 4 36. 2 16 9 30 1

Co-Mo 3 5 11 7 35. 5 16 9 32 9

Table 7 Ultimate analysis of coal and tar sand bitumen used.

C H 0 N S Ash

BR*1 72.1 4.2 22.1 1.4 0.1 15.1

CL'2 82.3 10.3 0.7 0.6 4.9 -

Battle river coal

Cold lake tar sand bitumen vacuum bottom



Table 8 Reaction conditions of co-processing under 10 MPa-Ha.

No. Reactant(g) Cat.(g) Temp.CC) Time(min) Reactor(cm)3

R 1 BRIO CL15 RM/S'32.5 300 0 500
R 2 " " ” 350 «

R 3 ” ” ” 400 ” ”

R 4 ” ” 450 ” ”

R 5 - ” ” 300 ” ”

R 6 - ” 350 ” ”

R 7 - ” 400 ” ”

R 8 - " 450 ”

R 9 R1 Ti-d 1 R5 TS-s 1.5 - » 10 30

RIO R2 T1 1 R6 TS 1.5 - ” ” ”

R11 R3 T1 1 R7 TS 1.5 - ” ” ”

R12 R4 T1 1 R8 TS 1.5 - ” ” ”

R13 BR 1 CL 1.5 RM/S 0.25

*3 Red-mud catalyst wish sulfur 

*4 Toluene insolubles 

*5 Toluene solubles

Unreacted coal

Toluene sol. -Hexane insol.

Hexane sol.

Raw

Reaction temp. , °C
Fig.1 Change of product distribution with reaction temperature
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Table 9 Conversion of Taiheiyo coalin the presence of catalysts with Ru

Name Conv.(wt.X Name Conv.(wt.%)

Ru-3 91.9 Ru-3(S) 90.3

Ru-FeS 98.3 Ru-FeSa(S 94.2

Ru-K 94.8 Ru-K(S) 89.8

Ru-SA 89.4 Ru-SA(S) 89.0

FeSa 81.6 NiMo(S) 87.2

K(S) 77.6 CoMo(S) 87.3

Table 10 Elementary analysis of BS 

fractions

i
Name H/C N/C o/c

Ru-3(S) 1 16 0 013 0 032

Ru-FeSa(S) 1 15 0 Oil 0 034

Ru-K(S) 1 15 0 017 0 039

Ru-SA(S) 1 15 0 012 0 049

FeSa 1. 04 0 009 0 026

K(S) 1. 06 0 015 0 042

NiMo(S) 1. 06 0. 015 0 042

CoHo(S) 1. 07 0. 025 0 057

Table 11 Structural parameters of BS 

fraction

i
Name fa a S3 S4

Ru-3(S) 0.54 0.27 0.39 0.07

Ru-FeSa(S) 0.49 0.29 0.40 0.10

Ru-K(S) 0.47 0.21 0.41 0.21

Ru-SA(S) 0.61 0.30 0.34 0.04

FeSa 0.78 0.23 0.10 0.10

K(S) 0.53 0.15 0.27 0.10

NiMo(S) 0.58 0.44 0.33 0.09

CoMo(S) 0.58 0.42 0.33 0.09

Ru-3 0.57 0.34 0.36 0.07

Ru-FeSa 0.53 0.28 0.36 0.10

Ru-K 0.51 0.25 0.40 0.09

Ru-SA 0.56 0.30 0.39 0.06
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tiT^6$K&lt±S$£-7 -T\ 4tv=k 0T3B©*4ESt4TgKt-7-TSS$iJ«$nE 
C

b ) 2fC#ft«S
tt«43t«LAf£, 2kSfbSS4f70*utz, «!fc*©7«§SSftfc/Sttft4f7z> A. 

fflSSffct - K

?(SSSfb*ftti«T©3iD T&6.
r- eEfbffJ; U-CS2/SE@)lll (101ml-CS2 k8405g-e#6©?g^yi)

eftaaift*; 2L/h

*SE; SOKg/cm2 

xKSSl; 1.5m3/h 

— LHSV ; 1.5h"1 (G/L; 750(ZfflS)

E«e(kt- b*; 1 5 0°C*T2#MT#@LTM%4%*g#6. 1 5 O ”CT
a #6 63 <6, 2 3 0°C*T7#63T#@. 2 3 0°CT4h«fS, 3 O O °C $ T 4 R^alT US.
3 0 0 °CT6 6t64@^ VTESe{b4^7 LA.
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x -y X ^ - K
TSliJkimtmtoSaemSrWl 1. l %©ffl@7ti£S?8LTTttmkL£tti$lcoyS 

es©a-fft:ii#tssf7ms. x-oxf-xx-sg, 
iigi)ses*4fflv'^„ *sacofl-ffS$tio. oiwt. %r&a.

x x X a(D©?@Rfb t - Ki:IWUSE.*(tTTffleifi(0IKiSS¥*'8 8% (SK
m$o. i s %«t) s«x5*tiiu£. amM%m. 2n#Hg©*#mm8ae% 
iiTable 12tc$L A=k-5 aiSSSfeftJ; 0 S-^tgztP-y A©T. iitt’TSSLT V*S'SS4.
3 0 0 °C::±#$#A. 3r©IS!l. Table 131:® L A =k 5 (X a?fifflte®2 OBfHBtcm 
$ © K « * zb>' it « £ tl A o

isttit^x7x»t«. m-bizmtmi'Mmvfz, 4#M©#g#miwi^@Tmz©$ 
($ta&LA. -e©7K*ftwsM(Eftf+tt»©aotss.

|— fiKSB; 380" C

TfcSEA ; 120 Kg/cm2

LHSV ; 0.2 h"*

a*# ; 0.26 Kg/h

— *$A'X$#; 260 m3/h (G/L=1000 tcfflS )

sjsifiJtwa8eraistc-y->?v>x-v. 5E*®a4i$tii©i:fcefaLsssmtcr
txX - LA. zKStolStogfitjaielkmto-lzX 7ffl©[6]_hTj5-5. L A1 V. -LX 7#© 
illSiz iyT, KKto^exx - tzt£S2»/» %zx\ f ©

LTSS?i#¥©ai$»«o6<, t&h-b. a^@m©
*SibMS^*STS-6o ffi*. $1tm©3z X >e±#tca^SKSISm^7K*fbMS V 
t. a#©@mKfb*###ti#f = t c& a. ##©gtoaasa-isivTi'-5 7i©. 
SSBffe©SI£a <£ o TSISftfflStxX - L A. MBti$#l:a##©7 71%7 
fc2K^Ai^$tlTVx-Ei©T\ e#m!!:*:#©% b V x L'7X'A3^#T&6. ^©*?iti. 
5(#A 1 0 0 c c 4«antl-777bEtc80. 4 0°CftSt:in8L£1fiS*fS4-Tljn8Uo 
-3. 3 OM 1 80 c c/mi n. ©l£*gS$*'X £/V'/S ii&T)''6 7 7t 7 7 6 X 
l'JE>yWJ. ^©(&, SG^L©. 8 0-1 O 0°CT#g#^-l±A5*T
5® VTflS*4f7-3T^5d-flfic«L7r„ SSSWS©$8St:tt. fl-ffiSJS 1 P P m©E 
SftRtSiTN - 0 2S»M«»l$S**fflV'£o

$6 ic. S36G/L, *###$. fcitf. #**#G/L©^emfU: j:oT tss 
#l4t;5' - LA.

Fig.stc tiSSSW¥©!$BtS{b£S L A. SEKfi*. m#©a###$All-2 ppm i: 

& 4 =k 5 4 r. X - LA. g«5*#¥l±SE'*ttffl^fhi: J; o T *g < SlbL
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tz. Fig.6©S^GZL©geE-fk4*5 200-250B#Pdl|$iae.

M'JtL tztzto. #%G/LA'800&< |C«*L6. Fig.7C0)S***

L£o c © C k li. SIS

*s©i8*fe©«imsiisis»©eT%f3<. t%ze>ti6o -e ©m,

EE$*«ttfSL, mmmtrmiz. so-; 2ppm«Ttcfg"Fv^„
£ eGcKJSBfPaWgig-t-S i:, SO-; ES?iff¥ti2ppm4±ii]-3 c ©M® i; IT. 5 

ess%±5$itTEas¥^s©55?i*So£„ utss! ©TOSErogifisfttKiB 

|gF*l©«77©(aa©Sj$Sfk»Table 14t Fig.8!c * fc © tz, b*>‘U SlESlS©±#iC J: 

•7 TEES^^iSASC tz. g6<. EtSS$©±#t: J; o

S(t(c*fiJ%*l6lt:|S]Vv StK*{L StoS*^©|iil±!:!S#T S»*0 ^

fxTKJ, eII691c, a#^#$^2.5ppmWT©Mm3M{S&a:#^ L, mulcts#A.

mm©iKfb*©*#fb&a&ii%A©r, «T©#iirgtE*z

igfb*&memicmo#A, ixmtm^e-

-K;

(I)

tKHE* ; 120Kg/cm2 
TkSSl; 1-3 m3/h
SgifiSl; 2.5L/h (G/L=500 (cfflS)
88; 2hT, 86£300' C8T<gT$eft.

(II)
ae?6Sl; 0
*Sff* ; SOKg/cm2 
tKESS ; 1.3m 3/h
88; 300' CT2h

(III)
7Kss»TTsa$T®^L, a#/<-zm,

c)mmem

ISd-IIJtC !i3Et*i6EElit§4 fflV'. b.p76a 250 'C - 300 ' C b.P760 250' C - 320 ' C 
©2o©77?J/3>£ff-5£©l :i)IS 50 TorrTea&fio A. 4e©ME«g8E4 

*|:3< L fz„

b. P~ 6 0 250 * C = b.P50 157 ' C
b. p? 6 0 300 'C = b.P50 201 ' c
b.p? e 0 320 C = b. ps 0 218 ' c

#@N#©l5&&Table 15&tf 161ztttbfz.

Table 16©*©, b.p5a 95 'C OWSft 2.52 Kg UiHltyft ©KiSg*lc J: -StR^T
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d ) 7 7 7 l-'SS

Table 16 (:*T\ SlSr X bCJiiU 5 £ £ $'T § -5 ©td(250/300' C) 7 7 7 7 a 7 ( © 

¥. 44.5 wt.%) £(300/320'07 7 77 a 7 UR*. 13.2 wt.%) TS4.

%$TX bl:$©6ftTU6@#(d b.P7S0(25O-3OO'C) £ b. pr s a (250-3 20* C) CO 2 O <0 

b.pi 6 0(250-300' C) @#{i(250/300' C)7 7 7 7 a 7 *© t ©T& -5 $ 6 EH 

ti&Uo L»> V. b.p?s a(250-320' C) g^fi(250/300' C)7 7 7 '7 3 7 £ (300/320' C)7 7 

7 7 a 7 £ £ 7' 7 7 K V & Idftti: & 6 & u. ■?• ©#i£Idft® =k o C L tz.

b.P76B (250-320' C) @# = 0.5 ((250/300'C) 7 7 7 7 a 7) + 0.5 ( (300/320'C) 7 7 7 7 
37)

sisfxbm^w©##

KfX Hcm'3 2 Table 17{z$LtS„ JERiilfbriS £ zkHfbS

RK?a©,5C-nnir #f)ff:ibi££ Fig.OStf 10t:$L£. £n6©#§$/>>67>c#UbfiiE(: =k 5 

lSMrfi©i|iHfb©tt».4M-5£ £/)5T8 -5.

# £©
££TfflV'£iS{b?ttiid-Wb- 7Ee@i6Tfe.E>£<t>6gSirWe$S-u. (®oi 

#toB#M©muMEAftT&6^©. iEI$5R5Et:,d.5to$JI±®T©EE/)Ii&L <. to 

#@©@@#m^A8<»7%. anxr. t-7-$2
08119 T35-5ElS3S©#tt£ tiMiiUT. to**±T©SJS#TB/i;l:t/|X7 £©*©

£$t8&»7 *.

2-2 A b ibU n-mtu ->V b* 7- dSdO'/tA'X/Jt'fi-/ 7ffliE5l$it 

©Silfb
7-lb# 7 Kbfa- 7 74(S(*ffl£ LT5Efc[qeU®lb1--53 -7‘DHz-y 7 77'Id. 

BS®fb7‘n4zX©-$®£S»1'£ £^7 8 £/)' 1t'f- a. - 7 7 ©fb^fSliI4I8SS
SS)E$r$5ES®(braTzX©S$lS^Jkt4tt*7)j$*to(:S4' 0, 5 

$m%Tld, Slbfili>£7 -7‘n-fey 7 77'©SStltt©ffii$4B5 6* 

Ixf-SBWT, ;< HI/V;\-K^N:#K£ LT0.1t/d^7f 7"77 bUTH-KfS* 

#TTonce-through$E4fiU, ta##%£mfb*©##@&(:*7) 8. S7"cUzX© 

tt8S!'J4Ro&„ SfcJrbKfflt©, #f$*©7"7 77f X btfroA.
L A#KM©##m& Table 18!:$-#-. U b /b') r\ - SJii§ffl(R0)ii, ft 

S&JXXS (#) © lt/d PDU 7*7 7 b (NEDOLt-K) Tf# <Bndc*7j<S©S®T$ 0, 
^©toSEldb.p. 207-343' C@#^63vol%, 343-534' C@#$37vol%T % -S. 3 -/b b* 7 - 7 
(CLVB)ted7>'7-y-/TX»i6E$@?Sct(ATVB)ld, Alberta Research Council <fc>) Af-Ld: 
t©T. ^©ffifiEtib.P.525' C«Tm#$ 30wt%, 525'C W_k$70wt%T&6.

$fbKJSi> Atbn-7‘D-b >y 7 77'© once-through HE Id, O.lt/d 6SU$fb7-7 7 b 
TfT7 tz. SfbjKB©(®ff?fit:«R04n -7"atx 7 77'{:tdCLVB£ATVB£fflU*.

SESUtid ; X7 V -©BjSsSS, 40wt%;,$$toE (E^Slbb) ,5.0wt%; x 7 '/ - fft
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*SHS,7.1-7.8kg/h;KlSSJg, 450’ C; tKJSE* ,200kg/cm2 ;7kS§t|gg, 5.6Nm3/h^ Ufe. 
SM®«sfbStt, h;l/X 7 ©lift Ibii !c * o T>Rit) feo Table 19(zKB©*S$£t;
to

3-7'D-t 7 7
Fig.liti, zKi$8Lg!-J;-5CLVB6Sfc=t;y'5M®inBtrot1 

V'5o CLVB©^Mti, 0 41©,'S$$TSL -T"CHZ7 '> (64.4wU)
KSfgfb£ftTV'-So CLVB t; R3707 ©tfciR^P,, *?£(c J: 5 £& gfb £ U TffifOKft* 
SSd-®ei.8(S©lil)ai:SSEfbS'^S»©E,>, ^5ft 

6. Sfefaififi, CLVB ©0.36fe' 6 R3707 © 0.50 felt in L fe„ lot CLVBti, *;#(: j: 
0^Sffift^tt©K77L^7ftStSft''ltf71, ^©ISSetowfb7jcSSfl-/J>'iiiaV fe £ % x 

6ti-5„ -# R3707 £ R3710 © tb 6< 6, 3 - 7’d-t 7 7 7 7'TfiBgj©® inC J; 0 3?§
SKbStSlga-tiSi 20wt:JiJab*ft\ mm%fb*#@A-W:%£'^lb LT v\»u. 6e-?tb 
KA$©ti" 0, ;$ in L fe 5 K © *i 4 5 w t%fe; * -f ;b i: ?$ in
L fee £ ! : & -5 o

iefbKi5£ 3 - 7’a-tr 7 7 >7'
Table 19©IS$fe'6, 3 - 7'p-fc 7 7 7 7'( R3710 £ R3709 ) !i®fbSlB( R3513 ) i 

9 ^TKSiSS*tfei'7siK¥t4iSV'fil5]tc80, St siRSiifg^e ktfbfrZ, e titiS

$MI:lt%($m©1t#©av\(: j:6t©T&6o Table 20!i, jgfbfiiE £ 3 - 7'a -ft 7 7 
>7'(7fc-tt-E>5®aS©S;iEtt4SLfeo 6 k
LX, ffilbSIEfc tt/3 -7'D-tr 7 7 7 7'© Kt5*£$S 6 i&f*?6©7" 7 >7ffl£$L3K' 
T&^Wa-TBBTRAfet©? &60 f ©em, 3 -7‘cHz 7 -> >7'i7j:b-<TSfbSEr;i
**«#»*>'4'* < , V'o cfttiiSlbEE-ctiftt^ttTk
*ft>' R0S5*%$fti6 fe©T&6 £#x6fia. Vfe>sKtiifl'Sfc"ty-'5SI£lb¥I:o 
VTii, 7'otxSO t##*©*V\©B@^±#V\C k&$LTV\6o CLVB&mv^feW 
A. m©%K%t 0 St )WR$£BK*£{b$^fg< , BKtoltSS&SBS'S $ 91S/VT V' 
&ue £fe<ft)S6o CLVB £ ATVB©J±|$Tkt, Hg©ti«;i8 St/filS#ti!: * B & S

BS©SE~ttl:S@"t?ii$liaa 6Sicg* o T V'-So 

gpfeATVB©^fes*'x©4fi)t4}rp$iJ V, V*^WEHStt-ftiS' -ft: < *HH:9-©iK$S tiln 
#ftTi'5ctfe5, BEfflUaSSBSlSBSitTV'-Se tfeit)7)>s»o e © S 7 (: 3 7" 

o 17 7 >7'!ciJV'Ttt, BS©SKtttiE»?6©aEt7|?lidtiSe £fe(# 7

feo
@7'atx©#fb%m
Fig. 12a, iHfbSJS, 3 -7'n-b 7 7 >7', SM*©TK!ae*MB©&7'nt x©iRfb 

%$^lbRSSfeA, tt/l/t7X7x;7f 7©lR$tmLfeo Once-through 
b.p.343' C tiT©e#7Etl®*tt3 - 7"n-fc7 7 77'J: 0 SfbSBTS-V'feft Sffia&Sa!
U feJS6S<$IlfH S 9 ©St ft-iR¥ti; 15.7wt% tTSS'L, 3 -7'D-fc 7 7 77'©@K?6 
IRS 37.1wtx S9SL<S'&V'. S7’p-feX©ffiftliS4J:b®SS £, 3 -7"nS7 7 7 
7'htmfbMBS 0 t@M%iR$T* 2.4 f§, ^ttiHRST 4.4 f§©£$t$£S L feo 
-^73 -7"Q t 7 7 77"£@K#©*#A-MRB%j:b#Lfet#A. 3 - 7*D -fe 7 7 7 7 ©
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vUiRSii5@eC0fiSinic J; o T 13wt% (5 ffSTf 3/S, @M?fS<»®$«!5!5'lS| CTS 
3„ ctOJ: -5 (cemetoEiitcti LTIi, n -7'n-fe-y 7 > 7'tiSR?fi©7ki$;:9-fS7‘n-t: 

XCEa-r^EfbaS^SLTjb'0, L*7‘D-feXto®{ta$£Ttf 3
C i;tctt*6%V'Z trftifrZe

* a A
1) CLVB & W ATVB !i, *8?.®.Stc J: 0 JtliWS W, !cda«7 7 -r X t 7 >U* iMill©

rasic =k 3.
2) i« ft SIS is it/3-7‘u-by 7 VX'CDStEffttti, <S»?6©8V'£KB* LTI-n 3. $
6BEe6#©SBttfc6$tt?6©aE::*?iieti, ESfflgi^ElEtt

CLVB J; 0 ATVB©#Tffil$tl*„

3) 3-7’n-fe'y 7 >7'©eHfaiR¥!i, SffcSLE©^ 2.4®, lRiifi©7jcS5»S?SiE t 
Tti!$ffHCT&o£„

Table 12 ygtt^x v 7 t - l-'icis ti 314!®)! I*1'B® S-ffi

se

206.2"C

Mm# (±) 243.8"C
(4>±) 274.8"C
(4>T) 299.5"C
(T) 308.7"C

valise 281.7"C

Table 13 ffl@iMi5S¥©glif gft

gliUffsKh) ?5SE%(wt.» Ees(wta)

12 0.20 78

14 0.23 74

17 0.22 76

(TQB OO'CSTWatfe)
19 0.13 86

20 0.12 88
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Table 14 KlEfgF*lS6©*5Bf

StBtog®
0 60 120 210 280 310

JtfflSSCC) 344.6 350.0 343.7 343.3 380.0 381.0

(±) 371.6 381.9 386.4 386.0 398.0 401.6

# (4»±) 382.0 389.5 386.4 395.2 400.0 404.6

(4>T) 382.5 389.2 395.0 386.0 400.0 401.6

u (T) 356.0 360.0 378.0 379.0 375.0 372.0

' c (¥19 fi) 373.0 380.1 386.5 386.6 393.2 395.0

Table 15 EgiRtS

4: $1X1 = 91.2 Kg
£iStill = 88.9 Kg (97.5 wt.%)

ESfl-lKS (38.7 wt.%) 
(250/300' C)7 7 ? 7 a >1R¥ (44.5 wt.%) 
(300/320'C)7 7^ A a >lK# (13.2 wt.%) 
Bottom iR¥ ( 3.5 wt.%)
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Table 16

77^3>« SitiSS it!

b.Psa(' C) (Kg) (Kg) (20'C)

95 2.52 2.52 0.858

no 5.80 8.32 0.861
123 6.49 14.81 0.861

146 12.01 26.82 0.875

158 7.59 34.41 0.889

34.41

b . P . 7 6 0 160 7.56 7.56 0.896

(250/300) 167 6.20 13.76 0.902

7 7 7 7 3 7 175 4.11 17.87 0.908
183 9.60 27.44 0.913

190 3.19 30.66 0.913

194 6.53 37.19 0.916

202 2.40 39.59 0.918

39.59

b . P . 7 6 0 210 3.46 3.46 0.920

(330/320) 219 5.07 8.53 0.920

220 3.28 11.76 0.916

11.76

Bottom 3.13 3.13

3.13
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Table 1?

Jtl(20'C) ES^W^(ppm)

b. P7e0(250-320' C) 21.7 0.914 4.0

b.p?60(250-320'C) 28.2 0.918 4.4

Table 18 Analyses of samples used

Feed stock Coal RO CL V B ATVB

Ultimate analysis (Wt%,daf base)

Carbon 72.1 88.4 82.3 82.9

Hydrogen 4.2 9.3 10.3 10.6

Oxygen 22.1 1.3 0.7 0.6

Nitrogen 1.4 0.7 0.6 0.9

Sulfur 0.1 0.03 5.6 4.9

H/C 0.69 1.25 1.49 1.52

Ash 15.1 0 0.9 0.8

Solvent extraction (Wt%)

Pentane solubles - 96.4 84.1 84.2

Saturates 13.7 17.7 17.7

Aromatics 82.7 66.4 66.5

H distribution and fa of aromatics

Ha - 0.29 0.08 0.05

H a - 0.29 0.15 0.14

HI - 0.31 0.52 0.55

Hr - 0.11 0.25 0.22

fa (13C-NMR method) 0.57 0.63 0.36 0.36
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Table 19 Results of once-through experiments(Wt%,daf feed base)

Coal

Vehicle oil

R3512

RO

R3513

BR

RO

R3707

CLVB

R3710

BR

CLVB

R3708

ATVB

R3709

BR

ATVB

Hydrogen consurap. 0 .5 1 5 2 1 3 3 2 1 3 2

Water 0 6 3 9 0 4 2 7 0 8 2 2

Gas 2 .1 6 2 6 8 9 7 7 0 7 5

Oil(PS) 95 8 81 1 80 3 69 1 83 4 73 1

Naphtha 0 6 0 9 6. 7 5 0 6 1 4 2

Middle 62 0 54 0 28 6 32 1 34 0 38 9

Heavy 33 2 26 2 45 0 32 0 43 3 30 0

Asphaltene(PI-TS) 0 8 7 5 7. 9 13 2 4 3 12 5

Org.Residue(TI) 0 2 2 1 0 5 4 0 6 3 1

Wt.loss 1 1 0 5 5 2 2 7 5 3 4 1

Total 100 4 101. 4 101. 6 102 8 101 4 102 5

Ha efficiency(-) 191 6 54. 1 38. 2 20 9 39 7 22 8

Coal conv.(Wt%) - 93. 7 - 86 7 - 92 0
1

★ Oil yield/Ha consumption ratio

Table 20 Product distribution of coal (Wt%, daf coal base)

Lique. Coprocessing

Run No. 3513 2710 3709

Vehicle RO CLVB ATVB

Ha consump. 3.4 5.2 5.4

Water 10.3 6.9 4.8

Gas 14.0 14.5 8.3

Oil 52.2 45.1 51.1

Naphtha 1.5 1.7 0.3

Middle 38.2 37.0 47.5

Heavy 12.5 6.4 3.3

Asphaltene 20.1 22.4 28.3

Org.Residue 6.3 13.3 8.0

Wt.loss 0.5 2.7 4.1

Total 103.4 104.9 104.6
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b'-X

Fig. 4 Profile of reactor

4 -7

CL
CL
C
o

mL
4-1
c
CJu
c0
u1

i.-----------------------------------------.--.-ii -l|:iiiiuiiii MHI Hilli n.iii uui Itimmill }iiiliiiii.iiiiiiliii|mti.imi iiittttimi rjm iuhi mill mil i 

100 200 300

Reaction time (h)

Fig. 5 Change of N-concentration in product
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G
(IL

 fed
)/L

1800

1400 J

Reaction time (n)* 

Fig. 6 Change of G(feed)/L

700

II «1M«

Reaction time (n)

Fig. 7 Change of G(H2 consumed)/!,
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400 -

300 -i

J ll «lll* I ll«l II ill l lll« It ll H I i .11 < H/lH {l.l i HI iltlil 11II <4 III i lilt lilt II it II lilt I<lt«llyi«U |l H II li lllJ HU:ill4l|illl<lllf

Reaction time (h)

Fig. 8 Average temperarure in catalyst bed
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05-0CT-90 14: 32: 54

i
toI

13C-RAW-LIGHT-0IL

Aromotic 
carbon

C0MNT 13C -RAW-LIGH
□FILE RUN01
EXMOD SGNNE
OBNUC 13C
OBFRQ 67. GO
OBSET 135.00
OBFIN '5600.0
POINT 32768
FREQU 16025.6
SCANS 1000
PD 2.000
PW1 8.0
IRNUC 1H
IRFRQ 270.05
IRSET 112.00 1
IRFIN 5400.0
IRATN 0
IRRPW 30
BF 3.00
RGAIN 25
NGAIN 16
IG ‘ 10
YG 2.92
YG2 18.0000

[riTrnrrT]iirmTrTpmiTiTipi ill riri[ini iiiii |iiiiinii[nrTTTTirjTnTnnrr|TtTTrnTijinmin]nnTirnprinnTijTTn-n-iiT[TTrnTiTi|TiniiTiTjiniTTrn-[iiirnTn-] 
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

Fig. 9 13C-NMR spectrum of crude oil



05 —OCT —90 14: 52: 29

i
Si

13C-RUN-3912

A1iphtic carbon 
77.5%

Aromatic carbon

jniiiiiir|minm|iTrmmjmH iTnjnmnn[nninn pTMHin|miiiin|innmi]mmnT[imnm|nmmi[imniii|mnnMjnTmTn]nTirmij'mTrrrTT]
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

COMNT 13C -RUN-3912
DFILE RUN02
EXMOO SGNNE
OBNUC 130
OBFAQ 67.80
OBSET 135.00
OBFIN 5600.0
POINT 32768
FREQU 16025.6
SCANS 1000
PD 2.000
PWi 8.0
IRNUC 1H
IRFRQ 270.05
IRSET ru o o

IRFIN 5400.0
IRATN 0
IRRPW 30
BF 3.00
AGAIN 25
NGAIN 16
IG* 10
YG 2.69
YG2 10.7609

Fig.10 13C-NMR spectrum of product
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Table 21 f 770^(7)###

xM^fx (Wt%)
C 84.7

H 13.3

O 1.9

N 0.272

S 0.178

H/C 1.87

(Wt%)
7%y-;i/# 9.50

0.65
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Table 22 <k 5 7 a: /

frffiatt® f6tW (%)

31

711^7x7 77

yx;U7xx;i/x-

777^7 h ]) ^u
A n = 8 — $
B 9 51 m

^"77x7 77
yx;i/7xx;i/x—

f;i/
c n = 7 16 s
D 10 80

E 13 82
F 15 86 A
G 25 88
H 50 — $

x;i/^707h V^A
p- h;l/X7-S03Na 36 m
77 77-SOsNa 44

p-x777^7t'7-SQ3Na 52

n-7°D 7t'7-S O 3 N a 57 m

h VyfVlxOt'y-SOsNa 46

sec-7°7 7T^< 7f 7- S O 3 N a 64

tert-7 5 7777^7-8 O3N a 61 m

p-X7 77-SOsN a 42 ■ m
2.7-77777- (SQ3Na) 2 36 &
x hDX7E7-S03Na 38 m
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Table 23 Surface area of FesOs/CeOz catalysts

Catalyst

FeaOs/CeOa

(mole/mole)

Alkaline

NH4OH NaOH

1 62.4 -

0.06 0.94 110.4 -

0.12 0.88 130.2 108.2

0.18 0.82 117.3 -

0.26 0.74 103.8 78.6

0.34 0.66 110.5 -

0.44 0.56 131.4 110.0

0.68 0.32 178.7 -

1 12.0 -

Table 24 Yield of naphthalene

Reactants (mole%)

1-Methylnaphthalene 11.8

2-Methylnaphthalene 9.1

Mix-Methylnaphthalene 10.6
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Table 25 Products distribution

1

Materials

'

Fr.3

raw-

material

FeaOs/

CeOz

=0.12

/0.88

Fe2(V

NiO

=3/7+

OJHaCOs

Benzene 0.6 0.9

Toluene 0.6 0.7

Ethylbenzene 0.1 0.1

m-p- Xylene 0.1 0.2

o-Xylene 0.2 0.1

i

Indane 1.3 0.8 0.9

Indane 0.4 0.6

Tetralin 4.9 2.0 1.9

Naphthalene 25.5 30.8 31.4

2-Me-Naphthalene 16.0 16.2 15.7

1-Me-Naphthalene 6.6 8.5 7.1

Biphenyl 10.5 7.8 5.8

Di-Me-Naphthalene 9.0 7.7 7.9

Acenaphthylene 1.2 2.8 5.1

Acenaphthene 10.1 7.4 5.8

Dibenzyl 8.1 4.0 6.3

Fluorene 5.4 5.7 5.4

Anthracene

Phenanthrene 1.4 4.3 4.0
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Table 26 Stuructural parameters of raw and product oil

Parameter

Raw

oil

Catalyst

FeaOs/

CeOs

=0.12/0.88

Fe203(3)/

Ni0(7)+

O.3XK2CO3

fa 0.79 0.9 0.88

Hau/Ca 0.91 0.93 0.90

a 0.26 0.25 0.23

S3 0.16 0.05 0.05

$4 0.05 0.05 0.07

10. 0 10 Wl/voll lUO/McOH

20 w t/vol1 H,0

10 wt/voll H,0

11,0 C-'l c-

Xlkyl carbon number

II zO C-1 C-7 C - 3 c-'l C-5

Alkyl carbon number

Fig.24 Effect of alkyl carbon number on 

partition coefficient of phenols

Fig.25 Effect of alkyl carbon number on partition 

coefficient of nitrogen compounds
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11,0 solvent

Back-extraction

E x t rar (ion

H,0/MeOH solvent

Recovery

133; 133;
Recycle time of solvent 

Extraction conditions:
Solvent, 10 v, t Zvcl s sodium m- xylene sulfonate 

aqueous soln 
Sarnole/solvent, 50/50

,(0 26/0 7/.)

(012/0 88)

Fig.26 Effect of solvent recycle on 

extraction yield of phenols

Fig.27 XRD patterns of catalysts

Reactant = 1-MN

Reaction time ( hr )

Catalyst Alkaline Rxt Temp
1 -o- Fe2G](OI2)/CeO?(088)NH/.OH A50T 
? -♦ - " •• M a Ol I
l-,',- re-/)j(02W/CeO2(0 7/,)NH/,OH -
/, -x- •• " NaOH
5- (}-Fe20](3)/NiO(7) - A80'0
6- .- - - " AGOC

Reactant : 1-MN 
Rxt.Temp.: A50°C

Fe20] 0 0 2 0 A 0 6 0 8 1 mote 
CeOz 1 0 8 0 6 0A 0 2 0 mote

(Catalyst composition )

Fig.28 Changes of the activity of catalysts Fig.29 Effect of the catalyst composition
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C.-it iFe20j/Ce02 
Reac> ant : 1 - M N

o 5-

400 420 440 460 4Q0

Fig.30 Effect of the reaction temperature
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