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1) 1-xv5yroRE

MoCl,(NO}, (PPh,),/Me,;Al,Cl, PhCl/5C 48%/50min ab,c
MoC1,(NO),{PPh,),/EtAlCl, PhCl/25C d
Bu,N[Mo (C0);COPh]/MeAlCl, PhCl/20°C 62%,4h e
{py) Mo (CO)s/Me;Al,Cl;/Bu,NCI PhCl/70C 50%,/30min f.g
Bu,N[{CO);Mo—Mo (CO);]/MeAlCl, PhC1/20C 60%,/2h h
Bu,N[MoC1(CO):]/MeAICl, PhC1/20C 90%/2h i
(2) 2—~_yFroRE

MoCl,/Et;A1/0, PhCl/—30C S j
MoCl,/Ph,Sn PRC1/20TC S k
MoCl{NO) (CO),(PPh,)./RAICI, PhC1/20C VF 1
Mo (CO); (PPh,;)/EtAIC1,/0, PhC1/20C S m,n
(py):MoCl,(NO),/EtAICl, PLCl/0°C F b, 0, p

S, F, VFiIRIGDE s 2%kb L, HOHMAEREOLIET 2 COMEAZNEFH, 500, 5, 0.5 3D+ —5—T
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bSOV AR-Z-ANT T 362
W{CO)e DALY 21605
il .—. CH=P(Ph)-W(CO)s ®—~O)CH=P(Ph). i
O Octe Ti-BuAlCl2/02 I ir Tha:s SR e 3
M{CO) e WiAl:d L7 4 ¥
ilf .—. bpy-M(CO) .—. bpy
O ! -0 +EtAICI: =1:5:60
=R T VDAY YL 320
W ®_© - o) ( M{(CO) s 13405 T90% L) E
[ P{(Ph} 21xM (CO) s-x ® P(Ph): <o
+EtAICI: Gales

Ph;—@ , bpy; EXY :/““/[fm, iBu; 4V 7FIL, Et; TFNL, M=W, Mo, x=1, 2

/- HeumE OERaE LA HofE 2 S S SCHER
¥V WiALMg: AL 74 >
WCls—n-CsHi: MgBr =1:2:2:60
v AT AlCls 2=y T D 36b
Sonuy 5Ly MOC]s*n‘CsHuI\’IgBI‘ A 7,{2:/;(!115
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Nature of Catalyst

Relative activity Turnover fregency/min-Mo

Mo (CO),
Mo (CO)s
Mo (CO).,
Mo (CO);
Mo (CO), +
Mo(CQ)y+ C HClg
C0),0,
1,0, + H.,0
) (02).
(6—07):Mo(1Il)
(6—07),Mol(ll} + O, at23T
Mo (VD)
Mo (0) /DeOH Al,0,
Mo {0)/DeOH Al,0; +0, at23C
o(CQ);/Full .OH Al,O,
Mo (CO),/Si0, +100C, activation
Mo {CO)s/Si0, +500C, activation

Mo
Mo (CO
Mo(CO

0.0 0.0
= 0.02 < 0.008
< 0.6 < 0.25

1.0 0.42

0.0 0.0

90 37.8

14 5.9

0.0 0.0
~ 0.0 ~ 0.0

23 7

36 15.1
~ 0.01 ~ 0.004

2.1 0.88

6.5 2.73

0.0 .

15 ' 6.3
~ 0.04 ~ 0.02

1) FioREhTwva WERY EEKIE Standard AlLO,.

2) Activity 1353, E1EBO 7O L L/ A (0.86md STP) HARFOIERIZE 3 70 CL v i B HlE,

0.25g, Mo §H®T0.6wWt%.

F{}
=
3
=

33 SiQ i 2w T, BIE{LREAME V720 Mo &H 120,03 wt%.
4} Turnover freqency 2 72 KL Y 25 F A5 T F LY 1 BFERTIEDE L THEBTF L L HITHREL - = 7= SCR
62) O Fig 375 MoEHRO.Cwt % DO Mo(CO),T0.42TH 57 & =R, ZOHEIC Retative activity DIl % F

U TR 72,

5) TEFE, AURSNARBUIZONIENL -2 & &5 4. FOBENT 2 BORMO(LERESII TR,

WOREZITo12, ZORER, RIGHHEE & B
HRE & ORI T L OIRIE D>V T LR
DR oNZ otz T, BIFEZ VRN
Lot REEOMBES 5 0 OEEERL 17,
INHDFERN S, FHERBITIRTOHI VK=V
DEREEL cMoTH 525, 0MMiSRE ciln <K
EEDOMoTH 53 &E 2125, ESROBE? iz
FoTHIEHEZ BENICSET s L3 TR
Bt s, FORERD S EMo(IV) A IEMETH
HHEHESI NI, —H, NOITLBERNESE
wWEe NH L EED, » 3B nERIELN T
B, THDHBL, SiONBEOESC>NTEL
DERETEELUZLOENOREIZ L - TS
U, ERIREEWZHE U 1o, 1710m™ O
BRSPS iE T & LB 2R3 C E SRV
ENTz, ZOWAE IEMo () NODNOHEEIES)
WEkBEDEBEEIN, T OEED HILERREIL
Mo( M) &HEE & 7%,

o3 F 72 MR O R & A RGR IR O
#HME LT, Si0s 7-AlL0s Si0,-AlLOsH
FUOMgO % A & U 7233 & ORI g i - E
HOBR, B & OMo(CO)slEH OIFEME(LIRE
EEE ORISR Z IR B RT U, £ 0k
R, ZHEORILEEE 3T, > 0 iEEED
FRICKEHEL, BEEEIESIOTI23T
E650°C o 2 BEAE, V—AhO{GmMMC,SKb—
Al,OsTUE650TC, MgOTT7007T & 37 #H iz
HELER @bﬂtoit,ﬁﬁmg5ifﬁﬁ<
AHCREICSEL R LM, Z0ORMERE
LRFFHERICE > TER Y, Si0; $i0,-ALO,T
200T £600C D 2 fHiCiFlEofmAxRL, 7-
AlLO3TE2200T, MgOTIE30CTH -1, o
D DOFERIZRBOHEEE & Mo(CO) eS8 D
Fatk, OHEDEEME LMoY 7H VA= Vi
DLEEMEDOEFR, OHEIC X AMoDBILES
CRESTRPAZNATOS, 205, Mo(CO);



\ OH OH 0°C %ﬁ
MO( 77 _C3H5)4+ »777» pentane O/ Qo A
H;|600°C
QR Q
N /4
O — o —— R
g 0 d o ? ?
WW /‘7J7777l7/_
D C B
R 1 Cslls

EXFHEREORYOEEERIERROLE L
Mo(CO)e® 1 BOCOBRN F L DERTH - T,
FEPERI &> THRCONSHETT 5 E[EFIKMo
DOEELPEIT LU—EOBILEDMo% & e 1B
BERT B, ZORFOHEOEEMESEROIIZE
ANFRZ VB IZEETH D 1261 Mg0 T 1S
HMOERICIDEVWEREZLEET B, 510;,
Si0,—-AlLO; T600°C 124 2 OyER AT bh 5
D, ZORETHUMoDBITLEIGHILE 572
BTHHEHHAEINTVD, LIL, TLTHIE
MR A EE S A ITIEE o TN,
TOVLYDAZ LY AT DNTEE T4 b E
TR E U 7S E ORFFE A 5510 ko TR
EINTVSE, 70 b 3 HHEI6~65% DHNa—
YEIGA T4 b HOTEERADEEERL,
1CTDLF Ly QEREED HKD 2 Turnov-
er freqency®™ 0. 042/min-Mo (FABSERZR, 7
¥ LRI torr) THoTz, TOEDD
Oy—titration i & 2 SFIEE(L 140, 60T & - 7247,
ZDOXPSANT huii2 ~6 {iOREMTH 5
CEERUL, COMEBIEEA T [ MTFORER
EHNFREITHDNETITH 2 MoDIREDE N IC &
HHOEFEBPENAT NS,

32 Mom-7U I EE{tiEfkiE

=7 ) ViR E VT Mo FE 4 AHFFE I,
AR RICEEERE L T19724F, Yermakov &
k- T o, FO%, GR6ICE-TE
o R LTRSS 5 NTRER, €02
G HBEMBICS > TEl, BROHIIEEAR
SHFMNFEZIIUY, EOFERFERZREEL

THRABEE £ OEFEMHEOENT 21TV, T0OE
IREEZRT & &b, MEYERHE ORELY Ru
HUTVS, ZORR, MEEHIREICRLS
HigEELERmnE, 2EE(LREENEZAEN
BRI LA an b s &, BEAmEOE
EREET S IREICHREIC S > CE LS H B,
321 BEMoBEE L iEEmiK
Yermakov &% 1%, 200C ~600T THIEHIER L
728105 & Mo( 73— CsHs )y Z v ¥ vF, 0T T
RIG& ¥ A&, Mod&EP B3 - 218 L IZADTE
TSIOEBICEES N, ChEHETH BN
OG5 Lk UB~DELNE LR
WH L 72. A~DIZ2WVWT, BATMo477 0 D90T
TOTUY L YDA YLy AEREZREL
B,OACHORABECEETCHY, B,DILEEA
EEMERILPo I, 2O EH BIEESI
Mo(V)Tdh v, B TOBBIIERICEEAL
EEr52n0nE Uk, ADTEMEE, EkROER
Mofit T 3 % Mo0s/SiO 2 HaB L L T H 11z
HLEDDSETCH -T2, FBEA MY /2 Y DOIEHE
AMoDIEEFR0. 65~5.4 wt% D T—ETH -
troE s, COMoBERIKE—IZHEL TH
HELT, F0%, Bl e EEOEE
% Al,Os, Si0,-AlLOsB £ OSi0 A, Yer-
makov 5 & FA— O HEEZBOTA-DOEENLSE
mEs SR L, Sl ENATVA, BT
BIRSICE A ME LI, BTRHELENTA
ZEILT B,
3:2-1+1
Ejz37q,s,70)

O, K FA500T TEMLER L 72 510, & 550T 2L

FEEOLEBELTOE



. O DC HZy GOODC OZ! 0 DC OZ,SOOOC

8i0z + Mo(7°=CqHs), B C
Pentane HZ! 6000(: H2,450°(;
0°C H,,600°C 05,0°C 04,300°C

3_
AlgOg + M0(7 C3H5)4 pentane B
T |
H,, 600°C

Ut 7 -ALOs 2 Xk & LziBs, #heht
FLOUIREE TREBA~DI AL 72,
FEEB~ DDA KEHILSI0, L ALO;DHA
ETRFULE TRV, SiODBEEDER
BEaicmEL EFCHBnd 42 & k0Ch &
UBHAERR L 1245, ALO;TWDDETIZE-TC
EBBHERTELDL oI, 1, ADERKIG
D& D Mo( 7°-CaHs) 4 O I E b R 133 7
ROBRIZ L > TRZY, Si0 ALO;2ALO>
SIODIEF 2R U DI ENE, ZORKG
EEREOHELOMICEZVXFTnLEahTn
%o
REHEA~-DOLHEES XX ED HFENF ik
T HTILENSOHEZEBROEOEN DORIE
ko THETa Nz, IREOBA2HEDT )
WVEEF O EFEROLHIZLTHRO BN, A
#600C THBEITT 28, 7Y VEIBKZELHE
L, Ci~C, D84 s RIEKENFEELRZ, CTh
EHNAOQZ M7 4 —-TERL, &5108E
REZSTTCTHILL TCO,ELTCERBLE, &
NoPHBELALCHET VILEITHIRE L -4
R, Mol Er4c 02 ADERB R, £/, A
DFEKFT#E 7 < b7 7 4 (Temperature—
programed hydrolysis chromatogram, TPHC)
HRE LIRS LZ250CIE 1 AD Y — 27 8
B ohiz, TOERITHE 1 EEORILKESD
BULLDEEZBZENTED, IRIZ, CED
WKDOWTH A ONNCFRET A s iz, DIC
DNTOUVANRZ bW, SiOFEHAEDBET
290nm & 220 ~ 223nm, ALO; T EHE 0 413
281nm & 220 ~223nm IR 528 @ 54, Mold 7
PIANKNIVEIREEZFFD 6 fi{ 4 v TH BT
EWTRB I, T FDIRIZI25m & 9160m ™!
DR EZZf2H, ChAHET b IAF I UH#EE
ZROMo LD 2 KDOMo=0EICEHLDER
BIaHlEBTE, =, TV TIERENHTR
HBH, 968 HICIE DIV /S Y FASER S,

BELETFIAFILBED 2 KOMo=0I2
EBLDEEZ NI, A BV AITEEERS
TVWIODE, EHEERTEBBECIIOVT,
XPSIZ £ AMoDEE{LE ORI 5 &3 iz, AlO,
T EEE S UoBEDDIE236.4 eV E233.5 eV,
CH235.3eV232.5eVICY —27 %R L, O
By ospiEOMoI 6 liTHY, BEOMoESB
75 < AMOREIS B D EEZ BT,
IO OREREZRE L CERBEEDIIRICRS L
£ aMo(M) 2FL T PIAFZNV VX F
VREERE LD LRI N, —FH, A~Df
DEBOBETHE LD A2V IHEBEINS0, H
AMolZ# L CRBRIEEEZ R L& s, &
M50, HDEEBRRICESHW O EERE L
MrRshicssEobosahi,

MoTED AL DRI ZFE B 72 0ITESR & 85k
FHESFHN LN, Mo(V) K7a¥ L vi
RESEAETuY L VidEasmts 2, Mo
(V) BEUS, ZOMo(V) OESRY 7+ L0
Wz oBNo—tr KM 5, 1, ¥hH
YO T LS R ORI BARTEME & 7 AR
XY 2 HAMEOE(LOEE P HT Iy Y g v
Y -FEUOEEII OV TOFELWERME
HNB. SiO% k& Lz REED & Si0,10
HEL2MoOsii 20T Zh & DEIE# 1T - 124
B, BEOMolx 3O R - /- B0k EICTE
LT DI L TRIEOMoE RIS — ik
Bk sbDEfEHRINI,

EHEBADP LS B EEXE, 448105 Mo(
75— CaHs)y & S H5R & O TG 1 1/ O paired
OH™M & DEIZEEZ b DEEZ BN, Peri™
AUALO: FOOHESH DY 23 Lb—Y 5 v
L OHEZE D L & OB ILALOFA it
—AHLTVEHDEINT NS,

3:2:1°2 X 2HY ARGERT > 1870

ZEHFEA~DIZOVTOROCTOTIEL VD
A F Y ATEMERIE ORI Yermakov 55917 &



BHBE—FL, ACHrEERSLELEERL,
B, DIIRIELE T d - 12 THIED ZRHMKFIEDTER
BHHMN, CIZDVTIESIO—ALO>ALO;>Si0,
DIEF Z R L, Si0: TS0~ ALO;DIBED Y
TH o1z, O OMBIETEHEITEEEORE K
FTRETHEEORENICESZHOLFHIATY
5, Si0y—-ALO; %2 X #{E L L 72 CD Turnover
frequency id = F L ¥ @ £ E T0. 37/min- Mo
(7oL y@HIE2L torr, Mo 1.0~1.5wt% ) T
B0, ZOEMEIZMoOy/ALOMEED 206512 HY
T5, HIGOBRREIVWI N BETHY,
Al OsHHRDATIE99.8%, CTIX99.5% T dH -
fro U USiI0:~ ALO:ZHEK DG E 3 ETAR
ThH-oTr, CILDNTDHEAMY Y OFEHIEIMo
EHE0.73~1. 98wt % OHEHT—ETH > 170
— R — R B IS AR ISR & DRI
Ko TRIET BD, BEEMICLY ZOHANRE
SNDHEENDS, COBELMBETORE I
I OREMISKABOMEIL L > TRED, Al
Mo 1 EF& 720 1 {HDO0,DE A L 0 ARH WY
WERITHIE L T2 A, COBA X100 D0, % #
&y ZARIEFHRANEA L T 75 558% OIEMEA R
Bxhi,

e LTAY Y ARICOFEERIZR < 28
U BRI s 4 ffiMoTd 0, BN F5 LU

SRHAOEES T OENEEICHE RS A TS
boEanhTnag,

3:2:2 2 BEMoBEE Lt s

FEIK & U T Mog( 7°-CsHs), % W EREOHIED
5% B9 U fo < 8 B L4 SRR3R 1T BRI 78 {1 ot
D &AM CEENT 5 & 2 BMoEMH
RAERTE I ENERT SNk S TRN
Haniz, ORAEO(LFRESE LA EH, X
Rk ORI, REOHAERE & IkF LT 3
—3IRUIz LD IC 9 I D RO SR
Mi, Thbid, FREnEtsRICUTs
0, RIS > CHBEMEELEL 0% L < B
Wb OBRVWHIATHS, .

3+2-2-1 REEO{LFHEE & FOERT ST
TR E L TS0, 1 (FEEOHES, 3.5/
/um?), S10,-2(4. 6{8) Al;05—-1(2. 6{) & Al 03—
2 (4.5@) D A BEFHV LN, FREAT
SOOI L > THEEREES RS 5 2 & 058
B EINTWD, §/4bb, Si0,-1 Ty
S VBARPTOBRENMRISIC LY 3 1 540K
L, Bl&EEsRD) IR U LENAEZ{TH C LItk
VBB 3, 4,5, BOERMBEIERT 5,
8i0,—- 2, ALO;— 138 KTALO;— 2 Tl3E T 2
HERL, #hEN2), 3)BLC4)RITRENT
WAL k- CE X BEORTESERT 5,

R RO/B5 R
. , RN
Mo 77— CHlg) ot OH OH OH OH 0°C ,MQ "9 MP, MO\
2 J pentane 0 0 O 0 or 0O 0 O 0
I 1 i l/ P | | I [
1 2
Hy | 600°C
00 00 o 0
M;  M§ . Mo Mg - Mo - Mo
OO0 0 0 —_— 0O 0 0 O —_— 0O 0 0 0
 acceciraeerrerres 7 irrrir i
8 \ /
AN
“ / Mo-O-Mo
IN. N
O 0 0 0O
QR OLP Ceciiecccectes
Mq Mg 4
0O 0 0O 0
AT \
7 0 0
Q\//O\ /fO Mo//O\Mo
Mg Mo - SN 7N
&% 6 o g0 § 0
TIIT I STFTTTIITTIITTIT
R:CsHs 9 6

3-3  Mox(N3—CyHs) (DBEELLIC & U 2R & h 3 RiEiE



05 20°C Oz 195°C ¢ EE?—Q%QQ—E%=> Ho S80°C o 1)
evac H,, 450
0, 0°C 0, 400°C H,, 450°C H,, 500°C 5 e 2)
H,, 580°C H,, 500°C 0,, 400°C
0, 0°C 04, 400°C H,, 450°C . H,, 550°C 3)
[ — 8 ...............
H,, 595°C H,, 550°C 0z, 400°C
Oz, 0°C 0, 400°C  Hy, 450°C H,, 550°C H,, 595°C
J=—m———= 6 > g = 5 3 eereeiienia 4)
H,, 595°C 0, 400°C

RIAME 1 ~ 9 LRSS EETELEEEF DB
&G LR FEOMICEXAFSORE . b NA T
BETant, 1, 207 ) LEOKILIICES
BRETHERET SHC~CURILKER BB REDE
EOM, 21DV, BikT 2TPHCHIE D
FERPOREINT, TYNEDHEAEIIONWT
Mckenna 57 bi4OOCLfEL/7LCab 0-S1ilB &
Y -AlLO: % F#AE LinBEIc >V TIREEC
—NMR&:LJ;%ﬁfﬁa]‘%ﬁo“Cmé FODHRERIT
FNIESI0,DF\EITIZ 0B L0 7 OEKEETIH
HELTVWE2DICH L TALO; TERBAE T -7
DVETHLE2NTWA, ZAE 8 IZHEEEO
DLRIEIT & 545, FE, £DOXPSHHMold 6
fMicd s EPERNEN, 2, UVLDER—
DANZ MIVERLIZ, 7220 TRUVIZ3II0,
405nmDWZR LUz 2 & s 5o 2E) 7
TZIUHEERRB IR, bit>0WTiE, 7%
HagtLizbD&, 320CTHIELIEZLDH
410, 317mmicRN Z#HOE—OUVERLE O &
»i, ZOMold 4ffid VA RO LpE
Zbhtz, Al,Oz— 1 T 7 #400°C, Q.ULFE$ 5
E 8B LNIY, AlOs;— BT 7 #@E
FFETREBULLEDIESERLBUVELE R,
FITIOHEDIZDWVWTEXAFSIT & AREA50
Zbofl, ZOFER, Mo sBE%0.177nmd
BERECH S BOMBERTFPELEST S, £, Mo
~MoR D IEREIL0. 31~0.320m T & 5 & DR
BoNl,CDEHITLT Y OEE@ESHRS H Tz,
CDEXAFSORERIIMIE 1 — 9 Hpaired Mok
WEEDHIEDEEN LIRS - 1205, 0t

DR E U TERERE 2 OTPHCRIERE &
bn(méo?abé,ﬁﬁﬁmﬂnﬁCiﬁl
RKOE—-7 25270 LT 2DOTPHCIEE
FARALO;— 1 DFET~250T &400C, Al0s—
2DHFET~150T E20CD2ERKDE -2 #R L
fzo ChbidEhEFn 1 HOMod LA EELER
RSO T)IVE (F3-3, 204807 Y
VAL, BEELL 2 HOMo S HEFHAEZH DT
DNVE (RU<ARoT ) V) wiRBahr,
3:2:2:2 AAvy ARGIEM
0CTO7UuVr L yDAY Y ARGITEN
T, BERYICIE4 iMooz &Er2, 5, 6, Bk
C3ffiMok BtV REESEREARL, 21
MoZz&ts 3, 6D 8B kU5 MD 7 1R EY
THotz, 4B EETHY, 2, 6 {{IMoAR
EMETH 5 X BB MoEEMIEDOB S & —H U
TWV5, CNHOREREIERMofMED10~
1000FDFEHHERL 7, IHMERERE O Turnover
frequency = B SE (KA D 2 h & iz &322
AU,
FARKERIC>OWTHEST A&, oK
TAHEMETIIREK L 2 BOMICEARN 5 2RI
BONTH, (LAL, ZIZTEHERL L,
PAELF LY D20CTOREKGITBENT
Si0;~ 1 LOHEEBIIA CIEEER I LA 2
MRS IIELL BWEEERT CENRVEIA
TV5H™,) A—OXREECOVTHET 2 &%
BEOERCLDEROEBVSHLPILED SN
BHo T, A—OFZEHETCIZALO;DEEIZ133E
HEOENILAMoY7z 0 OFEMIZZERIIH E



®3—2 MonTYILEEED A ¥ ¥ AEH:

Surface Turnover
Support
structure frequency
R R
\ /
MO A1203—1 0.281
R R )
\/
MO A]zo;;—z 0.636
R R
\/ i
Mo S5i0,-1 0.278
R R
\/
Mo Si0,-2 5.36
R R RR
Vo NS
Mo Mo Al,0,-1 0.222
R R RR
\ N/
Mo Mo Al,0;-2 0.771
/.
RR RR
VNS
Mo Mo S10,-2 3.33
Sy ‘
R
Mo Mo Si0,-1 0.056
i
(lll) ‘
Mo Al,O;-2 0.431
A
VN \
Mo Mo Al 05-1 0.126
70
Mo Mo Si0,-2 0.199
S
/O
Mo-0~Mo AlL,O,-2 0.325
R CH;

iS4 0T,

CaHsElg .6torr (Al 203—1, Si02'1 5
19.3torr (Al 0;-2, Si%:-2),
Turnover frequency : CoHy%F/min- Mo

07z As, Si0,— i, AL LIE2 &
5 DR %bwﬁwﬁwbbﬂ,ou@b&ﬁb,
TREZECRLEEOBOWRAENSTEET S Z
EWHP B

33 % &£ 8

PlE, Rz Vg, 70 vekE B0k
MoFE R AE D X READBEEEEL ORI D
WTH ATz, TR O Mok % L iise
&L T Moz (0AC)  OREEN BEFHE S h
TWAIETTH A,

FRD &5 i E R ORAE 1 IR O R
REE I ETRTE U TRz b3 205, 7 Uk
RIZ K DFER P HEBRIR T H 52 DIZE~H VR
ZNVEERIC R AR IGERTH Y, REEOLE
s, MoDELE, HMEMF, X% ¥y A7EHE
REEICODWTFRHL S EHEINTHSE, &
OB ZEREREEOE—HOREATRT &0 L
Zaoh, EHEIIBIAERIZOH ﬁ@ﬁ@
RIS A B OBEY L0 EE, YT
Bz _%®ﬁ—ﬁ%MV¢b%EﬁWﬂi&w;&
’$éé®&uhné WIhice Lk, o
I BBV THEFREDHE L EEICT
ﬁ%?@él%wiﬁﬁ%m,@bMé%ﬁ@&
fEr TR A —DDEELETICGES Z LIIEE
WRBBR XN B, $E-C, WMFANIZ L T % char-
acterized 5 7>, OMANIZ U T HIH = ALz EEER
EBAPDPIOBEICL—DOHEBELHEE LS
THHD,

EhIZ

PlE, 2% 43 ARIEHAE LT oMol 5T
DOERIZONT, AR NVEE, HoH0Ea -

T EEEE VBRI LA L WEMZ H
DT U 72 .

B E (b EE R AR O 2 AR A FRIG S M T10
SErFBU7Tz, MP), COFEIEE—RAMELE
FUZEMELL £ &9 BEK, & 50 3B
TOEEREEY—~EL &2 LT ERTHL SN
12DTHBHD, PROERICHEVWEYFEIL
o IZRRRIGERYME, K, BRAOEFEMEL ERE
Sk OWEFFE B 2 WDIZ S — R T VT s
HELS ROHIN, ZOERTHHL WSS
HEELTHEHE N T WA, L L, ZOWRTE
LIEHTANE L, COBOREOTIEE PR



¥ OMFFME % “Traditional catalyst” &L,
BE L8R IE % “Synthesized catalyst” & X
BUCHATVAE L EITBEHMINL LA, 2D
FHEIE->TTA vahkmdazEs o &5
R0, Lirh, EN(LEEEH 50 I35
A2 RS LR S W LIRS TH 3R 1 BRI &
HAT, EZON-A0FCHMEERZHEBELOL
HEBERTED LD »TERIETH A,
FEEE 20 & TR B W T b iR 2 5
REBEE LLRIBRY, 72/ 7L—-2 R
V—EtBRO—RE L TERBIATWVWSE, ZOHE
R LB IS D 72 B MRS O R O T ENIC
WREOBETHVET LD -1, BT
WO, OREBER~OHEEL, L bERE
FTHEBEDOD—2THEHEELXD,
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The preparation of Steatite Porcelain from Matsumae Talc
and Its Electric Characteristic

In accordance with the grade of talc; its particle size, color, shape and chemical composi-
tion, etc, it is widely used for ceramic-glaze, steatite porcelain, paper-manufacturing, paints
and so on. Matsumae talc mine in Hokkaido had good deposits, and the mining of these has
been in active operation since 1950, comprizing 20 % of Japanese talc output. At present,
the high-grade talc resources of Matsumae have been exhausted. The Hokkaido Develop-
ment Agency has conducted a survey for the purpose of the development of new ore deposits
and has discovered new low-grade talc deposits of more than several hundred thausand tons.

In this report, in order to develop the utilization of low-grade talc, the direct preparation
of steatite porcelain from talc ore and the measurement of electric characteristic of the steatite
were carried out. The results showed that the electric materials from the Matsumae steatite
could be utilized in a similar manner as the commercial steatite, although the iron content of

the Matsumae steatite was about 10 times that of the commercial one.
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Solvent  Fractionation Fraction Symbol Asphaltenes c Preasphaltenes
procedure ‘
1 Room temperature 0il-1 : n-hexane soluble ol O Oils
N-hexane decantatlion G
2 Soxhlet extraction Ql-2 © n~hexane extract (e} a?es
- \
e}
Benzene 3 Soxhlet extraction  ASPheltene benzene souble, Asphaltenes (o] Preasphaltenes
N n-hexane nsolubles *
{Organic benzene Insolubles) (0.B1) Oils
4 Foom temperature Pyridine soluble, benzene Fy-1
decantation insolubles Y
Pyridine 5 Soxhlet extraction Pyridine extract Py-2 . R .
Soxhlet extraction  Organio pyrldine or Figure 10 Reaction mechanism of coal liguefaction
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Table 2 Classification of coal llquefaction processes®® 3%

SINGLE STAGE DIRECT LIQUEFACTION
- H-COAL
— EXXON DONOR SOLVENT
- SRC-l
- SRC-I
TWO STAGE DIRECT LIQUEFACTION
® GOAL: SELECTIVE Ha UTILIZATION
- THERMAL 1st STAGE REACTOR
~  CATALYTIC 2nd STAGE REACTOR
e SRCA
DISSOLVER — K-M CS DEASHING — L-C FINER
* LUMMUS
DISSOLVER — LUMMUS AS DEASHING — L-C FINER
® KERR-McGEE
DISSOLVER — K-M CS DEASHING -» H-OIL
® CHEVRON
DISSOLVER — FIXED BED HYDROFINER - HYDROCLONES
® CRE LIQUID SOLVENT EXTRACTION
DISSOLVER — FILTRATION — FIXED 8ED HYDROFINER
® HRI
DISSOLVER — H-COAL — HYDROCLONES
¢ GFK
MILD HYDROGENATION REACTOR — HOT SEPARATOR
— HYDROCOKER

PYROLYSIS AND HYDROPYROLYSIS

INDIREGCT LIQUEFACTION
— SASOL

= METHANCL AND MOBIL MTG
—~ FISCHER-TROPSCH

2:2 —BRE#RLEEERDHER

COTE, JLHELERRERBATO0. 1Ton/
Dayfijk EERILERRBESR (K13) ¥ cBs
NI EBREREROITRN 238 - ot
REFLS24F 0 HIBRIS3EIC T T T, 74 b, &
ERTTebh, BRME,» 52RO T 2 b EiEs
TR0, KIS DRELEE U, BES I
250D RIS ZAF T T 3300 LI 0B iz #4773 1
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1. Vehicle Oil Tank 13. 2nd Cooler
2. Coal Paste Tank 14. 1st Gas-Liquld Separater
3. Welghing Vessel 15. 2nd Gas-Liquid Separator
4. High Pressure Paste Pump 16. Let-down Valve
6. Make Up Hydrogen 17. Let-down Valve
6. Inlet Gas Flowmeter 18. Receiver of Coal-derived Oil
7. Hydrogen Compressor 19. Waste Water Tank
8. Hydrogen Accumulator 20. Pressure Control Valve
9. Hydrogen Preheater 21, Qutlet Gas Flowmeter
10. Coal Paste Preheater 2z, Mist Separator
11. Reactor 23. Recycle Compressor
12. 1st Cooler
Figure 13 Flow diagram of 0.1t/d coal liquefaction
bench plant3®
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Figure 14 Change of distillate yields with coal rank38
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Figure 156 Change of H/C ratios of
with coal rank3®
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Figure 16 Change of structural characteristics of various

distillates with coal rank3®
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Figure 17 FI and FD mass spectra of Yallourn

coal-derived oil (RUN-702)3®
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Figure 18 Type analysis by FIA method of naphtha
fraction from coals with different rank3®

Liquetaction condition
reaction temp. = 450C
reaction pressure = 30dkg/cm?
residence time = 50min.
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Table 3 Identified components in the fraction RUN-605 IBP-130C3®

Peak Peak
No. M* Name No.
1 86 2-methyl-pentane 19
2 72 2-butanone, Methyl-ethyl-ketone 20
3 86 n-hexane 21
4 84 Methyl-cyclopentane 22
5 78 Benzene 23
6 84 Cyclohexane 24
7 82 Cyclohexene 25
8 100 3-methyl-hexane 26
9 98 Trans-1, 3-dimethyl-cyclopentane 27
10 98 Cis-1, 3-dimethyl-cyclopentane 28
11 98 1, 2-dimethyl-cyclopentane 29
12 98 1-heptene 30
13 100 n-heptane 31
14 96 2-methyl-2, 4-hexadiene 32
15 98 Ethyl-cyclohexane 33
16 a8 Ethyl-cyclopentane 34
17 96 4-methyl-cyciohexene 35
18 100,112 Mix 36

M* Name

92 Toluene

96 1-methyl-cyclohexene

114 2-methyl-heptane

112 Unknown

112 Cis-1-methyl, 2-ethyl-cyclopentane
112 Trans-1, 3-dimethyl-cyclohexane
114 n-octane

100,122 Mix

110 2, 5-dimethyl-1, 5-hexadiene

100,112 Mix

112 Ethyl-cyclohexane

128 2-methyl-octane, 2, S—dimethyl—heptane
110 1-ethyl-cyclohexane

106 Ethylbenzene

106,124 Mix

110,124 Mix

106 O-xylene

128 n-nonane

BERMOEEIZB L T, KRR AR R &
LT400CTWEZ LAV —  lIET ¥ R TV il,
BT BNWTET Y b Fv&ET v T EY
HMOBEM0CLL OB ERHOWTHRE LTz, A
RA— 2 NEEOHEREE T, SRGREICSE
WTHRIEICR I IEEL VWY, BEELEmZ
AW BE O SHRESNEES L, R
BanE, KEHEREDL E»-> 2, once
through D EBFEE T2, BHEABHILU LOENE
SORRICHEAROBEIHOXESEELN
120 T2+ 7HBLSOFIAGH ORI, HOE
SOk E RO IBE DN, HERED D
2, MmRIEAERS NS L, KFEbLoE2H
ABEIETLTNS Z & - 12,

RIGERE, RIEKEOFEC>\WTIE, mED
BEREEH I 7 EIWLTICHREES A EN
L, &+ AESPESTEHEEAPRO Oz, F
THESOFIAGHFOBRICBE N TS, MHEDOH
KEEHITHERERRD VR L, SARIEKER
SasHsin L AkFEC oA D BE(EASEI T LTV
5 EHBREHHNI

RISEHN OBV T, FRRICKFERR

A EVBR & U T450C, 500D RIGSRMS T T RIG
FEH % 200kg /it 2> 5 300kg et THIMUL 12 & Z
7, HAERSIE S, KEHERNFI 3%

56.15% F TICHEML, T 7FEONEE LUk
MR SINE ML, BCEOREIETL,
7SR ORFRICAKERS AL, FEE
AR UT, RICENOEKIZ X 5KE LD
(e # FH &3 2BESRD bz,

BRI ARBEOEEIIS>VTIE, BANGRT
34357, 300kg.cf, 5047, ASEFERIZDOTIE
4507, 300kg,/af, 5073 DRGSR T cHEthsi
Antz, 2OFKRE, BRI ARBOBINZ LY,
KRFHEERSET L, HHEES RO
FHohdbom, +7ESFOBEMKEIAE
OB L, AEHEESPHEMT 2EEERL
1L lBHPH, TRBHAF—IVET v 7O
iR D RRO KGR RREI RS U, K
B ULASEITLT O 25 EAETRLTHLSD
DEEZHND, N—A MHDOIRIBE%40% >
545% £ THIMU 2B\ EITB VT HRBHBERY
6.14wt% (d.m.f. coal basis) » 54.59wt% (d.m.I.
coal basis) ETEA L, FANENI. 77% (d.m.f.
coal basis) » 514.27wt% (d.m.f. coal basis)
EEIHERZR L 12,

A4 0Ty TAKERBOEE L, KFRERICE
W T 13450°C, 200kgcd, 35D ORISHEMET T
3. 41N’ /hr» 55, 90Nnd /hr & THEIN U 1243,
COFPTIEAL 7T v TKREREOHINT LD



R OIS & T 7 F OB B
B OB BESRD 5NDH, HLLAELIX
o ohisyoitz,

23 ZEBREHELERDHER

B bEOEN, AZOFRNELA A
ENWHETHY, E2RRLLEIBRTORA
MBS BV IBBE AR TE T,

21913 CE — Lummus,~ Cities Service2Ba3 L
7z short contact time (SCT) ¥ 1t . Lummus
Anti-solvent Deashing, /LC—Fining D # &1
B 7> 5 Pl % Integrated Two-Stage Coal Liquef-
action Process (ITSL) ©7W— b3 — bTh
%, 1BHOSCTHILIL463°C, 165kg  cf, 17
~ 415D RUSEEHBE U, 2 BEBEOLC—Fin-
ing T1dShell324 (Ni—Mo) Z s L, 410~
433, 186kg,/ cd DRSS Tz S Nlz, New
Brunswick, NJICEE XN 723,74 Ton/Day 7
7 Mid30y AMOBECHI L THEHY ™,
SRICERB I 2EOKRHBRIRDITRIINS

Overhead Antisoivent
Progucts
Overflow
Goal 1st Stage Atmospheric Antisolvent ort o Continuous
Liquefaction Flash Deashing Unik| —| AfMmosPnenc Distliation

Ha (scT) Flash
;na Stage
LC-Fining

+343C

Figure 19 Integrated two stage liquefaction PDU current
process flowscheme*'?
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X201% Chevron Research Company3fa%& L 7=
Chevron Coal Liquefaction Process (CCLP)®
JU—Y— FTHY, dissolution  fixed-bed
hydrorefining,/hydroclones D# & & hH 4 b 5 B,
%o 4.5~22.5kg (coal) /DayBBED 735 v +
THHRENBAtR X, 6 Ton/ Day®Pilot Plant)s
BRI NLY CCLPETE, 1 BEOER
RIG (~425T) CHEBRU RIEE I E S RIGE

Table 4 Integrated Two Stage Process vs. Single Stage Coal Liguefaction Processes for all

Distillate Products®"

Yields, wt % of MAF Coal
C4—Ca4 Gases
Cs—390°F (200C) Naphtha

380°F —650°F (200C —344T) Mid Distiliate
650°F —850°F (344T —455C) Heavy Distillate

Hydrogen Added, wt. 9% of MAF Coal

Distillate Yield, wt. % of MAF Coal

Hydrogen Consumption Efficiency
(b distillate/Ib Hydrogen Added)

SRC-I1" H-Coal*™* ITSL
18.8 14.8 5.1
11.6** 18.6 7.4
20.3* 24.7 38.8
8.0™ 5.3 9.0
5.0 5.5 4,67
40.9 48.8 5b.2
8.2 8.8 11.8

"“The SRC Il Demonstration Project,” Freel, Jackson, Schmid, Synfuels Conference, San Francisco, Califormia, October 1880.
“**SRC Il distillate boiling ranges are Cs-380°F(193G), 380-800°F(193T-316°C), 600-300°F(316'C-488°C).
""" Engineering evaluation of Conceptual Coal Conversion Plant Using the H-Coal Liguefaction Process,” EPRI AF-1297, Project 411-4:

December, 1878.



Table & Integrated Two Stage Process vs. Single Stage Coal Liquefaction Processes Distillate

Product Quality*"

Typical Distillate Nitrogen
Concentration (wt 9)
Cs—390°F (200TC) Naphtha

390°F —650°F (200C —344°C) Mid Distillate

§50°F —850°F (344'C —455C) Heavy Distillate

Typical Distillate Sulfur

Concentration (wt %)
Cs—390°F (200°C) Naphtha

390°F —500°F (200 —344T) Mid Distillate

500°F —650°F (344'C —455T) Heavy Distillate

SRC-11* H-Coal™* ITSL
0.45** 0.29 0.06
0.80™* 0.55 0.14
110" 0.73 0.21
0.19* 0.06 0.06
0.22** 0.08 0.07
0.38* 0.08 0.09

*“The SRC |l Demonstration Project,” Frel, Jackson, Schmid, Synfuels Conference, San Francisco,California, October 138).
**SRC |1 distillate boiling ranges are Cs-380"F(133T), 380-600°F(193'C~-316'C), 600-800°F(316°C-488T ).
**“Engineering evaluation of Conceptual Coal Conversion Plant Using the H-Coal Liquefaction Process,” EPRI AF-1287, Project 411-4;

December, 1979,
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Flgure 20 The Chevron coal liquefaction process (CCLP)
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HRE LT, 1BEE 2 BREHORMIC BB
ZRITOZNOPRETH S, LrLEds,
2B E DR T O v X DEEEADIHE H 50N
ERRIGROHERS LOHHEL 7oA LOEE
BRFTHAHHIEEZLNEY, T 5%
ISERIEHH b pIZIh TV, #E6, BR2H
HERETOEVWEAOREICHT 5 CCLPE
OBEAEERLIZLDOTHY, WThORBICH
LT HEWEELE (K undissolved coal) B &
OB WHEINE (oil yield) 252 W05, 1li-
nois No. 8 JRIC 20T, SWOiE{EE (90. 2wt %,
daf coal) B L TMENC,—C M A ERE (7. 4wt %,
daf coal) ZRL, #DO#EE, FEHCEHVLA LV
IXZ# (4.6bblton) B BN, < ORINHIZX

Table § Product distributions for coals liquefied using CCLP4S

Illinois No. 6 Tllinois No. 2 Dietz No. 1 Australian brown coal
Feed coal (Burning Star) (Sunspot) (Decker) (Morwell)
Products (wt 9, daf coal)
7.4 6.8 10.7 10.2

C1-Cs3
>Ca4 liquid 73.7 79.6 65.2 66.1
Undissolved coal® 9.8 4.2 1.8 4.5
Hz0, COx 15.3 17.8 20.0 28.0
H2S, NHa
Oil yield

(bbl {>Cas) t™ (daf coal)) 4.8 5.2 4.2 4.4
Hz consumption,

(m3 bbl™ (>Ca4)) 142 173 195 218

2 Ethyl acetate-insoluble material



T AEOVEREPEAKREEE, 1420 bblICH
5L T%, ¥ Deckerf#E R & U Morwell
BRO & D BECORLHES S0, R
EENAS, Ci—Co M AR N % M= ic
5 (10.75 £ 010, 2wt%, daf coal), T DE
WA AERED K OREHNOFEBHED I DHITF
ANWRRIEPITETLTWVS (4.2~4.4bbl/
Ton), © DR, KBHEEESHMNT S (19556
L2180,/ bbl)e E T, @A A4 VREIT
27, BREORRERSZCCLPEHEILBNT
KT B ERERUTNS, BIRERY IMES
BEAS300ppm TR, EHFREE S 2500ppm AT & FE

Table 7 CCLP >C4 liquid product inspections“®

WITEL, #LTHBD>538C (>1000F) #
BHRE (Z10wt% ) 2EATVS, EOKEBE
RTCIDEI BEAHBOBREEGPFERT S
L, CCLPHRIZBY 2/KFEDOHKRMAIH%E
LTS, F8IX205~370C (400~700°F) &
H O /NEUBRBERS 12 B 1 B AR BRAS SR & TR No.
2 ol LU TRLIZBDTH B, CCLPEH
HOBBEER X GHREN. 2 alld 2N EEEILT
HY, BIEONOxBE B L Usmokee missions
DEEINRIICEEERYH D, AREILICED
R U EREREHOBEII BN TR, BES
smoke emissionsBE LN B I, WhizdT v

Illinois No. 6 Tllinois No. 2 Dietz No. 1 Australian brown
Feed coal (Burning Star) (Sunspot) (Decker) (Morwell)
>C4 liguid inspections
Gravity (CAPI) 22.6 29.3 27.0 32.0
8 (ppm) 130 130 50 10
N (ppm) 2300 400 2500 250
Atomic H/C ratio 1.48 1.76 1.80 1.69
Cz-insoluble materials (wt 9%) 2.3 0.3 1.6 0.2
Distillation® (wt %)
C4—205C (400°F) 13 21 17 24
205—343C (400—650°F) 36 26 37 48
343—538C (850 —1000°F) 42 43 35 26
>538C (>1000°F) 10 10 10 2
Oil yield 5
{bbl {>Ca}t™ (daf coal)) 4.6 5.2 4.2 4.4
H2 consumption
(m® bbl™? (>Ca4)) 142 173 195 218
2 Simulated by TGA
Table 8 Mini-combustor® tests on coal-derived fuel*™
Fuel No 2 Ol CCLP400—700°F illinols No 6 Distiltate No. 2 Cii
Air flow (gs™") 43 58 58 58 58 58 a8 54 54 54 58 54 54 54 54
Fuel flow {(gs~) 1.0 1.4 19 1.2 1.2 1.8 1.5 1.8 18 1.8 1.8 18 1.0 1.4
Atomizing air {gs™"} 2.58 2.83 2.58 2.58 z.58 2.58 2.58 2.58 2.58 2.58 2.58 2.58 2.58 2 58
Combustor
Inlet pressure (kPa) 310 319 303 310 290 303 310 296 310 317 317 317 310 310 310
Inlet temp. (T) 282 299 299 298 302 302 29% 298 283 280 290 288 288 288 288
AV combustor
Cutlet temp. (T) 839 1021 1166 868 849 1040 1048 1030 1032 113§ 127 1113 880 1016 1168
comb. 1 (T) 588 660 693 827 521 674 696 690 639 783 754 754 485 646 696
wall 2 (T) 738 718 g0z 804 707 899 927 10 921 9%0 an 857 566 763 854
Temp. 3 (T) 630 757 1032 896 596 807 830 796 802 954 949 310 588 202 957
COz (%) 4.8 5.3 5.8 4.9 4.9 5.8 5.8 5.8 5.9 5.9 6.2 6.4 4.9 54 5.9
CO (ppm) 7 5 [ 44 3 4 4 4 5 7 66 6 5 7 8
UHC® (ppm) 2 3 4 11 i H 1 1 1 1 1 1 H 2 1
NOx® (ppl‘n) 115 140 200 100 115 165 170 16¢ 160 185 i85 175 115 140 200
sSmoke® 1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Flame temp. (T) 1800 1800 1800 1800 1800 1800 1800 180D 1800 1800 1800 1800 1800 1800 1800
Nozzle &§gph 45° Hollow cone §gph 10" Hollow cone

? Combustor 100 mm dlameter

® UHC in equivalent CH4, ppm

° NOx refers to reading with a chemiluminescent instrument
¢ Smoke number is in Bacharach Smoke No.
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Figure 21 CCLP lllinois No. 6 coal-derived liquids on
the Stangeland surface. A, CCLP liquids; B, range of
cuts from typical petroleum oils 4%
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Table § Effect of operating severity on product properties In
CCLP. %5 :
Feed coal, Ilinois No. § (Burning Star)

Cperational change Lower severity Higher severity

>C4 hquid
product properties
Gravity (CAPI) 226 259
N (ppm) 2300 500
Atomic H/C ratio 148 1.71
Cz-insoluble materials
(wt %) 23 1.0
Cistillation @ (wt 96)
C4—205C (400°F) 13 28
205—343TC (400—650°F) 36 41
343—538C (650~ 1000°F) 42 25
>E38C (>4000°F) 10 6
Hz consumption,
(m® bbi™" (>C4)) 142 176

2 SImulated by TGA

BRGNS, —F, b UEGREORRSNETH
nE, EFTESE (lower severity) TO#HEZH
WBZ&ILED, KRHERICBT 2ERE L2
5L, BENICEREL S, CCLPERthDHK
LRI LT, 1) w4 VIR, 2) JE0n
ARELE, 3) BhrEmERBE04) 3
WS ARRNAH, 2EXLIBEE3NTVA,

Z DD _BRERAbEL LTid, R2ITRLK
KTt AT EIN TS, International
Coal Refining Co. ¢ & Dissolver /K — M CS
Deashing /'L —C Finer®f#lH# & HHIC & B5SRC
— T 48 % | Wilsonville ©Edison Electric In-
stitute " Southern Company Services, Inc,/ Cat-
alytic, Inc.#"Dissolver " K—M CS Deashing,”H
—Oil % #l # & D T Kerr-McGee I ™ %,
National Coal Board ¢ i3 Dissolver / Filtration
/ Fix-Bed Hydrofiner Dl #+ & #H w12 & 5 CRE
Liquid Solvent Extraction 55254 % Hydro-
carbon Research Inc. € 3 Dissolver.” H-Coal //
Hydroclones D& &b 12 & 5 HRIES 5 %,
B & U GFK 7 i Mild Hydrogenation Reactor,”
Hot Separator,” Hydrocoker Ol &G H @I L5
Pyrosol 70+ A AW L T 5,

X 517, Derbyshire 5 XRITR L1 &2 5K
JGEEE & FD T, RO FEEEIERGS 21T

QUENCH
CATALYST
COAL
INJECTOR INJECTCR
COMPUTER
CONTROL COLD
—— TRAPPING [— Hz

SYSTEM
3

g HEAT

He

Figure 22 Schematic of autoclave systemﬁg’

Table 10 Effect of Interstage cooling on two-stage coal conversion
{Belle Ayr coal, hydrogenated solvent, solvent/daf coal/catalyst =
2,0:1.0:0.84)°%

Low solvent ratio

Reaction
Thermal 450, 9 min 450C, 8 min
Interstage None Cool to ambient
Catalytic 450°C, 80 min 450C, 60 min
Conversion (%} 91.7 78.7
Selectivity to heptane-
soluble, (%) 8386 74.4
C1—=Ca yield® 4.0 6.1
Cs—204T yield® 21.2 18.5

2 Per cent of soclvent + mf coal charged



Table 11 Changes in free radical concentration in SCT thermal
products on storage®®

Sample age Radicals g™! daf coal
1 day 422 (% 10'%)
3 days 0.56 (X 10"%)

Belle Ayr coal, hydrogenated solvent/daf coal = 3/4, 427C, 15min

Ko TWA, 2101, EVER/ AR (~2 1 1)
ik, 1 BEORNISIRKIGE 2 B H OBk
LIRIGE OFREBREEIC B T ARkt Es LU
AT Y VEES A DERE L & OER o ITE
WrE2 52 ERRLTWVA, 2F 0, FRHIERMKE
B A%HD 2 BEEOBMIARKIGIIFLT
KISHEOZ LB 25K 20 RG = {EEd 5
ZERBELMICLI, EHICEILE, 1EBEHD
SCTHILDERHHFO 7 ) —F VA VBEDK
b (—10T) BT AB{LERHLIZLOTH
v, FEIAETR1IEEOKD T VA NVEEI
BABIENRINT, K231, 1EBRBEODOSCTH
LB T H5EREROEEERFLILHDTH
0, KFLBRIVPENLEILERES5A, 1BH
OVEFIMER DS 2 By B OBMIKRILEZ I B VS
e % AR T ABOMLAT &85 & 7R
LTWa, #1221, 1EREORNERRIGIKEY
BEEREOEE 2B UIERERL TS,
450°C, 9 73 OEITARE LD 4 DFERIE, 450TC,
605> DEIARG & 2 R B oBEfnydin(k & o
HEDYE I BEVER(LES LOCRWAERY S
%5 %, HH»IC60DMOBNABRKICDEICA
AWORES RIS Y, FARESENL, B

Hydrogenated solvent

Non-hydrogenated solvent

C1-Ca
%; Cs-204T

Q
Conversion  Solvent Selectivity  Cqi-204C*

Yo

{wt %)

%) recovery to heptane-  yield
(%) soluble
materials
(%)

Figure 23 Effect of solvent quality on two-stage conversion®®
{Belle Ayr coal, solvent/daf coal/catalyst=2/1/0.34. Reaction:
450C, 9 min thermal; 460, 60 min catalytic)® (3% soivent+mf
coal charged)

Table 12 Influence of extended thermal reaction on two stage
conversion3¥

Reaction 450°C, 9 min 450T, 9 min 450C, 60 min
Thermal {Rs = 104.0) (Rs = 104.8) (Rs = 549.7)
Interstage = - -
Catalytic - 450C, 60 min 450G, 60 min
Conversion (%) 64.2 91.7 505
Solvent re-

covery (%) 93.6 9.7 747
Selectivity to

heptane-

solubles (%) 509 83.6 50.3

Yield of light products

(% solvent + mf coal charged)

C1—Ca 3.08 386 9.08
Cs—204C 8.55 21.22 12.71

Belle Ayr coal, hydrogenated solvent/daf coal/catalyst =2'1:0.34

Table 13 Product distributions in Wyodak coal conversion®

Source

Experimental data (this study)

Exxon H-coal
A B C Bottoms Normal
Solvent Non-hydrogenated Hydrogenated Non-hydrogenated recycle mode recycie
Reaction conditions
Thermal - 427°C, 18 min 450C, 9 min 427'C, 100 min -
Catalytic 427°C, 60 min 400°C, 60 min 400°C, 60 min - 445°C*2
Pressure (MfPa) 9.7 9.7 9.7 16.8 20.6
Solvent/daf coal/
catalyst 2.13/1/0.34 2.22/1/0.35 2.1/1/0.33 3.4/1/— 2.2/1/ND®
Product (% daf coal)
C1—Cs 6.5 7.6 6.7 12.6 10.1
Ca—400°F 35.1 28.2 32.8 33.8 28.6
Solvent recovery (%) 102.5 103.8 100.3 - 101.9
Coal conversion (%) 94.4 86.7 80.9 - 90.0

@ Approximately 30 min residence time
b Catalyst age 934 Ib coal per Ib catalyst
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Table 14 Desirable characteristics for a coal liquefaction
process ) 69

Ability to process a wide variety of coals
High coal conversion

High liquid yields

Minimal gas make

Minimal residuum production

High hydrogen utilization efficiency

High quality liquid product
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Chemistry of Coal Liquefaction Reaction
Ryoichi Yoshida
SYNOPSIS

The effect of the reaction conditions such as temperature, pressure, solvent, catalyst and
coal rank, on the properties of liquid products is discussed in relation to the coal liquefaction
mechanism.,

On the basis of the consideration on coal liquefaction mechanism, it has been understood
that the outline of coal liquefaction reaction consists of two steps ; the first step being a rapid
thermal reaction and the second step being a comparatively slow hydrogenation/hydrocrack-
ing reaction of coal-derived products and it is also considered to be a rate-cantrolling step.

Then, the various developed or developing coal liquefaction processes are classified into
two categories ; (a) a single-stage liquefaction process : both the initial thermal reaction of
coal and the upgrading of the coal-derived products are carried out in the presence of a
catalyst at the same time in a single reactor, and (b) a two-stage liquefaction process : the ini-
tial thermal reaction of coal and the catalytic upgrading of the coal-derived products are car-
ried out sequentially under independent reaction conditions in two separate reactors. And
the relationship between the properties of liquid products and reaction conditions is investi-

gated in conjuncqion with the coal liquefaction processes of these two categories.
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