HOKKAIDO UNIVERSITY

Title BB IC & 2 ARDBEKRIEDE
Author (s) RA, &; Takeya, Gen; AF, Hift s
Citation biEE R TEMMARS, 35 161-172
Issue Date 1964-06-30
Doc URL https://hdl. handle.net/2115/40742

Type departmental bulletin paper

File Information 35 151-172, pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




T e 2B T K B A B D R HE K FR AL

Gekm) WA B AHEE R AMER
A ORI AL FBEIEE M IPRIR
e R Bl MREF

(ermz) EBH 5L AR % N X EER—F

Studies on the Continuous Coal Hydrogenation Process

Gen TAKEYA, Tadao IsHII, Mitsuomi ITOH, Masao KUGO,

Shigeru HAYASHI, Yousuke MAEKAWA, Masataka MAKABE,

Kazuo MAKINO, Yoshimi YAMAGUCHI, Susumu YOKOYAMA
Sonoko AIZAWA,

Hiroshi Nacal, Akira AKAMA, Shigeru KOIKE,
Waichi HIROTA

Abstract

As part of the studies on coal hydrogenation for the purpose of producing aromatic
chemicals from coal, experimental work with a smallscale continuous apparatus has been
carried out in our laboratory since 1956.

The object of these experiments was to study optimum operating conditions of coal
hydrogenation in a flow system, together with a detailed examination on various compo-
nents of hydrogenated-oils.

The flow diagram of the continuous coal hydrogenation apparatus, the reactor and a
double-acting paste pump used are shown in Fig. III-1, I1II-8, III-9-1, III-9-2, III-9-3
and III-3 respectively.

The apparatus was operated under the following reaction conditions : reaction temper-
ature 425-450°C, hydrogen pressure 200 kg/cm?, feed rate of coal paste 8 4/hr, gas circu-
lation rate in the high pressure reaction system 30 m® (N.T.P.)/hr.

A description is made on the improvement in the smallscale experimental paste pump ;
where pfeviously a single ball valve was used (Fig. I11-5), two special shaped ball valves
were placed in the suction and delivery pipes (Fig. III-6). The measurement of the flow
rate of high pressure hydrogen circulated was conducted through a differential pressure
gauge of a direct-sighted type with a pressure proof glass in its body and mercury as the
indicating liquid medium (Fig. III-10). S

"The coal paste prepared as described in the foregoing report gave a satisfactory
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vield of hydrogenated oils (Table 1II-1, III-4).

Three experimental results on the hydrogenation of Sumiyoshi coal were reported
together with 8 hr operational data (Fig. I1I-13, I1I-14, 1II-15; Table III-2, III-3).

Crude oil produced by coal hydrogenation was distilled into 4 fractions and the total
fraction boiling under 280°C was separated into phenolic oils, basic oils and hydrocarbon
oils. Those experimental results are shown as compared with that of oils from the hydro-
genation of the same Sumiyoshi coal with a rotating batch-type autoclave, capable of tre-
ating 1000 g of coal paste, in Table I1I-5 and III-6.

An example of aromatic components in hydrogenated oil analysed in detail is shown
in Table III-7.

1. #
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FROWMARSRETET 2564, MBRICKZERIOEHEBE~RETH S,
BRI IC K B AR OE KR R ORI, DAETE, 1930 FEEP S IR E
D 1937 EP R T EAICHES, DEME OPFRERD &b 54, Bk < 5 NTRE SN
TEBROKBREED T ETICEE > TOIEYL, #-T, COBOPIFEORER, NERE
EEICIBZLDTH>THEETH S, IRCBT 3 EHROBTEKRLSBCBEL TE, B
2, 3 DIRIEHIMAIT, FOHM, MWHEEROCBREEOME, EHEASERLPY, o
HOCT IR A B & B L ROK AL RE OBAE & HEFTRIC DWW T, BEEIR B S o 728
DFHMIC SN THEL 2D~ B,

2. RREBLUVICEE

2.1 EBREBHIUERAE

2:1-1 INHLEEEREE B XUORIEOME

ARBEE OFENE, WHA 14 AR IR T R S IR E O AR MIIC R E L DT
HD, PRISLFEICISE, LB R, SEMERSE VT, SBET S dsEnic, &
#E SIS Ge % 7K SR IE 200 kg/em®, JREE 450 °C, Jq R < — R b 3% A& 6~10 f/hr, SKERERE
50 m%hr (N.T.P) & U, BEHEBRR 8~10 i vl U THIMA 504 ZEL 55 £ 5 1C
AmLbDTH B,

ZORMXIE Fig. IU-1 IKRT LA, <~ R FPEAR, —ZFFHEBE, 4—/v—7
o~ MG G, BEESEERS H, T, ARk, BEhSEER N, FEMHE A B XOKE
BHRRYy 7T CHEDRLDEE, KEETHROBMEFKRER Y TDOHTRA A — &~ %l
LTH RS Y 7ic AR, KEFESHE (55 FE 300 kg/em?®, 10 m*/hr) ¢ 200 kg/em? I fNfE L T
EERD PO R~ A P FHBE BLUOE TR, AR~ MEFE»S £¥—~8rv 7B
KU R =2 A Y T (200 kglem?, 2~20 £/hr) A% 200 kg/em® I FE &4, U < 200kg/em®
WME SN KB EEHL, TRAREE->TRISHE G OEPCHEREMICAD, KERHEE
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BTN % LH L2 450°C, 200 kg/em® @40 FICSUST 5, BUSH G 1818 Cr-Ni i,
P 86 mm, i &H3m, BHASHK80em T TOMSITEHKANEEANTH 5. BENDS
K 2m Of S ETHEISH (BINTPHREEAD) T, COWAEERIC Ko THBMET 2
BUGHPWOKFELOEERE, ERICEE S 0D, BRSO ME M 0.8~1.2 1 i (1
1) OFFCh B, AR IR S DR EE I FUSIEND A —N—=Ta—sef
(W& L2mm, HE19m) IC&oT, BELGLVENO TIORGOS S HIKkERRS, ©
TC250°C UTFiIcmHL, DO TREZHE I AR T8 CRT TR T, BHmHB
FUTCRAEGEIAVERME L TH 5, WHILBLOH A RBHEI blfkmicis kL,
200atm OF EHABRK L BLIUOSHERN, N, N, 28T, BREhEEEZRMBIU 0

M

ﬂ ; : F2 D[I
o
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Fig. 111-1. Diagrammatical flowsheet of continuous liquid phase coal hydrogenation

A : Hydrogen compressor sure
B : High-pressure paste pump M: Middle oil receiver under working
C : High-pressure gas circulation pump pressure
D: High-pressure hydrogen accumulator N,: Light oil separator with Raschig rings
E,, E2: Preheater Nz, Ny: Light oil mist separator under
F,, Fz: High-pressure gas flowmeter working pressure
G : Reactor N, : High pressure gas reservoir
H: First heavy oil(including sludge)re- O : Light oil receiver

ceiver under working pressure Py, Pg, P3: Oil trap under normal pres-
I : Second heavy oil (including sludge) sure

receiver under working pressure with Q: Gas holder

inner cooling coil R;, Ry Gas meter
J : Oil separator under working pressure S : Coal paste stock tank

K, L: Cooling coil under working pres- T : Gear pump
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ICAEEL, B O Ko THPICEIE T Z & 7o LA SUSHB A A, RIEBERS Y ik
HBELRWICS &9, BER Y TR@H A 200 atm, 20°C ¢ 300 £/hr B X TF 600 4/hr DfE
HNOED2H5(1AETH BT 3,
OGS cEE LD s, PUSOMETIE X - THESEWIC CH, % s 52 O ¢, a5
HARDL=HWOH 2 ZBY, HAhd CH, 145 2 2 v A — 2 =i X DEHICOW L,

P DPERA AD— AP L, 200 kg/em® O FEHER CHEHIKFEE RPNCHERINCHTT
BLERBHEDOEBDTH S, APEIC BOTE, EESAEHRNOKEMER 80% =T
SHMVEIELTVE, ERSHEBRORISHIC L2 EE ERAOSIEICE, BHNZ 1 H»6Hn
KFZREATBET, IRNICESICRED H20ik f%t.(ﬁ%bé/\%x I D KGR D:

5 @ﬂm%m%uf@m%m@%%%9va~ﬁ@%x~&~%mmfmmwmﬁﬁ?
L, BBIEEN AREBXUBISEN~ OB HAKEREONE I, BERBERLEY X 5 (7K
ge AL IER) = T3, HAZ Y 7 ZERT2AMEBLCHESZHELTSM b O
2EENTV B,

KBIHE OB, 7 LAY ~ MlERB L DDRISHORIEE LR L, EMhs<—2 b
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- Paste recycled

Reactor

Fig. 111-2. Flow sheet of paste feeding system under high
pressure

A : Coal paste stock tank
B: Gear pump

C, C’: Paste pump cylinder
P,, P,: Pressure gauge

H: Heater
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KO WMA D~V FRZ— PEES>TVEN, ST cORE LR EBREERETHRD
BINTE, ENENK 6 WMEET 5, HIRERYEE LSS0 5 RO I 4 HESR I B A
L, ZREst UIHERE CRBEROTNCEI 1 72 A0z ds, BARRD B U OBERE
I, M, O) %—K 200 kg/em® OFERH S MEE L, BEZENO T AEE 20kg/em® { S50
TR T a8, WRBERDITHEELE> TS,

2:1-2 =X MEABE B X OEANTE

o

AREFEEICHE I L c RS = 2 P ORER MR DO & B0 T, HSEATho H

2:8 DEBIHEBMILL 7288, A AHAEMZ 4:6 QLT Lch DA BN, 20— 2 FBAER
BXo—2 bRy FOREE, Fig TI-2 2O Fig. TI-3 1R Ui, B2 — 2 b RRSER
104 oA C, BARC R > TR TS NERBT OMEN L L, Tt~ 2~
k- T 80~90°C It D, HMins e 2 b RY TETOR— 2+ OWLE, K204
min OF v —:R ¥ 7 (100 r.pm.) ZFANTHFEY, =2+ EY FORARL EOHFE O —
A MREE, SRR EOFO R =2 Ml ERENE, = A MR PREE ST Oy
~£yf§2@%@ébﬁt%@f,%h%mmzammmﬁcgwﬁﬁ,Mﬁmﬁﬁomf
BO, BAMD <~ 2 FESE 3~4 kglem? T, ik HlliE 200 kg/em? TH B, R—R bRy T
BRE, CALTYOA L0~ ORIDOEN, B E~ 2 —-WEOMRLMBEEMEM LT
EHEH (R bo =280 ZEADCEICEST, HHICHEIT 5 C &M TE, 200kg/em® ¢
0~30 f/hr O BAEE TS, EA v ORE 12mm CHEEN T 4, 2 to—-/7Ex%

40 mm, A bW 2 ¥EES 35~45 MiC L, 8~10 fhr iR TV E, Fr-—Hv 7, <

i

Coal paste-outlet j
? (200kg/cm?) .

B
I

I
il R Erosion caused by eccentricity
.ot axis. ot gear pump

200

® Piston

@ Thermometer 0 ]
@ Cylinder heater o m -
100 11 [: N T

? | oG !
Coal paste inlet :
(3~4ka/om?)

Fig. 111-3. Coal paste pump cylinder Fig. 111-4. Gear pump for coal paste
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— 2 By T OERITILICEH T 80~100°C ICHER I N TN S, BifgEiERhEAC—A PO

i%‘&i, ~5E W [E 45 1 A e AN 2 MEICHRET ADT, COREREL > T~
EANREE L,
FHRINCBNT, F¥y—Rv 7 BT =2 PRy I 25 10 BRI DK<~ A b
PAFEB BT 2 & T A, Fv——2ANWEEF ¥~ H Fig. -4 © X 51

FeL, BB E s I~2kg/em® fHICET L, SELEEENINEONEA B> &N
Bo TNRIDOHDOHMEDGERID WA, HFE— X T DI QB ICHIZ T Ak s
BEANTHAMICHE > 72 2DELE DT, Fv— 8y TICER &N 3 RICHS L TH
BHEERBECBOTTEILEST, PROFIETICENTES, SLILAHRA-A T ZE
EEAE R T 2720, £ — 8 Y TOME, W2, WFo i SESrus L TEse
T EMBEND B, 72750 HRST T ITRE LBt -2 PR Y T, Fr—R
IO HME TR OBEC LT Ez@ne,

FRBEUERIIICBOT R~ 2 bRy 7O EFRIC, Fig -5 0xikdms 1 EOR
FAT K B FpE TR, FREOHICHRR TSk L e, RAeNPEICHEE L TEEL
WA DTHLEN, KURDRT -7, Fig I1-3, Fig. TI-6 1c;Rgins 2 BD
FICWE L, ﬁﬁaJ’« BT B L DTS-t
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tcoal paste inlet
Fig. I11-5.

High pressure check Fig. I1I-6. Improved high pressure check
valve of paste pump valve of paste pump

Coal paste
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2:1-3 =2 MPEER

T #1318 : 8 Cr-Ni S5 5 K, AW OWE 12mm, 4% 20 mm, KX 1000mm O & O
& L, EINCHRE L TRHEZE27cm, £X80cm OFANIEM 7 a y 7iclid, &ED
R RR L b o2y E BLUE, £ 8kW, THE4LE 1Om) %k, 5K—Ho
FEE R 'maémmﬁ%@X?VVZMTWAT%D,MM*M(thT/Vx4@MT
Tz D DEBKTMBETE D LIICLTH B, EWEOMMERD 2 — 2 2%
T 2w, WAEM L TEENEE A 250°C PLFICIMA, fE- THEMNABET S~ 2 Ol
TR e 200°C 1T E 5 TREFZET 1R o, 35 a— 7 Z{PiEOH2EWT 57w, -2
— 2 b REAE 8 4/hr 1 U THEEIK 3 & KO A FHE 30~50 m® (NT.P)/hr & 0 5 K%
BT 5 C &I Ui, COXDINERBIEORR, iR PREHBEE T b HEYOEN
INBRINETHEEAEED L EMhot, LD DICTFHREOHENLT » LBEI
B, KERZE $HRBE DK FTOAEM e, FHEHWHEEZEITHISICGED AL T EBT
XFBLOBEESE-TH D, COLIBWRAMES =& ABME, TAENRAR—Z T
@6®:~71&&m$ofm%?n@,%@c&ﬁwfﬁémi“*mmeﬁuimbm

"

g’ ..
=103
fgz//mim@@
Cu gasket 7177 Cu gasket
A - ] R
Coal paste |
and hydrogen | _J
v
Preheater pipe 79 ____ Connecting
(18:8 Cr-Ni) T block
e 3 e 32
:[\\ AN 7 L& N\
Coal paste __i 8 “9’_}:1 o .
and hydrogen | I T |-~ O J
NN N
[
900 -—20 30
986 —: ST

Fig. 11I-7. Connecting part of preheater pipe (Scale 1/2)

*OERA— A+ OFFERBEASRIRMEIGTH 0, RBOBERENEE 2PIEMIET 5 & TR, RISH
FAHKBREAEEZERCAL L6 TERD o1, : ‘
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WhoTH B,

BT EE OB O EE Fig. -7 12K L/, gyu;::sf::;v*us% = 7 K
WREFI 7 ® oy 70T A S BgIcs» s, % 6mm b pradets 33\ %af
DA<= 2 L EBIIBRILE L TR TH B, <0 |
B BHRT D Y 7 2 E R DAY BB B o
7o, FEEOWMINCEBUNIRROWAERL UM, N 2%
DD DUGEIC X » T, DB FAEORMES
AUEPIET BT EMTEE, il
2:144 JT 5 |
SIS E 1818 Cr-Ni # %1 o 14 #¢ 86 mm, A% Cold _[— T :E—fb
Mdmm, F&1m OREAES MERICHA LS mw"m@ﬂ 7]
DT, £EM3m, T2 MAKISH LTS, BHO
WU OB S S RIEHKL D 191lmm 2 TTH
B, BHOWELRLMBARNEEGTLTEY,
PN 2 BHHE SRR EE 450°C THEfZ 9 5 51T, HETHO M
M 180~200C IR < B A, RSO~ 225
R U OISR T 5 X 510 LTH 5, £7 N
WK 0 HE 191l mm O F — 857 1 — 84 7 (%12 N>
mm) B35, FUSHEME C 084 TICE D BT ‘I
(BROFR) EEEM (5 £ ORI & ICRIERT 7 (K
ShEET 3 k5 1C L f (Fig. 11-8, I11-9-1, I11-9-2, % =il /%:
I11-9-3), /NAHHSSHEE ICE 1 5 C OBROIIE ‘ -
%f@,9ﬁ<&%%Wf@MEM®M&®%%%% -
IEL, WHSRFFICHRNS O, S THKRERE LG e
BRI OB OV LEGHICT S WA f
BiC0RAT 2) 158, HAELOEE NS 2\ 8
EBTE D 8 “j‘
SO 2 00 B 1 5 A (B \l
kW, 4 ) chng &, B Emomi & s ;
DOHEICHE BT 5 v 2O AR, EHE T % E Vs ||
HMLTH 3, ﬁ%$4:§
BOGSERICE A == 7 1 =34 FDi2inIT | e Over fow e
- Thermocouple tube Scale 115

R O AR A

4K), WHRKBUVCAEBANT S 5 o i S TS

(T Ao« 7o tovEEst «
Fig. II1-8. Reactor
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Water inlet | Water outlet

i

]
Laa |
' 5 P d
| eS5Ure gauge
Outlet of surplus  __ __ =rl 3 __= Sar*et)’ valg:“Q "
hydrogen and vaporized i~ 1l
products Lol | BN
18-8 Cr-Ni 1 !
. I 1 R
l HlL| & l
1 B M
’ -3¢’ |
9 N
C-steel—— ‘ ‘f
240" !
Oo| O

O ' O
P m o Section A-A
A T o

Pipe for cold hydrogen inlet f'ﬂ') [ EI-— ~—1in. 14 pitches
T N
{l 6
- i lin. Bpitches
Protective aHoy/ steel 1 W] | =
tube for thermo GRSl SRR 55
couple T ! -
. . 60
i lin. Bpitches
14x8
Over tlow pipe 1812
R —/‘//.‘
\c% Scale 1:8
Y
_“_@_ S P N . @ -

Fig. I11-9-2. Connecting parts at the middle portion of reactor
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HRAHBYD, ETHM77 VXD

|

40, 102, 140, 200 cm 1€ 7 L T Lo AT
, 7
B, GHIAKEOEBIIZ Sf)> 5 /TJ 7 /] _—Over flow pipe
Thermacouple — |l 7 12 18%
100cm OHLE T H 5, }&-‘Fv,ﬂg@j\;, 6x12° . !
PO aRAR- R EKERABA E | Steel ring for
, i w b 19 LT dead space at

D, KERPTOBEICANLS LD IC mia? || 174 _ reactor botton
L/ TINE 7\)) 5 }')4 L) i z X’L T l}( :};:::::l::::j‘ ‘ | _]g_
REND, Lid LEISIC X BRADE ' {_ELJ
LWESEICE, #RESSIKANA

I
KEEAN D LERDS - 1o SRS ISR 240°
L EB O 1y HIE & BUSHS H 1 RLEE O 385
3, BREICGEB KBTI TESIC Cold hydrogen O

infet” ™,
FlE>c&mTcE b,
R S e Inlet for feed __
FERNT IS SO P e & stock and hydrogen 6

A0°C I LA 2WBICENT, &R

$ 3 m 126 L TH 25 mm 03B I 1 © ™ Sludge autet
LBAMUEFR LI, CORHBAETT | Scale 1:8
SRS L 7SS g, [ Fig. 111-9-3. Reactor bottom
fK%%&TU77T4ﬁ#bIATLﬁN®WU%WﬁKbf%%oit%%®%ﬁﬁm%
FBICROH T o N H AR BRI M OEEEOD RS2 S, LRORMNAREL zOT
HOEEFICEM Lz 3 28y v a YERSICES LS ICSUEL, WBRAT2ICHIEL -,
AT SLARICERBR 2 M D A BENC I, BUSIE 7 7 v D8, $RICRUSHIC H7c 3 BTk
Klm QRED 77 v 2o O RMEMNH -7z, BUNRE 450°C OB, SUSIESLBER L IX
500~520°C Iz 9 548, MEMICHAEMETFO 7 5 v V&R, RIGHOBEREEIKHEA 5
§@fﬁﬁﬂﬁﬂgﬁ“oﬁ&@ﬁ@%%ﬁbﬁ%%,@gﬂk%%m%?&imﬁ»&&%
77 VVOMEOBNMILZHEREOEICE ST, 75 vy IKBREMTOBNbY, 7
VIOBBMW LU Thot, R IVVOESEIOmmELEDEL, MES 3 KD
VYRR 18:8 Cr-Ni g (SUS27) #& L, Ho b#12 SUS21 & LK &b 254 mmg
25 28mme ICUGE L, TREEARDT 7 v ODF VAAERSIC L THREARSICEA
75 CHRAOEBLMBHELLT, 73y VOERBEARRAZFEIEOEIS T L
oo CNHFOYCERVRRIC L >TT7 7 ¥ V05 DIRIMAETZAICH LT 5 C & piskr,
COXSEHBHLECHEONMEE, 77 Y ORMEFLTHC LEOWAE L 0,
BT L DI DI 2R DI E DUSHE DO EH 2R K27 L LICXBHDTH 5,

NUEERNY
Nt
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2-1-5 KFETE O WE
MEEEE L X 2RO HBRICB T, RO X S ICFMEBERCRIEHERN 2~ 7 Z2{bD B
EE BB RUT, 2~ 2 PEAR 84/hr T LT £ROKHE (EHAKE, HAROAFN
50 m/hr) & VT, ©ORE KA Y D THER RO T D HIA T A I A D 3~
4 fICHIMT 37, L L Z0BOMIKRICE L THEKFEERN 30 m’/hr ICH 5 LT T A%
BT Ba—7 ALk, BUSHEPOFREBGREEFUSREOMMOENE®RT 5 &M Tk,
ﬂmm%w%x%%ﬁ%m%m#ac&@,Mmméi[ SAP IR T B2 O EERBHNT-O
—DTH A
T OWIIED /N RE S AT (L9 5 DIl U 7o 200~300 kg/em® O [E A A Witk %, i
I DEMICE T X 2EEN ARRET E LT, SliS B REH 55, ik TELZ S 0T
YRR DR AMO Y, Lo THUIFFRETCREMRDA Y 7 4 AR FE R R e
U, (A E ORI CRE Ui » Ao EIIC i L i,
Fig. HI-10 IC/R L7z, & D3EMERT
WKBOANBHEETHMEN 7

2 %

s iil

A%, FEEA#E, T 7T
4Ny Y SRR LT, il
Ho UmgEBMEnw b &+ v TH
BT bDTH B, EEOWI
! B} ® Flowmeter body
RO DRI OESEEES ® Cap
TEMEEMLL, BIRTEDOH ® pressure proof glass
IS Fb 2, 7 R DA 5 (35520 188)
s L5 W @ Vulcanized fiber gasket
WEi LT 5 & D BFidA s S ® Asbestos gasket
D —FPEEIT CHES DD 72, o)) ® U bolt
s L2 D7 2 F % L1z @ Tube and hole containing
. . mercury
W%, BEHICH 2o T, S D300
B, BIRSHRSTHR, S ® Connection to high pres-
kg/em® OKET A P ETTILO, sure side

K % E 250 kg/em?® & g T, 24
R DL LA LT R o o
L ERMELDICBHNBEZ EITL

Fo, D 1Al R & ) B0

BRI SO LW,
200 kg/em® OKFEEE DT o F &

1L, G FEhoBbic X i Fig. 111-10. Differential pressure gauge for meas-
urement of high pressure hydrogen

FEH T ADEORKEZMTH KD : flow
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BLTREFEEEL-7, TOXIRIBEEE DHDLDRE, EHEHNICERAHT X

187z, oo
HHERKIREE O OIS T O OEBIES
BREGERE L, COPCHALBEARAZ |
EEEREROEEEA ) 74 ACHL, B2H £ 4
ERBRCHAEE S A AR TR 58 3
SIcHit LoD, WENARRAOEELBEY o W
2 ROBERERY, COHEN AR VAN
w0, BERE ) 74 A= RbiEAR £ ] | e
HAGBEREROTHELCEE L, FAA—-% = | —O— Measured
—EBURBA RS Y S LTI RE s ©
oo DLl ORRIEIC & o TR 7 BEA AR (i R e —
FESRGE) & TR KBS T O 55 & OB Differential pressure (mtg)

(ks % Fig UI-1110 R L 72, ADHEED Fig. 111-11. The relationship between
gas flow rate and dif-

il z A N TR T, ferential pressure in gas
2:1-6  EpEIh B & O R 2 OBk meter

TR IC K B REEBROMIC, BIEZE L M, O 25 ABIAE & SN B0, Zorh
25 —SERAEIC & D B e ER (9500 g) 12T, W, Ka, N v VRS, K
BILRER Y, EROREE & CRIELO BT R HET 5, KRE TR, SUEHR T LR
MEAmEa LT, KRIHUEAIC X O OB I A BIT 2, AIHR BRI 5 KUK
AR~y 73U E T, AR R 16 kg (Hlih), #5812 100 ¢ X 2000 mm @ @ v/¥y 7 (8
mmg) FHHEEWE LT 5, chick->T, 4 1 ~200°C, II 200~230°C, 111 230~280°C,

IV 280~350°C D 4 5 & & 1c 3T 5, DTS, I, HI 04820 T, ki,
WA, b0 Sl XOEREFTID (REICIS UERY, BELTL D), BEx
{E@Zﬁiif:&il@/‘éﬂz(/\f%ﬂlﬁ 7};5& U§' kﬁb&;ﬁuﬁ%]’&nﬁﬂd —9‘-50 *li;‘ é%f&[”@

A }';{fé}\%gk JE(JA (?Y‘F' 1kg: Bt nIH]f}({;ﬁ( 60 i%) ’ﬁl{o)‘_‘O

S
SREC

F RO RO R E ChRaiAR & 5~B0 ce, BB II0ERDL D ThH 5, WHAERICE-
T IO P ARH OB T L, BRITIS T, PUTOMBRY F 72 L3R 407 1% 365
NWTN 3,

(A)  WERR T

(1) HeEE, B, Bel, 729 v, @ R (B ar EPLA), (3) 4% 5 et
(B EPSH), (4) #7670 b7 774 ~BLUH A0~ 7574~ (BitlAR),

(B) b5y

(1) MEBEHEICE BPALKEDOHHT, @ TFrfbiklc K28R T7IvoEs, 8 7
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=ik () FT UMb X AEEMThO ER, 6) WALHEEBEICE ABERT I vk
EE, 6) MHMEISIKE B H/T I v Oll, 0O,

g 52 1l

Bt D, BASTAHhOBESXICEBRT 20O £ 2 v EE, WiBOX>IcEh
ZENT TR~ - BEHRSNE, T9E - AZVAWECHENICRESN TS, CDEMC
Wﬁbfﬁﬂﬁlﬁ,m%ﬁx&7¢&m%E%%®%ﬁyaV%?Zﬁﬁﬁﬂ%&b,it
FBEN ZPEERRDOH 23 I~2 B & ST L, ~ Y _ulH 2508 IcT 543 5,
DFREHRE BAT AR OCPHH A RMEE A2 BNT, WHIE ALY, Bl 2 BRUN
TokFEAEF L L,
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Table 111-1. Coal paste samples

No. of exp. 5 8 12
Sumivoshi 1 rmoisture % 2.20 0.72 0.51
miyoshi coa
" (flried) lash % 7.32 773 752
Vehicle ol [ boiling above 280°C % — 80 80
ehicle oil ;
lboiling under 280°C 9 — 20 20
Ratio of coal to oil 35:65 40:60 40:60

Dilute coal paste of 2:8 coal oil
Condition of preparing coal paste Coal paste heated | ratio heated at 350°C, for 1 hr to

preg g L at 250°C, for 2 hr | which coal was added to prepare a
4:6 coal-oil ratio paste

BB IR LS A A U, Bk s va vy — rihgiold, Ccho
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Fig. II-12 1c5R Ltz & B D¢, 80°CHHE (=— % b A2y é 2000k
FORE) 1T BT 500~1500 c.p. DEVHEEA T 5 %ﬁz: o o Ers
2:2-1 SRR =
95,8 45 & OF 12 [0 % B 0D S5 4650 13, Fig. 1T1-13 of - - - i)
Fig. 1114 % & ¢ Fig. II-15 Ic B84k L e & 5 b T Temperaturc (°C)
Hb, 5 EOMIETIRISTERE 450°C 12389 5 & B Fig. 1II-12. Viscosity of coal

paste in experiments No. §

CIMEOZ LR G00°C RLR) 24Uk, COKLK S No. 8, No. 12



164 BB 8 b 14

600~ ? [
. 500
£
<
a
g
§ A00
=
4
=
g 300
5 g
= gz
I 20l-200 o T
£< - i j
wooRt00 A B P 209B,
I ¢ Feed rate of coal paste m}gf;
; ‘.. ‘l:av
00 04 b
_ D\Qg ot hydrogen in gas g
2 o Girculation system N g
e g
£ 10 03
£
e 8 0 t
2
&
£ 6 &0
3
2 4
g
B ¢
5
=
s 0
o
Paste pumy
2 break c?ownD
] Change to Paste pump Paste pump  Change to
E | Introduction  coal paste o0p. resumed tiouble creosote oil
o | of creosote oil 1 [ ‘ [ i
" i : 1 f f =

T T T T T t T {
2 % 4 5 6 7T 8 9 1 W 12 13 U 1B

Time of operation (hr.)

Fig. 111-13. Time course of continuous coal hydrogenation {Exp No. 5)
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Table 1I1-2. Feed and product at each experiment

No. of exp. 5 8 12
Creosote oil 28.4 — e
Vehicle oil — 56.7 43.5
Raw material | Coal paste 68.2 40.2 72.2
fed in Vehicle oil — 411 108
(kg) Creosote oil 28.6 227 30.4
Total 125.2 160.7 156.9
From
receiver 1 62.5 80.6
receiver M 14.1 138.3 48.6
Fate of raw
L. receiver O 2.7 1.5
material in
receiver N 18.6 0.8
reactor
In reactor 7.3 9.5
{kg)
In paste feed system — 10.0
Total 164.2 151.0
Hydrogen used (m?3) 276 16.5 257
kg) 2.48 1.48 2.31

COSbiliET — 2% & ok MBI O, FURSEHEE & bic Table HI-3 IC/R L1z, REAE
55 TRHIRENMCCICE LB ANTD 5, Lilib DK B I CBREERD THE~S
— Z FEEOWEICHE TN, Table -4 0L B HTH 5, Lo EE, HSEED
BEOERES SOLAICRLE L, HEBEFES 12084086 &, FISEE,D AT
CHHELN TS, Rl TEOWEMGZ

THTHAD, FUCHEDEEDEEE 4 4 v QAR i
BHMESNYEVENLTHELAZLDTH D, F~ 2% &> e BRlEh, FUSHE» D %
YIO—aERERD M9 T &N, Sk oREROEMEEEESELNEDOTH S
B, TOXDIEEB ORI EHRELRETH oz, RBRES 12 OBA IS NEY
BisvEnb oL BbNn 3,

Table IIl-4 1 i EmEE OB4 L, BEREBEORISGETTE>HHER12L 4~ 7
Ve T AR HBODIKDT TH 5, BEOHGOEBIZEBEFHFR (100 £ v
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Table I1I-3.
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Experimental conditions and results at data collecting range

No. of exp. 5 8 12

Data collecting range (hr) 8 5 7
Reaction temperature (°C) 425-475 390-425 450-460
Reaction pressure (kg/cm?) 205 200 200
Recycle gas (m/hr)* 45 36 36
Paste fed in (kg) 68.2 53,9 48.7
Total hydrogen consumption (kg) 21 0.76 1.45
Total oil produced (kg) 63.7 52.4 44.1

[CI{4+CO+CO (kg) 3.60 1.13 391
Gas produced

l(cHy (3.50) 0.87) (3.25)

* Massive amounts of gas circulation was used to prevent coking in preheater pipes.

#%  Includes a part of vehicle oil.

Table 11I-4.

Material balance in experiments No. 5, No. 8 and No. 12,
wt % of coal paste

Exp. with
No. of exp. 5 8 12 12 dautoclave
Oil produced (%) 90.8 95.0 86.7 90.5
Water produced (%) 2.6 21 25 5.0
Residue+Loss (%) 4.6 4.3 1.5 3.4
CH, (%) 5.0 16 6.7
CO, (%) 0.1 0.2 0.6
CO (%) — 0.2 0.8
Hydrogen consumption (%) 3.1 14 3.0
Total (%) 106.2 104.8 101.8
YaPF)400g s vAd Y~ rih600g EAREAL, CHICHRIBEM M x &5 148g mmL
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Table 11I-5. Composition of oils produced, wt % of coal paste

. Exp. with
No. of exp. 5 8 12 12 f-autoclave®
~200°C 3.1 — 2.0
Boiling range .
. 200-230°C 10.6 7.4 e 30.3*%
o
. 230-280°C 34.2 214 22.0
fractions
280°C ~ 56.6 735 64.7
Composition of Phenolic oil 5.1 25 36 3.7*%
fraction boiling Basic oil 3.4 0.8 0.9 1.6%
under 280°C Hydrocarbon oil 25.7 18.1 17.6 24.9%

*  Fraction boiling under 300°C

Ao b7 Ve TR B RKIRE R OB IR, ERERIC X B L A RE O LK
WAz M2 LICHRTH 5
DEICAFBR O h e, Bk X UM M O R

Y 25 cc PIFOBEM I3 R LA

WA, 100ce DI EOFKBEICFA MM B BRYEE 2B 3) OfiH4 Fig. II-16, 111-17,
I11-18, II-19 B & o8 MI-20 1R Uiz, € ORI XA rh ik, syt Fssitic X g
BEEAR DI 0 248, B IZER DR EZRL T 5
3001
o —~
= §
e [=%
2 £
iy
6 Fraction sk Fraction
(® BP under 2007 @ BP. under 230°C
40 @ BP  200~235°C 40r ® BP. 230~ 280°C
20k ® BP. 235~280°C a0k @ Light oil from receiver N
T TR TR R B R R T R R R (R TR R
Percentage distilled Persentage distilled
Fig. 111-16. Distillation curve of hydro- Fig. 11I-17. Distillation curve of
carbon oil from Sumiyoshi coal hydrocarbon oil from Sumiyoshi

hydrogenation (Exp. No. 5) coal hydrogenation (Exp. No. 8)



169

(Q,) @4njedadwa]

uoneuadorpiy uoneuadoIpAy [e0d ) (z1 'OoN 'dxy) uoneuagoipLy
[20D 1YSOATUING WOIJ [1O DISEY gsoAtung woiy o drousyd [BOO IysOATUNG WOy [0 WOqIRd
Jo oAaInD uonerusyy 0Z-1I1 B Jo 2aInd uone[Usig ‘6I-II1 81 -0IPAY JO 9AIND uwone|usiy ‘SI-III ‘81X
pajIisip abejuapie Pa|sip abeuadiay pajsip abejuadiag
ol 06 08 oL 0% 05 o o8 o2 o 0, 0L 06 08 o0 09 05 0p 0 o0, 00t 06 08 0L 09 05 Oy OF 02 0 G
I3 T T T T T T T T T T T T T T {a— T T
B i -j02 02
= 0,082 PN GG 2 ® © 2082 #pun g 2l ® .
N 0,082 4PN g'g 8 @ oy 2082 #pun 4 g @ -ov 0,082 48pun “d'g uo1joe4{ Jov
e} 0562 @pUR g § (D JeSEC spun gd ¢ (D
o uoeiy o -9 uoI0RAy o dxg 09 {09
M 08 08
HE ool
@ +
wm_ o2t W W
0 wl® ®
¥ =3 &
N 09 & &
08 3 S
= < =
kS 00z
’ 02
02
092
082
00€ -~00¢ -00¢

)}
——



170 R A E b 20

% 7 Table III-6 1R U 7 2RI 5y DR O th €, #HEEIL X 2 B60+ 742 Y v
MOOWEMSI12L -7 L= THEBICIADODID R &N T &, ERGEOE, LK
BB X BIEADOHERICH T AEBKERENE R THIE L&, BEKHEToNETHA D,
ZOMORFRIELOMBEANE LT (#REECI2EA07 L/ VRGBS A~ IV

Table IITI-6. Comparison of oils boiling under 280°C in
Exp. No. 5, 8 and 12, wt % of coal paste

Exp. with
Fracti b °C) No. of exp. 12 L-autoclave*
raction - P 5 g 12 (boiling under
= 300°C)
Phenol fraction ~185 0.41 0.11 0.02 0.46
Phenolic oils Cresol fraction 185-205 0.72 0.63 1.50 0.68
Xylenol fraction 205-225 — 0.77 0.92 0.61
Byridine 14ction ~150 | 009 | 005 | 007 0.02
Lutidine frction 150-175 | — | 004 | 002 -
Basic oils "
%gfu‘{é";ne fraction 175-205 | 021 0.05 0.04 0.09
Xylidine fraction 205-225 0.12 0.19 0.05 0.19
Benzene fraction ~105 0.96 0.24 0.50 —
Toluene fraction 105-115 0.28 0.16 0.18 0.34
| Xylene fraction 115-155 0.94 0.41 0.91 0.89
Hydrocarbon oils | ¢ 100+ naphtha 155-205 | 302 | 163 | 193 0.48
Naphthalene fraction 205-225 6.73 445 3.92 2.29
Methyl-naphthalene . . .
fraction 225-255 431 5.06 3.60 5.08

* Result with a rotating autoclave of batch-type, capable of treating 1 kg of coal paste.

T LB HHITHLTPORA), MEEMBL TRERBEOEEEA 260 AlIND
2:2:4  HRRh o $E 2 5y

BRI L - TR OIS o zEHCT U, BBR S 20 @03Bm o0 B2 3 Em v
THRIM O 2 52 B Uckiig, TablelII-70:BbhTh 3,
3. & =1

BT A v 2 B E T3 ARDOE KRS HRIED, H7oeR2 2 HERET B
g, RIEET AMESIETICE KA INT NS, 2 L TN EA T30 SLE DT o %17 R
KR THEATA TS, () B RARATUHTH 2 ARO LT &, D, (LRSS
DNELFFICBA SN TORE, Q) ARO XS QK Bk, d20EAR<-2 O &

DIPRIRYEEIR, RIS S (L3 T, BE TR OSMS T ORFEE, 3) BO & Rk
(BURl DREEHL) 2RI 2H 2 D LB DO T OB SN BEOEK & 72 &, WA 28 B

TEROHABEL 4 b 5,
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Table III-7. Identified components or extrapolated components in primary oil
produced by coal hydrogenation (Exp. No. 12)
B.R (°C) Hydrocarbon Qils Phenols
CHs
() neCab, " n-CoHi
CHs CzHs CzHs 0-
~ 150 @ O @ Tg— Xylene @(CHa)z

CH(CHa), Y *
© ’ M-CoHao | (@ )(Dime’(hyl hep’tane)

Hydrindene @ , (Indene )*,

OOH

*
’

(Methyidiphenyl @-@C”a) OO‘

150 % M
~ 190 (Coumamne @) ’(P-Cymene> CHS_@‘CH(CH;)z,
*
(Trimethylbenzene @(th)’ N-CioHee
190 (I) , <j© . Trimethylbenzenes <}»(cm)3 L |aC @{8:3
— . P_
s fv]ethylhydyindene @3’0}"'3, Te’crame’(hylbenzene
=, [CO0.00 o

~ 225 ’ ’ (I}CHJ Oi}(crla)z OH
225 -

= 0 OO % - Methyinaphthalene cHa

115~130 o-
(B5mmHg) | 6- Methylnaphthalene CHa
130~140 .
(25 mmHg) , Dimethylnaphthalene (CHa)z

140~150
(25 mmHg) , Acenaphthene O‘O

»*

50 Fluolene ’ ( ((:Ha)2 ) ’

~ 155 % O
(25 mmHg) (Trlmethylnaphthalenes (CH3)3>, O O

* Extrapolated component
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