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“$his Feport reoerds and sumerizes technival date on the Imperiel Fusl’Research
/Institute, ‘at’Keweguchi, Saitema Prefecture,. Japan, by the Petroleum.-Sectlon -
of NevTeohJap-during’ the period 16-28 Jenuary A94@s 777 i/ 7w e N

- The:Institute is en ag

\ Gy :‘of - the’Japanese Department of Commerce and Industry,
“engeged -almost  totally in research: on the subject.of ‘utilization of coal sub-
~gtances native.to.the Jepenese home islands.. Its fleld of activity embraces
“gtudies on the production of both 1iquid end so0lid fuels from coals. -Specifi-
cally, Yow. temperature carbonization, coal ‘hydrogenation and the Fischer- :
Tropach. Synthesis have been the principal media of approech to the production
- of-such. fuels. R AU AR : . . ¥

BV

The Institute has ocperated a six-retort carbonizascion assay plant since 1921.
This installation has & throughput cspacity of & tons per day. Non-ooking bi-
tuminous coals. of Jepan have been thoroughly studied in this plant. At pre~
sent, interest .is centered upon the carbonization of brown coals found princi-
pally in Central Honshu. : . : o

The Fischer-Tropsch plent was operated from early in 1938 to 1940, this work
being discontinued when the LMITSUI interests begen full scale plant operation °
at MIIKE. .The Institute's plant never attained more than 30% of design oape~
oity, which was 200kg of total orude oil product per day.. Failure was partly
due to poor catalysts, and partly to faulty and cupbersome converter design.

. The coal hydrogenation-plant was operated between 1936 and 1940, being aban-
doned when the FUSHUN and AGOCHI commercial coal hydrogenation plents began
operaetions. The Institute's plant had a throughput of 3 to 5 tons of paste
‘per day, representing l.5 to 2.5 tons of coal input. It was operated only as
a 1iquid phase unit, hence produced mainly heavy oil. %hen Japanese high~
volatile low rank bituminous coals were processed in this plant at 200 atmos-
pheres pressure, 80% or more liquefaotion wes obtained. .

Although this plant ‘spperently operated at rated cepacity and with relatively
1ittle aifficulty, no cutstanding process nr equipment developments were at-
vained as a result of its operation. This was partly due to over-simplifioca-
tiop in its design and partly to failure to incorporate the vapor phase step.

¥rom 1944 uatil the end of the war, the Institute was under the adrministrative
supervision of tho newly formed Department of War Production, which abolished
the Dopertment of Commsrce and Industry. At the ond of hostilitios, prowar
status was regained. Tho war program of tho Institute 4irectly concorned with
milit aotivities comprised seven projeots, none of which were reduced to
commeroiesl practice.
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I.  JAPANESE PERSONNEL INTERVIEWED'

The following personnel of. the Imperiel
gated and .suppl;ed ‘yerbal inf

eTe ‘interro-:
by
~ this report. was oompiled,

‘Fuel’ Research. Institute were inter
orp;gt!,on., or submitted written documents from:whioch:

Mre. Yo ‘BAN

..+ - pirector of the Institute. -
Mr..-T' '

3 . Assistent Director and Supervisor of the -
. B " Fisoher-Tropseh ‘Groupe ;| - i w0 L
Mr.. M. KUROKAWA ~Supervisor of the Coel Hydrogenation Group.
- Mre Ne SATTO - -'Supervisor of the Carbonization Group. ™

II. LOCATION AND GENERAL DESCRIPTION

The Imperisl Fuel Reseerch Institute (Nenryo-Kenkyusho), of the Japenese De~.
partment of Commerce- and Industry, is located in the town of KAWAGUCHI, Saitame
Prefecture, Honshu. EKAWAGUCHI is situated just north of TOKYO, from which it
is separated by the ARAKAWA River. The Institute covers an area of 483,624
squere feet, all of which is quite leval, hence-completely utilizable for :
building construction. In this area are a total ‘of more then forty buildings,
of whioh sbout fifteen are totally devoted to laboratory end pilot plent opera-
tions end edministration. Totael building floor space, that is,. laboratories = -
plus shops, warghouses, service buildings, etc., amounts to .more than 180,000.
square feet. Pilot plants eand scme laboratories are housed in sheet iron .
structures; the administration building and some laboratories are conorete.
Figure 1(E} is a layout plan of the grounds end buildings. : T

IIX. HISTORICAL : i i ) N : o
‘The Institute was founded in 1921, and at that time was under the Jurisdiction
of the Depertment of Commerce and Forestry. About 1923, this Department was
reorganized and divided to form the Departiments of Commserce and Industry, and
Agriculture end Forestry. The Institute beceme part of the Department of Com-"
perce and Industry, and so remained until 1944, when the Department was pleced
under military administrative supervision and given the nome Department of War
Production, as nearly as the new title ocould be translated. At the end of the
war military supervision ceased, and the pre-war name and status were regained.

IV. GENERAL DESCRIPTION OF ACTIVITIES
Ao Normal Aotivities

At the time of its organization, the .field of investigation assigned to
the Institute was to study and promote processes for the eoonoxical uti-
1ization of coal substancos native to the Japanose home islands. These
somprise mainly low rank and low grade bituminous coals, dbrown coals and
lignite. Their chemical nature is, therefore, -such that they are not
attrootive to most industrial oonsumers. Researoh aotivities-were later
extondod to inolude utilizetion of netural gas and petroleum.

Coal studies zost-intensively-pursued have-related to ocomplote gosifice~
tion, low tomperature carbonization, and combustion in {ndustrial fur-
no0as.. Beore the war, the.Instigute's technologists wera aative in _
studying the direot gusifioction of ocoal in one step. They olaim oredit =
for developing prooessos now used in- oormercial plants gorving TOKYO,
YOXOHAMA, and KOBE. A oontinuous Progrez of ocoal  carbonization has boen
oarried on, aiming towsrd the production of sn soceptadble sudbstitute for
oharooal for domestic hoating and cooking. Institute technologists de-
1i¢vo that general accoptance of low temporature senli-coke or "ooulite™
from brown ooal would prastioally revolutionize the Jepanese hm-tugl
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In the rural districts an 18': of moderate:s: (1.e4y:1e88"

population) in central:and southern Japan, ‘wood “and’ wood char-

‘univeérsally used:for both:he dting -and:cooking; also a.large pro-
He .people in the larger ¢ities’ use charcoal exclusively. 'In.

B or-example, it 1s estimated that about 40 per cent ‘of 'thé homes

“use no,fuel’ other than’charcoal. iSuccessful ‘application-of low tempera--

ture. carbonization to this mearket. would also make ‘available large guanti-

‘ties of ‘Yow temperature’ tar, which ‘is partioularly velueble in Japen as .
- 'a petroleum substitute. . U0 R T Do

Because of Japan's poor position with respect to natural petroleum,. the
Institute hes conducted reseerch on synthetic y 1iquid fuel production from -
coal by, the Bergius and Fischer-Tropsch process since 1931 and 1933, Te-
spectively. = Howsver, mo industrial process or equipment applications

heve evolved from this work, end experimentation has a dwindled since .
1940. “Present personnel state that the Jepanese government has withdrawn
support of these projects because of the pressing need for work in more
direct utilization of Jepenese coals during the reconstruction period.

Studies on the utilization of Japanese raw materiels other then coal, gas,
‘end petroleum have been very limited. The Institute is in no way connect-
‘ed with the metellurgical or minerel ‘industries. A small emount of work
‘48 done on agrioultural wastes (such as strew and chaff), and forestry
products, partioculerly in problems dealing with obtaining liquid fuels
‘from such sources. . . .

A .continuous program of coel assay is carried on for the benefit of both

pudblic interests and the industries. S8imilerly, coal sempling, coal

. dresslng, studies of coke properties, coal combustion tests, tar treat-
ment and the like are continuous problems. No fundamental research is

done which is not directly connscted with fuel problems.

Be WAR ACTIVITIES

Present personnel state that throughout the war the major part of the
Institute's work continued to be, along the lines of fuel production for
oivilian or mormal industriel use. A few specific war proiecta were
assigned when the military group was in control (1944-1945), the general
- subject titles of which are the following:

1. Rydrogenation of Daido Coal.

2. Low-Temperature Carbonization of Coaly Shale.

3. Carbonization of Pine Wood. !

4. Preparation of Aviation Gasoline from Pine Root Oil.
5. Catalytic Cracking of Low-Temperature Tar.

6. Bynthesis of Triptane.

7. Explosive Combustion of Coal Dust.

Results of this work are sumsmarized in Section IX.
0.  ‘PROPOSED FUTURE ACTIVIYIES s

_AD .on_outcoms . of the war, Japan has lost her mogt valuable coal fields of
former days, that is, in Korea, Manohurias, and China. She has 0lso lost
a fairly ortant source of oil in the poor guo.ur.y shale deposits of
PUSHUN. These ciroumstunoces aro oited as ovidonoe of the nocessity for
oconoeatrating to & greater degres than in tho gnt on extending the fields
of utilization of nstive Japansse coals snd related materials.
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{ENCLOSURE (§’

" ‘Laborers and Operators . besesdiouedsd 70
The laborer. olassiﬁ’c&tiog includé,s »akﬂiéd"fas well as unékj.l'le'd workers.

During the time when the Institute was under the control of the Army.and Navy,
personnel was inoreased to 166, 'ola'as:l‘fied as follows: i

Direotor o-o..:o-'.-o.oooo_oo‘-
Assistant Director seccsecess
“Hesearoh Chemists & Engineer:
sssistants .
Clerks «.. ..000.0.’o.o..'l...o.‘....“..ljt... 3 .
Laborers tedsscesnvcsnvniTrcscscncvcnsssceseselB

The -annuel budget for a normal year is 500,000 yen, of which 200,000 yen is
reid out in salaries. The averege wage of the professionil man is 3,000 yen
per year, the assistant 2,000 yen, and the laborer 5 yen per dsy. Salaries
have recently been inoreased-by 10%#, this inorease being granted to offset pre-
sent ocurrenoy infletion. The Institute-is financed entirely by government
funds, edministered by the Department of Cormerce and Industry. -

VI. COAL HYDROGENATION PROCES®
A Leboratory wWork

...s.'.“.,,.w.-...‘.-‘-zS g

®escssccves

-..".'....‘.......4..38

The first experiments on direct coal hydrogenation began in 1931. The
principal object of this work wes to study in a-cozprehensive manner the
bydrogenation of Jepanese coals, the results of such experimentation to

be applied to devolopment of a commercislly-feasible synthetic liquid-fuel
process. The statistioal technical information obtained on the behavior of
the various coals was .to be made available for goneral aiatribution to
those interested in development of industrial hydro tion., It was con-
sidored the duty of the government to provide such ormation for the
industry. This work was carried on ss a ocontinuous projest until about
tho last two years of the war, and has involved a very e numder of

tosts using high pressure autoclaves with ocharging ospssities from % liter
-to about 5 litors. : e

:&:n specifioally, the purpose of those investigaticns may be outlined
u, ‘ e cun » fem P o .. -

1. 1o study a wide variety of Japsncse coals with respeot to thoir
suitabllity for ligquefuotion by direot hydrogenatios, '3::: 100 coals

havo beon:assayed, ’ .
2, Yo study the qttooh of catalysts on the liquefastiocn resotions.
J+  To otudy the kinetics of depolymerization-hydrogenation ruo;t}ou.
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° pared for distribution in the form of . -
ins; :some have also been published in:technical

‘these bulletins  (written in Japanese). were ' ob-.

: cept far their titles, which are as follows:’
‘The Hydrogensation ‘of Phenols, Par Cn . o

:Studies.on the:-Liquefaction of Coal, Part II. (Test Results of
Ui Jepanese Coals) i T - S '
‘3, . :The Hydrogenation of Low=Temperature Tar.
4. The Hydrogenation of Heavy Oils. - - .
" S.-.The Bydrogenation of Phenols, Part II. (On the Preparation of
... Hydroocarbons' fron Low-Temperature -Tar Acids). - _ R
6.  Studies on the Liquefaction of Coal, Part III. '
" 7. - The Pieparation of Benzol from High-Temperature Tar by Hydroge-
- npation. : : ) ‘ :
8. . Studies on the Liquefaction of Coal, Part V.- (Action of Cata-
: lysts on the. Cosl Paste}) ' - . : R

(Mé'zmd ND numbers foi:ithe;e publications. will be found in Appendix
"I of this report). : . : o

The materiel contained in these bulletins is of general technical and
_scientific interest, and so has beering on the broad subject of coal hy-
drogenation, but cannot be sald to be the basis for any speoifio process,
or improvements applicable to any specific process. \

Acoording to the present pe‘raonnol, the most irportant general conclusions

obteined from this work are: . BN

1. Praétionlly all coals of the Japaness islands were found suita-

ble for hydrogenation. In genersl, Hokkaido and Sakhelin coals eare

?}" easily liquefied than those of the central and southern regions
Japan. . -

Be Thrmtioﬁ of ocatelysts on coal 'hyd.rogenntion 15 two fold:

6. Ascoelerstion of the resotions of depolymerization-hydroge-
nation. Catalysts effeotive for this purpose are oxides and
sulfides of tin, lesd, and nickel.

b.. = Acceleration of hydrooracking rsactions. Cetalysts suita-
‘ble for this purpose ere oxides and sulfides of molybdenun,.
zing, iron, snd oopper. Halldes capadle of sot 28 & source
of hydrogen halide st slovated temperotures aroe also extremely
effective hydroorscking ocatalysts. - B

coSe.Mixturss of hytroorsoking ostalysts (such as ¥o0O3) with alumina
gel or with halides (such es MH4Cl) were mors offective then either
usod alone. The alumina gol is sald to oatulyze decorposition of
_esphaltio bodles. Mox%—uuncn oatalysts (suoh &s 880 or Fd0),
whsn zixed with Ralides (suoh as NHOl or CHIs), were likewise wore
affective than sither compopent alone.
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B« *: Semi-Plant’Work' = L
Gl RS RS PN s Sl R T LT G T e e L
- In'1934, the Institute begéan the cperation of a'semi-pilot-plant -scale -
1iquid-phasge ‘cosal hydrogenation’plant, capeble-of.tréating 3 to!5.tons of..
:paste . per day.: Usual:practice’'was-to-use-pasté in-which theiratio of~coal:
. to'vehicle was 1:1, hence the' smount:of ‘coel treated was 1.5 to’'2,5 tons
-per day. ' The product was heavy oil which; in'a'complete hydrogenation: .
plant, would have been split' into two- parts, one going’ to the vapor phase
‘step, and the other (after separation.of solid 'matter), 'to vehicle storage
‘for paste mekings - .- o : : AR Tl T
--The-entire hydrogenation system except the hydrogen compressor was designed
end bullt by the Kobe Iron Works. -The opereting staff consisted of 1 re-
search chemist (group leader), 3 assistants, 5 operators, 2 analysts, 1

producer gss operator, gnd‘l hydrogen plent operator.

As a matter of record, this 15 Japan's second hydrogenation plant.with re-.
. spect to age. The oldest is the one built at TOKUYAMA and later moved to
OFUNA. ~ , N s AN

The objJect of experimentation with this .plant was to compare plant and la~-
‘boratory results on the hydrogenating charecteristics of a few representa-
tive Japanese coels which gave good liquefaction yields in laboratory

tests, and also to determine whether .Japanese-engineered and Japanese- -
built plant equipment could be made to serve:in this partioculer high pres-
sure field. . . - : : R B .

It was planned, if satisfectory performence was obtained, to-continue ex-
panding the scele of operation to a demonstration plant of commercial size.

This plant was opsrated for a total . of about 5000 hours between 1934 and -
1940. Jts operation was discontinued when full scale plants began running
at' FUSHUN end AGOCHI. There seemed to bs no immediate need for further
pilot plant experimentation by the government.

The flow disgram of the plant is shown in Figure 2(E). Procoss hydrogen
wes canufeotured by electrolysis of water in a axall Enowles generator
having a cepeoity of 16 m® per hour. Low pressure hydrogen storege oon-
sisted of ‘a gasholder systec of 115,000 cu. ft. total oapaoity. . ballast
vessel of 110 liters free volums was pleced botwaen the compressor and the
hydrzg;nauon systexn. Producer gas made in a Karpely generator was used
for process heat not furnished dy olectrical resistance.

Pasto moaking wus a batoh operstion, enough being made gt one time for one’
day's throughput (3 tons). Coal proparation oquipment oonsisted of a jaw
orushoer and ¢ pan mill. There was no ag:ng equipment. A sorow-type oon-
veyor transported the pulverized ccal (ninus 200 mesh) to the paste mixoers,
which wero elevated so that thoir bottom outlets were about & foot from
the floor. Paste mixing &nd storage equipment oonsisted of 2 opon top
oylindrical vessels with conical bottoms, fabricated from steel plate.

Thoy woroe hoatod by intornunl stoam coils and provided with vertioally
Founted rotor-4driven projellsr ¢ Brrers.... The paste._injoctor sonsisted. .
of tw0 single-soting hydraulloally operated reoiprooating piston type units

in parallel, with variable spsod stroke. Pasto food to the injootor was

by gravity. . :

The hydrogenation systonm consisted of an indirect gus-fired tudbuler paste
prehcater, two oonverters in gories, eleotricelly heated hydrogen prehoater,
& popurator=000ls eystexm and @ gas sorudding unit. Materials of oon-
struction aid signifiount dixzonpions of this aquipzent will do found on
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er d.paste preheater: were en¢losed in brick-
ughiwhich passithe hot' gases'from the combustion chem-' -
] ¥ proper operating:temperature.’  The:entire hydro=
‘genation’system was’housed inside:the’ plantbuilding. :Protection was pro-
+ vided for;the valve operators:in the form'of a 9 inch thick re-enforced.
".conorete:wall (with:small glass windows) which' separated the pressure ves-
-‘sels:fromithe:control: room.. : Valve wheels were; fixed to this. well in the
-operating room;  and: were:connected to the valve stems by means. of a shaft

. and’‘gear arrangement.

" Heavy product.discharge wes manual and intermittent. The heavy oil was
.-geparated from solid-matter es completely as possible by gravity in the
first high pressure separator, the remainder of the oil being removed by
a distillation~carbonization operation. ‘Light product carried through the
" separators by the exit geses was recovered in the oil scrubbing system,
employing & oreosote oii fraotion (boiling range a30-300°c) as the absorb-
ing eagent. - This unlt operated at atmospheric pressure. The light oil was
recovered by distillation.: R . o . ’

. There wes very little instrumentation in the plant. All flow controls and
" produot discharge controls were manually operated. There were no mechani-
cal safety devices on moving maghinery except for open-type safety valves
on the hydrogen compressors. Likewise, the only enclosed motor was on the
- hydrogen-compressor. . . : - v .

- The converters end preheater were. designed to ‘operate at 200 atmospheres.
‘The remeinder of the plant featured extra-heavy-duty equipment, particu-~

- larly velves, piping, and the paste injector. Such over-design resulted
in- reasonably infrequent replacement of the parts receiving most wear.
However, it was edmitted that heavy oil discharge valves suffered severe
erosion, requiring change of the working parts about.every two weeks.
These valves were fairly wide-angle needle type, with stellite needle tip
end stainless steel seats. There had been no failure of preheater tubes,
but these wers changed from time to time because of rusting due to long
poriods, of idleness. .
Other features, which simplified operetion ond thus added to relisbility
of performence, were incorporatod into the plant. The most importent of
these, fron the engineering standpoint were:

1. Omission of hent'-;exohan'ge from the paste injection systenm.

2. Direot oondenant.ioix‘ of vapors froz oonverter gases, without hoat
exchange.

3.  Direot prehesting of process hydrogon.

4. Omiasion of the step of reoiroulnu:? part of the hydrogen to
process aftoer particl atripping of the oxit gsses undor prossure.

8. - Use of oleotrolytio hydrogen for procoss.
-+ Te-Only-operaving A1fficulvy ad=itteod by the staff, eside rro= tho incde-

quaoy of inptrumentution, was the hoavy oil diecharge valve fallure pro-
viously montioned. :

%ﬂimtutlon wag gonfined to hydrogesation of threo *J’n;unou cosls whioh
b ¢ °“::§y1“'" hed indlcated to be monst gultadble for liquofaction, ond
conaisted in:. j
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3. . '.l'wo months on Kew
eoal rrom SAKHALIN.

This work led to the rollowing general oon 1 usio'
s -1. - The three coals teeted were readily hydrogenated in the plent et
200 atmospheres pressure. :

‘2. Coals oonteining as muoh es 10$ ash presented e eerioue ve.lve -
problem in disoharging heevy produet. T s s o \

3.. 2inc ohloride wes found to. be a.superior catalyst ror hydroge-
nating low-rank coels,.. There .was no mention or corroaion of HCl. -

—.'fapanese pressure equipment and maohinery ehoWed no perticule.r
: weaknesa 1n perrormance a8t 200 atmospheres. .

5. No speoirio 1mprovementa or value to the ooal hydrogenation 1n-‘
du.stry were developed. either with reepeot to prooeee or equipment.

‘mxe only pubnoation on' the operation ot tmg plant 13 a short peper in

" the "Journal of the Soociety of Chemicel Industry, Japan", -Volume: 44 No.l0,

g;ted 1941, entitled "On the Hydrogenstion of. Coal -by. Send-Teohnioal Seele )
ant®. .

.rnu; data of Table I(E) were submittei. €s a typieal reoord ot opereting re-
sults. .

VII. FISCHER-TROPSCH PROCESS

Laboratory experiments on the synthesis of hydrocarbons by the Fischer-
Tropsch process were begun in 1933. The purpose of the work was to pro-
vide Japon with a source of liquid hydrooerbon fuels from raw caterials
.availedble within the limits of Japan proper. It was the goal of the In-
stitute to develop and promote the full soule exploitation of a cu:g].oto
system of synthetic petroleum menufacture by this method, with part :
szphesis placed on catalyst dmlopmnt. oonvorter don@. and poulblyn
gas genoration.

The key man in the organizstion wes Ir. 8. TSUTSRZX, who ro:dned at tbo
Institute from 1933 to 1839, aAccording to present personnsl, he personale
1y osrried out all the pore important work. .oonaerning oatalyst pnpantxon.
entdint tosting, snd -'nluluoa of results. - .When he loft the organizo-
1939, he took, wnh him all notes and other records oonoerning his
work, leoving nounnt g uide h.b suocessors 1 ¢ mt!nuatloe“ot“tho PRO
grem. While at the Institute pmu-od one dulletin-desoridbing his work
up to 1934 or 1938. This pub tion has not bdeen trm).om. 1 tox-
nt title, whioch: is-"The Synthe gasoline - (Part. 1!' ).!;g
KD nuﬂer of this dooument un bo :om 1n Appona;z x umt).

Jrom tho results dheuuod Sn m- pubnot.uoa. uul n'o: uu “ﬁtm of -
present peﬂmsx. t.no uubnuunon or nxom tor eomt hind m eb:oet or




« ~high!
leTe;obtained  from nickelicatelysts over: s
ove:100;grams ‘per;.cubic:meter -of ‘gas: input, but: the
maintained; in:an.active.condition:for:longer than . -
ing:this:short:period they required.two high--.

his.periormance 18 not:suitéd ' to a 'commercial-

L TSUTSUMI 8lso- condusted. extensive. experimentation on the promoter. effeot
cof . oatalytic materiels: such: as oxides of urenium, thorium end uranium.on
-nickel-and cobelt catalysts.  His results led.to the conclusion that
“~thorium and’ urenium are most effective for this purpose. 'Miscellaneous
research included studies on the effect of chénging the ratio of Hz to CO
in-the synthesis gas, the effect of changing the linear gas velocity
through the catalyst,. the effectiveness of various bulking agents, and
‘studies on the effect of chenging the amount of bulking egent. He did no
work-on iron catalysts. o S [ .
‘These:experiments were performed at atmospheric pressure, using an elec-
trically-heated :single tube converter 20rm inside diameter and 60cm long.

There is no record of experiments st intermediate pressures, although some -
work of this-kind was done. - I - o

B.  Semi-Plant Work -

_Bxperiments began on & semi-plant scale in 1936. As a. matter of record
~-this was _the yeer .in which the MITSUI interests purchased the rights . to .
exploit the Ruhrchemie Fischer-Tropsoh process in Japan. It is claimed
that the Japanese license was limited to operation at atmospheric pres-
sure, hence the Institute concentrated upon developing a process, operat-
ing at pressures ebove atmospheric. Specifically, 5 atmospheres gauge

-pressure wes ardbitrarily chosen for experimentction. .

The first converter was a failure, cousisting merely of a tube 30om in
diamster and about 2 meters long, without provision for removing the heat
generated by the highly exothermic hydrocarbon synthesis. In 1838, opera-
tion begen on a plant which had boen provided with a converter of rore
sppropriste design with respect to heat-control cheracteristics. Terpera-
ture control was effected by circulating water throu.%h a,system of narrow
tubea in parallel, the ootelyst boing packed in the interstices betwoen the
tubes. Design production capacity wes 200 kg totel crude oil produst per
day, to bo obtained from a throughput of-)100-normal cubic meters of syn-
thesis gas per hour with an He:CO ratio of 2:1. The catalysts were con-
posed xsinly of nioksl. Aotusl composition of the catalyat reported most
.effeotive was (in parts by weight) Ni : Co : Cr : Klesolguhr as 40:10:10.
$:1860. The catalyst charge was said to bo ono cudbioc moter dbulk volumo but
- aotual-caloulation indicated 3/4 cubic meter to be more noarly correot.
01l production never oxcoeded 30%.of deoign copuoity, according to the
reoords offered ass represontetive of goat. operuting practice. Throughput
wos likewise about 30% of the dosign figure. . o
Porforzance of catalysts waos. unsatisfeotory with rogard to their useful
-===13 f@ y-although-whils-aotive,-yiolds-ss high-ts-11iBc0 {78 gn) of pentans
and heavier hydrooardons per cudic moter of synthesins gas wore odbtained.
The ) st total period of usoful .otivity odserved was sbout & woeok,
- this de obtained only by resctivatich with hydrogen on the third and
fitth 8.  This type of catalyst had boen rmaintained {n an sstive oondi-

tion in. ro tosts for about & month. The axplanation given for the
shorter. life i ¢ plant was sulfur polsoning. B8pent oatulysts were not

- .reworked. - R
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This plant was'operated lntermitte
end -of 1940y - During ‘this time,: no:
ment; . Operations:ceased when:the:Mitst
This - action-was' explained:ras-partly:duesto:be
was ‘practically certaln of:suocess, and;partly:

: , i i'because 'it; was realized "
that modification of the Institute's:converter designito:give:better tem-:
perature control would introduce considerable additional expense:in:its "
fabrication, ‘and partly because.of the unsatisfactory life:of the ‘cata-
Lysts, o T A o VI e
During the time.the. .plant was active, it was- estimated that 12-Tuns of
from:1 to 2 weeks duration were made per year. for a period.of nearly.3
‘years. "The plan followed was to make one run per month. .- :: .. %

There was no-work at the Institute on refining of the crude ‘oil product
or on engine performance of Fischer~Tropsch fractions from any source. ...

A flow sheet of the plant is shown -in Plate I(E). <The converter was of
the single-pass downflow type, designed to operate at 10 atmospheres gauge
pressure, but actually operated at 5 atmospheres. It consisted essential-
ly of a steel oylindrical shell 116om-in diameter and 150cm long, inside
which were placed, longitudinally, 860 small steel: tubes described as %
inch "gas pipe". 'The shell was provided with one integral end one re- .
movable -head, the latter being at the top. The tubes were connected in
parallel by means of an intricate welded -header system at top and bottom
with pipe connections passing to the outside through removable packing-
gland conneotions in the heads. The entire pipe assembly could be Te-
moved and agailn set in place for the operations of charging and discharg-
ing catalyst. - : .
Hot water, at substantially the temperature of the synthesis (180-200°C),
was mechanlcally oiroulated through the tubes and an external closed‘con-
denser system, for controlling catalyst temperature. ‘The catalyst, in
pellet form, was loosely but uniformly packed in the interstices between
the tubes, whiloh were spaced 35mm between centers, This design is esseon—
- tially the reverse of the American Downs converter.

The product recovery system comprised:

1. An air-cooled pressure receiver, immediutely following the con-
verter, in which water and the hoavier hydrocarbon produots.werse
collected, -
2. A water-coocled shell and tubdbe-typo pressure coandenser to oollect
part of the lighter reaotion produocts.

3. A batoh-type packed tower prolsuri sorudbber employing a orecsote
0il fraction bolling in the range 230-300°C for the final stripping
of light products fros the gases.

4.~ -A continuous steam distillation tower and ocondénsing unit,

operating at atmospheric pressure, for stripping light product oil

froa wash ofl. o r e e
Zxact records of ostslyst proparation was not available. JFroa memory,
prynonzufox!onnol recalled that sll catalyets usod in the plant oconsisted
prinolipally of nickel, and the ono glving the best rosults had. the approxi-
aate welght coaposition Mi:Co1Crikieselguhr as 40110:7.5150.  In preparisg
this oucallnt. noitrates of nilokel, cobalt, and chroaium were diasolved in
bot distilled wator in tho proper ratio to give s finsl produot of the
desired composition, the proper amount of kieselguhr added, thon, with -
sgitation of the aoiutlon, the metals wore preocipitased by nddltion of &
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‘ENCLOSURE, (&)

Pellet ‘8ize
: Smm thick at the: edge. - Pellet. faces were con-
Temperatures, time -sghedules,  and- solution conoentrations dur:lng
operations could ‘not: be recalled. - - . :

ca'balysts were: all prepared in the 1aboratory. ,using glass and stoneware
apparatus. for ‘the precipitation reections. ~Approximately a month wes con-
~-gumed: in” making a oatalyst, requiring the services or 8- persons. working
9 bours: defly.’ - © R
In oonditioning for the synthe sis, the oatalyst was rediced at atmospheric
pressure in the converter, with- hydrogen. Bayonet-type electric heaters,
inserted in sheaths extending from top to bottom inside the converter,
supplied the heat Faquired to attein the reduction temperesture.of 3500C.
'l‘he reduction schedule was described as follows: Hydrogen was passed
-over the catalyst while, at the same time, the temperature wes 1noreased
from atmospheric to 35066, over a 20-hour period. After 10.hours at 350°¢,
. the temperature was decreesed, over an 8-hour period, to 180-190°C. sSyn-
thesis gas wes then substituted for Hg, and proper operating pressu.re and
flow rate attaeined. at once’to start the synthesis. :

The method  for preparing gas for the synthesis consisted in blending blue
water gus with- electrolytic hydrogen. The blue ges generator was & amall
unit which was operated intermittently, ges being prepared and stored in

a 30,000 ou. ft. gesholder. Similarly, Ho was stored in & 10,000 cu. ft. .
hol'der. The two were mixed, as required, in another 10,000 ocu., ft. holder.
- There was no storege of oompressed gas except an ascumulator, about 20 :
inches I. D. &nd 42 inches long, immediately following the compressor. All
the plant operation weas carried out with a ayntheais gas of the approxi-
mate ocomposition H3:CO es 2:1.

Because of the sensitivity of the synthesis catalyst to sulfur poisoning,
an elaborate but unconventional system for -sulfur removal was edopted.
Following the blue gas generator was a conventional dry iron-oxide box
(to remove all but traces of HoS), from which the ges passed directly to
the water gas holder. Organioc sulfur removal occurred after blending and
corpression for the synthesis. For this step, the gas was passed through
a system of five oylindriocel steel tubes 30orm in diameter and 2m high,

" £1lled with random-packed rectengular piecesz of oopier gauze {(10om x 20cm,
about 10 zosh) cooted with a mixture of 90% Ni and Cu. Tho amnunt of
Ni-Ou mixture in each vessel was about 15 « This n!.xtm:o was prepared
by precipitation from the nitrates with sodium ocarbonate, end wos pasted
on the gauze while still wot. It was conditioned for use by reduction in
the dosulfurizers with hydrogen at 330°C. The temperaturo of opornt&on
for desulfurization was 200-280°C.

Tho five units containing tho desulfurizing agent ‘wore nrruneod oo t.hnz
only four were used st «any givon time, ono comprising tho first stoge and
tho other three, the nooond. The fifth wus o first-sbego spure. A brick-
““work houslng onoclosod thd units, excopt for about 0-8 inchos at the cog
and bottos. Tho housing 6lso served os a combustion furnade cha=dber, in
whioch atoker cosl wts burnod to supply heset to maintain the roqul.rod opera~
ung n:aeruturo. Oncoe fouled, the lii-Cu mixture could not be regenserated.

The laoum. of sulfur in the guo entering this unit could not be ascortained,

dbut it wus otated thet with an aotive, [resh oharge, the ulrur content,
aftor pussing through this systez, wos ubout 0.02 grain/
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~The:synthesis: plant: was witho instrume:
.flow, . orirecovery operations empe ratu
-ess'entially: automatic: through the:action
circulation: systen.

'The. data of Table II(E) ‘was’ submitted: as.operating results of one of the -
best runs. . 'Z‘»“‘_'“v,’ T e S _;_‘?‘ ,"._{‘ T _‘,7 i T

VIII,LOV-TR/PERATURE CARBONIZATION

Ever since its organization:.in 1921,:the Institute has: carried on a continuous -
program of coal-carbonization studies, " The . tar has always been recognized:as
the most important product of the process, but- tar production alone cannot .
carry the expense, It was, therefore, necessary to give attention to. the pro-
duction of a seml-coke end product which would have a ready sale. The coke
comprises 65% or more of the weight of the coal charged. L,

The most attractive potentlal market for the coke was as.a substitute £or char~’
coal as a domestic heating and cooking fuel. - Although its characteristics are
excellent for burning in domestic furnaces, it.was-not found applicable to the
braziers used in Japanese homes, "because of high ignition temperaturs.. It is
-.not.usable for metallurigical—purposes; and too expensive.for boiler uge, . .
therefore, a dependable market was never found. "Rather recently, some progress
has been reported in blending it with coal.for coke making. During the war, "it
was planned to use it to Some ‘extent rfor making water gas and hydrogen as Taw

‘materlals for synthetic liquid-ruel.prqceases.i R

Carbonization’ studies at the Institute were carried out both on test-tube scale
and in an assay plant having a.throughput capacity of about 6 tons per day. A
flow sheet of the plant-is-shown in Figure 2{E) and a drawing of the retorts in
Figure 3(B). The retort system, which was designed at the lInstitute, somprised
$ vertical chambers of rectangular cross section, the carbonizing sections of
which. are constructed of firuclay tile, “externally heated by combustion of PIO=
ducer gas or gas from low-temperature carboni:zation. Carbonizing tempsrature
is 500°C, the skin teamperature on the outer wall of the retort being 7009C,

The retorts are connected in parallel with the recovery systen for gases and
distilled produots, which comprises a water cooler, a Pelouze tar extractor, a

Hurdle anmonia sorubber, a gas meter, and gasholder. In tais aanner, if all 6

Tretorts are operated simultancously, total coke and gas produotion are averaged
o8 though § separste tests had been made. Coal is intermittently fed by hand,

and coke is carried away contlnuously by a coaveyor.

Three dullstins relating to the oarbonization work, have been prepared for dis-
tridution, the titles being as follows: o

1. "Japanese Coals as Raw Matarials for Lowm-Teaperature Cardbonization"™
(out of print).

2. "Report of the Experimant on tho Low-Teamporature Carbonizatioca of

3. "The Experiment of the.Continuous Systea for the Low-Tesperaturs
Cardonization of Coml™ e o e AR A T
{ATIS and ND numbors ol the last two of these publicatioss are eiven in
Appendix I of this report).

The carboaization 5m§ 10 now exphasizing the utilization of drowmn: ocoal.: The
full axtent te which this may develop cannot yot e ostimated, dut it is -
strongly contended that use must de found for Japan'e brown OORl, the TVserve

of which i» estimatod at S00.000.00N m tonn, - Mhe 4
principally in aortheastera aad: contr&?%ﬁm.. This pu?oot.&‘. m&“
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At::present, Tom;brown.:coal carbonization is visualized.as a petroleum sub-:
“‘stitute; andy the: carbonization residue as:a-substitute for.charcoal, It has
"..already; been’found. possible:to make: a "coalite” :wlth reasopably satisfactory
+ignition- characteristics, ‘at. about half the price .of charcoal.. . However,: the -
- produot.so far obtained emits.a slight but objectionable odor on. combustion.
"..The data of Table:III(B) wére. submitted.as. representative yields of tar and
. 8as by low~temperature:carbonization of typical Japanese coals.

"IX. SUMMARY OF REPORTS DESCRIBING WAR ACTIVITIES = '

The Institute was under military control from.1944 until the end of the war,
ahd hence was subject to complete reorganization of feraonnel and activities,
However, personnel was increased by only 45 persons (olassified as 5 research
chemists, 13 assistants and 28 laborers), and hostilities ended to soon for
complete conversion of the program to specific war work.

- Seven reports were submitted to NavlechJap as covering the complete war pro-
‘gram of the Institute. All except.one of the investigations described in these
- reports had its beginning in 1944. . The exception is the hydrogenation of Daido
coal, whioch was studied in about 1941, The reports are in Japaneses, bdut with
each .was. submitted.an English summary.  Following is a digest of the summaries,
amplified in some instances by interrogation of Institute rsonnel. (ATIS
and ND numbers will bes found in Appendix II of this reportf? : )

A. "Hydrogenation of Tatung (Daido) Coal®, by M. KUROKAWA and S. ANDO.

The purpose of this investigation was to. determine the suitability of this
cosl as the raw material for establishing a coel hydrogenation plant in
China, The Institute's 3-ton-per-day pilot plant was used for the liquid-
phase hydrogenation and a 5-liter high-preasure batch-type rotating auto-
clave for the vapor phase,

The oxperiment comprised three parts:

1. Coal was hydrogenated in the liquid phase to heavy oil,

2, Heavy oil from (1) was batoh-hydrogenated as the first cyole of
the vapor.astage.

3. 01l heavier than gasoline froa (2) uci batch-hydrogenatsd as
the second oyole of the vapor stage.

muu conditions in the liquid phase were 200 atmospheres pressure, a
operating temporature, with a catalyst consisting of SaCl2, equiva-
lent to 1%, by weight, of the paste. Conditions in the vapor phase wére
240 atmospheres pressure, a LG0°C operating temperature, 1 hour of 0on-
taot, and s catalyst oonsist ‘0L 10 "panl*l‘ooento l°partiof sulfur,
uddc& in an amount equal to 10%, dy weight, of the oil charge.

IR0 OVATELY TOsults are given in Table IWE), -

It was oonoluded that the maximum gesoline production froam t.nh'oon would
:; ::.out 5% of the weight of the coal, with a totel ligueractioa of 60%
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The obJect of thig.project was to. build:a mper:

' vonization: plant-to.treat. 20 tons, per day, such as.is
found* in the western part of -HOKKAIDO-and -in-parts of-HONSHU: and -KYUSHU.
The ‘product’ distilled . from the shals was to ‘'serve’'as a’petroleum:substi--:
‘tute. for production of aviation gasoline.': The: plant was 'built and: preli-
minary operation began August 10, 1945, but was stopped 'with the cessatlon -

.-of hostilities. LT ey T T e

" G. -"The Carbonlzation of Pine Wood?, by N. SAITO " -

The purpose of this problem was to study the low-temperature carbonization
of pine wood, as a source of tar for conversion to gesoline. A tar yleld
of 10%, by weight, of the wood charge.was obtained in laboratory experi-
ments. However, when the experiment was repeated in the Institute's 6=
retort pilot plant, the yield was only 4. 38;.- . The work was not ocofitinued
long enough to determine.whether the laboratory yield could be achliesved - -
in plant practice. . O s L . <o S

'D. "The Pregaration of Aviation Gasoline from Japanese Pine Boot 011",

Y A . .

Whea the gasoline fraction from gcine-roof..on was subjected to ocatalytic
- vapor phase treatment at 400-5009C, using as catalysts such 'substances as
Japanese acid clay, activated acid clay, Kanuma earth and yellow esarth, - -
. gumming tendency was corrected and a fuel with high octane value was ob-

tained. However, the vapor pressure of the product was low, 80 it was
usable only as blending stook. . '

Treatment of both the gasoline fraction and the higher boiling oomponents

of pine root oil at higfaxer temperatures resulted not only in the produc-

tion of lower-boiling constituents, but also in excessive decomposition.

It was concluded that there ia no better process for aviation gasoline

_ production from pine root oil than to treat in a continuous system at
500°C, removing the lighter fractions as they are formed, although their

instantaneous oconcentration is small,

X, "The Catalytio Cmougﬁ of Low-Temperaturs Tar", by M, EKUROKAYA,
» , an . .

A fraction fron low-temperature tar, bolil in tho range 200-300°C, was
solvent-extracted with phenol oontaining 20% water. The raffinato was
used ss a oharging stock for catalytic oracking, using pelleted commerci
aoctivatod olay as“the catalyst. .

The oontent of gasoline in the oracked diatlihto‘ was found to inorease

with lncreasing temporaturxe, but the yield on oharging stook deoreased
above 550°C, . . . e . '

r. *The Smthonli of Triptane”, by M, KXATSUNO

‘Chealcally pure trimsthyl butaae mas preopared in the leboratory to inves-
tigate ito properties, It was syathesized in the following manner:
Pinacoline and methylsagnesiua broaids woere subjected to the Grignard re=

action, ond the aloochol thus produced dehydrated to 2 ¢+ ) + ) methyldutene
-1, whioh was hydrogenated to 2, 2, 3-trlpo=hy1bumo.
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ENCLOSURE: (B)

As®the ustrial method: of: preparation, alkylation .of isobutane .and pro=--
:pylene was'proposed, Only'.a. few: preliminary: experiments.were carried.out,
.,usingbphosphoric(aqiduand[AlCl3{as¥datalyats"”Thevp:oblem,was,discbnti- :
"nued ‘before the .productsicould’ 'bé examined B CRIEE TR T s

&

G. "ﬂ"‘fhﬂe“'Eigia'si‘v'e"bbomﬁﬁétion ot~Goalxi7&et A'iﬁfjtix"",”bx” T. INATOME

‘The ultimate object of this investigation was the-development of explosivas
-whose ingredients are powdered coal ‘and air, ' Three:series of preliminary .
- experiments were performed in- the laboratory. BT o
R S A T R 2
71, .Inside.a 19mm I.D.-a silica tube ‘was -compressed ahollow. cylin-
- ‘drical plug of coal.dust, The hole through the plug was 6mm in dia-
* .meter, the length of the plug, 55mm, The silica. tube, containing the
coal dust was suddenly introduced into a tube furnace heated to 800~
1000°C, and ociygen was passed through the hole in the plug. Carbo-
nization, combustion of volatile matter, snd combustion of fixed ocar-
‘bon. occurred in the order mentioned, and at a rate whioch was slow
and. irregular,. biscause of the slow rate of heatirng of the pellet.
2. A tube containiifig the hollow plug described above was placed in
a cold zone (below. 100°C).ocutside the tube furnace, but coaxial with’
it and near enough to the hot.zone to be strongly affected by the
radiation from it,. Oxygen was passed through the hole in the plug,
as befors.  In this experiment, radiation from the hot.zZone caused
ignition of the plug st the end nearest the furnace, end combustion -
‘procesdsd until the plug was consumed, but the rsaction rate was slow,

3. If oxygen and coal dust were mixed in the stoichimétric propor-
tions for complete combustion before passing into the tube furnace,
the rate of reac;ion was ~f the order of the speed of an explosion.
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’,Type of Coal: High volatile bituminoua.v
. Proximate Analysis. (%) ;

Mbisture .-.---0-..0.-.. o’"ogvo“o §
ABN seeversscessoccasces ess

- Volatile Mattor ceeveaesescavese
-Fixed Carbon tsvestencrnssranecs

Ultimate Analysia (Dry Basis): (s‘)‘ .

Ash ...Q'..‘.'..'....Q...IOQ'CI"l"'.";.!‘.ll...’l
R R R R RS 162,59

—H——rrrrv—'—UTr' v11 r-'rrrv‘r' reree rrv—v-v—rv—v—r-—v-v—v—rt—vv—-—rrw'— 1'087 -

O teceececiosssssrsnsendsccccinronasecsisecsnns T.2)
8- cc--o--a-oaoﬁuocc'--o.onstutul-o---' 0[.2‘
"N I..'..lol'o."'l.o.o.Q.Oc‘l...l‘o!o.l.!Otuoll 107

: FHeating value 6250 oal/gn . ’

'_ Woisht racio coal: vehicle T T TR L T T 1 1 ;
Catalyst o-..-.o-.t.O--.-.-o.-..0.0.-.ov.-'.. Niokal md‘
- Rate  of pnﬂte input o-..nco-ooo,.oc-oooooc¢003 157 ks/
Bydrogen Lnput ..eeeeosssescsccsascacse 146 mI/hr (N.T.P.)
Uean reaction tOMPOYBLUI® .ceeerscssesvoscascsossces H100C
Mean reaction PTOBBUTO cocsevoccccascacrse 200 atmospherxes .
Duration of xun seseessesIEOIRPREOCEREYOIOIOROETRITS about .2 months
Yesreo of 008l 11QUeLaction ceerescsscsasconscsacses 86,26
Heavy oil produocion eevcecescscceces 788,33 metrioc ton
paste (60.08% dis-
tilling up to 300°C)
§u t 011 roduction............ 39.9 kg/metric ton paste
Vo atile oll production 6 kg/metric ton paste’
hRosidue ..... 81 5 kg/metric ton paste -
[+7.1 S 27.8 kg/metric ton paste
LOBS cecncncene 48,0 kg/metrioc ton paste
H2 00nsumod ,.cecseeesccenrccscness 10,1 kc/mtrio ton paste

(XY E XX X3

(1) Towvy ofl & px'SKuoc boiling above 200°C " ‘

(2 ueu: ol t product boiling up to zoo"c. condensed
by air &nd water cooling in recovery
equipmont preceding oil sorudding

{S) Volitile ofl & low bai ng product by oi} norubbmg of

(ﬂ‘”‘iut&ﬁ?"‘”““’_ Ei""tg't&“"oﬂ' onsdeous meterial and
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Catalyst oeiewis
Working: pressuro
: Temperature .

.- Ni Co‘Cl"KleBelgllhr, l.O 10 7 ,5:150
vee 5. atm, gauge

‘ _ _ ies 931 mg‘
DUTation Of TUN sesecenveccccsssesvesassasscsncnseocnsesass 30 D8
-Average rate of-gas fiow erseseasariseasescasesrcsserecass 31 n3/hr
01l yleld: frem eondenanra iiane 61,83 11:. (af -gr. 0.7583 (200C)0Ole-
fines 5%(vol .
-011 yiold fron aombbor sevesss 28,04 11t.. (Bg gr. 0. 72&8 (20 c)ou-
- fines 2%(vol
Total oil yie A eeveotensssssscancosboanasnasasstoscenrses 9.87 ut.
-Tocal yiold/m ~inlet 3:5 “ieas 117.600 {inlet gas corrected - :
: ’ for" companentu other then Hp
G o Lo -and.C0) . . e
'rotal wator eecaunsetecsssssessesserrsocascsessccsscassese LOL. 12 it.
“Yol, ‘exit: gas’ essasscissssrecsssonsisssssssacccecessnsensss 298 M :
Contraction .0‘0‘lolon‘o""oo....ooo."..b...oooo"'vo-o..o-c 68*

Gas Analyalu :
Inlet Gas / Exit Gas
€0, T 2,670% S 12.0%_
€0 T 27.4 : ' 10.0
CHy, 0.7 - 12,3
H, 14.7 46.2
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Name . Type. | L S T e e
of ‘- EERURINY - PR Ten iUl Proximate Analysis. s :
Coal . .Coal s - - —
T - 'Hy0'|.Ash.| Vol. . | Pized::|Heating'-:|‘Tar Yield*| -
N Cs .. | -Matter | .. C. . | ‘Value: )
'Horonai .| Non-coking | 3.41 [10.94.| 40.77° {'45.33 | 7,035 - | '15.38
bituminous : S R e e )
Okinoyama| Sub= . | 20,79 |14.03 | 49.93 | 25.95 | 5,622 | _7.78
’ ~bituminous | . . T RS e
Kidomo | Brown Coal | 27.67 |14.71 | 34.70 | 22.92 | 3,667 4.00
Naze " Tar snelysis . Sp.Gr, | Heating
of o (wt 95 N . 17 alue )
1 Ceald S - : "~ (Cal/gm)
org- . . Neutral| Ether ST
Acid | Phenols | Bases 01} " | Inmrol- -
L . uble
Horonal | 2.53 18.18 | 3.33 | 75.39 0.57. 0.9656 9,249
Oxinoyama|10.92 - 19.49 | 1.85 | 66.93 0.81" 0.9668 9,398
Kidomo |[11.46 20.85 | 0.34 | 53.23° |1.12 0.9811 '8.730
Naze Gas Analysis of Gas
c°£1 (! 13}6 c Muad-| 0, ] ¢ ¢y o
o a i [+}
Moetric 02 nants 2 B2 e Ha
Ton )
Eoronai 700 6.1 3.7 1.2 ] 8.9]21.0] 48.6 {10.4
oktno’m 1.070 21‘3 3.8 0.8 j10.2 21.2 3806 ‘01
Kidoao 726 3.3 1.2 1.2 [15.8]11.2] 4.3 ] 2.5

* On-basis of ocoal charged (wt %)
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HYDROGENATTON:.

v
0

DATDO COAL’

X-38(N)IT

Input (K&)' -

- Product. (kg) -

| 15t stoge-

Coal < 11,000 v

ffﬂé;: :;‘,>  ‘22.;  ;".-ﬁ

| Heavy Oil - -
o Light Q4L e
',Light’ﬂydrPQa?bon;

\

550 .
90,6
. 18.6

1 18t Cyole
‘2nd Stage

1

~Heavy 011 550 .
B Lk

.Middle’ 011

Refined Gasoline

) Light Hydrooarbons

TT112.3

297
93.2

2nd Cyole

Middle 011 112,3

_2nd_Stage

“H — 6.4

Middle 011
. Refined Gasoline

Light Hydrocarbons

23
54.8
18.4
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